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Preface

The rapid development of China’s civil aviation promotes foreign relations of the civil
aviation gradually. The purpose of this book is to meet the requirement. This book is
compiled referring to the requirement of Approval of Civil Aircraft Maintemance
Organization ( CCAR-145-R3) and Management Rule of Civil Aircraft Maintnance
Personnel License (CCAR-66-R2).

As the common language of international civil aviation communication, the usage of
English is increasing, especially for the graduated students of aircraft maintenance who are
working for airlines. It is inevitable to contact a lot of information in English about the
aircraft. Therefore, it is very important for the students of aircraft maintenance to master
the understanding of technical vocabularies and be able to use English documents during
work. This book is also fit for maintenance personnel for reference.

With the lead of Gao Jie, Wu Chengbao and Lu Yi, we invited several professional
teachers compiled collaboratively. Chapter 1 was compiled by Wu Chengbao and Wei Naj;
Chapter 2 was compiled by Gao Jie; Chapter 3 was compiled by Gao Jie and Wu Chengbao;
Chapter 4 was compiled by Zhao Yong; Chapter 5 was compiled by Min Ying; Chapter 6 was
compiled by Lu Yi; Chapter 7 was compiled by Ji Xiaobing and Lu Yi; the Vocabulary was
compiled by Wu Chengbao.

Highly appreciate the strong support offeredby Zhang Jianchao, Wang Jian, Fu
Shuangxue and Liu Yitao in our college, and highly appreciate the strong help provided by
Liu Mingde, Li Zhigiang, Huang Xiong, Jin Yaoming, Zi Wen, and Zheng Jiancheng in
Gameco and professor Gu Zheng in Nanjing University of Aecronautics & Astronautics.
Thanks to the efforts of them made to promote the improvement of the book and publishing.

As the knowledge is limited and the rapid development of civil aviation, omissions,
impropriety and errors are inevitable in the book, we are looking forward to your feedback

and comments.

Editors
Jan, 2018
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Chapter 1 Basic Knowledge about
Aviation Maintenance

1.1 Classification of Aviation Maintenance

Aviation maintenance is roughly divided into three categories, line maintenance

operation, hangar maintenance (on-Aircraft) and maintenance overhaul shop (off-aircraft).
1.1.1 Line Maintenance Operation

Figure 1.1 -1 shows the typical flight line activities for a given flight. An aircraft may
or may not experience any faults or discrepancies during the flight. When the aircraft arrives
at the gate, normal services (fuel, food, etc.) will be provided as well as the exchange of
passengers, their baggage, and any cargo. If a failure or discrepancy did occur in flight,
there are two possible scenarios. Normally the problem is written up in the aircraft
maintenance logbook and addressed by the ground crew upon flight arrival. Maintenance
actions would be as indicated by the center column blocks of Figure 1.1 — 1. To minimize
delay on the ground, however, it is recommended that advance warning be given to the
maintenance personnel by the flight crew through flight operations and the MCC
(Maintenance Control Center). This allows maintenance to spend time before the aircraft
arrives to review past records and troubleshoot the problem. Thus, the actions shown in the left
hand column of Figure 1. 1 — 1 are employed. In many cases, the maintenance crew can meet
the aircraft with a solution in hand thus minimizing maintenance downtime and delays. This
may be accomplished by a separate team or the same team that handles any other logbook
items. Note that both sign-off of all discrepancies (or deferrals) and servicing of the aircraft

must be completed prior to returning the aircraft to flight service.
1.1.2 Hangar Maintenance (on-Aircraft)

Hangar maintenance are the maintenance activities on the plane of stopping operation,
including any major maintenance and modification for the airplane. The actual business types

el

of Hangar maintenance contains: higher than the planning check of “A” check (i. e.
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check, “D” check, the major repair check); according to the service bulletin, Airworthiness
Directives or engineering instruction modified aircraft or aircraft system; the special check by
the airlines, the Federal Aviation Administration or other operation state requirements;

aircralt painting; as well as the aircraft interior modification.

Adrplane in

Right Airplang in Mizht

Dvid faulg
oeeur during

Mo Airplanc at gate

Return to service

L
Mainlenance checks
logheak 1or Serwice aircralt
discrepancics
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¥ No
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and anal y 5is
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Develop fix or
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when AP arrives

as
ground
check?

Yes—s Sign-OFF discrepancy

Figure 1.1 -1 Line maintenance operations — turn around

ek

The content of a “C” check will vary from one airline to another, from one aircraft to
another, even from one check to another for the same aircraft or type. The typical check into
five sections: (Dpreparation; @preliminary activities; @conduct of the check; @completion

and sign-off; and GQreturn to service.
1.1.3 Maintenance Overhaul (off-Aircraft)

There are two types of shop maintenance activities in an airline maintenance
organization. The functions and relationship to other organizations differ somewhat. There
are support shops, which include such special skills and activities as welding, sheet metal,
composite materials, aircraft interiors, etc. These shops are usually part of the hangar
maintenance organization. The work they do is primarily in support of out-of-service
aircraft, although some support is given to line maintenance as needed.

The other type of maintenance shops at an airline, the overhaul shops, involve support
for the specialized equipment on the aircraft such as engines; avionics, hydraulic and

pneumatic systems; structures; etc. The work performed in these shops is on equipment that
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has been removed from the aircraft during line or hangar maintenance operations.

Work on a flight line is hectic, at times, subject to flight schedules, maintenance
emergencies, foul weather, and the ever-irritating “time limitations”. Hangar work may be
less hectic with more time to accomplish each job, but there is still a time limitation and
other pressures. In shop maintenance, however, the pressures of time and schedule are
somewhat lessened by the nature of the shop operation.

Items come in for servicing, repair, or overhaul and are addressed, usually by specialists
in the type of equipment or system involved. Some of the basic troubleshooting has already
been done to indicate such-and-such a unit is bad and has to be replaced. This done, the
mechanic turns the errant item into materiel and draws a good one for installation. Materiel,
then, sends the properly tagged incoming unit to the appropriate shop. The shop mechanic
or technician then uses his or her standard bench check procedures to determine problem,
make the necessary repairs, and perform some cheek to ensure that the job has been
successful. Once maintenance is completed, the proper paperwork filled out and attached and
the serviceable unit is sent back to materiel for placement in stores for reissue when needed.

Each maintenance shop will have a work area, a storage area with adequate separation of
serviceable, unserviceable, and discarded units. Usually they will have a spare parts area,
maintained by materiel, for the small parts needed for the work. Again, proximity of these
areas to the work area minimizes the tune a mechanic spends in “part chasing”. Of course,
each shop will be equipped with the necessary tools. work benches, test stands, and test
equipment for the type of equipment to be worked on. Appropriate safety equipment for the
work performed and hazardous materials handled (if any) should be readily available and
accessible to the employees. Suitable office space will be provided for administrative and
management functions.

The overhaul shops generally work a standard shift, with or without overtime; night
shift and weekend work depends on the airline and its workload. The pace may be slower
than on the line or in the hangar, but short turnaround for maintenance (mean time to
repair, MTTR) is still important. The number of items held in stock is based not only on the
failure rate for your fleet, but also on the amount of time it takes to pass the repairable item
through maintenance. The sequence goes like this: (Dremove unit from the aircraft; @turn
the unit into materiel for replacement; @ route unit to the repair facility (in-house or third

party) ; @return serviceable unit to stores for reissue.
1.1.4 Two Types of Maintenance

Figure 1. 1 — 2 is a graph showing the level of perfection of a typical system. One
hundred percent perfection is at the very top of the y-axis. The x-axis depicts time. There
are no numbers on the scales on either axis since actual values have no meaning in this
theoretical discussion. The left end of the curve shows the level of perfection attained by the

designers of our real world system. Note that the curve begins to turn downward with time.

J— 4 J—
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This is a representation of the natural increase in entropy of the system — the natural

deterioration of the system— over time.

[
L0% 1 Attainable level of
Entripy perfectinn

=

.2

E Matural decay of system

;9:"' + {Increasing catropy )

X
¢ Time

Figure 1.1 -2 The difference between theory and practice

When the system deteriorates to some lower (arbitrarily set) level of perfection, we
perform some corrective action: adjusting, tweaking, servicing, or some other form of
maintenance to restore the system to its designed-in level of perfection. That is, we reduce
the entropy to its original level. This is called preventive maintenance and is usually
performed at regular intervals. This is done to prevent deterioration of the system to an
unusable level and to keep it in operational condition. It is sometimes referred to as
scheduled maintenance. This schedule could be daily, every flight, every 200 flight hours, or
every 100 cycles (a cycle is a takeoff and a landing). Figure 1. 1 — 3 shows the system

restored to its normal level (curves a and b).

¥
190% 1 Desigtiad-m level
Eniropy of perfection 3
1 o B
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Figure 1.1 -3 Restoration of system perfection
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There are times, of course, when the system deteriorates rather rapidly in service to a
low level of perfection (curve ¢). At other times the system breaks down completely (curve
d). In these cases, the maintenance actions necessary to restore the system are more
definitive, often requiring extensive testing, troubleshooting, adjusting, and, very often,
the replacement, restoration, or complete overhaul of parts or subsystems. Since these
breakdowns occur at various, unpredictable intervals, the maintenance actions employed to

correct the problem are referred to as unscheduled maintenance.

1.1.5 Documentation for Maintenance

1.1.5.1 Types of Documentation

This chapter will focus on documentation that identifies the aircraft, its systems, and
the work to be done on them. Some of the documents will be customized for the operator by
the supplier, others will be generic. Most of these documents have standard revision cycles
and changes are distributed on a regular basis by the airframe manufacturer. Some

“controlled” and some are “non-controlled” documents. A

documents are designated as
controlled document is one that is used for operation and/or maintenance of the aircraft in
accordance with FAA (Federal Aviation Administration) regulations. Such documents have
limited distribution within the airline and require regular revision cycles with a list of
revisions and active and rescinded page numbers recorded in the document. The operator is
required to use only up-to-date documents.

This bounty of written information includes the documentation provided by the airframe
manufacturer and the manufacturers of systems and equipment installed on the aircraft; the
documentation provided by the regulatory authorities; and the documentation written by the
airline itself for the purpose of detailing the individual maintenance processes. We will

discuss each of these in turn.
1.1.5.2 Manufacturer’s Documentation

Table 1. 1 - 1 lists the documentation provided to an operator by the airframe
manufacturer for the maintenance of an aircraft. The form and content of the documents
sometimes varies from one manufacturer to another. The table identifies, basically, the type
of information which airframe manufacturers make available to their customers. Some of the
documents can be customized for the operator to include only the operator’s configuration and
equipment. These are called “customized” documents by the manufacturer and are marked in
the table with an asterisk as shown in Table 1. 1 — 1. Some documents, such as the
illustrated parts catalog (IPC) may be customized at customer request (usually for a price).
These are identified with the dagger symbol. The other documents are generic for all models
or all airplanes of a specific model. This, too, may vary among airframe manufacturers.

Each document and the type of information supplied are discussed below.
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Table 1.1 -1 Manufacture’s Documentation

Title Abbreviation
Airplane Maintenance Manual” AMM
Component Maintenance Manual CMM
Vendor Manuals VM
Fault Isolation Manual” FIM
Fault Reporting Manual FRM
Illustrated Parts Catalong’ LPC
Storage and Recovery Document” SRD
Structural Repair Manual SRM
Maintenance Planning Data Document MPD
Schematic Diagram Manual” SDM
Wiring Diagram Manual” WDM
Master Minimum Equipment List MMEL
Dispatch Deviation Guide DDG
Configuration Deviation List CDL
Task Cards” TC
Service Bulletins SBs
Service Letters SLs
Maintenance Tips MTs

1. Airplane Maintenance Manual (AMM)

The AMM contains all the basic information on the operation and maintenance of the
aircraft and its on-board equipment. It starts with an explanation of how each system and
subsystem works (description and operation) and describes various basic maintenance and
servicing actions such as removal and installation of LRUs(Line Removal Units) ; the various
tests performed on the systems and equipment such as functional tests, operational tests,
adjustments, the replenishing of various fluids, and other servicing tasks. ™

2.Component Maintenance Manual and Vendor Manual(CMM & VM)

Any components built by the airframe manufacturer will be accompanied by a component
maintenance manual written by the manufacturer. Vendor manuals (VM) are written by the
manufacturer of components and systems built by outside vendors who supply electronics,
computer, and other systems to be installed on the aircraft. These components are either

supplied to the airframe manufacturer for equipment offered as options (seller-furnished
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equipment, SFE) or purchased by the operator and installed by the airframe manufacturer
before delivery or installed by the operator after delivery (buyer-furnished equipment,
BFE). ™ These component and vendor manuals are for components that have to be removed
from the aircraft for maintenance in the shop. The manuals provide the same type of
information on these components that the AMM provides for the aircraft and its systems. *1

3. Fault Isolation Manual (FIM)

The FIM contains a set of fault isolation trees for the purpose of pinpointing and fixing
numerous problems related to the various systems and components on the aircraft. These
flow diagrams are designed to locate many of the problems within the various systems but
may not be inclusive. The FIM is sometimes used in conjunction with the fault reporting
manual (FRM) discussed below.

4.Fault Reporting Manual (FRM)

The FRM was designed to be used by the flight crew to provide maintenance with
advanced warning of malfunctions and an indication of where to begin looking (in the FIM
and AMM) for a solution prior to the aircraft’s arrival. The flight crew identifies their
problem using a series of questions and diagrams of system operation and instrument
indication. This leads to an eight-digit code which is reported to the ground station.
Maintenance people then use this code to determine the appropriate solution. This can either
be a “quick fix” listed in the FRM cross-reference list or it can direct them to a specific fault
tree in the FIM for more detailed troubleshooting.

5. lllustrated Parts Catalog (IPC)

The IPC is produced by the airframe manufacturer and includes lists and location
diagrams of all parts used on the aircraft model. This includes all parts for all systems and is
usually not customized to the airline’s configuration. It does, however, indicate applicability
of parts (i. e., engine, airframe model, etc.) and also provides information on part
numbers, vendors, interchangeability of parts, and whether or not the part can be used with
or without certain service bulletin incorporation.

6. Storage and Recovery Document (SRD)

The SRD contains information needed to address maintenance and servicing of aircraft
that are to be out of service and stored for long periods of time. This includes the procedures
for draining certain fluids, moving the aircraft so that tires will not go flat, and protecting
components from the weather. In the older model aircraft, this document was produced
separately by the airframe manufacturer. For more recently manufactured aircraft, this
information is included in the applicable AMM (ATA, Chapter 10).

7. Structural Repair Manual (SRM)

The SRM is a manual that provides the operator with information needed to effect
certain repairs of the aircraft structure. These repairs are simple and are approved by the
FAA for operator completion. Other structural repairs must be done by the airframe

manufacturer or some other FAA designated repair facility.
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8. Maintenance Planning Data (MPD) Document

This document (called the on aircraft maintenance program by McDonnell-Douglas)
provides the airline operator with a list of maintenance and servicing tasks to be performed on
the aircraft. It contains all items of the MRB report along with other information. Some of
these tasks are identified as certification maintenance requirements (CMRs) and are required
by the FAA in order to maintain certification of the aircraft. All other tasks, which were
developed by the MSG(Maintenance Steering Group) process, are included along with other
tasks recommended by the manufacturer. The tasks are divided into various groupings for

and are

older aircraft models—daiy, transit, letter checks, hourly limits, and cycle limits
used for planning purposes by the airline. ™! Later models do not group the tasks by letter
checks, only by hours, cycles, and calendar time.

9. Schematic Diagram Manual (SDM)

This document contains schematic diagrams of electrical, electronic, and hydraulic
systems on the aircraft as well as logic diagrams for applicable systems. The diagrams in the
AMM and other manuals are usually simplified diagrams to aid in describing the system and
assist in troubleshooting. The schematic manual, however, contains the detailed information
and identifies wiring harnesses., connectors, and interfacing equipment.

10. Wiring Diagram Manual (WDM)

The wiring diagram manual provides information on the wiring runs for all systems and
components having such elements. The wiring diagram shows the complete run of wiring,
including cable bundle numbers and routing., plug and connector numbers and locations,
bulkheads, and other structural elements through which the wiring is routed.

11. Master Minimum Equipment List (MMEL)

The MMEL is identified by the airframe manufacturer and approved by the FAA to
identify the equipment which may be degraded or inoperative at dispatch of the aircraft.
These are systems that the flight crew, under certain circumstances, may agree to accept at
dispatch in a degraded or inoperative condition, provided that the system is fixed within the
prescribed time limit set by the MMEL. The manufacturer’s flight engineering group
develops the MMEL. The MMEL contains information on all equipment available on the
aircraflt model to which it applies. It is the airline’s responsibility to develop their own
manual tailored to their specific equipment. This document, called the MEL, is discussed
later, in the section Airline Generated Documentation.

12. Dispatch Deviation Guide (DDG)

Some of the MMEL items that are inoperative or degraded at dispatch require
maintenance action prior to the deferral and dispatch. This may be the need to pull and
placard certain circuit breakers, disconnect power, tie up loose cables for removed

equipment, and various other actions to secure the aircraft and the system against inadvertent
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operation. The instructions necessary for these actions are provided in the DDG. This guide
is written by the manufacturer’s AMM staff and is coordinated with the MMEL.

13. Configuration Deviation List (CDL)

The CDL is similar to the DDG but involves configuration of the aircraft rather than
aircraft systems and equipment. The CDL provides information on panels, fairings, and
similar variations in configuration that can be nonstandard at dispatch as long as it does not
affect the safety of flight.

14. Task Cards (TC)

Certain tasks in the AMM for removal/installation, testing, servicing, and similar
maintenance items are extracted from the AMM and produced on separate cards or sheets so
that the mechanic can perform the action without carrying the entire maintenance manual to
the aircraft. ¥ (The Boeing 767 manual is about 20000 pages. ) These task cards can be used
“as is” or they can be modified by the operator for reasons discussed in the section Airline
Generated Documentation.

15. Service Bulletins, Service Letters and Maintenance Tips(SBs. SLs & MTs)

Whenever the airframe manufacturer or the engine manufacturer has modifications or
suggestions for improving maintenance and/or servicing, they will issue appropriate
paperwork to the affected airlines. A service bulletin (SB) is usually a modification of a
system that will provide improved safety or operation of a system and includes a detailed
description of the work and parts required. ™ An SB is usually optional and the airline makes
the choice, except in certain cases involving an FAA airworthiness directive (AD) discussed
below in regulatory documentation. A service letter (SL) usually provides information to
improve maintenance actions without equipment modification. The maintenance tip is a

suggestion for maintenance personnel to assist in their work or improve conditions.
1.1.5.3 Regulatory Documentation

The FAA issues numerous documents related to maintenance of aircraft and their
systems. Table 1.1 -2 lists the more significant of these documents.

1.Federal Aviation Regulations (FARs)

In the United States, federal laws are collected into a document known as the code of
federal regulations or CFEs. Those laws related to commercial aviation are under title 14 of
this code, aeronautics and space, parts 1 through 200. The regulations relating to
certification and operation of large, commercial aircraft— part 21— would be noted as 14CFR
121. We usually refer to this as FAR part 121. In this book we will use the FAR
terminology and form since it is so common in the industry. These FARs address all aspects
of the aviation field including private, commercial, and experimental aircraft; airports;
navigational aids; air traffic control; training of pilots, controllers, mechanics, etc. ; and

other related activities.
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Table 1.1 -2 Regulatory Documents

Title Abbreviation
Federal aviation regulations FARs
Advisory Circulars ACs
Airworthiness directives ADs
Notice of proposed rule making NPRM

2. Advisory Circulars (ACs)

An advisory circular is a document issued by the FAA to provide assistance to operators
on meeting the requirements of various FARs. These ACs are not binding as law but are
merely suggestions as to how to comply with other requirements. An AC often states that it
is “a means”, but not the only means for complying with a regulation. The FAA allows
some leeway in how its regulations are met in order to achieve the desired results without
trying to micro-manage the operator.

3. Airworthiness Directives (ADs)

The airworthiness directives are substantial regulations issued by the FAA to correct an
unsafe condition that exists in a product (aircraft, aircraft engine, propeller, or appliance)
and a condition that is likely to exist or develop in other, similar products. ¥ An AD, whose
incorporation is mandatory, may be issued initially by the FAA when an unsafe condition is
noted or it may result from FAA action after the airframe manufacturer has issued a service
bulletin (SB) relative to some noted problem. Incorporation of an SB is optional but, if it is
made into an AD by the FAA, incorporation becomes a mandatory requirement.

Aircraft owners or operators are required to maintain the aircraft in compliance with all
ADs. Typically, an AD will include @a description of the unsafe condition; @the product to
which the AD applies; @ the corrective action required; @ date of compliance; (G where to
get additional information; and © information on-alternative methods of compliance if
applicable.

4 . Notice of Proposed Rule Making (NPRM)

Whenever the FAA intends to change or amend any FAR, it will issue an NPRM in
advance in order for the industry to have ample time to study and comment on the proposed
rule change. These documents allow the operators to participate in the change and assist the
FAA in developing workable and acceptable rules.

1.1.5.4 Airline Generated Documentation

Table 1.1 - 3 lists the documentation that the airline will generate in order to carry out
its maintenance activities. Again, these documents may vary in name and actual content from
one operator to another, but the information identified here must be addressed by airline

documentation.
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Table 1.1 -3 Airline Generated Documentation

Title Abbreviation
Operations specifications Ops Specs

Technical Policies and Procedures Manual TPPM
Inspection Manual M

Reliability Program Manual RPM
Minimum Equipment List MEL
Task Cards” TC

Engineering Orders” EOs

1. Operations Specifications(Ops Specs)

The operations specifications document is written by the airline in accordance with strict
FAA requirements and usually with the help of an FAA representative. The Ops Specs is
required for each aircraft type flown by the airline. It is a parent document, which refers to
numerous other documents to avoid duplication and details the airline’s maintenance,
inspection, and operations programs.

2. Technical Policies and Procedures Manual(TPPM)

The TPPM is the primary document for the airline’s M&.E operation and, with other
documents supplied by the airframe manufacturer, serves as the FAA requirement for a
maintenance manual per AC 120-16D. It is usually written by engineering, to ensure
technical accuracy, from inputs supplied by management of the various M&.E organizations.
It should define exactly how all M&.E functions and activities will be carried out. The TPPM
is a detailed document and may be several volumes. Personnel in all units of M&E must be
trained on the TPPM, especially those parts that relate directly to that unit’s operation so
that the operation will go smoothly.

3. Inspection Manual(IM)

The inspection manual may be a separate document distributed primarily to QC
personnel, or it can be a chapter in the TPPM (usual approach). Contents of the IM relate
to all inspection activities within M& E(Maintenance & Engineering) : (Dmechanic inspection
tasks from the MPD/OAMP or the MRB report; @ QC inspector’s tasks; @ special
inspections (hard landings, bird strikes, etc. ) ; @the airline’s required inspection item (RII)
program; and ® the paperwork, forms, and reports required to carry out these functions.
Some IMs may indicate details on the calibration of tools and test equipment, since these are
QC functions, or these may be in a separate chapter of the TPPM.

4. Quality Assurance (QA) Manual

The QA manual could be a special manual for QA auditors only, it could be part of the

inspection manual or it could be a separate chapter in the TPPM as desired. The QA manual
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defines the duties and responsibilities of the QA organization and defines the processes and
procedures used in the annual quality assurance audits conducted on the M&.E units,
suppliers, and outside contractors. Forms used and reports are also covered along with the
procedures for follow-up and enforcement of QA write-ups.

5. Reliability Program Manual(RPM)

An airlines reliability program, under FAA rules, must be approved by the regulatory
authority, so it is usually published as a separate document. This document defines the
reliability program in detail so that the FAA can evaluate and approve all its elements at one
time.

6. Minimum Equipment List (MEL)

The MMEL provided by the airframe manufacturer includes all equipment and aircraft
configurations available for the model to which it applies. With up to three manufacturers
supplying engines (customer option) on some models, and the multitude of auxiliary systems
available as buyer options, this manual includes much information that is not applicable to
some operators. To eliminate confusion, the operator is required to customize the MMEL for
his or her particular airframe/engine configuration. This copy is referred to as the airline’s
minimum equipment list or MEL. The operator must carry copies of this MEL in each
aircraft for flight crew reference. The applicable items in the DDG and the CDL should also
be included with the MEL.

7.Task Cards(TC)

The task cards produced by the air frame manufacturer are usually for one action only.
These procedures may call for the mechanic to open panels, set certain circuit breakers “in”
or “out”,turn other equipment “on” or “off”, etc., prior to the work and to reverse these
processes at the completion. Much of the work done at an airline during an aircraft check,
however, involves the combination of several tasks to be performed by the same mechanic or
crew within the same area or on the same equipment. To avoid unnecessary duplication of
certain actions, and the unnecessary opening and closing of the same panels, etc. , most
airlines write their own task cards to spell out exactly what to do, using the manufacturer’s
cards as a guide. '™ This eliminates the duplicated or wasted efforts. Some airlines find it
sufficient, or perhaps more expedient, to provide mechanics with all the manufacturer’s task
cards for a given work project and allow him or her to avoid the duplications during the work
activity. Often there will be an airline task card attached to this package of cards with special
instructions for working the group of cards. Whichever approach is used, the engineering
section is responsible for creating these cards to ensure technical accuracy.

8. Engineering Orders (EOs)

Any maintenance work not covered in the standard maintenance plan developed by
engineering from the MRB report or Ops Specs data must be made official by the issuance of
an EO. This is official paper work, issued by engineering and approved by QA, and is

usually implemented through the production planning and control (PP&.C) organization. In
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some airlines, the document may be called simply a “Work Order”.

New Words/ Phrases/ Expression

. discrepancy [ diskreponsi | n. A~—F 24k
. reissue [ ritisjur] v. (ff) W AK1T

. overhaul [jouvehol] v. K&

. arbitrarily set FMW % E

. documentation [ dokjumen'teifon ] n. {4
. manual ['maenjual] n. T}

.vendor ['vendo] n. )V 7

. diagram ['daiegraem| n. &3

10. component [ kom'pounont | n. #p{4:

11. tweaking [ twikking | n. #1E , %

1
2
3
4
5. maintenance ['meintinens | n. 4i{&
6
7
8
9

Notes

[1]) It starts with an explanation of how each system and subsystem works (description
and operation) and describes various basic maintenance and servicing actions such as removal
and installation of LRUs(Line Removal Units); the various tests performed on the systems
and equipment such as functional tests, operational tests, adjustments, the replenishing of
various fluids, and other servicing tasks.

BE.FTM Tt B MR8 TAAN T HEEZA#THEBRA(EH R AR TIER
) XA AR E B A M A DLV B e, AT T B AL R A A AR R X
ERAARE LHATNEMR R 2L TRERA, Al o, KR 2ERE AR &
T P T AN Am DL RE Rl R R P S

[2) These components are either supplied to the airframe manufacturer for equipment
offered as options (seller-furnished equipment, SFE) or purchased by the operator and
installed by the airframe manufacturer before delivery or installed by the operator after
delivery (buyer-furnished equipment, BFE).

BIF X UM ELAENERTE RS A EH RN 27 REWRE, H & SFE),
FEolmEBAXRWAE WNAERE NI AZIA LRI WV LI F R EEEEA
BT %% AL LR 7 ' ik &, # #k BFE).,

[3) These component and vendor manuals are for components that have to be removed
from the aircraft for maintenance in the shop. The manuals provide the same type of
information on these components that the AMM provides for the aircraft and its systems.

BEHETHNEHTUHEBCTFMETESFNINEF AT RBEAEF R EHATER . Z
FMAXEHERENFHEAE HNEGFRANNAELRZAEA T FHERAME,

[4]) All other tasks., which were developed by the MSG process are included along with

other tasks recommended by the manufacturer. The tasks are divided into various groupings
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for older aircraft models—daily, transit, letter checks, hourly limits, and cycle limits—and
are used for planning purposes by the airline.

BF I 7 R R N M E S R OUH R PR A X S S R AL B MSG
BFEHEH, STREZSH N XBELFXN 2 HEHEE — B . IR E AFHEX
THRE IR ITENRE R AR NG E — St HXBES HRE A E TR L H.

[5]) Certain tasks in the AMM for removal/installation, testing, servicing, and similar
maintenance items are extracted from the AMM and produced on separate cards or sheets so
that the mechanic can perform the action without carrying the entire maintenance manual to
the aircraft.

BE I ECF MM ENELES FoHFd/ 2R KR FFUREVNNEBTE,
TAKNEBFMFHRERFEETEFRANFARFET L UETINEARBATZE B
Bl MAFERENELCFMRFE AL,

[6) A service bulletin (SB) is usually a modification of a system that will provide
improved safety or operation of a system and includes a detailed description of the work and
parts required.

BERFALERAFEREAXNFAARAAL2REEMRENA N RARWER ERE P ¥
mMAET ﬁﬁ%@(é’ﬂlﬁf;ﬁ“ﬁﬁ%ﬁ%é’??ﬁo

[7) The airworthiness directives are substantial regulations issued by the FAA to
correct an unsafe condition that exists in a product (aircraft, aircraft engine, propeller, or
appliance) and a condition that is likely to exist or develop in other, similar products.

BiF e A L B R EE KA E B AT A& B A R & (R AR B LS R B
M BEREXZEFENTZARSTATRHEL LN B FAH & é’]?ir/\% Ao

[8) To avoid unnecessary duplication of certain actions, and the unnecessary opening
and closing of the same panels, etc. , most airlines write their own task cards to spell out
exactly what to do, using the manufacturer’s cards as a guide.

BN THAELESNTILENELEHR L . ALENTARAXAMENRED £ %,

SEMEADNREECH T FUERY T AEM LA 2 MEFAEFTN T FENIEE.

Exercises

I . Answer the following questions:

1. What the Airplane Maintenance Manual contains?

2. Who drawed up the Component Maintenance Manual?

3. What is called Airworthiness Directives?

I . Translate the following sentences into Chinese:

1. Any components built by the airframe manufacturer will be accompanied by a
component maintenance manual written by the manufacturer.

2. The IPC is produced by the airframe manufacturer and includes lists and location
diagrams of all parts used on the aircraft model.

3. The SRM is a manual that provides the operator with information needed to affect
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certain repairs of the aircraft structure.

4. Whenever the airframe manufacturers or the engine manufacturer have modifications
or suggestions for improving maintenance and/or servicing, they will issue appropriate
paperwork to the affected airlines.

5. An advisory circular is a document issued by the FAA to provide assistance to
operators on meeting the requirements of various FARs.

6. Line maintenance people for most airlines, especially those doing contract
maintenance for other carriers, will have the opportunity to work on a wide variety of aircraft
during the course of their shift or work week.

IM . Fill in the following blanks according to the text:

1. are required to maintain the aircraft in compliance with all ADs. Typically,
an AD will include (a) ; (b) ; (o) 3 () 3 (e) ;
and (D)

2. issues numerous documents related to maintenance of aircraft and their
systems.

(1) The full name of the CMM is
(2) The full name of the AMM is
(3) The full name of the IPC is
(4) The full name of the MPD is
(5) The full name of the TC is

1.2 Aeronautical Materials and Corrosion Control

1.2.1 Aeronautical Material

The materials used for aircraft construction can be split into two broad categories:
airframe materials and engine materials, and these will be considered separately. However,
selection of materials for both applications is based on the design constraints. These are
defined by the mechanical, chemical and thermal property requirements of each component.
Typical design constraints include weight, stiffness, strength, fatigue performance Chigh/
low cycle), corrosion resistance and cost.

Of major consideration is the specific stiffness (stiffness to density ratio E/r), and
specific strength (strength to weight ratio ¢/p). The broad aim for aircraft design is to
maximize payload in relation to cost. By increasing specific stiffness and strength, the weight
of a given component can be decreased and fuel consumption and running costs decreased. I
For example when a fully loaded aircraft takes off, 20% of the weight is payload, 40% is
aircraft structural weight and 40% is fuel. Therefore, a saving in aircraft weight can increase

the possible payload or decrease the power required for a given payload.
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1.2.1.1 Airframe Materials

1. Aluminum and Aluminum Alloys

Aluminum is one of the most widely used metals in modern aircraft construction. It is
vital to the aviation industry because of its high strength-to-weight ratio and its comparative
ease of fabrication. The outstanding characteristic of aluminum is its light weight. It is
nonmagnetic and is an excellent conductor.

The various types of aluminum may be divided into two general classes: (D The casting
alloys (those suitable for casting in sand, permanent mold, or die castings), and @ the
wrought alloys (those which may be shaped by rolling, drawing, or forging). Of these two,
the wrought alloys are the most widely used in aircraft construction, being used for
stringers, bulkheads, skill, rivets, and extruded sections. Wrought aluminum and wrought
aluminum alloys are divided into two general classes, non heat-treatable alloys and heat-
treatable alloys.

Aluminum alloys have a low density (2.7 g/cm®) and, while their tensile properties are
low compared to steels, they have excellent strength to weight ratios. They have excellent
thermal and electrical conductivity and have excellent resistance to oxidation and corrosion.
The chief limitation of aluminum alloys is their low melting temperature (about 660°C) that
limits their maximum service temperature. However they remain the major materials for civil
airframe construction and are used for many applications, see Figure 1.2 - 1.

(1) Aluminum and Aluminum Alloy Designations

Wrought aluminum and wrought aluminum alloys are designated by a four-digit index
system.

(2) Effect of Alloying Element

1000 series: 99% or higher, excellent corrosion.resistance, high thermal and electrical
conductivity, low mechanical properties, excellent workability., Iron and silicon are major
impurities.

2000 series; Copper is the principle alloying element. Solution heat treatment, optimum
properties equal to mild steel, poor corrosion resistance unclad. It is usually clad with 6000
or high purity alloy. Its best known alloy is 2024.

3000 series: Manganese is the principle alloying element of this group which is generally
non-heat treatable. The percentage of manganese which will be alloy effective is 1. 5%. The
most popular is 3003 which is of moderate strength, and has good working characteristics.

4000 series: Silicon is the principle alloying element. This lowers the melting
temperature. Its primary use is in welding and brazing. When used in welding heat-treatable

alloys, this group will respond to a limited amount of heat treatment.
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Figure 1.2 -1 Materials in airframe construction

5000 series: Magnesium is the principle alloying element. It has good welding and
corrosion resistant characteristics.

6000 series: Silicon and magnesium form magnesium silicide which makes alloys heat-
treatable. It is of medium strength, good forming and has corrosion resistant characteristics.
The most popular alloy of the series is 6061.

7000 series: Zinc is the principle alloying element. When coupled with magnesium, it
results in heat-treatable alloys of very high strength. It usually has copper and chromium
added. The principle alloy of this is 7075.

2. Titanium Alloys

Titanium alloys are strong, stiff, corrosion resistant and have a low density (density of
pure Tiis 4.5 g/cm®). Titanium alloys are stronger and stiffer than aluminum alloys and
thus titanium components can be smaller in size than a comparable aluminum component. ¥
Thus, they are used in applications where volume is important, such as landing gears and
attachment points.

Titanium alloys can also be used in applications where the temperature is too high for
aluminum, such as near the engine or in high-speed aircraft. The biggest restrictions on
titanium are its higher density than Al, and high cost (approximately seven times that of
aluminum or steel).

The most common titanium alloy in airframe construction is Ti - 6Al — 4V, otherwise
known as Ti- 6 — 4. Titanium has been used for compressor blades and discs (see Figure
1.2 -2), fans, space vehicles, storage tanks, undercarriage components, flap tracks, engine

mountings and fasteners, and has the potential to be used for supersonic passenger aircraft
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skin and structure (the proposed speed of Mach 2. 4 is too high for Al-alloys).

Figure 1.2-2 Ti-6Al-4V fan blades

3. Steels

Like titanium, steels are stronger and stiffer than aluminum alloys and thus are used in
applications where volume is important, such as landing gears, attachment points, gears and
bearings. They are used in parts where the required tensile strength is greater than can be
supplied by Ti-alloys. The high density of steel is the limiting factor in their use, which has
been declining with time (now down to approximately 10% of the structural weight). The
most commonly used steels are ultra high strength low alloy steels, maraging steels and
precipitation hardening (PH) steels.

4. Magnesium and Magnesium Alloys

Magnesium, the lightest aircraft structural metal, is a silvery-white material weighing
only two-thirds as much as aluminum. Magnesium does not possess sufficient strength in its
pure state for structural uses, but when alloyed with zinc, aluminum, and manganese it
produces an alloy having the highest strength-to-weight ratio of any of the commonly used
metals. ©1

Some of today’s aircraft require in excess of one-half ton of this metal for use in
hundreds of vital spots. Among the aircraft parts that have been made from magnesium with
a substantial savings in weight are nose wheel doors, flap cover skin, aileron cover skin, oil
tanks, floorings, fuselage parts, wingtips, engine nacelles, instrument panels, radio masts,
hydraulic fluid tanks, oxygen bottle cases, ducts, and seats.

Magnesium alloys are subject to such treatments as annealing, quenching, solution heat
treatment, aging, and stabilizing. Sheet and plate magnesium are annealed at the rolling
mill. The solution heat treatment is used to put as much of the alloying ingredients as

possible into solid solution, which results in high tensile strength and maximum ductility.
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Magnesium embodies fire hazards of an unpredictable nature. When in large sections, its
high thermal conductivity makes it difficult to ignite and prevents it from burning. It will not
burn until the melting point is reached, which is 651 °C (1,204°F). However, magnesium
dust and fine chips are ignited easily. Precautions must be taken to avoid this if possible.

5. Composites

Composites consist of two or more materials combined to give a material with properties
distinct from the original constituents. ™ Composites can be designed to produce a material
with desired combinations of properties such as stiffness, strength and density. Typically,
composites consist of a matrix material and a reinforcing material. The matrix and fiber
materials may be metals, ceramics or polymers, but the composites used in airframe
construction are fiber reinforced polymer matrix composites. These have the advantages: the
high specific strength and stiffness, tailored directional properties, non-corroding in salt
environments, excellent fatigue resistance, dimensional stability and reduced number of
parts required (compared to metal components).

But they are susceptible to impact damage, moisture pick-up and lightning strikes, have
a relatively high cost, do not yield plastically in regions of high stress concentration and are
subject to random property variation due to the nature of composite manufacturing.

The use of these advanced composites in airframe construction has increased
substantially over the past few decades. They are used as floor beams, doors, aerodynamic
fairings and for control surfaces, such as rudders, elevators and ailerons, due to their low
weight and high stiffness. These applications can be seen in Figure 1. 2 -3 and Figure 1.2 -4
and Table 1.2 - 1.

Graphite
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Dry bay wabs
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Seat plates owl components
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Figure 1.2 -3 Composite applications in the Boeing 767



Chapter 1

Basic Knowledge about Aviation Maintenance

Boeing 737-300
—composite
applications
Boeing Airplane
Company

Ailerons
Rudder
Elevator
Interior

carpet riser
stowage bin doors

Mose gear door(glassfibre/carbon)

MLG strut door

orsal

Engine fan cowl
TSI reverser ouler .‘ill:l.‘\r'{!

Naeelle strut/overwing fairings
track IH.II!IEEH_.(H :

Fixed trailing e

Vertical stabilizer up fairings

Flap

ge panels

(elasstibre/carbon)

Interior

{glasshiber/carbon)

stowage bins
closet shelves

laminate ASC dugts
mise, honeycom

sandwich items

Forward fairing fan cowl support
Thrust reverse strut fairing
Horizontal stabilizer tip fairing

Figure 1.2 -4 Composite applications in the Boeing 737 - 600

Table 1.2 -1 Composite Applications in Selected Aircraft
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Bl

727

757

767

Lear Fan”

(non production)

Doors

2

Rudder

Elevator

Vertical Tail

Horizontal Tail

<<

Aileron

Spoiler

Flap
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1.2.1.2 Engine Materials

One of the main differences in material requirements for engine components as opposed
to airframe components is the operating temperature. This is due to the high temperatures
encountered inside the engine. Thus the primary requirements of engine materials are:

(1) High specific strength (strength/weight ratio) at the relevant operating temperature;

(2) Creep resistance;

(3) Oxidation/corrosion resistance;

(4) Micro-structural stability at high temperature;

(5) Low density;

(6) High stiffness;

(7) Good fabricatability;

(8) Acceptable cost;

(9) Reproducible performance.

The materials used in the turbine engine are mainly related to the different operating
temperatures. In the forward section, where the temperature is low to medium, titanium
parts are often used. In the high temperature rear combustion areas nickel based super-alloys
and some ceramics are used. The outer casing experiences low temperatures and thus
aluminum and composites are suitable materials. The materials used are summarized in Table
1.2 - 2.

Table 1.2 -2 Materials Used in the Gas Turbine Engine

Component Materials

Super-plastically formed titanium alloy skin diffusion bonded to a titanium
Fan Blades
honeycomb core

Compressor Vanes, With Increasing temperature the materials change from titanium alloys to
Discs and Blades 12% Cr steel to nickel based super-alloys
Combustor High temperatures means nickel based super-alloys are used

Turbine Blades Discs ) )
High temperatures means nickel based super-alloys are used
and Vanes

Shafts The shafts are made of steel

Casings Aluminum alloys and composites

1.2.2 Corrosion

Corrosion control is of extreme importance to the aircraft industry because of its
potential impact on human safety and expensive aircraft structures. Thus, corrosion
resistance is a vitally important factor to consider when choosing aircraft materials.
Corrosion is experienced as aircraft may be in service for up to 30 years in exposure to many

varied environments: subzero temperatures, high humidity, tropical conditions, rain, salt
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spray, ice, UV radiation, atmospheric oxygen and pollutants. © For the airframe, corrosion
in the form of stress corrosion cracking, pit, and crevice corrosion are the most important
factors. For engine components, high temperature oxidation is the most important
consideration due to the high temperature operating conditions.

Corrosion resistance is often improved by adding a coating to the material to protect the
surface. For example, the anodizing of aluminum promotes a thick alumina coating on the
surface of the material. These both protect the aluminum from the atmosphere and corrosive
chemicals. Chromate conversion coating of aluminum is a similar technique widely used in
aircraft structures, again to prevent corrosion. The main types of aircraft corrosion are

detailed below.
1.2.2.1 Surface Corrosion

Surface corrosion is a superficial, uniform corrosion that is only objectionable from an
aesthetic viewpoint. Dulling of a bright surface or discolouration are examples of this.
However, surface corrosion can be an indication of a protective barrier breakdown and thus

should be examined closely to avoid the development of more serious corrosion.
1.2.2.2 Stress Corrosion Cracking (SCC)

This is a process whereby a typically ductile alloy fails in a brittle manner when subject
to the simultaneous effects of a tensile surface stress and a corrosive environment—neither of
which would cause major damage if acting alone. Where alternating stresses are involved, it
is known as corrosion fatigue. The cracks grow from stress induced flaws (therefore a
threshold stress is required) but may have origins in features such as corrosion pits. The
stress does not need to be applied externally, but may be the result of residual manufacturing
stresses or thermal stresses. SCC is the major source of corrosion failure in thick aircraft
structures such as thick plate and forgings. In aluminium alloys, the cracking is
intergranular and only occurs in alloys when appreciable amounts of solute elements such as
Cu, Mg, Si, Zn and Li are present after certain heat treatments are applied. The factors
thought to contribute to the SCC effect in Al-alloys include:

(1) Precipitate free zones at the grain boundaries;

(2) Peak aged microstructures (due to Guinier Preston/GP zones) ;

(3) Dispersion of precipitates at the grain boundaries;

(4) Differences in solute concentrations at boundaries;

(5) Dydrogen embrittlement at the grain boundaries;

(6) Chemisorption of atomic species at the crack tip.

Titanium was considered immune to SCC for a long time though it has been shown to be
susceptible in specific environments. However, titanium SCC failures in service are rare.
Nevertheless, care must be taken during manufacture and overhaul of titanium parts as some

alloys are embrittled by common degreasing solvents (such as organic chlorides).
1.2.2.3 Galvanic Corrosion

This occurs when two different metals of different galvanic potential are in contact in the
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presence of water (electrolyte). The more anodic material will corrode at an accelerated rate
resulting in a build up of corrosion product near the contact area. Galvanic corrosion can be a
problem for aluminum alloys as it is anodic to most other structural metals. However, the
occurrence of galvanic corrosion depends on factors other than just the electrode potential.
Impurity elements and alloying elements can pose problems in aluminum alloys. At localized
regions of high or low alloying element concentration, localized regions of high and low
corrosion resistance (electrode potential) form. This leads to pitting type corrosion in the
areas where the corrosion resistance is lowest. In addition, segregation of certain elements
can lead to intergranular corrosion (where the corrosion follows the grain boundaries) and

exfoliation where corrosion products force surface layers and grains to delaminate.
1.2.2.4 Crevice Corrosion

An example of crevice corrosion is shown in Figure 1. 2 — 5. This is where local
differences in electrolyte ionic concentrations on the metal surface cause corrosion to occur.
In the crevice or gap in a structure the electrolyte is deprived of oxygen and thus oxidation
reactions occur within the crevice. Crevice corrosion often occurs at rivets and metal joints.

Crevice corrosion is the major corrosion problem with titanium alloys.

Figure 1.2 -5 Crevice corrosion

1.2.2.5 Pitting Corrosion

Pitting corrosion is a form of localized corrosion in which small pits form in the material
surface (see Figure 1. 2 — 6). Pitting can occur due to chemical variations within the base
material or due to a crevice corrosion type effect in preexisting flaws. An example of pitting
corrosion occurs when a water droplet shields the underlying metal from oxygen. It is most
common in marine environments as Cl~ ions locally attack protective oxide layers. Titanium
is stable in most corrosive environments but is subject to pitting corrosion in halide

containing aqueous solutions at high temperature.
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Figure 1.2 -6 Pitting corrosion

1.2.2.6 Exfoliation Corrosion

Exfoliation corrosion, as shown in Figure 1. 2 — 7, occurs in high strength aluminum
alloys where the grains have become elongated and flattened during processing. The
corrosion is intergranular (occurs along grain boundaries) and proceeds along planes parallel
to the surface. The corrosion products, which have greater volume than the metal from
which they formed, then cause delamination of the surface metal. This is the main corrosion

problem in airframe sheet materials.

Figure 1.2 -7 Exfoliation corrosion

1.2.2.7 Stress Corrosion

The rate at which corrosion proceeds may be accelerated by a number of mechanical
factors. Stress on aircraft parts may be residual within the part as a result of externally
applied cyclic loading or as a result of the production process. Corrosion fatigue is caused by
the combined effects of cyclic stress and corrosion. No metal is immune to some reduction in
its resistance to cyclic stressing if the metal is in a corrosive environment. Fracture of a metal
part due to fatigue corrosion generally occurs at a stress level far below the fatigue limit. The
amount of external corrosion is a poor indicator of the strength of the part. For this reason,

corrosion protection of all parts subject to alternating stresses is particularly important, even
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in environments which are only mildly corrosive. Fretting is another mechanical factor which
contributes to the speed of destruction. Damage can occur at the interface of two highly
loaded surfaces which are not designed to move against each other. The most common type
of fretting corrosion is caused by vibration. The protective film on the metal surfaces is
removed by the rubbing action and exposes fresh, active metal to the corrosive action of the

atmosphere,
1.2.2.8 Micro-Organism Corrosion

Microbial attacks on metallic surfaces include the actions of bacteria, fungi, and molds.
Micro-organisms occur nearly everywhere. Those organisms causing the greatest corrosion
problems are bacteria and fungi.

Aerobic bacteria accelerate corrosion by oxidizing sulfur to produce sulfuric acid. The
metabolism of aerobic bacteria requires them to obtain part of their sustenance by oxidizing
inorganic compounds such as iron, sulfur, hydrogen, and carbon monoxide. The resultant

chemical reactions cause corrosion.

New Words,/ Phrases/ Expression

. acronautical material fi 25 #1 %}

. airframe material "CHLHEZE CH 3 £ %}

. engine material & s #L# Bt

. stiffness ['stifnis | n. W&

. fatigue performance ¥ J% 75 P 68

. corrosion resistance T J& 4

. payload ['peiiloud ] n. ZREH ,3RE

. Aluminum [9ljuminom | n. 48

. casting alloy 5 {& &4

10. wrought alloy 48 & 4

11. rolling ['roulin] n. FLCH ELHI & JE
12. drawing ['droiin] n. $7 ({4 . ik

13. forging [fodzin] n. #i& . #H

14. stringer ['strigo(r) ] n. A5, M7, KAHMi
15. bulkhead ['balkhed] n. 5, FFth . ba 5%
16. rivet ['rivit] n. FVET . 0334T

17. extruded section #f & il 7Y

18. not heat-treatable alloy /0] #4b FE & 4
19. heat-treatable alloy A] A & 4

20. thermal conductivity §# 'k RE

21. electrical conductivity 5 Hi P4 fE

22. wing box &

23. longeron ['londzoron] n. CRAHLHLE)) 5

© o0 N O Ul R~ W N
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24.
29.
26.
27.
28.
29.
30.
31.
32.
33.
34.
. Chromium ['krevmiem ]| n. %
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
o4.
59.
56.
57.
58.
59.
60.
61.
62.

elevator [‘eliveita(r) ] n. FIF&E/E

rudder ['rado] n. J5 A fiE

Titanium [ tai'teinitom, ti- | n. £k
designation [ dezigneifon] n. 5 ;&S
Copper ['kopa] n. 4

solution heat treatment [# 7% &b FH
Manganese [ 'mangoniiz] n. 4%

Silicon ['siliken| n. fi#

welding ['weldin] n. R34
Magnesium [ maegniizitom,-3om | n. £

Zinc [zigk] n. #F

Steel [stil] 7. %X

compressor blade & 45 HL0 A

fastener [faisna(r) ] n. B[4

maraging steel I FG A IS B 55 40

annealing [onilin] n. Bk

quenching ['kwent[in] n. ¥k

aging ['eid3in] n. BFRL

ignite [igmait] v. f &, SR

composite [ 'kompozit | n. &G # Kl

matrix material LA Bl

reinforcing material 3% 55 41}

super alloy #8454

ceramic [ soreemik | n. P&

combustor [ kem'basto] n. RFEE ABERS . KIGT
anodizing ['aenoudaizin] n. FH L

Alumina [oljumina] n. AL O, (=% 1k 4
superficial [ sjuipafifal] adj. FMH), T A, TRIEHY
surface corrosion 3 Jaj J& i

stress corrosion cracking [ 77 J& i T 24
alternating stress 3878 b 11

corrosion fatigue J& 4% 55

Lithium ['lifiem | n. 4

galvanic corrosion F,{ J& il 43 fsh J& ok ¥, 41 ) 1okt
crevice corrosion 4% [ JiE it

pitting corrosion R & J& i, 5 ik

halide ['heelaid] n. . adj. ALY (D
exfoliation [ eks/foulieifon] n. F| &

27
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63. delamination [ dizleemineifon] n. 432

64. intergranular [ integreenjuls] adj. &L[E] ) . L8]
65. micro-organism corrosion f§ 4k ¥ & i

66. microbial [ maikroubial] adj. AT M40 H 5 AT
67. fungi ['fangai] n. (fungus WE O HF ;& H

68. metabolism [mitaeboilizom | n. FFHEAWH; A E1E A
69. sustenance ['sastonons | n. ¥, & 7%, 7B

70. hydrogen [‘haidradzen] n. [fbL &

71. carbon monoxide ['ka:bon monok,said] n. — & ALK

Notes

[1]) By increasing specific stiffness and strength, the weight of a given component can be
decreased and fuel consumption and running costs decreased.

SR TABIEKE . ) THATEA— M EREBHRE, BB Z G HAFI 6L
B EIRGEMG AR AEANGTHERIS. FFE M and" BN REETHH
NEEFE G AN and”EHEHANEE L F = /\“and”J”' |25 TRES ARG AN LE,

BiE . o7 DL o R AR e ttﬁl])’a‘®7?ﬂ REBEORBRE-—HTHBUENRE, HTHRD T
LBy R ey O A B B K

[2] Titanium alloys are stronger and stiffer than aluminum alloys and thus titanium
components can be smaller in size than a comparable aluminum component.

DM ARG A IR G G ARMERARRXZGKEG, IHJ/\%,L"J R PR |
+ WA F AR R +than+ %97 27, T4 1 B 438 2 B A eeeen”,

BE-ReemBEMNELESGLNA., B, 58642 B 4L, AKe2HEHE
—WEAEAENGER,

[3) Magnesium does not possess sufficient strength in its pure state for structural uses,
but when alloyed with zinc, aluminum, and manganese it produces an alloy having the
highest strength-to-weight ratio of any of the commonly used metals.

DT RE A e, HAH .. to 7 R TR R e B R e 7

BE s AR RGN EE M%ﬂﬁa’%ﬂ . ER.ELEH EMETENRELE.
EHHEMEAMHEL, EARANLEE.

[4) Composites consist of two or more materials combined to give a material with
properties distinct from the original constituents.

ST TRk

BE 2 6 A R b W AR S0P R DL LR AR B T R B OF BR R R R o B T B B
i R

[5]) Corrosion is experienced as aircraft may be in service for up to 30 years in exposure

@ FCRIEE - B iy s A L R Y LA
@ PSR - bR 0 R AL R L L B N - m/kg.
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to many varied environments: subzero temperatures, high humidity, tropical conditions,
rain, salt spray. ice, UV radiation, atmospheric oxygen and pollutants.
DA FHEMA“EE T betdonetas KiBINEG”; Kég AEFNELS,
BENEZEERL0OFHRAIEF . THREGAEZTRE GEE BALH . AW,
HEGRE VCEMLBHR KA ANAT L H I B L b,

Exercises

I . Answer the following questions:

1. What are the primary requirements of airframe materials?

2. What are the primary requirements of engine materials?

3. How many main types of aircraft corrosion are detailed?

I . Translate the following sentences into Chinese:

1. Aluminum is one of the most widely used metals in modern aircraft construction. It is
vital to the aviation industry because of its high strength-to-weight ratio and its comparative
ease of fabrication.

2. Titanium alloys are stronger and stiffer than aluminum alloys and thus titanium
components can be smaller in size than a comparable aluminum component.

3. Like titanium, steels are stronger and stiffer than aluminum alloys and thus are used
in applications where volume is important, such as landing gears, attachment points, gears
and bearings.

4. Corrosion control is of extreme importance to the aircraft industry because of its
potential impact on human safety and expensive aircraft structures.

IM . Fill in the following blanks according to the text:

1. When a fully loaded aircraft takes off, % of the weight is payload, %
is aircraft structural weight and 40%5 is . Therefore, a saving in aircraft weight can

the possible payload or decrease the power required for a given

2. Titanium has been used for compressor blades-and discs, fans, space vehicles, storage

tanks, , flap tracks, and , and has the potential to be used for
supersonic passenger aircraft and structure (the proposed speed of Mach 2. 4 is too
high for Al-alloys).

3. The use of these advanced composites in has increased substantially over the
past few decades. They are used as floor beams, doors., fairings and for control
surfaces, such as rudders, elevators and , due to their low weight and high

4. Corrosion control is of extreme importance to the aircraft industry because of its

potential impact on and aircraft structures. Thus, corrosion resistance is

a vitally important factor to consider when choosing aircraft materials. Corrosion resistance

is often improved by adding a to the material to protect the surface.
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1.3 Introduction of Aviation Fasteners

Common aircraft fasteners can be divided into two main categories: thread fastener and
unthreaded fastener. Thread fastener can be reused. These fasteners include threaded
hardware such as bolts and screws and the various types of nuts that secure them. The most
common unthreaded fasteners are the different kinds of rivets.

Beside common aircraft fasteners mentioned here, there are many types of special

fasteners used in aviation industrial, you may learn them in the further detailed course.
1.3.1 Thread Fasteners

The advantage of the threaded fasteners is that they may be disassembled and
reassembled an almost infinite number of times.

In addition to being identified as either coarse or fine, threads are also designated by
class of fit from one to five. Aircraft bolts are usually fine threaded with a Class 3 fit

(medium fit) , whereas screws are typically a Class 2 (free fit) or 3 fit.

1.3.1.1 Bolt

Bolts are identified by their diameter and length. A diameter represents the shank
diameter while the length represents the distance from the bottom of the head to the end of

the bolt. A bolt’s grip length is the length of the unthreaded portion (see Figure 1.3 - 1).

[ lenpgth ==

-+ Grip ——=

| I
-

Figure 1.3 -1 The diameter, length, and grip length of an AN(Airforce Nawy) bolt

[Mameter

In addition to the designation code, most aircraft bolts have a marking on their head
identifying what the bolt is made of and, in many cases, the manufacturer. For example, a
standard AN bolt has an asterisk in the center of its manufactured head. A raised dash means
corrosion-resistant steel and two raised dashes means 2024 alloy aluminum (see Figure 1.3 - 2).

Here is an example of close tolerance bolt. Close tolerance bolt carry a triangle mark on
their heads and are ground to a much tighter tolerance than standard bolts (a tolerance of

0. 000 - 0. 000, 5 inch®). Close tolerance bolts must be used in areas that are subject to

® 1 inch&~25.4 mm.
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pounding loads or in a structure that is required to be both riveted and bolted (see Figure 1.3 - 3).

o

o =
AN standard AN standard AM standard AN standard
stee] holt steel holt stee] holt stee] bolt

([corrosion resistant)

9

f !
oy =

Special bolt Drilled head Special bolt
boll
Mas close Aluminum Magnetically Crange-dyed
tolerance bolt alloy inspected magnetic ins
(2024)bolt

Clevis bolt Reworked bolt Low strength
material boll

Figure 1.3 -2 Bolt heads are marked with symbol

Figure 1.3 -3 Close tolerance bolts

Bolt selection and installation: When joining two pieces of material, their combined
thickness determines the correct length of bolt to use. If the grip length is slightly longer
than this thickness, washers must be added to ensure that the nut can provide the proper
amount of pressure when it is tightened. On the other hand, if the grip length is
substantially less than the thickness of the materials the bolt’s threads will extend into the
material, resulting in a weaker joint. Unless otherwise specified in an assembly drawing,
bolts should be installed with their head on top or forward. Placing the head in either of
these positions makes it less likely that a bolt will fall out of a hole if the nut is lost. An
acronym to help remember the proper direction for bolt installation is “IDA”, which stands

for inboard, down, or after.
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1.3.1.2 Nuts

All nuts used in aircraft construction must have some sort of locking device to prevent
them from loosening and falling off.
Many nuts are held on a bolt by passing a cotter pin through a hole in the bolt shank and

through slots, or castellation, in the nut (see Figure 1.3 —4).

Figure 1.3 -4 Two methods to use cotter pin to safety castellated nuts

Others have some form of locking for a variety of applications insert that grips a bolt’s
threads or relies on the tension of a spring-type lock-washer to hold the nut tight enough

against the threads to keep it from vibrating loose(se Figure 1.3 - 5).

AN340 machine screw nut AMN345 machine screw nut
coarse thread fine thread
AN360 plain engine nut AMNIS0 wing nut

Figure 1.3 -5 Standard aircralt nuts are available

The nuts could be divided into two basic types: self-locking and non self-locking. As the
name implies, a self-locking nut locks onto a bolt on its own while a non self-locking nut
relies on either a cotter pin, check nut, or lock washer to hold it in place. ¥

1. Self-Locking Nuts

The two general types of self-locking nuts used in aviation are the fiber, or nylon type,
and the all metal type.

The fiber, or nylon type self-locking nuts are used in lower temperature area not exceed

to 121°C (250 °F). For instance, AN365 self-locking nuts are used on bolts and machine

screws and are held in position by a nylon insert above the threads (see Figure 1. 3 -6). This
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insert has a hole slightly smaller than the thread diameter on which it fits. This creates
friction between the threads and nut to keep the nut from vibrating loose.

All metal type self-locking nuts used in higher temperature area. Some of these nuts
have a portion of their end slotted and the slots swaged together. This gives the end of the
nut a slightly smaller diameter than its body allowing the threads to grip the bolt. Others
have the end of the nut squeezed into a slightly oval shape., and as the bolt screws up through

the threads it must make the hole round, creating a gripping action®™ (see Figure 1.3 - 6).

ANIGS(MS20365) ANIGHMI20364) AMNIGIME20363) NASETY

Mylon lock nut Mylon lock nut Metal lock nut Low profile
low profile metal lock nu

Figure 1.3 -6 Self-locking nuts available for multiple applications

2. Anchor Nuts
Anchor nuts are permanently mounted nut plates that enable inspection plates and access

doors to be easily removed and installed (see Figure 1.3 -7).

ANIZ6T NASL025 NASI027
)
=
Twao-lug Omne-lug Corner
AMchor nut AMchor nut anchor nut

AN256f AN3IG2T

Right-angle High-temp. Twao-lug floating
anchor mut two-lug anchor nut
anchor nut

JOrYor

Ganged anchor nuts

Figure 1.3 -7 Anchor nuts

1.3.1.3 Screws

Screws are probably the most commonly used threaded fastener in aircraft. They differ

from bolts in that they are generally made of lower strength materials. Screws are typically
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installed with a loose-fitting thread, and the head shapes are made to engage a screwdriver or
wrench. There are three basic classifications of screws used in aircraft construction: machine
screws, which are the most widely used; structural screws, which have the same strength as
bolts; and self-tapping screws, which are typically used to join light weight materials.

Figure 1. 3 = 8 shows some kinds of style of machine screw.

100 Degree
flathead
Fillister—head 1007,

H\\ [ |ll||'||llll \<. ‘y
D i T i’
DIA.

ME3I5265(Coarse)
MS835266(Fine) AN 50T
ME24693

AR

82 Degree
flathead

g2°
Round-head Ttuss-head Y‘ 7

ANS1S ANMNS526 ANS30S
MS35206 ME35190
MS835214

Figure 1.3 -8 Machine screws

1.3.1.4 Washers

Washers provide a bearing surface area for nuts, and act as spacers or shims to obtain
the proper grip length for a bolt and nut assembly. They are also used to adjust the position
of castellated nuts with respect to drilled cotter pin_holes in bolts as well as apply tension
between a nut and a material surface to prevent the nut from vibrating loose. The three most
common types of washers used in airframe repair are the plain washer, lock washer, and

special washer (see Figure 1.3 -9).
1.3.2 Rivet

A rivet is a metal pin with a formed head on one end. A rivet is inserted into a drilled
hole, and its shank is then deformed by a hand or pneumatic tool. Rivets create a union at
least as strong as the material being joined.

The use of rivets is governed by the materials of which they are made. Another factor in
determining which rivet to use for a particular job is the strength required of the riveted
joint. It is important that the aviation maintenance technician be able to correctly identify the

different types of rivets and understand the application of each type.
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Rivets are identified by the shape of the manufactured head, the marking on the head,

the rivet part number, and the size.

-

%
1D '
.
B

AMYG0 AN9TO AN9I35
Plain washer Large area washer Split lock washer
.. 1.D. T
Ll__,| o] e
0, I
sooo Do<q e e
ANI3H MS20002 MS20002
Shake proof High strength washer High strength
lock washer countersunk washer

Figure 1.3 -9 Aircraft washers

Rivets are given part codes that indicate their size, head style, and alloy material. Two
systems are in use today, the Airforce Navy, or AN system, and the Military Standards 20
system, or MS20. While there are minor differences between the two systems, both use the
same method for describing rivets. A typical part number under current standards would be
MS2047 AD4 - 5. Using the Airforce Navy, or AN, part number, we find the same rivet
would be identified as AN470AD4 — 5. You can see that under the MS part numbering
system, the number 20 has been added in front of the 470.

Each set of letters and numbers has its own meaning. Let’s break the part numbers
down into their various components.

The MS or AN is the standard to which the rivet is manufactured. The 20470 or 470
indicate the head style. There are two basic rivet head styles that are manufactured for
aircraft construction, the universal head with number 470 and the 100 degree countersunk
head with number 426 (see Figure 1.3 —10). The length of a universal head (AN470) rivet
is measured {from the bottom of the manufactured head to the end of the shank. However,
the length of a countersunk rivet (AN426) is measured from the top of the manufactured
head to the end of the shank. Universal and countersunk rivet diameters are measured in the

same way, but their length measurements correspond to their grip length.
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AN4TO AN42G

Length
of rivet

Figure 1.3 -10 The universal head and the 100 degree countersunk head rivet

The AD indicates the material composition or alloy. The number 4 tells us the diameter
of the rivet shank in thirty second (1/32) of an inch. And the last number(s), separated by
a dash from the preceding number, expresses the length of the rivet shank in increments of
16ths (1/16) inch. Therefore, in this example the rivet has a diameter of 4/32 inch and is
5/16 of an inch long (see Figure 1.3 -11).

AN 470 AD 4 =5
Airforce navy 4—(

Universal head

21H1I7T4 Alloy

4/32 Diameter

5/16 Length

Figure 1.3 -11 Rivet identification

Conventional solid shank rivets require access to both ends to be driven. However,
special rivets, often called blind rivets are installed with access to only one end of the rivet.
While considerably more expensive than solid shank rivets, blind rivets find many

applications in today’s aircraft industry (see Figure 1.3 -12).

Stem

Locking

callar

f"- £
[ Sheet
i G gap
£ Shear

rmg

i PR

Figure 1.3 -12 A kind of blind rivet: the Cherry mechanical-lock rivet
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New Words/ Phrases/ Expression

. fastener ['faisno] n. Z & {F

. thread [fred] n. MEZ

. bolt [ boult] n. 12

.screw [ skrui] n. WR4T, 1242

.nut [ nat] n. MLk

.pin [pin] n. #5851

. disassemble [ |diso'sembl ] v. 4> f#
. diameter [ dalaemito] n. HI®

. asterisk [‘estorisk | n. 5

. tolerance ['tolorons | n. A%

. close tolerance bolt /i & 12 f4

. triangle ['traieengl] n. =¥

subject to & 3%

. washer ['wofo; 'woifo] n.

. substantially [ seb'staenfoli| adv. A< I, 505
. acronym [‘zekronim] n. B 5545 1% i)

. cotter pin JT 44

castellation [ keestoleifon] n. HIE

self-locking H 4

. vibrate ['vaibreit] v. JE3h

. squeeze [ skwiiz] v. B &

. oval [‘ouvel] adj. $HRE

. grip [grip] v. J3

. anchor nut ['zenks] n. fLHUIZ LS

. engage [in'geid3] v. W&, B &

. shim [[im] n. , ». B F; FH A HE

. shank [fepk] n. #F.#4

. pneumatic tool S J{ T H

. govern ['gavon | v. #EH, XA

. technician [ tek'nifon] n. ¥

. application [ zeplikeifon] n. &, &
. manufactured head (847 il 3k

. shop head (#)47) 8k

. break down /) fi%

. universal head # 3k

. countersunk head ¥k

. conventional [ kan'venfonl] adj. & HLBY . fE 5 H)

5H

37 —
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38. solid shank rivet SZ.0>H14T
39. blind rivet H 84T

Notes

[1]) In addition to being identified as either coarse or fine, threads are also designated by
class of fit from one to five. Aircraft bolts are usually fine threaded with a Class 3 fit
(medium fit) , whereas screws are typically a Class 2 (free fit) or 3 fit.

41 :“in addition to” #= “beside” F) 3L, #f 7T & 3% p T eee e Z 97, 42 Fo “except” F FT
R

BERTITRBEA D VB AR U  BALTHREEFRLN 1~5 R, ME
PHREYEISAWA(FPERGONAEL MEBEHAF R 2AREG(EERA X3 AEE.

[2) As the name implies, a self-locking nut locks onto a bolt on its own while a non self-
locking nut relies on either a cotter pin, check nut, or lock washer to hold it in place.

SR a g while”2 B B EFERE£HHEE,

BE G AFERAN . EHBHEL AR EER L FEHBFNFETOH. W
MBI LR EE L EAEREH L.

[3]) Others have the end of the nut squeezed into a slightly oval shape, and as the bolt
screws up through the threads it must make the hole round, creating a gripping action.

SR 4] A “have sth. done”#9 4] B, 3b 4] B 49 “screws up” & F AR LT,

BE AN (A2BEAEHEDRELEFRENFERBHWMHE L, L B4 AN
CREW) B, R E RN ER  XERDRT K EEA.

Exercises

I . Translate the following sentences into Chinese:

1. The advantage of the threaded fasteners is that they may be disassembled and
reassembled an almost infinite number of times.

2. Close tolerance bolt carry a triangle mark on:their heads and are ground to a much
tighter tolerance than standard bolts.

3. Many nuts are held on a bolt by passing a cotter pin through a hole in the bolt shank
and through slots, or castellation, in the nut.

4. The two general types of self-locking nuts used in aviation are the fiber, or nylon
type, and the all metal type.

5. Washers provide a bearing surface area for nuts, and act as spacers or shims to obtain
the proper grip length for a bolt and nut assembly.

6. It is important that the aviation maintenance technician be able to correctly identify
the different types of rivets and understand the application of each type.

7. For a rivet part code AN 426 D 4 — 6, AN is the standard to which the rivet is
manufactured. The 426 indicate the head style, the D indicates the material composition or

alloy, the number 4 tells us the diameter of the rivet shank in thirty second (1/32) of an
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inch, and the last number, 6, separated by a dash from the preceding number, expresses the
length of the rivet shank in increments of 16ths (1/16) inch.
Il . Fill in the following blanks according to the text:

1. Thread fasteners include threaded hardware such as and and the

various types of that secure them. The most common unthreaded fastener are
different kinds of

2. An acronym to help remember the proper direction for bolt installation is “IDA”,

which stands for , ,
3. There are three basic classifications of screws used in aircraft construction: ,
which are the most widely used; , which have the same strength as bolts; and

, which are typically used to join light weight materials.

4. The three most common types of washers used in airframe repair are R ,

5. The length of a universal head (AN470) rivet is measured from the of the
manufactured head to the of the shank. However, the length of a countersunk rivet
(AN426) is measured from the of the manufactured head to the of the
shank.

1.4 Common Hand Tools and Measuring Tools

The term “hand tools” encompasses all of the handheld tools most commonly used in
everyday maintenance and repair. Some of these tools are common, while others have a very
specialized usage. Regardless of how common the tool, the subtleties for their proper use are
not always known. Therefore, the most common uses are listed in the following text. Hand
tools will fall into four basic categories: turning tools, holding tools, pounding tools, and
cutting tools.

Turning tools and holding tools are more often.used in line maintenance to install or
remove the aircraft components, while pounding tools and cutting tools are more often used
in shop maintenance such as making sheet metal parts.

Also some common used measuring tools are introduced in this text. Measuring tools
are precision tools. They are carefully machined, accurately marked and, in many cases, are
made up of very delicate parts. When using these tools, be careful not to drop, bend, or

scratch them. It is very important to understand how to read, use, and care for these tools.
1.4.1 Turning Tools

1.4.1.1 Screwdrivers

The screwdriver is perhaps the most abused and miss used tool in the mechanics’
toolbox. Although its shape lends itself to used as a pry bar, a punch, or a chisel, the screw

driver is designed for one purpose: turning screws. The two most common types of
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screwdrivers are the plain or the slotted blade and the cross point. When choosing a
screwdriver for a slotted screw, the blade should fill it at least 75% of the slot. The most
common of the cross point screwdrivers is the Phillips head. The slot in the Phillips head
screw is cut with a double taper and the bottom of the slot is nearly flat. The Phillips head
screwdriver is designed with a blunt point to fill the screw slot for maximum turning force.
The reed and prince screw slot is cut with a single taper. The sides of the slot are nearly
parallel and form a near perfect cross. The bottom of the slot in the reed and prince screw
comes to a fairly sharp point. The screwdriver is designed to match this point. Interchanging
screwdrivers between reed and prince, and Phillips head screws could damage both the screw
and the screwdriver. Screwdrivers are available in several different types and sizes. The

technician should always match the screwdriver to the job being done (see Figure 1.4 —-1).

! | ] i
tl 5T:Il'f.w1

2 screwdriver
Common

R g hi Wrong screwdriver

Reed&prince
driver

"Phillips head driver

Figure 1.4 -1 Screw drivers and their uses

1.4.1.2 Wrenches

Most of the threaded fasteners on modern aircraft require wrenches to turn them. The
assortment of wrenches available to the aviation maintenance technician is almost endless,
but a few basic types are essential.

The open-end wrench has an opening with parallel sides, and is designed to
accommodate specific sizes of nuts and bolt heads. The opening is usually off-set at an angle
of about 15°, This allows the wrench to be turned over to fit the fastener in spaces where
room for the handle is limited (see Figure 1.4 - 2).

The box-end wrench is used mainly for breaking fasteners loose. The box-end wrench
has a six or twelve point opening which is off-set from the axis of the handle by about 15°.
The twelve point wrench may be repositioned on the nut or bolt head every 30° while there
must be at least 60°of swing space in order to reposition the six point wrench (see Figure
1.4-2).

The combination wrench incorporates an open end wrench on one end and the same size



Chapter 1 Basic Knowledge about Aviation Maintenance

box end wrench on the other (see Figure 1.4 —2).

Cpen-end

o

Box-end

™

"
r}.;. _
b "

Open-end wrench

Combination wrench

Figure 1.4 -2 Open-end, box-end and combination wrenches

The socket wrench is one of the most versatile tools in the mechanic’s tool box. It has a
six or twelve point opening on one end, and a square opening on the opposite end to
accommodate any of several different handles, including the speed handle, the breaker bar,
the nut driver, and the ratchet handle. These handles may be used with various extensions
and universal joints to reach fasteners located in awkward positions. The ratchet handle is a
special useful because it may be turned and repositioned without removing the wrench from
the fastener. The ratchet locks the handle so it will turn in one direction but will slip or
ratchet in the other direction. It may be adjusted for turning or ratcheting in either direction.
The socket may also be used with a special handle designed for measuring the twisting force

used when tightening a fastener (see Figure 1.4 - 3).

Speed handle

v

Ratchet handle

Hinge handle

Socketand Socket :
universal joint combined Extension bar

Figure 1.4 -3 Socket wrench set

The Allen wrench is designed for internal wrenching bolts or Allen screw. There is a
six-sided hole machined into the center of the head of this kind of bolt and screw. They are
used in the place where outside wrench space is limited. " (see Figure 1.4 —4)

The torque wrench is calibrated so that a handle of specified length will apply a
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measured force or torque to the fastener as it is turned. This force can be measured and
indicated in different ways.

The torsion bar torque wrench uses a specially ground and r
calibrated bar attached to the lug, and to a gear system. As the
wrench is turned, the torsion bar inside the wrench is twisted;
the amount of twist is translated into a reading on a dial through
the gear system. Allen

Torsion bar torque wrenches requires that the technician be wrench
in a position to see the torque readings on the wrench. There are Figure 1.4 -4  Allen wrench
times, however, that the location of a fastener will not allow the
technician a clear view of the indicator. To solve this problem, the toggle type torque
wrench may be the answer. ¥ The desired torque value is set into the wrench by turning the
handle. This compresses a spring inside the handle. When the wrench is turned until the
desired torque is reached, a unique toggle mechanism in the handle overcomes the spring
tension, torque is released momentarily to allow a few degrees of handle rotation. The
operator feels the release as a click or thump in the handle. This gives the technician a
positive indication that the preset torque value has been reached but does not require a visual
display.

Extensions may be used with torque wrenches to reach awkward locations, but on the
certain circumstances, use of an extension will change the torque value of the wrench. Text
books and Maintenance Manuals usually include the proper formula for determining the
accurate torque value when an extension is used (see Figure 1.4 —5). As with any precision
tool, the accuracy of the torque wrench should be checked and recalibrated at regular

intervals.

Basic formula
FL=T
F-Applied force;
L-Lever length betwen centerline of drive and center line
of applied force(F must be 90 degrees to L);

T-Torque.
Formula for use with extensions
T.=d
Fi=

&
A-Lever length of wrench;

B-Lever length of wrench plus extension:

T —Required torgue on bole:

I, —Torque reading on wrench dial.
Rigid frame Ratchet
Figure 1.4 -5 Common types of torque wrench

1.4.2 Holding Tools

Pliers are perhaps the most familiar of the holding tools, used in the home and industry.

Slip-joint pliers: the six inch slip joint pliers are probably the most popular of the
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holding tools. The pivot point between the jaws may be moved into one of two different
holes in one of the jaws. This provides a wide range of grip sizes (see Figure 1.4 —6).

Interlocking joint pliers are also adjustable for various grip sizes. Here, one jaw may be
slipped from one channel to another in the opposite jaw. Sometimes called water pump
pliers, they are also known by the trade name, channel locks (see Figure 1.4 —-6).

Visegrips: another familiar trade name is given to a special set of high leverage pliers
called vise grips. The vise grip is adjustable and may be locked into place by a specially
designed toggle in the handles. A small lever on one of the handle is used to unlock the vise
grip. These tools may be used for gripping pipe, bending metal, pinching tubing, or
clamping metal for welding (see Figure 1.4 —-6).

Duckbill pliers are valuable tools to the aviation maintenance technician. The long
handles and flat jaws are well suited for twisting safety wires. The serrations in the jaws of
the duckbills are not as deep or sharp as in many other pliers. This feature helps prevent
nicking and weakening of the safety wire as it being installed (see Figure 1.4 -6).

Diagonal pliers are usually referred to as diagonals or “dikes”. The diagonal is a short-
jawed cutter with a blade set at a slight angle on each jaw. This tool can be used to cut wire,
rivets, small screws, and cotter pins, besides being practically in removing or installing

safety wire (see Figure 1.4 —6).

Ship-joint plier Interfocking joint plier Vise grip
e = 1-\-_—“ %
Duckbill plier Diagonal plier Long nose plier

Safty wire plier
Figure 1.4 -6 Types of pliers
The duckbill pliers and the diagonal cutting pliers are used extensively in aviation for the
job of safety wiring.
Long nose or needle nose pliers are a special useful in tight quarters. They are also

helpful in gripping small parts and are ideal for electrical soldering work. These versatile

tools are found in several different styles to perform a variety of jobs (see Figure 1.4 —6).
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Safety wire pliers: Special safety wire pliers have been designed specifically for the
aviation industry. The jaws are flat with slight serrations. The handles are equipped with
twisting mechanism. The safety wire is passed through the fastener, for instance, a bolt
head. The two ends are brought together and trimmed to the proper length with the built-in
cutter. The jaws are locked in place over the ends of the wire. Pulling the handle creates a
twisting motion that wraps the two wires around each other, When the handles are

unlocked, the safety wiring is completed, and the ends may be trimmed (see Figure 1.4 -6).
1.4.3 Pounding Tools

Pounding tools include different types and weights of hammers and mallets, each with a
very specific use. Since misuse of pounding tools can result in damage to aircraft components
and injury to personnel, it is important that you always choose the one best suited for the job

and use these tools properly.
1.4.3.1 Hammers

Figure 1.4 — 7 shows some of the hammers that the aviation mechanic may be required to
use. Before using a hammer, you should make sure the handle is secure and in good
condition. When using any hammer or mallet, always take advantage of all the mechanical
force available to you, swing the hammer from the elbow, not the wrist, and hold the
hammer as far out on the end of the handle as possible while maintaining a firm grip. Always
strike the work squarely using the full face of the hammer. To prevent marring the work,

keep the face of a hammer or mallet smooth and {ree of dents.

G4 & ARA

Ball peen Claw hammer Straight peen Cross peen

Plastic mallet Body hammer

Figure 1.4 -7 Hammers

Metal-head hammers are usually sized according to the weight of the head without the
handle.

Ball peen hammers range in weight from about one ounce to about three pounds. One
hammer face is always flat while the other is formed into the shape of a ball. The flat

hammer face is used for pounding on hard steel, but should not be used to drive a nail, since
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the curved face of a claw hammer is better shaped for nail driving control. The ball end of the
hammer is typically used to peen over rivets in commercial sheet metal work. However, this
is not the method used for securing rivets in aircraft sheet metal work (see Figure 1.4 - 8).
A claw hammer is a tool primarily used for pounding nails into, or extracting nails from,
some other object. The head of a claw hammer is typically hardened, making it more brittle
and susceptible to chipping. Therefore, a claw hammer should not be used on hardened steel
parts. Commercial sheet metal often requires metal to be bent by hammering. This is
typically accomplished by using either a cross peen or straight peen hammer. Unlike the ball
peen hammer, the cross and straight peen hammers have a wedge-type end that is used to

either crease metal to start a bend, or to straighten out a rolled edge (see Figure 1.4 - 7).

Ball peen Claw
hammer hammer

Figure 1.4 -8 A ball peen hammer has a flat face and a ball-shaped end

The soft faced hammer, or mallet, is used for forming and shaping soft aluminum.
Plastic mallets have replaceable tips and should never be used to drive nails or punches. The
plastic head would be ruined in a short time. The body hammer, or planishing hammer, is
also used for sheet metal work. The large smooth face of the planishing hammer distributes
the force of the hammer blow over a large area making it ideal for forming and shaping sheet

metal to a smooth flat finish (see Figure 1.4 - 7).
1.4.3.2 Punches

Punches are grouped with pounding tools because they concentrate the force of a
hammer blow in a small area. The prick punch has a sharp point, and is used to mark
dimensions and locations on sheet metal. The center punch also has a sharp point, is usually
more massive than the prick punch and is ground to a much shallower angle. The center
punch is used to make an indentation in sheet metal as an alignment mark for start a drill.
Care must be taken when using a centre punch, that the hammer blow is not hard enough to
distort the metal, but is enough to make an indentation that will prevent the drill bit from
wandering. The automatic centre punch has a point that telescopes inside a handle. The
handle has a spring loaded impact mechanism inside that is tripped when the correct amount
of pushing force is applied. The trip mechanism may be adjusted for the desired force.

Pointed punches should never be used to drive out fasteners such as rivets. They will only
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enlarge the end of the fastener and make it more difficult to remove. The starting punch has
a blunt tip and a tapered shank. This punch is used for starting fasteners from their holes.
When the holes are nearly filled by the starting punch, a pin punch is used to finish the job.
When using a pin punch to drive a rivet from thin sheet metal, the metal must be supported
from behind to prevent distortion. The transfer punch is usually about 4 inches long. It has
a point that tapers, then turns straight for a short distance in order to fit a drill locating hole
in a template. The tip has a point similar to that of a prick punch. As its name implies, the
transfer punch is used to transfer the location of holes through the template or pattern to the

material (see Figure 1.4 -9).

Old skin used Iranster
as ate mp]au punch

e

ol il ddd ”’IIIIAI‘ )
AN

MNew skin

Pin punch

Figure 1.4 -9 Punches

1.4.4 Cutting Tools

The cutting tools used in aviation maintenance go far beyond the snips and saws that
probably come to mind. In fact, cutting tools include any tool that removes or separates

material.
1.4.4.1 Chisels

Chisels are the most common and simplest of the cutting tools. They are usually made of
high grade tool steel and are heat treated and tempered for maximum performance on a
variety of materials. The cold chisel is used for cutting metal and has its cutting edge ground
to an angle of about 70°. The chisel is ground slightly convex. With this design, most of the
force of the hammer blow is directed to the centre of the cutting edge. This convex shape
also holds the corners of the chisel away from the work. This helps prevent nicking the metal
near the actual cutting point. The cape chisels come in either single-bevel, or double-bevel.

The cape chisel has a much narrower cutting edge than the cold chisel and is used to cut
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channels or key ways. The cape chisel is also the preferred tool for cutting the heads of
rivets. The narrow cutting area helps prevent extraneous metal damage to the area around
the rivet. A diamond-point chisel is forged into a sharp-cornered square section and then
ground to an acute angle. This forms a cutting edge that is similar in shape to a diamond.

These chisels are used to cut V- grooves and sharp corners in square or rectangular grooves
(see Figure 1.4 -10).

Single-hevel

Jouble-bevel  Djgmond-point chisel

__ Cape chisels are tvpically used to knock of
drilled-through rivet heads,

Cold chisel Cape chisels
Figure 1.4 -10 Chisels

1.4.4.2 Files

It is impossible to do quality sheet metal work without the aid of a file. This cutting tool
has rows of teeth shaped like tiny chisels cut diagonally across its face. A file with all of its
teeth cut in the same direction is a single cut file, and is used to produce a smooth finish on
the material being cut. The double cut file has two sets of teeth cut at angles to each other,

and is designed to cut more metal with each path than the single cut file (see Figure 1.4 -

11).

Tang

Single cut

Paint

Double cut

Figure 1.4 =11 Single-cut and double-cut files
Files are classified as to coarseness of cut, ranging from coarse, to dead smooth.
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Different types of file are designed for different jobs (see Figure 1.4 —12). Be sure you select
the proper file for the work at hand. When using the file, pressure should be applied on the
forwards stroke only, drawing the file backward while maintaining pressure will dull or
damage the teeth. Each stroke should use the full length of the file, and the pressure should
be even throughout the stroke. Each stroke should be smooth and slow. The material should
be held firmly in a vise or clamp to prevent it from chattering. Files should be cleaned often
during use. Metal chips left in the teeth can score and damage the work. A wire brush called
a file card and a metal pick are designed for the job. Files are made of high carbon steel which
makes them fairly brittle. They should be covered and stored where they will not come in
contact with each other or with other metal tools. This will help prevent breakage of the
teeth. Never oil files, always store them dry and in a dry place. The high carbon steel makes

file susceptible to rust. A rusty file is worthless as cutting tool.

Mill file Hand file

Knife file Round file

Wood rasp Vixen file

Figure 1.4 - 12 Files are classified with regard to their kind, their length, and their cut

1.4.4.3 Hand Snips

Shears are another type of cutting tool used on aircraft sheet metal. Tin snips are
basically used for making straight cuts, they are also used to cut curves to either the left or
right. The aviation maintenance technician will occasionally fabricate sheet metal parts
requiring cutting and trimming. Special aviation snips designed with serrated blades and
compound leverage make such work fairly simple. Aviation snips are designed to make
straight cuts for cutting to the right and cutting to the left. The straight snips are color
coded with a yellow handle, the right-hand snips have a green handle, and those that cut to
the left have a red handle. In addition to being color-coded, aviation snips can be identified
by their shape. For example, a straight snip has a relatively straight nose. However, with
right-cut snips, when held in your hand, the lower jaw is on the right whereas the lower jaw

is on the left with left-cut snips (see Figure 1.4 —13).
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1.4.4.4 Hacksaw

The hacksaw is the standard metal cutting saw used by most technicians (see Figure
1.4 -14). Hacksaws usually have replaceable blades with any where from 18 to 32 teeth for
every inch of blade length. This is called blade pitch. Normally, the harder the material to
be cut, the higher the pitch of the blade. The sheet stock, or thin wall tubing, should be cut
with a blade which allows at least two teeth to contact the work at any time. This helps
prevent the material from dropping between the teeth of the saw, causing the blade to skip or
break. Make long slow cuts with a hacksaw, and use the full length of the blade. Cutting
takes place only on the forward stroke, so pressure should be eased as the blade is drawn
backward. Maintaining the pressure on the back stroke will dull the blade and may cause it

to break.

Hacksaw
_Mild materials Harder materials
in large sections in large sections
Aviation snips Unusual work shapes  Pipes, tubing, conduit
Figure 1.4 -13 Hand snips Figure 1.4 -14 Typical uses for various pitch hacksaw blades

1.4.4.5 Twist Drills

The most important tool to any one who does any amount of sheet metal work on an
aircraft is the twist drill (see Figure 1.4 —15). The twist drill is inserted into the chuck of a
drill motor and secured with a chuck key. The chuck grips the drill by the shank. The body
of the drill is cut with spiral flutes that help carry metal chips away from the point and allow
lubrication to reach the point. The land between the flutes is ground so that only a small
portion called the margin is actually in contact with the side of the hole during the drilling
operation. The remainder of the land is smaller than the hole to help prevent the drill from
bending. For drilling most aircraft aluminum, the point of the drill is ground to 50°on either
side of the centre line for an included angle of 118°. The lip relief or heel angle is ground
back from the cutting edge by 12°- 15°. Too flat an angle here would not allow the cutting
edge to cut. It would act the same as a knife blade placed flat on the surface to be cut. No
cutting can take place until the blade is given some angle and allow to dig into the material.
Always wear eye protection when drilling, and check the recommended drill speed for the

material being cut. Higher speeds are required for drilling soft materials while the lower
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speeds are used for hard metals such as stainless steel. Cutting oil should be used when

drilling steel while no lubrication is generally required for drilling aluminum.

Lip or cutting edge

Shank

Ap clearant
125°-1359

\3

Body

Heel angle
(129-15%)

Figure 1.4 -15 Twist drill

1.4.4.6 Reamers

Where tolerances are critical, holes are drilled slightly smaller than the fastener’s being
used, then are finished to exact dimensions with a reamer. The reamer has precision ground
cutting blades that remove small amount of metal as it is turned into the hole. Reamers are
always turned in the cutting direction both entering and leaving the hole. Once the hole has
been reamed to exact dimensions, the fastener is pressed or tapped into position (see Figure

1.4-16).

Figure 1.4 -16 Morse taper reamer
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1.4.5 Measuring Tools

1.4.5.1 Vernier Calipers
The digital, dial, and vernier calipers (see Figure 1.4 — 17 to Figure 1. 4 —19) give a

direct reading of the distance measured to high accuracy. They are functionally identical,
with different ways of reading the result. These calipers comprise a calibrated scale with a
fixed jaw, and another jaw, with a pointer, that slides along the scale. The distance between

the jaws is then read in different ways for the three types.

Figure 1.4 - 18 Digital Caliper

The simplest method is to read the position of the pointer directly on the scale. When
the pointer is between two markings, the user can mentally interpolate to improve the
precision of the reading. This would be a simple calibrated caliper; but the addition of a
vernier scale allows more accurate interpolation, and is the universal practice; this is the

vernier caliper (see Figure 1.4 -19).
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Figure 1.4 -19 Vernier caliper
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Vernier, dial, and digital calipers can measure internal dimensions, external dimensions
using the pictured lower jaws, and in many cases depth by the use of a probe that is attached
to the movable head and slides along the centre of the body. This probe is slender and can get

into deep grooves that may prove difficult for other measuring tools.
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The vernier scales may include metric measurements on the lower part of the scale and
inch measurements on the upper, or vice versa, in countries that use inches. Vernier calipers
commonly used in industry can provide a precision to 0. 02 mm and 0. 05 mm, or one

thousandth of an inch.
1.4.5.2 Micrometers

A micrometer, sometimes known as a micrometer screw gauge, is a device incorporating
a calibrated screw used widely for precise measurement of small distances in industry.

There are three basic types of micrometers, each designed for a specific use. The three
types are commonly called outside micrometer, inside micrometer, depth micrometer (see

Figure 1.4 - 20). Micrometers are available in a variety of sizes.

Figure 1.4 =20 Outside, inside and depth micrometer

The outside micrometer (see Figure 1.4 —21) is used by the mechanic more often than
anyother type. It may be used to measure the outside dimensions of shafts, thickness of
sheet metal stock, diameter of drills, and for many other applications. The inside
micrometer is used to measure the diameter of holes, and the depth micrometer is used to
measure the depths of slots and steps. All three types of micrometers are read in the same
way. Micrometers commonly used in industry can provide a precision to 0. 01 mm or one

thousandth of an inch.

Figure 1.4 - 21 Outside micrometer
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1.4.5.3 Calipers

A caliper is a device used to measure the distance between two opposing sides of an
object. A caliper can be as simple as a compass with inward or outward-facing points. The
tips of the caliper are adjusted to fit across the points to be measured, the caliper is then
removed and the distance read by measuring between the tips with a measuring tool, such as
a ruler. The common used calipers include outside caliper and inside caliper (see Figure 1.4 — 22
and Figure 1.4 —23). The Outside calipers are used to measure the external size of an object.

The inside calipers are used to measure the internal size of an object.

Spring Friction
= joint

Threaded
rod

Figure 1.4 - 22 Outside caliper Figure 1.4 - 23 Inside caliper

1.4.5.4 Dial Indicators

In various manufacturing contexts, an indicator is any of various instruments used to
accurately measure small distances, and amplify them to make them more obvious. The name
comes from the concept of indicating to the user that which their naked eye cannot discern;
such as the exact quantity of some small distance, a small height difference between two flat
surfaces, a slight lack of concentricity between two cylinders, or other small physical
deviations.

Many indicators have a dial display, in which a needle points to graduations in a circular
array around the dial. Such indicators, of which there are several types, therefore are often
called dial indicators (see Figure 1.4 —24).

Indicators may be used to check the variation in tolerance during the inspection process
of a machined part, measure the deflection of a beam or ring under laboratory conditions, as
well as many other situations where a small measurement needs to be registered or indicated.
Dial indicators typically measure ranges from 0. 25 mm to 300 mm (0. 015 in to 12. 0 in),

with graduations of 0. 001 mm to 0. 01 mm (metric) or 0. 000,05 in to 0. 001 in (imperial).
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Figure 1.4 - 24 Dial indicator

1.4.5.5 Feeler Gauges

A feeler gauge (see figure 1.4 —25) is a tool used to measure gap widths. Feeler gauges

are mostly used in engineering to measure the clearance between two parts.

Figure 1.4 - 25 Feeler gauge

They consist of a number of small lengths of steel of different thicknesses with
measurements marked on each piece. They are flexible enough that, even if they are all on
the same hinge, several can be stacked together to gauge intermediate values. It is common
to have two sets for imperial units (typically measured in thousandths of an inch) and metric
(typically measured in hundredths of a millimetre) measurements.

The lengths of steel are sometimes called blades, although they have no sharp edge.

A taper feeler gauge (see figure 1.4 — 26) is a feeler gauge of tapered, as opposed to
parallel shape. The blade of the gauge is of a constant thickness, and the two types of gauge

are used in a similar way.
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Figure 1.4 - 26 Taper feeler gauge

1.4.5.6 Thread Pitch Gauges

A thread pitch gauge, also known as a screw pitch gauge or pitch gauge, is used to
measure the pitch or lead of a screw thread (see Figure 1.4 —27). Thread pitch gauges are
used as a reference tool in determining the pitch of a thread that is on a screw or in a tapped
hole. This tool is not used as a precision measuring instrument. This device allows the user
to determine the profile of the given thread and quickly categorize the thread by shape and
pitch. This device also saves time, in that it removes the need for the user to measure and

calculate the thread pitch of the threaded item.

Figure 1.4 - 27 Thread pitch gauge and use of it

1.4.5.7 Multimeter

A multimeter or a multitester, also known as a VOM (Volt-Ohm meter), is an
electronic measuring instrument that combines several measurement functions in one unit.
Atypical multimeter may include features such as the ability to measure voltage, current and
resistance. Multimeters may use analog or digital circuits— analog multimeters (AMM) and
digital multimeters (often abbreviated DMM or DVOM) (see Figure 1. 4 - 28). Analog
instruments are usually based on a microammeter whose pointer moves over a scale calibrated
for all the different measurements that can be made; digital instruments usually display

digits, but may display a bar of a length proportional to the quantity being measured.
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Figure 1.4 - 28 Digital multimeter and analog multimeter

A multimeter can be a hand-held device useful for basic fault finding and field service
work or a bench instrument which can measure to a very high degree of accuracy. They can
be used to troubleshoot electrical problems in a wide array of industrial and household
devices such as electronic equipment, motor controls, domestic appliances, power supplies,

and wiring systems.
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accuracy ['aekjurosi| n. A5 Ha M, vERA M
interval ['intoval] n. [A] [ B} [a]

pliers ['plaioz ] n. 4+

slip joint pliers fa M 4ft

interlocking joint pliers PN 413 & 4
leverage [leverid3 | n. FLAFEH . FTFF 3%
vise grip K J14H

toggle ['togl] n. JF2&;fil & #%

duckbill pliers T 1 4

nick [nik] n. ZJE ; M FR

needle nose pliers 4214

versatile ['vosotail | adj. Ji W #y; J7BERY
jaw [dzor] n. W, 8O

clamp [klemp] v. s n. 2% ;Je4ft
serration [ sereifon] n. fEIA

diagonal [ dataegonl] adj. XTFALLH ;&Y
solder ['soldo] v. , n. 4R35 I5

trim [trim | v. &%, F

wrap [rep | v. #5585

vernier caliper J#EFR R

dial ['daisl] n. ({8855 1) 2 B 8, 75 50k
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61. digital ['didsitol] adj. ¥ . 505 B2 1
62. scale [ skeil] n. ZIBF; RBEE; 208 R

63. precision [ prisizon | n. 5 kG 5 E K E
64. micrometer [ maikromito] n. T3 R ;43T
65. screw [skrui] n. WRET IR Y ; B ETE

66. gauge [geids] n. P4 L. R 3T

67. caliper ['keelipa] n. (W HEEO K4 ; F R
68. dial indicator H /33

69. amplify ['eempliifai] v. JRAC. 358

70. concentricity [ konsen'trisiti | n. HvCy B, [5] %3 (RO B
71. deviation [ divieifon | n. {32

72. graduation [ gradsueifon]| n. 432 . Z%|E

73. feeler gauge ZER, JEHEHN , [A] B A

74. gap [geepn. BRO, 25 B0 B, GE B

75. imperial [im'pioriol | adj. Ky

76. thread pitch gauge &P HL , AL

77. multimeter ['maltimizte] n. J7 3

78. voltage ['voultidz] n. HiJE ,{REREL

79. current [ karont | n. HL i

80. resistance [ rizistons | n. &L, = PT . B FH (ED
81. analog ['=enaloig | adj. LAY

Notes

[1) The Allen wrench is designed for internal wrenching bolts or Allen screw. There is
a six-sided hole machined into the center of the head of this kind of bolt and screw. They are
used in the place where outside wrench space is limited.

S “Allen wrench” A#F A “X AR F7, ZFFEAZBASART,

BEAAARFEANANAZRBRIANA BT R0, EX R0 BTN LI+ L,
TFHENAK NI, X EERMETR TORELRBAIONBARFZHRARGHT

[2) To solve this problem, the toggle type torque wrench may be the answer.

4y #7: “the toggle type torque wrench” Bz B xft £ T B 65 S RARFEIFAT 4R
FrEALERGE.

BFE A TRAX—FAETABRARXAERTF(EHERF).

Exercises

I . Answer the following questions:
1. List some hand tools before you view the text.
2. Why the Phillips headscrew driver is designed with a blunt point?

3. List some wrenches that can measure and indicate the force.
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4, Which tool may be turned and repositioned without removing the wrench from the
fastener?

5. How does the slip joint pliers to provide a wide range of grip size?

6. What kind of jobs could the needle nose pliers be used for?

7. Why should the plastic mallets never be used to drive nails or punches?

8. Which condition is best for planishing hammer?

9. Why pointed punches should never be used to drive out fasteners such as rivets?

10. Is right to draw the files backward while maintaining pressure?

11. How to choose a hacksaw to cut a sheet stock?

12. What function the convex shape of chisel is?

13. List some common measuring tools.

14. What’s the function of dial indicator?

15. What’s the function of feeler gauge?

16. What’s the function of thread pitch gauge?

Il . Translate the following sentences into Chinese:

1. Hand tools will fall into four basic categories: turning tools, holding tools, pounding
tools and cutting tools.

2. Although its shape lends itself to be used as a pry bar, a punch, or a chisel, the screw
driver is designed for one purpose: turning screws.

3. Interchanging screwdrivers between reed and prince, and phillips head screws could
damage both the screw and the screw driver.

4. The torque wrench is calibrated so that a handle of specified length will apply a
measured force or torque to the fastener as it is turned.

5. The socket wrench has a six or twelve point opening on one end, and a square opening
on the opposite end to accommodate any of several different handles.

6. The torsion bar torque wrench uses a specially ground and calibrated bar attached to
the lug,and to a gear system.

7. The pivot point between the jaws may be moved into one of two different holes in one
of the jaws. This provides a wide range of grip sizes.

8. When using any hammer or mallet, always take advantage of all the mechanical force
available to you, swing the hammer from the elbow, not the wrist, and hold the hammer as
far out on the end of the handle as possible while maintaining a firm grip.

9. When using a pin punch to drive a rivet from thin sheet metal, the metal must be
supported from behind to prevent distortion.

10. Cutting takes place only on the forward stroke, so pressure should be eased as the
blade is drawn backward. Maintaining the pressure on the back stroke will dull the blade and
may cause it to break.

11. Higher speeds are required for drilling soft materials while the lower speeds are used

for hard metals such as stainless steel.
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12. Where tolerances are critical, holes are drilled slightly smaller than the fastener’s
being used, then are finished to exact dimensions with a reamer.

13. The vernier, dial, and digital calipers give a direct reading of the distance measured
to high accuracy. They are functionally identical, with different ways of reading the result.
These calipers comprise a calibrated scale with a fixed jaw, and another jaw, with a pointer,
that slides along the scale. The distance between the jaws is then read in different ways for
the three types.

14. A typical multimeter may include features such as the ability to measure voltage,

current and resistance. Multimeters may use analog or digital circuits — analog multimeters

(AMM) and digital multimeters (often abbreviated DMM or DVOM).

1.5 Introduction of Non-Destructive Test (NDT)

NDT methods are techniques used both in the production and in-service environments
without damage or destruction of the item under investigation. The fundamental NDT
inspection methods are: visual inspection, liquid penetrant inspection, magnetic particle
inspection, eddy current inspection, ultrasonic inspection and radiographic inspections (also

called photographic inspection).
1.5.1 Visual Inspections

The most fundamental method of inspecting aircraft structures and components is
through visual inspection. This method is irreplaceable in certain circumstances and limited
in others. ™ 1n any case, nothing can be inspected visually unless it is uncovered and made
visible.

The basic tools required to conduct a visual inspection include a good light, a mirror,
and some form of magnifying glass. Flashlights are typically used to give spot-type
illumination to the inspection area.

When searching for surface cracks with a flashlight, direct the light beam at a 5 to 45
degree angle to the inspection surface, towards the face (see Figure 1.5 - 1). Do not direct
the light beam at such an angle that the reflected light beam shines directly into the eyes.
Keep the eyes above the reflected light beam during the inspection. Determine the extent of
any cracks found by directing the light beam at right angles to the crack and tracing its
length. Use a 10-power magnifying glass to confirm the existence of a suspected crack. If
this is not adequate, use other NDI ( Non-Destructive Inspection) techniques, such as
penetrant, magnetic particle, or eddy current to verify cracks.

A borescope is an optical device similar in principle to a telescope in that it enlarges
objects like a magnifying glass. However, a borescope has a small lens mounted on a shaft
with a built-in light source that illuminates the area being inspected. Borescopes are typically

used to inspect inside engines using the plug hole for access. This optical device allows
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inspection without disassembly (see Figure 1.5 —2).

Eye above
reflected
light beam
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light beam

X Crack open
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by to surface
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Figure 1.5 -1 Using a flashlight to inspect
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Figure 1.5 -2 Fiberoptic borescope

1.5.2 Liquid Penetrant Inspection

Liquid penetrant inspection is a method of nondestructive inspection suitable for locating
cracks, porosity, or other types of faults open to the surface in parts made of any nonporous
material. Penetrant inspection is usable on ferrous and nonferrous metals, as well as
nonporous plastic material. The primary limitation of dye penetrant inspection is that a
defect must be open to the surface. Liquid penetrant inspection use a series kind of liquids:
cleaner, penetrant, developer.

Liquid penetrant inspection is based on the principle of capillary attraction. The area
being inspected is covered with a penetrating liquid that has a very low viscosity and low
surface tension. This penetrant is allowed to remain on the surface long enough to allow the

capillary action to draw the penetrant into any fault that extends to the surface. The smaller

the defect, the longer the penetrating time is. After sufficient time, the excess penetrant is
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washed off and the surface is covered with a developer.

The developer, by the process of reverse capillary action, blots the penetrant out of
cracks or other faults forming a visible line in the developer.

The main procedures for the liquid penetrant inspection are as follow:

(1) When performing a liquid penetrant inspection, cleaning the surface of the works by
the cleaner.

(2) The penetrant is spread over the surface of the material being examined and allowed
sufficient time for capillary action to take place.

(3) The excess penetrant is then washed from the surface, leaving any cracks and
surface flaws filled.

(4) An absorbent developer is sprayed over the surface where it blots out any penetrant.

The crack then shows up as a bright line against the white developer (see Figure 1.5 - 3).
ﬁ Penetrant

i

Penetrant

Developer Penetrant

\ /— hleed-out

Figure 1.5 -3 Procedure of liquid penetrant inspection

There are two types of dyes used in liquid penetrant inspection: fluorescent and colored.
An ultraviolet light is used with the fluorescent penetrant and any flaw shows up as a green

line. With the colored dye method, faults show up as red lines against the white developer.
1.5.3 Magnetic Particle Inspection

Magnetic particle inspection is a method of detecting invisible cracks, laps, seams,
voids, pits, subsurface holes, and other surface, or slightly subsurface, discontinuities in
ferromagnetic materials, such as iron and steel. It is not applicable to nonmagnetic
materials.

When a material containing large amounts of iron is subjected to a strong magnetic field,
the magnetic domains within the material align themselves and the part becomes magnetized.
When this happens, the part develops both a north and south pole and lines of flux flow in a
continuous stream from the north pole to the south pole. If a break occurs within the part,

another set of magnetic poles appears, one on either side of the break. Therefore, when an
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oxide containing magnetic particles is poured or sprayed over the part’s surface, any
discontinuities in the material, either on or near the surface, create disruptions in the
magnetic field around the part; these poles attract the magnetic particles in the oxide thereby
giving you an indication of the break.

In order to detect a crack with magnetic particle inspection, the part must be magnetized
in such a way that the lines of flux are perpendicular to the fault. To ensure that the flux
lines are nearly perpendicular to a flaw, a part should be magnetized both longitudinally and

circularly (see Figure 1.5 -4).

Longitudinal magnetization

Circular magnetization

] \I } =]

{a)Attraction of particles at defects { b yAttraction of particles at defects

Figure 1.5 -4 Effect of flux direction on strength of indication

The permanent magnetism remaining after inspection must be removed by a

demagnetization operation if the part is to be returned to service.
1.5.4 Eddy Current Inspection

Eddy current is used to detect surface cracks, pits, subsurface cracks, corrosion on
inner surfaces, and to determine alloy and heat-treat condition. Eddy current techniques are
particularly well suited for detection of service-induced cracks in the field. Service-induced
cracks in aircraft structures are generally caused by fatigue or stress corrosion. Both types of
cracks initiate at the surface of a part. If this surface is accessible, a high-frequency eddy
current inspection can be performed with a minimum of part preparation and a high degree of
sensitivity.

If the surface is less accessible, such as in a subsurface layer of structure, low-frequency
eddy current inspection can usually be performed. Eddy current inspection can usually be
performed without removing surface coatings such as primer, paint, and anodic films. Eddy
current inspection has the greatest application for inspecting small localized areas where
possible crack initiation is suspected rather than for scanning broad areas for randomly-
oriented cracks. However, in some instances it is more economical to scan relatively large
areas with eddy current rather than strip surface coatings, inspect by other methods, and

then refinish®! (see Figure 1.5 - 5).
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Figure 1.5-5 Eddy current inspection

1.5.5 Ultrasonic Inspection

One inspection method that is effectively used for corrosion inspection is that using
ultrasonic energy. In this method of inspection, high-frequency pulses of energy, similar to
sound waves, only at frequencies far above the audible range, are introduced into the airplane
structure. There are two types of ultrasonic indications which may be used for corrosion
detection: the pulse-echo and the resonance method.

In the pulse-echo method, a pulse of ultrasonic energy is directed into the structure by a
device known as a transducer. This energy travels through the material to its opposite side
and then bounces back. When the return pulse is received by the transducer, it is displayed
on the screen of a cathode-ray oscilloscope as a spike which establishes a time base,
representing the thickness of the material. If there is any change in thickness, such as may
be caused by corrosion, the return will occupy a shorter space and will indicate the extent of
damage. If there should be a crack or other flaw within the material, such as may be caused
by inter-granular corrosion, a second spike will appear on the oscilloscope screen which

indicates the approximate position of the flaw within the material®? (see Figure 1.5 -6).
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Figure 1.5 -6 Pulse-echo method
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The second method of inspection using ultrasonic energy is the resonance method. This
method operates on the principle that for any given thickness of material, there is a specific
frequency of ultrasonic energy that will resonate, or produce the greatest amount of return.
Variable frequency ultrasonic energy is fed into the transducer, and the output is monitored
visually with a meter or audibly with a set of head phones. When the resonant frequency is
reached, the meter will read the highest value or the tone will be the loudest in the phones.
If the metal has been eaten away by corrosion, its resonant frequency will be different from
that of sound metal, and the meter reading or tone volume will be lower. The resonance
method can be used to determine the actual thickness of the material by calibrating the probe

with a test specimen of the same type material being tested.
1.5.6 Radiological Inspection (Photographic Inspection)

X-ray and gamma radiations, because of their unique ability to penetrate material and
disclose discontinuities, have been applied to the radiographic inspection of metal fabrications
and nonmetallic products. This inspection medium, in a portable unit, provides a fast and
reliable means for checking the integrity of airframe structures and engines.

Radiographic inspection techniques are used to locate defects or flaws in airframe
structures or engines with little or no disassembly. This is in marked contrast to other types
of nondestructive testing, which usually require removal, disassembly, and stripping of paint
from the suspected part before it can be inspected. Due to the nature of X-ray, extensive
training is required to become a qualified radiographer, and only qualified radiographers are
allowed to operate the X-ray units.

For a permanent record of a radiographic inspection, a sheet of photographic film is
placed on one side of the object being inspected, and the radiation source on the other. The
film is placed as close to the specimen as possible and the source is oriented so that the
radiation penetrates and passes an amount of radiation proportional to the specimen’s
density. The denser the specimen, the less radiation.passes through, and the less the film is

exposed. The specimen is then exposed to the radiation source (see Figure 1.5 - 7).

P|‘|c1lnpél|‘:hir ] Specimen
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Figure 1.5 -7 Radiation from X-rays penetrates a specimen and exposes a photographic film
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New Words/ Phrases/ Expression

. visual inspection H A

. liquid penetrant inspection JEKB B E
. magnetic particle inspection ¥} £

. eddy current inspection 1% i R 2
. ultrasonic inspection # 5 Jf £ 2%

. radiographic inspections B 5T T8 AH ¥ 25
.lens [lenz ]| n. k.55

. illumination [i/Jjummineifon ] n. [

. borescope [ 'borskoup ] n. N Fi4E

10. built-in light source Py & I

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

66

porosity [ porrositi | n. ZfLI

dye [dai] v. 4ufn

developer [divelopa] n. i F

capillary ['keepilori] n. B4

viscosity [ viskositi] n. ZhE . Bk
fluorescent [ flursresont | adj. (&) %EIGHY
sufficient [ safifont] adj. & /EHY
ultraviolet ['altrovaiolit] n. 4842k

lap [leep] n. #4¥%

seam [ simm | n. %% ;345 %540

void [ void] adj. sn. ZSBLHY . 45 1L

pour [por] v. 8. i

perpendicular [ parpan'dikjule] adj. EHK . EHMH
demagnetization [ dirmeegnitaizeifon | n. 1B #E
fatigue [ fo'tiig | n. Y55

primer ['praima] n. JE&

anodic film P Ak E

pulse-echo[ poiziekou | n. ik wr—[ml 1%
resonance ['rezonons | n. IEJE,IEIRE
cathode-ray oscilloscope BAHE 5 £k I 2%
spike [ spaik | n. 4U& ik

radiation [ reidieifon] n. 4T, B4k
marked [ makt] adj. TBEFH)

strip [ strip] v. FIB, HB

specimen [ 'spesimon | n. FEAS, FRA
expose [ik'spouz] v. i (K, IKE) G
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Notes

[1) The most fundamental method of inspecting aircraft structures and components is
through visual inspection. This method is irreplaceable in certain circumstances and limited
in others.

TG NEERE %? B BT,

B A WA MRSt TN REANREFRAZENARE. B—REFTEEANR
RTRETREN . BEF - LERATEARRMEN,

[2]) Liquid penetrant inspection use a series kind of liquids: cleaner, penetrant,
developer.

S “developer” —E EHERE T AENTONESEL . 2HH. FEHE L RBREF T
ZIEFRTTAAE.

BE . ARKSERERNE - AP WRE, wFFEANSEN ZEA.

[3) Eddy current inspection.has the greatest application for inspecting small localized
areas where possible crack initiation is suspected rather than for scanning broad areas for
randomly-oriented cracks. However, in some instances it is more economical to scan
relatively large areas with eddy current rather than strip surface coatings, inspect by other
methods, and then refinish.

O XA 6 F 2 A AR “rather than” , ZE RO Z A E S0 E 7,

BE-AALERESCAEREATREARAWANCERE N, T FEH ?%ék@ A
HEAN T HENRY, EE.AFANEAT.A f%m%{%?ﬂ%&l*“%‘ﬁﬁ%ﬁ%ﬁ £ 5
AHEMT ERBEN. HUOTEREEEZRRETRE REREELERARE.

[4]) If there should be a crack or other flaw within the material, such as may be caused
by inter-granular corrosion, a second spike will appear on the oscilloscope screen which
indicates the approximate position of the flaw within the material.

ST &) R A g il .. should” E M iE A a1 &, “should” R e E3F R R IZ”,

BBAE o R R A RS B, e iy o B S i R B AL U AN R ko &
AERTHERFEL CTARRETHRAEMBHENMLE,

Exercises

I . Answer the following questions:

1. List the procedure for liquid penetrate inspection.

2. What is the working principle of magnetic particle inspection?

3. Make a table to list the advantages and disadvantages of common NDT methods
mentioned in this article.

I . Translate the following sentences into Chinese:

1. A borescope has a small lens mounted on a shaft with a built-in light source that
illuminates the area being inspected and are typically used to inspect inside engines using the

plug hole for access.
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2. In order to detect a crack with magnetic particle inspection, the part must be
magnetized in such a way that the lines of flux are perpendicular to the fault. To ensure that
the flux lines are nearly perpendicular to a flaw, a part should be magnetized both
longitudinally and circularly.

IM . Fill in the following blanks according to the text:

1. The basic tools required to conduct a visual inspection include a , a ,

and some form of

2. Liquid penetrate inspection use a series kind of liquids: , ,

3. There are two types of ultrasonic indications which may be used for corrosion
detection: method.

4, and radiations, because of their unique ability to penetrate material

and disclose discontinuities, have been applied to the radiographic inspection of metal

fabrications and nonmetallic products.
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Chapter 2 Aircraft Component Maintenance

2.1 Requirement and Classification

Component repair is a kind of aviation maintenance work. It ensures continued
airworthiness like other aviation maintenance work. It can do different repair work about
many components which are removed from aircrafts due to different causes. But the repair
work must be done under relative requirements which are ruled by ICAO, FAA, EASA,
CAAC and other organizations. ' We place emphasis on the requirements of CAAC.

According to the regulations of CAAC, component repair is classified into six
categories. And most components have four types of repairing in real maintenance work.

You may learn them in the further detailed descriptions.

2.1.1 Requirement of Component Repair

2.1.1.1 Continued Airworthiness

Continued A/W (Airworthiness) Definition: Any activity, after the type certification of
an aircraft, which is necessary to ensure a certain level of safety. We should use proper
maintenance to ensure continued airworthiness. It encompasses:

(1) The verification that any change made on an aircraft won’t introduce a risk.

(2) The check that a damaged aircraft will recover its basic airworthiness after having
been repaired.

(3) The verification that a specific aircraft is compliant with the approved type design.

All the actions implemented after an incident/accident in order to avoid a reoccurrence of
this incident/accident.

“Aircraft Component” means any part and appliance installed or to be installed on
aircraft other than the aircraft airframe, including the complete engine/APU, propeller and
any operational/emergency equipment, etc.

Definition of “repair”: Elimination of damage and/or restoration to an airworthy

condition following initial release into service by the manufacturer of any product, part or
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appliance. In service feedback experience: correctives actions, airworthiness directives and
others.

Importance of service experience feedback:

(1) Necessary to maintain the level of safety defined by the certification requirements,
and to correct unsafe conditions not addressed by requirements applicable at time of TC (type
certification).

(2) Used at several levels: To correct type design deficiencies of an A/C C(aircraft)

type; To modify certification requirements or methods to improve the safety level of all

types.

2.1.1.2 Requirements of ICAO Annex

“

the State of Design shall transmit information necessary for the continuing
airworthiness and safe operation of the aircraft”. “The operator shall provide, for the use
and guidance of maintenance .and operational personnel concerned, a maintenance
programme, approved by the State of Registry ...”. Maintenance tasks and the intervals at
which these are to be performed, taking into account the anticipated utilization of the
airplane. “... inspections or other procedures must be established as necessary to prevent
catastrophic failure and must be included in the Airworthiness Limitations Section of the
Instructions for Continued Airworthiness. ”

The life limited parts are those having not achieved tests and that have not been
demonstrated to the full design goal and whose failure could result in catastrophic failure of
the airplane. Replacement of these parts is mandatory at the latest at the given limit Flight
Hours or Landings to maintain the aircraft airworthy. Non compliance may lead to suspend
the validity of the continued airworthiness. As such, it is mandatory to ensure traceability
and monitoring of these parts. The life limited parts are provided in an appropriate and
clearly identified document.

Note: The engine time limits are incorporated.in the relevant manual of the engine
manufacturer.

Certification Maintenance Requirements: The CMR’s ( Certification Maintenance
Requirements) tasks arising from Systems Safety Assessment which are associated with the
most significant failure conditions. They are allocated to two categories according to the

failure condition consequences and the sensitivity of the safety objective to interval increase.
2.1.1.3 Requirements of CCAR-145

Component repair should be done under the approval of CCAR-145. This regulation is
formulated in accordance with “The People’s Republic of China Civil Aviation Law” and
“The People’s Republic of China Regulations for Airworthiness of Civil Aircraft”. It is for
the purpose of standardizing the administration and supervision of civil aircraft maintenance
and to ensure the continued airworthiness and flight safety of civil aircraft.

For the purpose of this regulation, the applicability herein is defined as follows:
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(1) The General Administration of Civil Aviation of China (hereinafter referred as
“CAAC”) or CAAC Regional Administration (hereinafter referred as “CAAC RA”) certifies
the maintenance organization applying for maintenance of aircraft component (Chereinafter
referred as “maintenance organization”).

(2) The CAAC Headquarter Office or the CAAC RA administrates and supervises the
maintenance organization which has been granted the CAAC Maintenance Organization
Certificate (hereinafter referred as “CAAC MOC”).

The CAAC MOC consists of the “Maintenance Organization Certificate” page and the
“Limitation of Maintenance Items” page (refers to attachment 3 of this regulation). The
name and address of the organization together with the approved Maintenance Rating(s) are
specified on the “Maintenance Organization Certificate” page, whereas the limited approved
Maintenance Items and maintenance functions are specified on the “ Limitation of
Maintenance Items” page.

Maintenance organizations shall at all time take appropriate corrective actions to rectify
any defects and deficiencies against this regulation to ensure continued compliance with the
requirements of this regulation. When requested by the operators or other organizations
(hereinafter referred as “job sender”) to provide maintenance services for aircraft
components, the maintenance organization shall inform the job sender of its approved scope
of work as specified in the CAAC MOC prior to the maintenance work.

The CAAC is solely responsible for issuing the CAAC Maintenance Organization
Certificate (MOC).

The CAAC Headquarter office is responsible for certifying and supervising the aircraft
component maintenance organizations, as well as for issuing and administrating the CAAC
MOC issued to the foreign and regional maintenance organizations.

The CAAC RA is responsible for issuing the CAAC MOC to the domestic maintenance
organization whose main management and maintenance facility is located within its respective
administrative region as well as regular supervision and administration thereof and also
carries other responsibility for certifying and supervising maintenance organizations so
authorized by the CAAC Headquarter office.

The maintenance organization shall be provided with the appropriate working
environment and maintenance facilities, office, training and storage facilities that comply
with the relative requirements for components repair.

The maintenance organization shall determine the tools and equipment necessary for the
maintenance work according to the approved scope of work as specified in the CAAC MOC
and the relevant airworthiness data, and fulfill the following requirements to effectively
control and keep the tools and equipment to ensure that the tools and equipment are in good
and serviceable conditions.

The maintenance organization shall fulfill following requirements to keep the material

necessary for the intended maintenance work, have effective control and management over it
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to ensure its conformity.

The maintenance organization shall have sufficient maintenance and management
personnel, certifying and supporting staff that complies with the relative requirements.

The maintenance organization shall keep the sufficient documents related to the aircraft
component maintenance,

The maintenance organization shall establish a quality system which is under the charge
of the Accountable Manager. The quality system shall fulfill the relevant airworthiness
requirements.

The maintenance organization shall establish an independent self-quality audit system
that complies with the following requirements, or endow the quality department with the
function to designedly assess the compliance of the maintenance work with the requirements
of this regulation, verify the effectiveness of the quality management system and make self-
improvements.

The maintenance organization shall establish the engineering and technical system to
fulfill the engineering and technical management responsibilities, including the establishment
of the relative maintenance technical documents.

The maintenance organization shall establish production control system within the
organization itself, “which shall consist of all associated production departments and
maintenance workshops, the production system so established shall fulfill the relative
requirements.

The maintenance organization shall establish the training program for each post pursuant
to the requirements as prescribed in the § 145. 23 of this regulation, set up the technical
record for each post-holder and fulfill the relative requirements.

Besides above requirements, there are other requirements for component repair such as
Maintenance Organization Manual (MOM) which includes Maintenance Management Manual
(MMM) and the Working Procedures Manual (WPM), Maintenance Criteria while carrying
out maintenance work, Maintenance Records, the maintenance release certificate on
completion of maintenance work on the aircraft component shall be issued by the certifying
staff in such a way that is approved or accepted by the CAAC and unairworthy conditions or
other important incidents report during maintenance or occurring with maintenance that
affect the operation safety of the aircraft and the airworthiness of the civil aircraft

components.

2.1.2 Classification of Component Repair

2.1.2.1 Classification of CCAR-145

According to CCAR-145, “Maintenance” means any inspection/test, repair, defect
rectification, scheduled maintenance, overhaul and modification of aircraft component. The
repair under warranty claim for the brand-new OEM products or repair under compensation

claim due to design and/or manufacturing fault provided by the aircraft component
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manufacturer falls outside the scope of maintenance so defined.

Maintenance levels of component are divided into four types: inspection, repair,
overhaul and modification.

Maintenance functions, in the context of this regulation, are classified as follows:

(1) Inspection/Test: Verifying serviceability of removed civil aircraft components
without disassembling by examination and functional check in accordance with the standards
specified in the airworthiness data.

(2) Repair: The restoration of unserviceable aircraft component to a serviceable
condition in accordance with the airworthiness data.

(3) Overhaul: Restore aircraft component, by disassembling, cleaning, inspecting,
necessary repairing or replacing, reassembling and testing in accordance with the
airworthiness data, to its serviceable life or airworthy conditions.

(4) Modification: The general alterations of an item performed in conformity with the
airworthiness data approved or accepted by the CAAC. For major alterations, details of the
alterations shall be respectively addressed. Modification hereby does not include the approval
of the type design change involved in the alternation program.

Maintenance ratings, in the context of this regulation, are classified as follows:

(1) Airframe;

(2) Power plant;

(3) Propeller;

(4) Component other than complete engine/APU or propeller;

(5) Specialized services;

(6) Other maintenance ratings acceptable to the CAAC.

The maintenance of airframe, engine/ APU and propeller may include maintenance on its
respective components which are fitted or removed according to the relevant applicable
continuous airworthiness data. For such components which are removed and not bound for
re-installation on the airframe, engine/APU and propeller that is under maintenance, the
maintenance organization shall submit the application to the CAAC Headquarter Office or the
CAAC RA to apply for the maintenance rating of component other than complete engine/
APU or propeller.

The CAAC Headquarter Office or the CAAC RA may impose necessary limitations on
the maintenance rating(s) as appropriate under the specific circumstances, including those
limitations in terms of manufacturer, type, designation, etc. listed in “ Maintenance
Function and Maintenance Rating(s) Classification Table”, or any other limitations if the
CAAC feels necessary. I

For the maintenance rating of component other than complete engine/ APU or propeller,
the company maintenance capability list (Form F145 — 2) prescribed in the attachment 2 of

this regulation shall be provided.

— 74
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2.1.2.2 Classification of CCAR-66

According to CCAR-66, the basic portion of the license for the component maintenance

personnel is classified in accordance with the following categories (see Figure 2.1 -1).

AJED BOITTER FCOU

Figure 2.1 -1 Typical components of six categories

(1) Aircraft structure, English code: STR;

(2) Aircraft power plant, English code;: PWT;

(3) Aircraft landing gear, English code: LGR

(4) Aircraft mechanical accessories, English code: MEC;

(5) Aircraft avionics accessories, English code: AVC;

(6) Aircraft electric accessories, English code: ELC.

The authorization items of the license for the component maintenance personnel are
classified in details in accordance with Annex V[[ of the Regulations, e. g. General Code
Table for Aircraft Component Authorization Form (F66 — 8). The detailed requirements

about the license for the component maintenance personnel please refer to Section 2. 4.
New Words,/ Phrases/, Expression
. component [ kom'pavnent] n. (L&, B ZO M TR . F1F, B4

1

2. requirement [ rikwaiomont ] n. B3R, W5 i

3. classification [ kleesifikeifn] n. 434,025 K5, &%
4. continued [ kon'tinjuid ] adj. ZELL AW ; kLA

5. airworthiness ['eowo:dinos | n. & i P ; & fiii

6. regulation [ regjuleifn] n. M2, 54, MU, ME

7. category ['kaetogori | n. 25, Fp2

8. certification [ sortifikeifn] n. JEBH . UESZ . 3EH

9. encompass [ inkampos | v. fIFE

10. verification [ verifikeifn] n. WF3Z, 4 GLZEY) ; G
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11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.

76

compliant [ kem'plaiont] adj. M B . N )

approve [opruv] v. B, L E

implement ['impliment ] v. f#f CEFY) LR BT, 5L
avoid [ovoid] v. WA, FiBH

appliance [oplaions] n. T E., #5348 , %5 &

install [in'stol] v. Z3E,%E

propeller [ propela(r) ] n. #Edk#s, e

emergency [ i'maidzensi] n. BEZURE

elimination [1/limineifn] n. FEF B E£

restoration [ restoreifn | n. &5 , %

initial [inifl] adj. 109120

release [riliis] v. B, AT

manufacturer [ imeenjufaektfora] n. HIER . HE) ;s | £,) 7
feedback [fi:dback ] n. Jir; W& ; A3hiAY

corrective [ karektiv | adj. HriEH); B IEH)

applicable [‘aplikobl] adj. &1 ; A NI

deficiency [ dififonsi] n. Ht= AN B S GG

modify ['modifai] v. 1B ; ZE 5 ; Ptk

anticipate [een'tisipeit | v. T, TR, Bt

utilization [ justilaizeifon] n. F|JH #7340

catastrophic [ [kaetastrofik ] adj. KMER; B ER . EBLSERE
failure [feiljo] n. JME A LbE; Gz AR

demonstrate ['demonstreit | v. {EM; iSiE; F8; UL
mandatory ['maendotori| adj. ¥E W, 5RHEHY

traceability [ itreisobiloti] n. RJ %, n[ {5 , 1] 18 W)

monitor ['monito| v. Wi#s; Witl; Wkt

significant [ signifikent ] adj. TEER; A B LK

allocate [‘elokeit] v. 23BC, 577K ; R4k

formulate ['formjuleit] v. fRH K] ik HAXFER
administration [od/minis'treifon] n. & ¥ ; f7; GEEM) AT
supervision [ sjurpavizon] n. Wi ; &, W W7 N e R
grant [gramt] v. #KIA; [FE.EF; BT

rating ['reitin] n. 54 PR EHY

solely ['souli:]| adv. ME—#l1; {UAY

domestic [ domestik ] adj. FEERT . FH); BN

respective [rispektiv] adj. £ HM .45 5

authorized ['o:feraizd] adj. FUSIANT AT . & € 1Y L HALH
scope [skoup] n. , v. (ACBR WFFEEE 55 DO AL

fulfill [fulfil] v. JEAT,$hA75 535 L5 R
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50. serviceable ['saivisabal] adj. F FH . °] 4L ff FH #

51. sufficient [ sofifont ] adj. JEGEH), T8 2

52. endow [in'dau] v. {8, %8 ; W .05 T

53. pursuant [ pasjulent | adj. BEERY, K IR

54. criteria [ krai'tiorio] n. CHETE . H T 45 09D An i L oE ]
55. rectification [ rektifikeifon] n. HriE ., 2 1F

56. warranty [ 'woronti | n. {fiF ., fH{%

57. compensation [ kompen'seifon | n. #ME . Wi ; & IE
58. overhaul [ jouvohol] n. &4, K&

59. restoration [ restoreifon| n. (HLEHIFEZEHFDIKE ; BIR
60. alteration [ o:ltareifon] n. 284k, PL7AF; AR H

61. bound [baund] wv. , adj. #---RIF.BRH; A LEM
62. impose [im'pauz] v. R, SEFT; BRI

63. capability [ keipabiliti:] n. A GE.GES1; & ; ERE
64. portion ['pofon | n. — B4y

65. license ['laisons | n. ¥FATUE, 0 5 4515

66. accessory [ak'sesori] n. ,» adj. [ ; K0, 5 E #

Notes

[1) But the repair work must be done under relative requirements which are ruled by
ICAO, FAA, EASA, CAAC and other organizations.

SR 4 89 “ICAO” £ “International Civil Aviation Organization” #) 4 5 % X
“BIREAREAL”;“FAA”Z “Federal Aviation Administration” 8 % 5 % X, . & & %“ £
BT B ”;“EASA”;‘%“European Aviation Safety Agency” 4% B % X, & & 2L

A2 57 “CAAC” 2 “Civil Aviation Administration of China”’ #4945 % X.. & & 2
Mz m”,

BEEINMBCEIALAEERRAMZARA FERAME R KM MEL L H.F

KR AL By A Lt A AL By A K B oK T 34T .

[2] The repair under warranty claim for the brand-new OEM products or repair under

o
\:24
N

compensation claim due to design and/or manufacturing fault provided by the aircraft
component manufacturer falls outside the scope of maintenance so defined.

SR 4 89 “OEM” £ “Original Equipment Manufacturer”# 4 B % X, & & 2 “ R 4%

HERFCORHFE T K758 69 falls outside” &I F BB BTN E S,

BREE % % 0 60 R Bt T RO (RS R 0 O R F AL A
o

[3)] The CAAC Headquarter Office or the CAAC RA may impose necessary limitations
on the maintenance rating(s) as appropriate under the specific circumstances, including those
limitations in terms of manufacturer, type, designation, etc. listed in “ Maintenance

Function and Maintenance Rating (s) Classification Table”, or any other limitations if the
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CAAC feels necessary.
ST 8) P 89 %in terms of .. T B EIF A XF el T R R
BRERMEAXFRMAXEETUREEEREFAN U LEBRE XA HATLESH
R, B AN ECES THEMTE XA R LI AIGHE KBS 4 REHRSH K
# RATE RN 06 B A IR

Exercises

I . Translate the following sentences into Chinese:

1. Component repair is a kind of aviation maintenance work. It ensures continued
airworthiness like other aviation maintenance work.

2. All the actions implemented after an incident/accident in order to avoid a reoccurrence
of this incident/accident.

3. Maintenance tasks and the intervals at which these are to be performed, taking into
account the anticipated utilization of the airplane.

4, Non-compliance may lead to suspend the validity of the continued airworthiness. As
such, it is mandatory to ensure traceability and monitoring of these parts.

5. Maintenance .organizations shall at all time take appropriate corrective actions to
rectify any defects and deficiencies against this regulation to ensure continued compliance
with the requirements of this regulation.

6. According to CCAR-145, “maintenance” means any inspection/test, repair, defect
rectification, scheduled maintenance, overhaul and modification of aircraft and aircraft
component.

Il . Fill in the following blanks according to the text:

1. According to the of CAAC, component repair is into six
And most components have types of repairing in real maintenance work.

2. “Aircraft Component” means any and installed or to be installed on

aircraft other than the aircraft , including the complete engine/APU, propeller and

any / equipment, etc.

3. The parts are those having not achieved tests and that have not been to
the full design goal and whose could result in catastrophic failure of the airplane.

4. It is for the of standardizing the and of civil aircraft

maintenance and to ensure the continued and flight of civil aircraft.
5. Maintenance of component are into four types: , repair,

and

IT. Answer the following question according to the text:
1. What is the continued airworthiness?

2. What is the definition of “repair”?
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3. What are the requirements to the maintenance organization according to CCAR-1457
4. How 1is the basic portion of the license for the component maintenance personnel

classified according to CCAR-667

2.2 Component Work Flow

In accordance with CCAR-145, only when the component items of maintenance
organization have been approved by CAAC, the maintenance shop can receive and repair
those components. After repairing those components will be released to service.

When different components in the “CCAR-145 Component Capability List” are sent to

the corresponding shop for repair, the basic requirements and procedures are same.
2.2.1 Component Maintenance Capability

Shops can only make application for component maintenance approval after verifying
that the facilities, equipment, tooling, material, personnel, technical publications and job
cards appropriate to the items to be applied are in place.

Notes:

(1) Technical publications can be provided by the company or made available when
required by the work.

(2) Alternate tooling and equipment must be identified in the shop tooling/equipment
list.

(3) Special tooling and equipment must be evaluated in accordance with FP2440-01 to
ensure the equivalency.

(4) The corresponding drawing and documents must be kept for fabricated tooling/
equipment that are not produced in accordance with the manufacturer’s drawing.

(5) Special equipment of low use frequency or large investment can be rent or loaned,
but its serviceability must be verified.

(6) When the maintenance item to be applied includes sub-contracted maintenance, the
contracted maintenance item and the subcontractor must be listed in the company authorized
List of Subcontractors.

Maintenance levels in component application are divided into four types: inspection,
repair, overhaul and modification. Non-time-controlled components or components not

required to be overhauled in the reference document shall not apply for “overhaul”. ™

13 1

When a component has been approved for “repair” or “overhaul” capability, the
component is regarded to possess the authorization for “modification”. Shop and shop

inspector need not to apply for its modification capability approval as a new item. However,
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vendor SB (Service Bulletin) modification can not be carried out until shop has done an
evaluation and verified that personnel, tooling, equipment and technical documents are
available. Modification scheme not included in the vendor SB must be submitted to the
airworthiness authorities for approval. [

In accordance with CCAR-145 and related functional procedures, the audit group
performs on-site inspection per requirements detailed in the applicable current maintenance
data, including working environment, special tools, fixtures and equipment list (Table 901
in CMM), material, personnel, technical publications and job cards required information,
etc. of the newly-applied items and makes records on the “Aircraft Component Maintenance
Capability evaluation Form” accordingly.

Upon receipt of the CCAR-145 Component Maintenance Substantiation and Validation
Record approved by CAAC, Airworthiness Department will: () Update the controlled
“CCAR-145 Component Capability List”; @ Notify the Shop QC (quality control), Shop.,
Commercial Department, Library and Engineering about the approved *“ Component
Maintenance Substantiation and Validation Record”, relevant component repair and release

can be performed.
2.2.2 The Receiving of Repairable Part

For rotable components removed from aircraft, mechanics shall send unserviceable
components to the Material Department with a proper completed Unserviceable-Repairable
Tag or an equivalent customer parts identification tag as required by the customer.

For rotable components removed from aircraft and independent components for
repairing, Material Department checks the exterior of the components and the documents
attached, and receive the components. The Material Department shall arrange the
components to be returned or disposed per the customer request. If the customer requests a
shop visit, then ship the components to the authorized maintenance organization. As for
repairable parts delivered through cargo shipment by customer, the Material Department
takes delivery of parts and passes them over to the shop PC (Production Control) for the
shipment to the shop.

The shop PC checks the appearance of repairable parts, makes sure they are identical
with the attached documents. Based on the Shop Capability List, the shop PC shall also
check to find out whether parts are in the Capability List.

If parts are in the Capability List,the shop PC shall receive the parts in the management
system as per customer’s repair order and requirement. If parts are not in the List, CBC PC
shall inform the shop sales personnel for assistance in writing, and return parts back to the

original place where they are shipped.
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The shop PC sends parts to the shops for repair with the following documents: (O Shop
Work Order; @A proper completed Unserviceable-Repairable Tag.

Issue the shop work order about the details job by the shop PC when implement aircraft
extended item in shop. Use the workshop job card to record the step for the complexity
project when necessary, I

Shops check and verify documents are correct, accept parts, generate work order and
arrange repair.

If Shop work order with AD (Airworthiness Directive) review requirement, engineer
should confirm the AD compliance status pertaining to the component first of all. If
necessary, ask customer for assist. Relevant engineer should write the estimation result in
the Shop work order. If the AD hasn’t been performed before, workshop should inform the
production controller immediately. Only after the customer agrees to perform the AD and the
engineer provide component AD/SB worksheet can we go on with the maintenance.

Note: Shop PC shall ensure that the work order specifies the customer’s component

releasing requirement.
2.2.3 Shop Repair

As per the requirement of work order, mechanic shall complete the inspection, repair,
overhaul and modification of part according to CMM (Component Maintenance Manual) and
relevant documents.

Shop Work Requirements are as follow:

(1) Workshops are demanded to begin the work task as soon as possible. They should
draw the parts that need to be replaced from Material Department and order those in shortage
correctly in time so as to avoid second purchase.

(2) Workshops should pay more attention to-such components owned by only one
customer that two or more with same P/N are sent to workshop for repair at the same time.
If necessary, workshop should repair some of them as prior as urgent parts. And arrange
workers for working plan. £

(3) Worker shall record actual main work stages of the maintenance component or
troubleshooting such as repeated disassembly or check or assembly or test as failing to pass
test after first repair process record sheet. Not applicable section shall be lined with bias.

Details of Work Process are as follow:

(1) Confirming: Confirm whether the part number and serial number recorded in the
Shop Work Order and Job card are the same as the component. In case of any mistake inform
the production controller to correct it. Confirm whether the Rev. No. and content of the job

card is in accordance with CMM. In case of any mistake inform the production controller.
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And then the production controller should inform the authorized engineering personnel to
correct it. Check corresponding “Post Certificate”. Anyone without the authorization of the
component is prohibited from signing off or stamping in related Job card. Furthermore such
personnel should perform the repair only under the guidance of an employee who is
authorized.

(2) Pre-test: Perform pre-test according to CMM and record the data in detail for
further reference.

(3) Disassembling: Perform disassembling according to the situation of pre-test and
CMM. Note the use of special tools and do not damage components and parts.

(4) Cleaning: Perform cleaning to the disassembled parts according to CMM. Note the
use of cleaning materials and clean after classification in order to avoid damaging components
and parts.

(5) Checking: Perform visual inspection and detailed inspection to the parts according to
CMM after cleaning, and must record checking results in job cards.

(6) Repairing: Perform repairing according to repair methods that are recommended by
CMM. Do not repair beyond allowance of CMM freely. Make sure all the repair work is in
accordance with the certification requirement of the airworthiness authority.

(7) In case of any abnormal condition during above procedures, take a photo, report by
“Component Abnormal Condition Report” to production controller or sale department,
manager in writing by a uniform workshop report and save it.

(8) Replacement:Go to the Material Department and fetch the parts. Confirm the parts
are the products of the original manufacturer and the part numbers are the exact ones
provided in CMM. Replacing of all life limit parts when no satisfactory evidence of life used
is available and/or the parts are in an unsatisfactory condition. Record replacement parts to
ensure parts traceability checks.

(9) Assembling: Perform this job strictly according to CMM. Note assembled
techniques, dimensional requirements, partial calibrations and relevant checkpoints.

(10) Final test: Perform functional tests to whole components strictly according to
CMM. Make sure they can pass each requirement of test. In case of failure analyze and judge
the cause of the failure and return to the disassembly, cleaning, check and repair steps.

(11) Completion: Lockwire the screws, cap the ports and pack the component. The
additional parts of the component should be packed in too if necessary. Place tools, special
tools back to their primary location and check the tool cabinet and test bench. Recover the

test bench to available status.
2.2.4 Release of Component Repair
On completion of maintenance work on the aircraft component, the maintenance release
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certificate shall be issued by the certifying staff in such a way that is approved or accepted by
the CAAC. The release of aircraft components shall be in the form of the ARC (Authorized
Release Certificate) /AAT (Airworthiness Approval Tag) issued by the certifying staff so
authorized by the maintenance organization.

Worker submits the completed Job Card, Shop Visit Report and Shop Work Order to
certifying staff. The compliance status of the AD should be recorded at the Shop Visit
Report and corresponding ARC/AAT.

Authorized certifying staff shall issue an ARC/AAT and Serviceable Tag to release
part. Before releasing, authorized certifying staff must make sure that repair work and the
following documents are properly completed:

(1) Shop Job Cards;

(2) Serviceable Tag;

(3) Shop Visit Report;

(4) ARC/AAT.

Note: When the component is used for another complete maintenance in its own
facilities and ARC/AAT is not required by the customer, the component may be released by

the Serviceable Tag only (see Figure 2.2 - 1).

Figure 2.2 -1 A Component with the Serviceable Tag

2.2.5 Sending & Shipping of Components

Place the completed components with corresponding Serviceable Tags (original), Shop
Visit Reports (original) and Authorized Releasing Certificate/ Airworthiness Approval Tags
(original ) on the “Serviceable Component Shelf” for deliveryman. Shop deliveryman sends
component with all necessary documents to shop PC person and ask the person to sign on the list.

If the repaired component is for installation on aircraft undergoing hangar maintenance,
shop PC shall immediately return the part to the Material Department with the following

documents:
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(1) Shop Visit Report;

(2) ARC/AAT;

(3) Serviceable Tag.

If the customer requires returning back through domestic shipment, shop PC shall pack

the part properly and ship back as per customer’s requirement with the above documents.

If the component needs to be shipped oversea,shop PC shall deliver the properly packed

shipment.

part and related documents to the Material Customs Group, who will then arrange the

Shop PC makes a record for all parts back to the customers for follow-up purpose.

Workshop Component Controlled Flow Chart is shown in Figure 2. 2 - 2.
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Continued Figure 2.2 -2 Workshop component controlled flow chart

New Words,/ Phrases/ Expression
1. corresponding [ /koris'pondin] adj. AH4HY, XF 5 )

- I! mproved mensure
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. application [aeplikeifon ] n. &N A B/ ; Hi,iE5K
. available [aveilobl] adj. B[R ; AW

.identify [aidentifai | v. RH,INH; BT

. evaluate [ivaeljueit] o. TEH, ¥EAY

. equivalency [ikwivolonsi | n. FH%E. %

. fabricate ['facbrikeit ] v. 3 ; S

.frequency ['fritkwonsi | n. JZMH:; iR

10. investment [in'vestmont | n. &%, & A

11. inspector [in'spekto] n. ¥ i KK E

12. vendor ['vendoa] n. (IEFEOMHERN . ] %K

13. scheme [skim] v. ,» n. KX ;3% R &R

14. audit [odit] v. » n. Hif, HEZ

15. current ['karont] adj. PTERY; HITHY

16. fixture ['fikstfo] n. R H, &

17. accordingly [okoudinli] adv. R ; K& ; FRE , AH N Hb
18. substantiation [ sobsteenfieifon] n. HF 32, iF B

19. validation [ veelideifon ] n. HfIA

20. tag [teeg] n. PRZE;PRAG

21. dispose [ dispouz] v. AbFE,AbE; LHE

22. deliver [dilive] v. 13 3% ;3% ;1515

23. cargo ['kagou ] n. (% ER KHLE 1) 75

24. shipment ['[ipmont] n. 31z ;15 %y

25. original [oridzinal] adj. , n. JRIRHY ;s B B9 5 5 3T s A4
26. issue [isjur] v. Kf7; BK

27. complexity [ kom'pleksiti: ] n. B4« ; B :HMHY
28. pertain [patein] v, Ljeeeeo MR FEMAaE
29. estimation [ jestomeifon] n. fliit; PEHY; FIHr
30. shortage ['fortid3 ] n. A&, 655 G

31. prior ['praio] adv. TERI; e

32. urgent ['oidzent | adj. @A) ; Ba

33. bias ['baios] n. {#in]; ff+é£

34. prohibit [prohibit] v. 2%k, Bk B 1k ASHEL
35. analyze ['@enolaiz | v. 23 #7; B

© 0 N O U1 s~ W

Notes

[1) Non-time-controlled components or components not required to be overhauled in the
reference document shall not apply for “overhaul”.

4 ;3 47 69 “Non-time-controlled” T £ 3% &, “ 4F 0F 3£ 647 ; “apply for” £ “ & 35784 & &

BE A TEHEGRAERECGH TR ARCRKENDELT AT F BB,
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[2) However, vendor SB(Service Bulletin) modification can not be carried out until
shop has done an evaluation and verified that personnel, tooling, equipment and technical
documents are available. Modification scheme not included in the vendor SB must be
submitted to the airworthiness authorities for approval

SR e 89 “However"Z 5 B EF B #IT0 & &

B -EFERFRRRLAXN) XM A EERER E?’Jﬁﬁﬁﬁfaﬂ AEAR/ TR/ & &/
DR X BB, L, BE ARSBECEN LR T ELAREMY B F#,

[3]) Issue the shop work order about the details job by the shop PC when implement
aircraft extended item in shop. Use the workshop job card to record the step for the
complexity project when necessary.

SR a8 Issue” YK AT T B89 &E & “extended” B AN IF A ARG,

BE: VN EPEHEFRTHENRNE . FRAFERTUTEFE I EEAEL. AT
WERFEFANITHENE. AT TEAZELNTE  ZFXAFE T FEXTHRS R,

[4) Workshops should pay more attention to such components owned by only one
customer that two or more with same P/N are sent to workshop for repair at the same time.
If necessary workshop should repair some of them as prior as urgent parts. And arrange
workers for working plan.

43T - ¥ ) 59 “pay more attention to” £ “F Jm % 2769 & % “prior” B EE AR LT,

BE . FEHEXER-—FZPFPRBHGRAGN LM T NH 4. A FEN LB E -
SR IO A R RI & HE

Exercises

I . Translate the following sentences into Chinese:

1. Shops can only make application for component maintenance approval after verifying
that the facilities, equipment, tooling, material, personnel, technical publications and job
cards appropriate to the items to be applied are in place.

2. When a component has been approved for “repair” or “overhaul” capability, the
component is regarded to possess the authorization for “modification”. Shop and shop
inspector need not to apply for its modification capability approval as a new item.

3. For rotable components removed from aircraft and independent components for
repairing, Material Department checks the exterior of the components and the documents
attached, and receive the components.

4. The shop PC checks the appearance of repairable parts, makes sure they are identical
with the attached documents. Based on the Shop Capability List, the shop PC shall also
check to find out whether parts are in the Capability List.

5. Workshops are demanded to begin the work task as soon as possible. They should
draw the parts that need to be replaced from Material Department and order those in shortage
correctly in time so as to avoid second purchase.

6. Authorized certifying staff shall issue an ARC/AAT and Serviceable Tag to release
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part. Before the releasing, authorized certifying staff stall must make sure the repair work
and the following documents are properly completed.

Il . Fill in the following blanks according to the text:

1. In with CCAR-145, only when the component items of maintenance
organization have been by CAAC, the maintenance shop can receive and repair
those components. After those components will be to service.

2. For components removed from aircraft, Mechanics shall send unserviceable
components to the Department with a proper completed Unserviceable-Repairable

or an customer parts identification tag as required by the customer.

The shop PC sends parts to the shops for repair with the following documents: () Shop

; @A proper completed Tag.
3. Worker shall record main work stages of the maintenance component or
such as repeated disassembly or check or assembly or test as failing to test
after first repair process record sheet. Not section shall be lined with
4. If the component needs to be shipped , shop PC shall deliver the properly
part and documents to the Material Group, who will then

the shipment.

I . Answer the following question according to the text:

1. How many types are maintenance levels in component application divided into?

2. What will Airworthiness Department do when they receive the receipt of the CCAR-
145 Component Maintenance Substantiation and Validation Record approved by CAAC?

3. What should the shop PC do when they check to find out some parts are in the
Capability List and some not?

4. If the AD of the component hasn’t been performed before, what should the workshop do?

5. What are the details of work process for components maintenance?

6. Which documents should be made sure that are properly completed by authorized

certifying staff before releasing?

2.3 Manuals and Documents

Compliance with the above mentioned requirements is shown through establishment and
approval of several manuals and documents. These data may be incorporated in the general
information of the aircraft components in different ways according to the practices of each
manufacturer however they shall be clearly identifiable.

It contents many detailed information about the description of the aircraft component,
its structure and its function. It also provides instructions as testing, disassembling,
cleaning, checking, repairing, replacing of parts, assembling, and application of special

inspection techniques.
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2.3.1 Types of Airworthiness Data

The maintenance organization shall keep the following manuals and documents related to
the civil aircraft component maintenance.

(1) The civil aviation regulation of the People’s Republic of China, Civil Aviation
Administration Procedure, Advisory Circulars, administration documents and other
documents regarding the civil aircraft component maintenance issued by the CAAC,
including the relevant national standards quoted in the aforementioned documents;

(2) The relevant airworthiness data prescribed by the civil aircraft component
manufacturer(s) or other documents approved or accepted by the CAAC which are necessary
for the maintenance work, including all kinds of manuals, documents, service bulletins,
service letters as well as the relevant international or industrial standards quoted in the
aforementioned documents;

(3) The relevant documents provided by the “job sender” pursuant to the maintenance
rating ( s)/item (s) specified in the maintenance contract, including the operator’s

maintenance program, manual and worksheet, etc. ™
2.3.2 Management of Airworthiness Data

The maintenance organization shall fulfill the following requirements to establish the
effective control over the airworthiness data to ensure the airworthiness data is valid and
ready for use.

(1) The maintenance organization shall keep the master of the airworthiness data under
centralized control, establish a relevant management procedure to control the airworthiness
data effectively and ensure the distributed copies are identical to the master. An effective
backup system shall be available when using a computer system to save airworthiness data.

(2) The maintenance organization shall review the index of the valid airworthiness data
catalog issued by the publisher periodically or check with the publisher directly to verify the
status of validity of the airworthiness data. In the case that the validity of the airworthiness
data in use is controlled by the “job sender”, the maintenance organization shall obtain of a
formal statement on validity of the airworthiness data from the “job sender” prior to the use.

(3) The non-valid airworthiness data and other uncontrolled reference data shall be
distinctively marked and segregated to avoid being mixed up with the valid and controlled
airworthiness data. [

(4) The maintenance organization shall ensure that the maintenance personnel can
readily get access to the necessary airworthiness data for the maintenance, and the necessary

reading device so required shall be provided.
2.3.3 Introduction of CMM
Components maintenance work must be done according to CMM. And CMM is the most



TRALEAAE L L B

important reference data of all. Each component has its own CMM. Most parts have their
CMMs together with IPL(Illustrated Parts List). This kind of situation is written or called
as “CMM&.IPL”. Because some parts are very complicated, they have their separated IPC
(Illustrated Parts Catalog) (see Figure 2.3 - 1).

Figure 2.3 -1 Testing components per CMM

CMM can provide very many detailed information for components maintenance,
including component structure, working description, all kinds of repair procedures and
information for parts replacement. Besides, it also has some useful figures and tables.
Though parts are different and variable, their CMMs are still similar in compiling. ©*1

So let us see the compiling structure of CMM. We can see the structure from content of
CMM. Components vendors are different, but they write CMMs as a fixed rule. The rule is
that a CMM must include title page, record of revisions, record of temporary revisions,
service bulletin list, list of effective pages, table of contents, list of illustrations,
introduction, description and operation, testing and fault isolation, disassembly, cleaning,
inspection/check, repair, assembly, fits and clearances ( except for most avionics
components) , special tools, fixtures and equipment, storage and IPL. In addition, IPL has
its instruction, alpha/numeric index, vendor codes and detailed parts list.

The page range also has a fixed rule just like PB (page block) of AMM (aircraft
maintenance manual). The page range started from “1” is for testing and fault isolation. The
page range started from “2” is for automatic test requirements. The page range started from
“3” is for disassembly. The page range started from “4” is for cleaning. The page range
started from “5” is for check. The page range started from “6” is for repair. The page range
started from “7” is for assembly. The page range started from “8” is for fits and clearances.
The page range started from “9” is for special tools, fixtures and equipment. The page range

started from “10” is for IPL. This rule makes the usage of CMM easier and it is helpful to
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our maintenance work.

The instruction part of each CMM can tell you how to use this manual. We see an
example of BLEED VALVE (Part Number: 6774E Series) :

(1) Make sure that the manual contains the applicable data for your component. Look
for the part number on the Title Page.

(2) To identify a part or to find a part number, refer to the IPL, which has an
Introduction to show the procedure.

(3) You must use the instructions in this manual for all the maintenance steps of a
component. Read all the applicable WARNINGS and CAUTIONS before you do the work on
the component.

(4) When you use consumable materials, these materials are identified by a code number
from a list in the Consumable Materials Table.

(5) When you use special tools, these tools are identified by a code number which is in a
list in the Special Tools Table.

(6) For the tightening torque values of the parts, refer to the Table of Tightening
Torques.

The instruction part of each IPL can tell you how to use this IPL. We also see the
example of BLEED VALVE (Part Number: 6774E Series) :

(1) You can find the illustration for a part, if you know the part number. Refer to the
Numerical Index and look for the part number and the related figure and item number. Refer
to the Detailed Parts List and look for the first figure and item number found in the
Numerical Index for this part. It is possible that this figure shows the part in a section or a
system of the component other than the one necessary. If it does, refer to the other figure
numbers which are given in the Numerical Index.

(2) To determine the part number of a given part, refer to the illustration which shows
the assembly with this part. Record the item number of the illustrated part and refer to the
Detailed Parts List, which gives its part number and-its description.

For customer convenience, CMM is available in both electronic copy and hardcopy
forms. The manual for release to service of the component shall be the electronic copy
published on the library server. Before using the hardcopy manual for maintenance, users
shall check the electronic copy published on the library server and make sure that the
hardcopy manual and the electronic one are at the same revision. Use the electronic copy
published on the library server when new revision of the hardcopy manual has not been

completed within required time limit.
2.3.4 ATA Specification 100

The ATA (Air Transport Association of America) issued specifications for the
organization of manufactures technical data. The ATA specification calls for the organization

of an aircraft’s technical data into individual systems which are numbered. Each system also
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has provisions for subsystem numbering. ™! For example: all of the technical information on
the Fire Protection system has been designated as Chapter 26 under the ATA 100
specifications, with fire detection equipment further identified by the sub-chapter number
2610, and fire extinguishing equipment as 2620. Because of this specification, maintenance

information for all transport aircraft is arranged in the same way (see Figure 2.3 -2).

EXY

Figure 2.3 -2 System, equipment and parts

General aviation aircraft and aircraft component manufactures are in the process of
standardizing their maintenance information and ATA Specification 100 will be used as the
format for this standardization. The CMM developed in accordance with ATA Specification
100 provide procedures for component maintenance. Each CMM has its corresponding ATA
number. For example, the ATA number of the CMM for bleed valve (Part Number; 6774E
Series) is 36 — 11 - 06.

In accordance with ATA-100, the CMM is divided into chapters and groups of chapters.
These represent a functional break-down of the airplane and its systems. And each page of
CMM is identified by a three element number. The first element is the chapter number
representing the functional system of the airplane. The second element identifies a section or
sub-system of this chapter. And the third element identifies a subject or the component
within the same system. From the experiences with ATA numbering system, you may know
that information related to air-conditioning is located in chapter 21. All ATA chapter

classifications are shown in Attachment 2.3 — 1.
2.3.5 Introduction of AD/SB

When an unsafe condition exists with an aircraft, engine, propeller, or accessory, the
airworthiness administration issues an AD ( Airworthiness Directive) to notify concerned
parties of the condition and to describe the appropriate corrective action. No person may
operate an aircraft to which an AD applies, except in accordance with the requirements of
that AD. AD compliance is mandatory, and the time in which the compliance must take place
is listed within the AD. Information provided in an AD is considered approved data for the
purpose of the AD. The compliance record for ADs must be entered into the aircraft’s
permanent records.

ADs are issued biweekly. The biweekly listings are published for small general aviation
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aircraft and accessories in one volume, while the large aircraft and their accessories are
published in a separate volume. This separation of different aircraft categories provides
operators with a much simpler means of filing ADs.

One way that manufactures communicate with aircraft owners and operators is through
SBs(Service Bulletins). SBs are issued to inform aircraft owners and technicians of possible
design defects, modifications, servicing changes, or other information that may be useful in
maintenance an aircraft or component. Generally SBs are not mandatory. Whether they are
done or not depends on owners. On occasion, SBs are made mandatory and are incorporated

into ADs to correct an unsafe condition.
2.3.6 Workshop Job Card & AD/SB Worksheet

The compilation, revision and approval of the Workshop Job Card and AD/SB worksheet
ensure that the Workshop Job Card and AD/SB worksheet properly record the necessary
steps in component repair or modification.

Workshop Job Cards and AD/SB worksheets are used as maintenance record for
recording the sequences and steps in component repair. They are not the guidance for
mechanics to carry out the maintenance.®! The component must be repaired in accordance
with applicable maintenance data described above.

The Workshop Job Card and AD/SB worksheet shall be developed based on the
maintenance data and the customer’s requirements as applicable.

Note: The maintenance data includes but is not limited to the Component Overhaul
Manual (OHM), Component Maintenance Manual (CMM), Engine Manual (EM), Wiring
Diagram Manual (WDM), Illustrated Parts Catalogue (IPC), Structure Repair Manual
(SRM), AD/CAD, SB/SL and any other data that approved by the applicable regulatory
authorities.

Workshop Job Cards shall be developed and approved by personnel granted with Job
Card writing and approval authority. Personnel who-are granted with both task card writing
&. approval authority cannot write and approve the same task card.

The Workshop Job Card and AD/SB worksheet shall be written in both Chinese and
English language. Content of Job Card includes:

(1) Generally, the Job Card shall include the major steps, such as: Pre-test,
disassembly, cleaning, test, check, repair, assembly, and test.

(2) The referenced manual chapters and page number for the major steps carried out
accordingly shall be quoted. In case alternative tools/equipment is used, reference to the
“Alternative Tools & Equipment Illustration Manual” shall be identified.

(3) A mechanic signature block shall be provided for each major step. An additional
inspector signature block shall be proved for Check, Repair, Assembly and Test steps as
well.

(4) The serial number of work steps in the Job Cards shall be continuous.



TRALEAAE L L B

(5) The measurement unit shall be provided if the test result is required to be recorded.

The Workshop Job Card and AD/SB worksheet routine revision is based upon the
amendment of the applicable manuals. The technical process supervisor shall ensure the Job
Card and AD/SB worksheet be revised in a timely manner starting from the date of the
manual amendment or the temporary revision is received. The Job Card and AD/SB
worksheet revision number shall be upgraded if any routine revisions are incorporated.

Note: In case that temporary revision or the manual is revised and the Job Card based on
the old manual is being used in the workshop, the workshop shall inform the technical
process engineer who shall determine the impact on the undergoing repair caused by the new
changes. In case the changes do not affect the repair, the old version of Job Card may be
used until the completion of the affected component repair. However in such case, the
affected component shall be released to service per the newly revised manual. If the manual
changes affect the repair, the old version of Job Card shall be used after a temporary revision

or replaced by the updated Job Card.
New Words/ Phrases/ Expression

. compliance [ kom'plaions | n. &M s W M\ s A& VE

. technique [tek'nitk | n. $35; 5k T

.circular ['sekkjule] n. , adj. BHEE;EHEK; H1TH9
. quote [ kwout] v. B|fH; M

. aforementioned [ofo: imenfond] adj. FiRH); AIRAY
. pursuant [ pasjuwent | adj. 1B K IR

Aulfill [fulfil] . 8475 47

. distribute [distribjut] v. ZMHC. 865 #&. 0K

. catalog ['keetolog | n. H ;&40

10. illustrated ['ilostreitid] adj. (FHEIZE) BLH ), B 1Y
11. separated ['separeitid] adj. 43T H)

12. fixed [fikst] adj. FEEH , ANZEHY

13. revision [rivizen] n. &17,1&K

14. temporary ['temporori | adj. IfiWFHY, & A

15. effective [ifektiv] adj. HEH; EER

16. clearance ['kliorons] n. 23[R, [A] B

17. consumable [ kon'sjuimabl] adj. H#EM:H

18. convenience [ ken'viinjons] n. Jy{# . f F]

19. hardcopy [‘ha:dkopi] n. fiFi#% Dl

20. specification [ spesifikeifon] n. HLE . A&

21. provision [ provizen | n. #HLE , &, 558K

22. subsystem ['sabsistom ]| n. TR% .7 R %

23. extinguish [ikstingwif] v. $K (k)

© 0 N O Ul s~ W N
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24. standardize ['steendoidaiz ] v. [ RUEAL; FFRERS K
25. element [‘elimont] n. 43 » 41 BER 4

26. mandatory ['meendetorri: ] adj. SRFITEART R ER s X H)
27. permanent ['pamenant | adj. KA (ME) ), K 1H Y

28. biweekly [ bai'wikli] adwv. T4 J&— U HL . A& b

29. volume ['voljum] n. %,

30. occasion [okeizon] n. < 4 ; ¥, HFE

31. sequence ['sikwons] n. JF¥; P

32. guidance ['gaidons | n. 185,35 %

33. grant [gramt] v. #&KIN; [FE; #F; BT

34. continuous [ ken'tinjuas | adj. #ELLHY; E{HEY

35. amendment [ omendmeont | n. (BEEE.SCFRY B 3h; Bk
36. upgrade [ apgreid] v. K ; B T4

Notes

[1) The relevant documents provided by the “job sender” pursuant to the maintenance
rating ( s)/item (s) specified in the maintenance contract, including the operator’s
maintenance program, manual and worksheet, etc.

SR 4] 89 “operator” T B IF R I E wEAT,

BE AR BAZBEBERAPHECRERBAXTH . BEMEZEEANEL T £,
FfmTHEERE,

[2] The non-valid airworthiness data and other uncontrolled reference data shall be
distinctively marked and segregated to avoid being mixed up with the valid and controlled
airworthiness data.

SR8 89 “non-valid” & &R “AE MAT H g7

BNIF - 4F TUAT A BN AT TR KO A 4R ﬁé’?f‘% BB S5 IAT A R AT
BH A # 3H [X 2 A R IF 8RR K

[3]) Besides, it also has some useful figures and tables. Though parts are different and
variable, their CMMs are still similar in compiling.

S HT 3k 4] 89 “besides ... 7 CFheee e Z AR E E “similar” B & E A A7,

BiFE: R CMM T - g WEM R, BERABHETE T AN, EEENW
CMM # % # £ = AL,

[4) The ATA specification calls for the organization of an aircraft’s technical data into
individual systems which are numbered. Each system also has provisions for subsystem
numbering.

ST Ay 69 call for” 24 E K704 & B “individual” B &9 3F A gy ”

BIEATAN G E K — 2 A A TR 0T X B 4 5 o 32 2 Zz\éfﬁ BNMNE A
HAATRARRTHAE.

[5) Workshop Job Cards and AD/SB worksheets are used as maintenance record for
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recording the sequences and steps in component repair. They are not the guidance for
mechanics to carry out the maintenance.
S HT 3k 8) 49 %be used as”SE T AAE R T8 F & “carry out” mEF AU HAT PR,
BE.F B T KK AD/SB TR R ERA TIRFIHEEG W TN 7fo 5 &L ME A8
FILIEHHFATELWKE

Exercises

I . Translate the following sentences into Chinese:

1. It contents many detailed information about the description of the aircraft component,
its structure and its function. It also provides instructions as testing, disassembling,
cleaning, checking, repairing, replacing of parts, assembling, and application of special
inspection techniques.

2. The maintenance organization shall fulfill the following requirements to establish the
effective control over the airworthiness data to ensure the airworthiness data is valid and
ready for use.

3. Before using the hardcopy manual for maintenance, users shall check the electronic
copy published on the library server and make sure that the hardcopy manual and the
electronic one are at the same revision.

4. Because of this specification, maintenance information for all transport aircraft is
arranged in the same way.

5. No person may operate an aircraft to which an AD applies, except in accordance with
the requirements of that AD. AD compliance is mandatory, and the time in which the
compliance must take place is listed within the AD.

6. Workshop Job Cards shall be developed and approved by personnel granted with job
card writing and approval authority. Personnel who are granted with both task card writing &
approval authority cannot write and approve the same task card.

Il . Fill in the following blanks according to the text:

1. The relevant data prescribed by the civil aircraft component manufacturer(s)
includes all kinds of , documents, , and service letters as well as the
relevant international or industrial

2. An effective system shall be when using a computer system to save

airworthiness data.

3. For customer , CMM is available in both copy and forms.
The manual for to service of the component shall be the electronic copy published
on the server.

4.In accordance with , the CMM is divided into and groups of
chapters. These represent a functional of the airplane and its

5. SBs are issued to inform aircraft and of possible design ,

, servicing , or other information that may be in maintenance an
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aircraft or component.
I . Answer the following question according to the text:
1. What are the types of Airworthiness Data? What do they include?
2. What is the compiling structure of CMM? What is each page range used for?
3. How can we use CMM&.IPL?
4. What does the three element number of CMM identify?
5. What's the difference between AD and SB? And why?
6. What does the content of Job Card include? When will the Job Card be revised?
Attachment 2. 3 -1 is shown in Table 2. 3 - 1.
Table 2.3 -1 ATA Chapter

Item ATA Chapter Title
21 Air Conditioning
22 Auto Flight
23 Communications
24 Electrical Power
25 Equipment/Furnishings
26 Fire Protection
27 Flight Controls
28 Fuel
29 Hydraulic Power
30 Ice and Rain Protection
Aircraft System
31 Indication/Recording Systems
32 Landing Gear
33 Lights
34 Navigation
35 Oxygen
36 Pneumatic
37 Vacuum/Pressure
38 Water/Waste
39 Panels and Multipurpose Components
41 Water Ballast
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Continued
Ttem ATA Chapter Title
44 Cabin Systems
45 Central Maint. System
Aircraft System 46 Information Systems
49 Airborne Aux. Power
50 Cargo and Accessory Compartments
52 Doors
53 Fuselage
54 Nacelles/Pylons
Structure
55 Stabilizers
56 Windows
57 Wings
61 Propellers
62 Rotor(s)
63 Rotor Drive(s)
Propeller/Rotor 64 Tail Rotor
65 Tail Rotor Drive
66 Folding Blades/pylon
67 Rotors Flight Control
71 Power Plant
72 Engine
73 Engine Fuel & Control
74 Ignition
75 Bleed Air
Power Plant 76 Engine Controls
77 Engine Indicating
78 Engine Exhaust
79 Engine Oil
80 Starting
81 Turbines (Reciprocating Eng. )
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Continued
82 Water Injection
Power Plant 83 Remote Gear Boxes (Eng. Dr.)
84 Propulsion Augmentation

2.4 License for the Component Maintenance Personnel

In accordance with CCAR Part 66; “Management Rule of Civil Aircraft Maintenance
Personnel License”, licenses and certificates for civil aircraft maintenance personnel include
the following two types:

(1) The license for the civil aircraft maintenance personnel;

(2) The license for the civil aircraft component maintenance personnel.

Here we will learn the license for the civil aircraft component maintenance personnel in

detail.
2.4.1 Categories and Types of License for the Component Maintenance Personnel

The license for the civil aircraft component maintenance personnel (referred to as the
license for the component maintenance personnel) shall includes the basic portion and
authorization list portion.

Component maintenance personnel shall, through examinations, obtain the basic portion
of the license in question. The basic portion of the license in question may be issued without
any authorization items. Applicants for the authorization items of the license in question
shall obtain the basic portion first. £

The basic portion of the license for the component maintenance personnel are classified
in accordance with the following categories:

(1) Aircraft structure, English code: STR;

(2) Aircraft power plant, English code: PWT;

(3) Aircraft landing gear, English code: LGR;

(4) Aircraft mechanical accessories, English code: MEC;

(5) Aircraft avionics accessories, English code: AVC;

(6) Aircraft electric accessories, English code: ELC.

The authorization items of the license for the component maintenance personnel are
classified in accordance with Annex V[ of the Regulations: General Code Table for Aircraft
Component Authorization Form (F66 — 8). ™ (Note: This form is too detailed to mention in

this text.)
2.4.2 Application Requirements on the Basic Portion
Applicants for the license for the component maintenance personnel shall comply with
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the following requirements:

(1) Being not less than 18 years old and in healthy conditions;

(2) Having at least one of the following experiences:

1) They shall have diplomas issued by technical secondary schools or educational
institute of higher levels with the majors relevant to aviation technology, have the experience
of being engaged independently in the aircraft component maintenance work consistent with
the respective categories for which they apply for more than two years in total (including two
years) and. in addition, and have been engaged in the aircraft component maintenance work
consistent with the categories concerned during the one year prior to the date of application. £

2) They shall have at least three years’ engagement (accumulative) in the specific aircraft
component maintenance work consistent with the categories for which they respectively
apply. They shall have been continuously engaged in the work for the one year prior to the
date of application.

3) They shall have received training from training organizations approved by CAAC and
obtained the certificate of completion for basic knowledge training of the categories they
respectively apply for.

4) They shall be capable of reading and writing relevant technical documents &

management procedures of the categories they respectively apply for.
2.4.3 Examinations for the Basic Portion of the License

The examinations for the applicants of the basic portion of the license for the component
maintenance personnel shall be carried out in accordance with the syllabus for the
examination in question released by CAAC. The subjects included in the examination shall be
in accordance with the examination syllabus. The examination shall include the written
examination and examination on basic skills. The applicants shall score 70 or higher in such
examinations so as to be rated as “qualified”. ™ Those who fail in the examination may take
makeup examinations. The results of the examination are valid within 5 years. Those who
have cheated or conducted any other unendorsed dishonest acts shall be deprived of the right
to take the examination going on and shall not be allowed to attend the examination within

the two years commencing from the date of deprivation.
2.4.4 Applications and Issuance for the Basic Portion of the License

Applications for the basic portion of the license for the component maintenance
personnel shall follow the following procedures:

(1) Applicants who satisfy all the conditions specified in the Regulations may submit the
Application for the Issuance/Renewal of the License for the Civil Aircraft Component
maintenance personnel (F66 — 4) stipulated in Annex [V thereof and the other documents
stipulated in the application to CAAC.

(2) CAAC shall, in accordance with the Regulations, examine &. review the

— 100 —
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qualifications of the aforementioned applicants, the application in question and the other
documents which the applicants are required in the application to submit; the applicant who
conforms to the Regulations shall be granted with the license for the civil aircraft component
maintenance personnel, as stipulated in Annex V (F66 — 5), within 30 working days
commencing from the date upon which the application is received; while in case of the
applicant whose submitted documents are incomplete or not in the prescribed forms, they
shall be notified, instantly or within 5 working days, of all the other documents that shall be
submitted. CAAC shall notify the unqualified applicant in written form within 20 working
days of the application decline, return their application documents, expound the reasons and
apprise them of the lawful rights they are entitled to. "

(3) The applicant shall pay relevant fees in accordance with the Regulations.
2.4.5 Granting of Basic Portion

The basic portion of the license for the component maintenance personnel shall be signed

by relevant personnel authorized by CAAC.
2.4.6 Application Requirements of the Authorization Items

The authorization items of the license for the component maintenance personnel shall be
signed in accordance with the following requirements:

(1) Applicants for the authorization item list of the license for the component
maintenance personnel shall meet the following requirements:

1) Having obtained the basic portion of the license for the component maintenance
personnel;

2) Having acquired the certificate of completion issued by a CAAC approved training
organization or a training organization accepted by CAAC concerning the correspondent
component maintenance items;

3) Have had engaged with the repair work for:the item applied for at least one year
(accumulative) in the preceding two years.

(2) The authorization item of the license for the component maintenance personnel are
classified in accordance with Annex V[ of the Regulations: General Code Table for Aircraft
Component Repair Authorization Items (F66 —8).

(3) The authorization item list of the license for the component maintenance personnel

shall be signed by the personnel authorized by CAAC Regions.
2.4.7 Rights of License Holders

The holders of the license for the component maintenance personnel shall, provided that
the authorization items of the license are signed, be entitled to sign releases for the items
authorized listed in the license but shall not sign any release for items outside the

authorization item list, [
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2.4.8 Liabilities of the License Holders

The license holders shall comply with the following requirements:

(1) Exercise the maintenance/repair work not exceed the authorized items listed in the
authorization portion of the license;

(2) Ensuring the completeness and validity of the license in question;

(3) Not being permitted to exercise the power of release in the event of physical or

psychological unfitness. [

2.4.9 Cancellations of the License

The license for the civil aircraft component maintenance personnel being waived,
suspended, or revoked shall be returned to CAAC within 5 working days, otherwise they
shall be cancelled by CAAC through notifications.

New Words/ Phrases/ Expression

1. CCAR:China Civil Aviation Regulations 5 [E B i &5 &
2.1in accordance with R4 ; {K &

3. personnel [ paisenel ] n. AR, G T

4. license ['laisns | n. FHBE ;1 A]E ; %A% UE

5. portion ['po:fon] n. #R4>

6. obtain [ob'tein ] vr. 3Kf5, 15 %

7. authorization [ 0:foraizeifon | n. 240, AT ;A A] ; HEUE
8. annex [ oneks | n. , or. B B0

9. applicant ['zeplikont] n. HiF A

10. comply with #=F

11. diploma [diploumo] n. 35 ; % iEH

12. engaged in NEFF 8N F

13. prior to ZHij

14. accumulative [ akjurmjulativ] adj. REFH)

15. respectively [ri'spektivli] adv. 435 #h; 4 A #

16. syllabus ['silobas] n. Z % KW, IR KH

17. makeup examination #p#

18. cheat [tfirt] vr. K5 ; E &

19. unendorsed ['anin'doist] adj. ARINETHY

20. deprive of /deprivation [ dipraiv] v. , n. F|Z& ;5 HEH
21. commence [ komens] vt. G ;E5F

22. qualification [ [ kwolifikeifon | n. %#% ; Bt

23. conforms to 44

24. stipulate ['stipjuleit] v. #E . AE
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25. submit [ sobmit] v. 3% ; 21k

26. issuance ['ifjuens| n. K17; K7

27. granted with ¥

28. notify/notification [ 'noautifai |/[ inoutifikeifn Jv. /n. 8254550 AN TR
29. expound [ikspaund] vt. fHEE; TENALA

30. fee [fir] n. #HH

31. release [rilizs] ve. JFT

32. right/liability [laiobiliti] n. #F], X 55

33. completeness [ kom'plirttnis | n. 5Z%& 4

34, validity [vaeliditi] n. A 800 Ak

35. physical [fizikal] adj. BEH) ;¥R

36. psychological [ saikalodzikal] adj. L>¥RHY ;4 # 1Y)
37. waive [weiv] vt. HFH

38. suspend [sespend] vt. Fi1; 5+

39. revoke [rivouk] vt. FiéH

Notes

[1] The basic portion of the license in question may be issued without any authorization
items. Applicants for the authorization items of the license in question shall obtain the basic
portion first.

DM EERGZIREGEH XA,

BE-GIHEBEEARFBOEGB L TUARATELZNHRATMAR. FERE LF
o HAE AR S E AR E B E A RS AL

[2) The authorization items of the license for the component maintenance personnel are
classified in accordance with Annex V[ of the Regulations: General Code Table for Aircraft
Component Authorization Form (F66 - 8).

D MEAFTEFHARERIME . WEAGFT—RAFLEFRE, A MTEMHK
F 8,

BEMZETSHCEARNBREB QLA TR GEN—MEEPHETEEARD L
(F66 —8) %] 4+,

[3) They shall have diplomas issued by technical secondary schools or educational
institute of higher levels with the majors relevant to aviation technology, have the experience
of being engaged independently in the aircraft component maintenance work consistent with
the respective categories for which they apply for more than two years in total (including two
years) and, in addition, and have been engaged in the aircraft component maintenance work
consistent with the categories concerned during the one year prior to the date of application.

SR —ARA G FATE M EER S ARy A R KGEIFE NG 8F
B EE AN,

BiEANEEAFZBOULEMERAMXELFH A EINERFEL L NS
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BRELEIFERETE2EOUL FEAFFEIEN I ERIFEAERFFHLLHR
A= BB T,

[4) The applicants shall score 70 or higher in such examinations so as to be rated as
“qualified”.

SR iEE “so as to be” 8y FiE,

BE - vE A Ex TR PRGN 70 22U A&,

[5) CAAC shall notify the unqualified applicant in written form within 20 working days
of the application decline, return their application documents, expound the reasons and
apprise them of the lawful rights they are entitled to.

87 “notify...in written” &% A “ 3 F il fmeeeee- 7 “be entitled to” 2 “H "¢ & &,

BEAXTIAHGAENRFE YERAMEZRAEA 20 MNTHEE A E A FTRAHEH
FHEm REEFEMNE AR R E T EAZ AN EENA.

[6) The holders of the license for the component maintenance personnel shall, provided
that the authorization items of the license are signed, be entitled to sign releases for the items
authorized listed in the license but shall not sign any release for items outside the
authorization item list.

D EZERGPILAsign”" W EEH T ARR .5 —A“signed” H 355, LI E A
B3 o LR AEE, 5|/ “sign release” & F5 B A B 9 4 F 34T,

BE U EARRERER S REGEZ R, THRBEZNE XA CEANBGETRE
AR BFHANELRERE HAT.

[7) Not being permitted to exercise the power of release in the event of physical or
psychological unfitness.

487 :“in the event of ... "&13F A “ fL e- - BAT R e VXA IEZ T HIAE R
AL E b 3EE P ; “exercise the power of release” &% A “4T4E 4787,

BiE A A RO A T S0 0 BRI S AT BAT AR O AR AT 13X R BUAT AL

Exercises

I . Answer the following questions:

1. What is the right of the license holder for the component maintenance personnel?

2. What are the liabilities of the license holder for the component maintenance
personnel?

I . Translate the following sentences into Chinese:

1. Those who fail in the examination may take makeup examinations. The results of the
examination are valid within 5 years.

2. Those who have cheated or conducted any other unendorsed dishonest acts shall be
deprived of the right to take the examination going on and shall not be allowed to attend the
examination within the two years commencing from the date of deprivation.

3. The basic portion of the license for the component maintenance personnel shall be

signed by relevant personnel authorized by CAAC.
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4, The license for the civil aircraft component maintenance personnel being waived,

suspended, or revoked shall be returned to CAAC within 5 working days, otherwise they
shall be cancelled by CAAC through notifications.

IT . Fill in the following blanks according to the text:

1. Inaccordance with CCAR 66, licenses and certificates of civil aircraft maintenance

personnel include the following two types:

@V

(2

2. The basic portion of the license for the component maintenance personnel

classified in accordance with the following categories:

@V
(2
(3
€Y
5
(6)

3. The

examination on.

b

b

b

b

b

b

examination in

English code: STR;
English code; PWT;
English code: LGR;
English code: MEC;
English code: AVC;
English code: ELC.

basic portion shall include the examination
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Chapter 3

Aircraft Mechanical Component Maintenance

w W w w w w

S O & W DN

Introduction of Pneumatic Component

Bleed Valve

Cooling Turbine

Starter

Variable Delivery Hydraulic Pump Maintenance
Flexible Fuel Level Measuring Stick ( Flexi-Stick
Assembly)

Surge Tank Pressure Relief Valve
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Chapter 3 Aircraft Mechanical Component
Maintenance

3.1 Introduction of Pneumatic Component

3.1.1 General

Pneumatic components are widely used in the engine starting, ice and rain protection,
engine bleed air, air conditioning, pressurization, the auxiliary power unit (APU) and other

systems, including pneumatic valve, air starter, air cycle machine (ACM), heat exchanger, etc.
3.1.2 Description of Air Bleed System (B737NG)

Bleed air comes from the 9th and 5th stages of the engine high stage compressors. At
low engine speed, the pneumatic system uses 9th stage bleed air. 5th stage air is not
sufficient for pneumatic system demands at low engine speeds.

At low engine speed the high stage regulators and high stage valves control the pressure
of the engine bleed air, and the 5th stage check valves prevent reverse flow. At high engine
speed the high stage valves close and the 5th stage check valves open to supply bleed air to
the pressure regulating shutoff valves.

The air conditioning bleed air controls panel has engine bleed switches to control the
pressure regulating shutoff valves. Also, there are BLEED TRIP OFF lights to show
overpressure or overtemperature. The bleed air regulators and pressure regulator and shutoff
valves control the flow of engine bleed air to the pneumatic manifold. The bleed air
regulators have overpressure switches to prevent overpressure conditions and turn on the
BLEED TRIPOFF lights.

The 232°C (450°F) thermostats make the pressure regulating and shutoff valves move
towards closed when the temperature gets to 232'C (450°F). The air conditioning accessory
unit (ACAU) is an interface between the air conditioning bleed air controls panel and the
pressure regulating shutoff valves. The 254 C (490°F) overheat switches turn on the BLEED
TRIP OFF lights and close the pressure regulating shutoff valves. This prevents overheat
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damage to the pneumatic manifold and user systems (see Figure 3.1 -1).

5th stage Overpressure Bleed air WTAIl solenoid

Precooler

check valve witch control valve Jq_,ulator valve = T
\ /\ Engine L RECIAC FAN & RECIRC FAM
start valve @;, m@
¥ ’ :
R
5 &) §
=
232°C(450°F) @,"" - .
thcrmmlal . =
Lwcme O B
precocler pesl o -
CTRL valve 5
X ng'l ]‘ SENSOT
EgI RIgE stape pruuuzn.sr‘,f (i-lglj P |7~ To engine
roplRtor valve Overtemp 5W pms.flar[ Air conditioning/bleed air
controls panel
WTAL
valve
Mote: left system shown-
right system the same Tl
[>To engine nose cowl HF;:: APU check
anti-ice valve Hydraulic alve _
E_>To water tank and TAT probe pressure (&S <FFrom APU

Figure 3.1 -1 Air bleed system from the aircraft engine

3.1.3 Description of Air Conditioning System (B737 - 800)

1. General

The air conditioning system controls the interior environment of the airplane for flight
crew, passengers, and equipment,

These are the air conditioning sub-systems:

« distribution;

* pressurization;

« equipment cooling;

* heating;

+ cooling;

« temperature control,

2. Cooling System

The cooling system uses these components and systems to cool the bleed air (see Figure
3.1-2):

« air conditioning/bleed air controls panel;

« flow control and shutoff valve;

 heat exchangers;

« air cycle machine;
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» reheater;
» condenser;
e ram air system;

« water extraction.

—— M |"—"
{ = g: i L
h‘ =j ’I‘l["‘«a'T . | I_ FCSOW
- iy = | STBY o irim
L — '_|-i s Z
— o TCY air
f ot -
Pack | It i P J‘/Il;an
L ) - /pPitss
Diiﬂ.hugl.l ondgnser ACM Flenamy // cﬁ!gc]?
DV ”TS“\_‘ / diffuser assy valve
= o — <:
Water i} (i, RN ) B A ] e Blm
extractors o - ' RAM air
: ;'Ull%aﬂ;_'. - exhaust
OVHT SW -
Jrcnmpn:r:mr {} Ji} [~Primary
: ! AT @ AN ai heat
RAM air Pack temp OVHTSW  RAMair | \ exchanger
actuator bulb {1 ———
RAM air T “Scrundm'}-
B Water extractor cat
de 1,':"[!0’ e disist exchanger

Water spray
] nozzle
L= :
Y\“ ] - = o )

hJ
RAM air modulation panels

Figure 3.1 -2 Air conditioning-cooling-functional description

The flow control and shutoff valve gets hot bleed air from the pneumatic manifold. The
flow control and shutoff valve controls the flow of hot bleed air to the trim air system,
primary heat exchanger and to the two temperature control valves. A hot air connection
downstream of the FCSOV supplies hot bleed air to the turbine case. This prevents ice in the
turbine case.

The ram air system controls the flow of ram air to the primary and secondary heat
exchangers. When bleed air goes through the primary heat exchanger, ram air removes some
of the heat. This partially cool bleed air goes to the compressor section of the air cycle
machine.

The compressor section increases the pressure and temperature of the partially cool
bleed air. This compressed air goes to the secondary heat exchanger.

When the compressed air goes through the secondary heat exchanger, ram air removes
some of the heat. This bleed air goes through the water extractor duct and into the reheater.

Bleed air that leaves the secondary heat exchanger goes through the hot side of the
reheater. Air that goes through the reheater the first time is cooled by colder air from the

condenser. The temperature of the bleed air increases as it goes through the reheater a
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second time and into the turbine section of the air cycle machine.

Air that leaves the turbine goes through the cold side of the condenser. Air flow from
the condenser divides into two paths; each path goes through a water extractor.

The water extractors remove moisture. This moisture goes to the water spray nozzle.
The water spray nozzle sprays the water into the ram air duct.

Part of the cold air bypasses through the condenser core to prevent ice in the condenser.
This supplies warm air through deicing passages in the core and by a mix of hot bleed air into
the turbine muff at the cold air inlet.™ The standby temperature control valve senses

condenser ice conditions and sends hot bleed air to the turbine muff.

New Words/ Phrases/ Expression

. pneumatic [ nju'maetik | adj. 3K

. auxiliary [ogziljeri] adj. B

. check valve Bi[a] {5 ][]

. TRIP OFF BkJt

. manifold ['menifould] n. £ %% ;I5%&
. thermostat ['foimosteet | n. |H I 28
.interior [in'tioria | adj. WN#PHY

.ram air fEZSS

.duct [dakt] n. &iE

10. moisture [ 'moistfo |n. KX

A~ w Do e

© o0 3 o Ul

11. spray nozzle B5HE
12. bypass ['baiipas | v. 2238
13. condenser core ¥ &R A

Notes

[1) Part of the cold air bypasses through the condenser core to prevent ice in the
condenser. This supplies warm air through deicing passages in the core and by a mix of hot
bleed air into the turbine muff at the cold air inlet.

347 1 this” AR AT 4 .

B B0ABTABLARESHRT A, UB EABREE K, XIHF K ANIALHE
AEZANIHNRREATEG . URBEREZA R G KT KERH,

Exercises

I . Answer the following questions:

1. Where are pneumatic components mainly used in aircraft?

2. How does the air bleed system operate in B737 — 800 at high engine speed?

3. What role does the condenser play in the cooling system?

Il . Translate the following sentences into Chinese:
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1. The air conditioning bleed air controls panel has engine bleed switches to control the
pressure regulating shutoff valves. Also, there are BLEED TRIP OFF lights to show
overpressure or overtemperature.

2. The temperature of the bleed air increases as it goes through the reheater a second
time and into the turbine section of the air cycle machine.

IM . Fill in the following blanks according to the text:

1. There is one bleed air system for each . The engine bleed system controls
bleed air and .

2. The 5th stage bleed air check valve 9th stage bleed air flow into the 5th stage
bleed port.

3. After the bleed air goes through the flow control and shutoff valve it enters ,
and

4. The condenser the temperature of the air in the air conditioning pack to

below the dew point. This causes the water vapor in the airstream to go into a
form.
5. The reheater the temperature of the air in the air conditioning pack before it

enters the turbine of the air cycle machine.

3.2 Bleed Valve

3.2.1 Description

The bleed valve of the butterfly type is installed in the bleed air portion of the air bleed
system from the aircraft engine. The high pressure bleed valve consists of the high stage
regulator and valve.

The high stage regulator and valve control the supply of high stage engine bleed air.
The high stage regulator operates the high stage valve, and the high stage valve controls the
flow of bleed air from the 9th stage bleed air manifold (see Figure 3.2 —-1).

The high stage regulator gets unregulated air from a tap on the 9th stage bleed air
manifold. The unregulated air goes through the pneumatic shutoff mechanism to the
reference pressure regulator.

The reference pressure regulator decreases the pressure to a constant control pressure.
A relief valve prevents damage to the high stage valve if the reference pressure regulator
fails. The control pressure from the high stage regulator goes to chamber A of the high stage
valve. The actuator opens the valve against spring force and pressure in chamber B. The
combination of forces that operate on the actuator cause the valve to regulate the downstream

pressure to 32 psig (nominal)™ (see Figure 3.2 - 2).
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Pneumatic
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Figure 3.2 -1 HP bleed valve-structural description

During normal operation, the high stage valve closes for these reasons:

* Downstream pressure is more than 9th stage pressure;

« The 5th stage pressure is greater than the high stage regulated pressure.

When downstream pressure is more than 9th stage pressure, the reverse flow
mechanism in the high stage regulator opens and bleeds off the control pressure to the high
stage valve. The high stage valve then closes.

When 5th stage manifold pressure is greater than the high stage regulated pressure
(nominal 34 psig), the high stage valve closes because the force in chamber B, combined
with the spring force, is greater than the force in chamber A. This causes the high stage
valve to close.

The pneumatic shutoff mechanism increases the life of the high stage regulator. The
shutoff operates after the shift to 5th stage engine supply occurs. High pressures (110 psig)
in the supply port operate a shutoff mechanism. The shutoff mechanism closes the supply to

the regulator inlet and vents the regulator. This reduces the duty cycle of the regulator and
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exposure to extreme pressures and temperatures during high engine power operation.
A relief valve in the high stage valve decreases downstream pressure in the interstage

duct when the pressure regulator and shutoff valve (PRSOV) is closed.

T e e R'u\-_cl'_soE __________ -

flow
;gpck

|
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I
I Reference 28
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I o] I \‘
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| valve |
| i
LI | S— I
: — 1
9th . J :
stage —— | [ =—rran, = i
: Prneumatic I
i st o T | Reliel
e e == - -——==I1 walve
High stage regulator Chamber B
ChamberA~, HL
e | P
1
9th stage To
& air Mlow o V ::}PRSUV
[ Shown in reverse flow position {open} High stage valve

Figure 3.2 -2 HP bleed valve-functional description

The operation of the high stage bleed system is automatic and self-regulating. There are

no external controls.
3.2.2 Test and Fault Isolation

1. Preliminary Tests

(1) Visual check.

1) Make sure that the unit is complete and not damaged. Make sure that the details on
the identification plate are correct.

2) Examine the unit for signs of impact damage, in particular at the location of the valve
body, the pneumatic actuator body and the regulator body.

3) With the butterfly valve in the fully closed position, make sure that the butterfly
valve sealing rings are in contact with the periphery of the valve body bore.

4) With the butterfly valve in the open position, examine the bore of the valve body for
signs of scratches, scouring.

(2) Electrical tests.

1) Insulation resistance test.

(a) Apply a 50 V DC voltage with the electrical cord (T40) between the connector

contact pins connected together and one point of the valve body.
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(b) Make sure that the insulation resistance is more than 100 MQ.

Note: The modern megohmmeters give a test voltage of 50 V DC as opposed to the 45 V DC

found with the earlier models. ¥

2) Continuity test.

(a) Measure the continuity between two points of the unit.

(b) Make sure that the continuity is less than or equal to 20 mQ.
2. Hot-Air Functional Tests at (250 10)C (464 to 500°F) (see Figure 3.2 -3)

(1) Preparation.

1) Make sure that the pneumatic coupling to the bleed valve is vented.

2) Let the upstream parameters that follow become stable for 10 to 15 minutes: — T,
equal to (250 £10)C (464 to 500°F), — P, equal to 39. 16 to 47. 86 psig ((3+0. 3)

bar rel. ).

3) Then, increase and decrease at the rate of 0. 362 to 0. 725 psig/s (25 to 50 mbar/s)
the (p,) pressure between 43. 50 to 130. 53 psig (3 and 9 bar rel. ).

Calibrated
Orifice
0,55 mm
(DMa. 0.022 in)

; B S

400°C(752°FYor 250°C(482°F)

Adr pressure

Calibrated
""" orifice
@055 mm
(Dla, 0,022 in}
Calibrated
= ['dé ¥y orifice
@0,55 mm

¥,

(Dla. 0.022 in)

01-040

Union
O1-110
clapper S/A

anz‘lk

supply S @34 mim
348 psig {Dla. 1.34 in)
(=24 bar rel.) /
| [ Pt
T B P
100 to 300 mm 300 to 700 mm
{(3.9to1].81n (I1L.Bto27.6in)

300 to 400 mm

(11.8to 15,7 in)

1000 o 1,500 mm
(39410 59.1 in)

Figure 3.2 -3 Hot test bench

(2) Closing/reopening tests.
1) Test at high pressure;
2) Test at low pressure.

(3) Pressure regulation tests.
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1) Pressure regulation test;

2) Pressure limitation test.

(4) Screening rest procedure.

(5) Closure with no pressure.

3. Hot-Air Functional Tests at (400£20)C (716 to 788°F)
4. Ambient-Air Functional Test at (25+£20)C (41 to 113°F)
5.Leakage Tests

6. Fault Isolation (see Table 3.2 - 1)
Table 3.2 -1 Fault Isolation— Preliminary Tests

Defect Possible Cause Correction

1. Preliminary Tests (Ref. Task 36-11-06-700-801-A01)

Visual Check (Ref. Subtask 36-11-06-210-001-A01)

The external component is loose Torque the attaching part (Ref. Task 36-11-06-
(screw missing or loose) 820-802-A01)
The coating protection of the parts Do the corrosion protection (Ref. Repair No. 1
Visual Defect| are damaged Task 36-11-06-380-801-A01)
There is impact damage, crack Change the defective parts

Do the safetying procedure (Ref. Subtask 36-11-
06-440-018-A01)

The lockwire is broken or not installed

Insulation Resistance Test (Ref. Subtask 36-11-06-750-001-A01)

Repair, re-crimp or replace the wiring as
applicable;

(a) Test of the wiring (Ref. Subtask 36-11-06-
750-002-A01)
Insulation Wiring of electrical connector (03 — (b) Replace the microswitch (03-110) if the
wiring is damaged or unsoldered Removal (Ref.
Subtask  36-11-06-040-009-A01 );  Disassembly
(Ref. Subtask 36-11-06-040-010-A01); Assemble
(Ref. Subtask 36-11-06-440-003-A01)

(c) Replace the connector (03-120) if damaged:
Removal (Ref. Subtask 36-11-06-040-009-A01);
Assemble (Ref. Subtask 36-11-06-440-004-A01)

Resistance 120) or wiring of microswitch (03 —

<100 MQ 110) stripped or unsoldered

Continuity Test (Ref. Subtask 36-11-06-750-001-A01)

» Find the defective electrical bonding point

Continuity ) o ) + Repair the bonding point as per bonding
The electrical bonding is defective
=20 m{) procedure (Ref. Repair No. 2 Task 36-11-06-300-
801-A01)
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New Words/ Phrases/ Expression

1. butterfly type H:IE

2. portion ['pafon | n. 4y

3. unregulated [ anregjuleitid | adj. RAEHITH, ZELHY
4. tap [teep] n. k. I&T]

5. mechanism ['mekonizom | n. ML H
6. thermostat ['ormosteet | n. [BiE 7%

7. nominal ['nominal ] adj. % X

8. vent [vent] v. Htiw.HEH

9. duty ['djurti] n. i

10. preliminary [ priliminori| adj. ¥4 K
11. identification plate 4§ th (1 4 F Je ST HE 43
12. sign [sain] n. fIEJK

13. sealing ring % &} &

14. periphery [ porifori] n. J& [l

15. bore [ bor] n. W&

16. scratch [skret/] v. %5

17. scouring ['skauorinz] n. %)%

18. insulation resistance %%k /i BH.

19. electrical cord #4425 Hi £

20. contact pin filt &5 5] JH

21. continuity test 538 4 MR

22. megohmmeter JK KK 2% i fH %

Notes

[1) The combination of forces that operate on the actuator cause the valve to regulate
the downstream pressure to 32 psig (nominal).

4 #1 : “combination of forces”ix B “& A7,

BIFE E NP 2 6 AR/ EITRAT THEAEN 32psig(4 30,

[2) With the butterfly valve in the fully closed position, make sure that the butterfly
valve sealing rings are in contact with the periphery of the valve body bore.

S #7 :“in contact with...” X Z Jg“ 5 eeeee AR,

BEF - U PVRAL XU . AALEHBEEREANZEABL TEMERS.

[3) The modern megohmmeters give a test voltage of 50 V DC as opposed to the 45 V
DC found with the earlier models.

487 :“as opposed to”iX B 35 L .eeee AT,

BENARKRRKA R KA E S0V ARAMES TUMA T 45V B,
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Exercises

I . Answer the following questions:

1. What does the HP bleed valve consist of?

2. How does actuator operate when the downstream pressure increases?

3. List the main test procedure.

Il . Translate the following sentences into Chinese:

1. The regulator has a light cast alloy body which includes the pneumatic connections.
These connections duct the upstream and downstream pressure between the body of the valve
and the pneumatic actuator.

2. Depending on the engine stages pressure level, the bleed pressure regulating valve is
pneumatically supplied either by the IP stage or the HP stage.

3. If a temperature greater than 235°C (455°F) is detected by the solenoid thermostat, it
causes a variation of pressure in the chamber (B) because of an air leakage controlled by the
solenoid thermostat. The movement of the diaphragm transmitted by the guide pin to the
diaphragm and the clapper results in a decrease of the regulation level.

IM . Fill in the following blanks according to the text:

1. When the pressure bled from the IP stage is too low, the bleed valve is pneumatically
supplied by the valve downstream pressure.

2. Any variation in the downstream pressure brings about a change in the position of the
butterfly to keep the downstream pressure

3. In the of air pressure on the upstream side of the butterfly valve, the
butterfly is locked in the “CLOSED” position by the effect of the load on the piston
in the pneumatic actuator.

4. The operation of the high stage valve is automatic. Also there is a manual to

lock the valve in the closed position.

3.3 Cooling Turbine

3.3.1 General

The cooling turbine is used in an air conditioning system to cool pressurized bleed air to

a temperature which will permit cooling of the aircraft cabin. "
3.3.2 Description

The cooling turbine is a bootstrap expansion type. The cooling turbine consists of an
impeller and a turbine wheel mounted on opposite ends of a common shaft. The common
shaft rotates within two spring-loaded annular ball bearings. The impeller wheel is enclosed

by a compressor scroll assembly. The turbine wheel is enclosed by a turbine scroll assembly.
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The common shaft and ball bearings are encased by the main housing (see Figure 3.3 -1 and

Figure 3.3 -2).

Scroll assembly

Outlet assembly

Mount bracket

Torus assembly

Figure 3.3 -1 Cooling turbine

The bottom of the main housing is an oil reservoir. Oil is supplied to the bearings by
wicks which are located in the main housing and run to the stationary bearing carrier
assembly.

Oil slingers are located on the common shaft adjacent to the bearings. An air seal is
located between the main housing and compressor section. Another air seal is located
between the main housing and turbine section.

An oil plug and sight gage are located on either side of the main housing.

The compressor scroll assembly is composed of two welded halves which contain a vaned
diffuser.

The impeller wheel is a 4. 10 inch (104. 14 mm) diameter aluminum radial outward flow
wheel. The impeller wheel and compressor scroll together form the cooling turbine
compressor section,

The turbine scroll assembly consists of two welded halves which cover the turbine
nozzle.

The turbine wheel is a two piece 4. 05 inch (102. 87 mm) diameter aluminum, radial
inward flow wheel. The turbine wheel rotates within the turbine nozzle. The turbine wheel,

nozzle and turbine scroll assembly together form the turbine section of the cooling turbine.
3.3.3 Operation

The aircraft main engine bleed air is routed through the aircraft primary heat exchanger
where the aircraft main engine bleed air is partially cooled by aircraft ram air (see Figure
3.3 -2 and Figure 3.3 -3).

The aircraft main engine bleed air leaves the primary heat exchanger and enters the
cooling turbine compressor section. The aircraft main engine bleed air compression is

increased by the compressor section, also causing an increase in air temperature.
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The bleed air then leaves the compressor section of the cooling turbine and enters the
secondary heat exchanger to be additionally cooled by aircraft ram air.

The bleed air then exits the secondary heat exchanger and enters the turbine section of
the cooling turbine. The bleed air is caused to rapidly expand in the turbine section, also
causing a decrease in air temperature.

Dual turbine nozzles are used in conjunction with the turbine nozzle shutoff valve to
control cooled compressed air for maximum cooling capabilities during ground/auxiliary
power unit operation. During normal operation, the turbine nozzle shutoff valve remains
open. Bleed air is ducted to the turbine scroll and rapidly expanded by both turbine nozzles.
The air passes over the turbine wheel and is ducted from the turbine scroll to the aircraft
cabin. During ground/auxiliary power unit operation, the turbine nozzle shutoff valve
remains closed. Bleed air is ducted to the turbine scroll and rapidly expanded by the larger
turbine nozzle. The air passes over the turbine wheel and is ducted from the turbine scroll to
the aircraft cabin.

The rapidly expanded bleed air then leaves the turbine section of the cooling turbine and
enters the cabin air conditioning control system.

The compressor section provides pneumatic energy for the air conditioning system and
the cooling turbine operation. The bleed air compressed in the compressor section is
transferred to rapidly expanded cooled air for the air conditioning system and mechanical
energy for cooling turbine operation in the turbine section. ¥}

The workload required of the turbine section to maintain efficient operation of the
compressor section is controlled by the mixing valve. The mixing valve controls the speed of
rotation of the cooling turbine within a range of compressor section and turbine section
efficiency. Also the mixing valve is used to produce a reduction or increase in air temperature
to maintain the temperature requirements of the aircraft cabin. Opening of the mixing valve
causes an amount of aircraft main engine bleed air to bypass the cooling turbine and mix into
the rapidly expanded bleed air leaving the turbine section of the cooling turbine. The action
causes a reduction in the cooling turbine rotation and an increase in air temperature at the
turbine section discharge. Closing of the mixing valve causes all aircraft main engine bleed air
to enter the cooling turbine. The action causes an increase in cooling turbine rotation and a
decrease in air temperature at turbine section discharge.

As rotation is established, oil is provided from the main housing reservoir to the
bearings by wicks. Oil is forced through the wicks by a capillary action to the common shaft.
Rotation of the common shaft causes the oil to be sprayed in a fine mist, onto the bearings.
Oil is pulled through the bearing by centrifugal motion caused by rotation of the oil slingers
mounted on the common shaft.

The oil slingers provide a passage for oil to return to the main housing reservoir. Air
trapped in the bearings and oil system is pulled from the system by centrifugal motion caused

by rotation of an air slinger mounted on the common shaft. I
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Oil seals mounted on both ends of the common shaft provide a seal between the common
shaft and main housing. The seal prevents oil migration from the oil system to the
compressor section and the turbine section.

Air seals mounted on both ends of the common shaft provide a seal between the
compressor section and the main housing, and the turbine section and the main housing. The
seal allows an amount of air to escape from the compressor section and turbine section and
form an air pocket formed around the oil seal aids in prevention of oil migration. This air

pocket is contained between the air seal and main housing and is vented to ambient.
3.3.4 Leading Particulars

Leading particulars are listed in Table 3. 3 - 1.
Table 3.3 -1 Leading Particulars

Turbine Airflow (332.64+16.6)kg/s [(44.0%2.2) 1b/min]

Turbine Speed:

(Part No. 204950-5-1 thru-5-5) 49,000 to 53,500 r/min (approx. )
(Part No. 204950-6-1 thru-7-2) 50,400 to 50,500 r/min (approx.)
Lubrication Provisions Felt Wick and Sump

Lubrication Oil MIL-PRF-7808 or MIL-PRF-23699
Lubrication Capacity 300 mL

Weight (dry) :
(Part No. 204950-5-1 thru -6-2) 12.42 kg (27.4 1b) (approx.)
(Part No. 204950-7,-7-2) 12.51 kg (27.6 1b) (approx.)

New Words/ Phrases/ Expression
. bootstrap ['buitstraep | n. B sh#FE/EM ; B 2846 M

. bootstrap air-cycle machine H a5 S5 ML
. impeller [impelo] n. (E4EHL) M4

. stem [stem | n. ke, B FF

. scroll [ skroul] adj. REZHY

. housing ['hausin] n. #p5%, 7K

. wick [wik] n. V48

. oil slinger/slinger ring F& i1 3%, 5500 W8 1l 26
.oil plug (O 7 28

. sight gage W2

11. vaned diffuser M F ¥ JE#%

12. radial outward flow 4% [ #M i =X

13. radial inward flow 4% ] PN i 20

© 0 N O Ul W DY

—_
(@]
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14. route through %3l , &

15. leakage test & il iz

16. primary heat exchanger #J 2% #4532 %5

17. secondary heat exchanger ¥R ZIAZ e £
18. workload ['wakloud] n. TAEZfar; TH/E=
19. capillary action B4 1EH

20. centrifugal [ sentrifjugsl] adj. B I>HY

21. migration [ maigreifon | n. B

Notes

[1) The cooling turbine is used in an air conditioning system to cool pressurized bleed air

to a temperature which will permit cooling of the aircraft cabin.

S5 47 :is used in” AR F AR BmAOKAERE L F— AR RS A

AT F T E e Vi,
BEANREATZEARN. CWERRBAFHE SR LB A EHIFESN
B .

[2) The bleed air compressed in the compressor section is transferred to rapidly
expanded cooled air for the air conditioning system and mechanical energy for cooling turbine
operation in the turbine section.

ST /A Aor” 5 A GG R E 69 % 37, & — A~ 1646 49 5% “rapidly expanded cooled air”, %
Z &4 89 & “mechanical energy”,

B AAEAVNHEENARALRR B ARESHARAANAL AT Z AR EL A H R
T 1E LA GE

[3]) Air trapped in the bearings and oil system is pulled from the system by centrifugal
motion caused by rotation of an air slinger mounted on the common shaft.

DU BN FRNEDE A ZEF R THEHARKIH P, “trapped in the bearings and
oil system” 1k A & &5 45 “air” ;“by ... 3L —F F X o F ik,

R RREEB LW REARBENECEARSIERATEBRRAZANFEZAHER
H K.

Exercises

I . Answer the following questions:

1. What are the features of the cooling turbine?

2. Where is the cooling turbine mounted in the cooling subsystem?
3. How does the air flow through the cooling subsystem?

4. How can the rotary section be lubricated?

5. How many kinds of seals are mounted on the cooling turbine?
I . Translate the following sentences into Chinese:

1. Dual turbine nozzles are used in conjunction with the turbine nozzle shutoff valve to
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control cooled compressed air for maximum cooling capabilities during ground/auxiliary
power unit operation.

2. Opening of the mixing valve causes an amount of aircraft main engine bleed air to
bypass the cooling turbine and mix into the rapidly expanded bleed air leaving the turbine
section of the cooling turbine.

3. Air seals mounted on both ends of the common shaft provide a seal between the
compressor section and the main housing, and between the turbine section and the main
housing.

IM . Fill in the following blanks according to the text:

The required of the turbine section to maintain efficient operation of the
compressor section is controlled by the mixing valve. The mixing valve controls the speed of
rotation of the cooling turbine within a range of compressor section and turbine section

. Also the mixing valve is used to produce a or in air temperature

to maintain the temperature requirements of the aircraft cabin. Opening of the

causes an amount of aircraft main engine bleed air to the cooling turbine and mix
into the rapidly expanded bleed air leaving the turbine section of the cooling turbine. The
action causes a in the cooling turbine rotation and an in air temperature at
the turbine section discharge. Closing of the mixing valve causes all aircraft main engine
bleed air to enter the cooling turbine. The action causes an in cooling turbine

rotation and a in air temperature at turbine section discharge.

3.4 Starter

3.4.1 Description (see Figure 3.4 - 1)

The air turbine engine starter changes compressed air pressure into mechanical force,
sufficient to increase the speed of the aircraft engine to start speed.

The air turbine starter has:

* an inlet assembly;

* a stator;

* a containment ring;

* a cutter ring;

+ a diffuser assembly;

+ a planet gear;

e a ring gear;

* a sprag clutch;

+ a filter disc;

* a pump assembly;

* a sun gear;
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* a turbine wheel;
* an intermediate housing;

+ an output shaft with decoupler assembly.

Accelerometer
mounting pad

exhaust

Figure 3.4 -1 Engine air turbine starter

3.4.2 Operation (see Figure 3.4 —2)

Compressed air flows through the inlet assembly through the stator to the turbine wheel

to cause high speed and low rotational torque at the sun gear. Exhaust air is released to

ambient through the diffuser assembly. The sun gear, planet gears and ring gear decrease

the high speed to transmit a high torque to the output shaft.

Inlet G ;
assembly ~ COPIAINMENt oyl Diffuser
““El‘l ring assembly Planet
ane
[ II gear

Stator

Ring

Chutput shaft
with decoupler
assembly

Turbine Intermediate assembly

wheel housing assembly Sun gear

Figure 3.4 -2 Engine air turbine starter cross sectional view

When the starter control valve closes and the aircraft engine speed is more than the

starter speed, the sprag clutch disengages the output shaft from the clutch hub. The turbine
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wheel, sun gear, planet gear, ring gear and clutch hub will stop. The clutch shaft, the shaft
on the pump assembly and the output shaft assembly continue to turn with the aircraft
engine,

If the sprag clutch fails to disengage the turbine wheel from the output shaft assembly,
the decoupler assembly has a tension bar that will disconnect the aircraft engine from the
starter. The function of the pump assembly is to supply lubricant to the sprag clutch and the
overrun bearings during engine operation after the starter has stopped.

If the turbine wheel moves axially during a thrust bearing failure, the cutter ring will
cut the rim from the turbine wheel hub and the containment ring will contain the high-energy
turbine wheel rim and blade pieces. A magnetic drain plug in the gear housing will collect
metal particles in the lubricant. A filter disc is supplied at the lubricant leveling port to keep

unwanted objects out of the engine.
3.4.3 General Assembly Procedures

Note: The assembly procedures are in the sequence of the illustration first and then the
text on the same page or adjacent pages where possible. All necessary information is given so
that the unit can be assembled without reference to a different part of the manual.

(1) Remove all corrosion preventive compound and contamination from the parts before
assembly.

(2) All the nuts, bolts and screws must be tightened to a standard torque unless the
torque is specified in the text., Refer to FAA Manual AC65 - 9A, Airframe and Powerplant
Mechanics General Handbook, for the standard torque.

(3) Use lubricating compound for the assembly of all threaded parts as follows.

Caution: Use of too much lubricating compound can cause clogged vents and orifices.

1) Apply a small quantity of lubricating compound to the threads of all male threaded
parts except where noted.

2) Remove all of the lubricating compound that is remaining after assembly of the
threaded parts.

Warning: Use the correct personal protection. oil can have an additive called tricresyl
phosphate in it. This chemical is an asphyxiant, it is poisonous and can be absorbed through
the skin.

(4) Use lubricating oil (Mobil Jet [I , MIL-PRF-23699) to lubricate all packings before
installation.

(5) Use lockwire on all hardware (bolts, screws, plumbing, electrical connectors) with
lockwire holes. Install the lockwire as specified in SAE-AS567.

(6) When screws or bolts are too long or too short, a longer or shorter standard screw
or bolt can be used if there is a minimum of one full thread more than the face of the threaded
part or nut.

Note: There are no optional screw or bolt lengths permitted for blind hole applications.
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New Words/ Phrases/ Expression

. stator ['steito] n. BT

. torque [tork] n. fH%H

. sprag clutch ¥ BE &

.hub [hab] n. ()%

. axially ['eeksioli ] adj. #li[m A9

.rim [rim] n. (JURETEYI R 5

. containment [ kon'teinmont | n. PHi&
. contain [ kon'tein] v. 38 ;&1

. magnetic [ magnetik ] adj. M)

© 0 NN O Ul e W N

Notes

[1) The air turbine engine starter changes compressed air pressure into mechanical
force, sufficient to increase the speed of the aircraft engine to start speed.

ST A 10” Z AT B AE B “sufficient”, W R & “sufficiently”,

B 2ARBRAANBEFHINEESEZAWEN HARIR A . T 2R A KRS 2%
HE EHEE.

Exercises

I . Answer the following questions:

1. What is the purpose of the gears in the starter?

2. What happens if the sprag clutch fails to to disengage the turbine wheel from the
output shaft assembly?

Il . Translate the following sentences into Chinese:

1. Compressed air flows through the inlet assembly through the stator to the turbine
wheel to cause high speed and low rotational torque at the sun gear.

2. When the starter control valve closes and the aircraft engine speed is more than the
starter speed, the sprag clutch disengages the output shaft from the clutch hub.

IM . Fill in the following blanks according to the text:

1. The sun gear, planet gears and ring gear the high speed to transmit a high
torque to the

2. A drain plug in the gear housing will collect particles in the

lubricant.

3.5 Variable Delivery Hydraulic Pump Maintenance

The aircraft engine operates the variable delivery hydraulic pump (see Figure 3.5 - 1)

through a speed-reduction gearbox. The gearbox connects to the external drive shaft of the
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pump and decreases the rpm (revolutions per minute) of the engine to that necessary for
pump operation. The pump uses phosphate ester type fluid and supplies hydraulic pressure

for the hydraulic system.

Figure 3.5 -1 Variable delivery hydraulic pump

3.5.1 Testing and Fault Isolation

1. Testing

Before you do a test, examine the pump exterior for damage and defects. Look for
cracks, loose bolts, housing damage and other conditions that make the pump operationally
unsafe. Do not do a test on a pump that is damaged. Repair the pump first, and then
do the tests.

After examination, do the performance evaluation tests to find the condition of a pump
when you receive the pump with a malfunction tag. When knowing the repair done, or the
status of the pump, according to the Table 3.5 -1, we can find what tests are necessary.
The details of each test refer to the manual. After a pump is repaired, do the specified
acceptance tests.

Table 3.5 -1 Repair-Test Matrix

Necessary Tests

. Dynamic
Repairs Done Static ) ) Blocking| Case Case
(or S 5 Break in Shaft | Calibr- | Pressure . .
or Status Proof Patch Valve | Relief | Drain

Run Seal ation | Control )

Pressure Operation| Valve Flow

Leakage

Performance

X X X X X X

Evaluation

Small Repairs

External Leakage X X X X X X

Pressure Control Fix X X X X X X

Solenold or Blocking
Valve
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Continued
Necessary Tests
. amic
Repairs Done Static . b ) Blocking| Case Case
(or S 5 Break in Shaft | Calibr- | Pressure ) .
or Status Proof Patch Valve | Relief | Drain
Run Seal ation | Control
Pressure Operation Valve Flow
Leakage
Shaft Seal Leakage X X X X X X X
Large Repairs (Replacement of Parts)
Housing X X X X X X X X
Mounting Flange X X X X X X X
Inlet Adapter X X X X X X X X X
Port Cap Subassembly X X X X X X X X
A Rotating Group Part X X X X X X X X
Trunnion Bearings X X X X X X X X
Barrel or Shaft Bearing X X X X X X X X
Overhaul of Pump (Replacement of Parts)
Mounting Flange
Front Housing and/or X X X X X X X X X
Port Cap Subassembly
Bearing and Rotating
) X X X X X X X X
Group

2. Fault Isolation

When a pump assembly test does not agree with a test specification, attach a tag to the
pump to identify the test parameter and the probable cause as found by fault isolation. When
more than one probable cause are given for a fault, narrow them down to the most likely one

before you do a corrective action.

3.5.2 Disassembly

1. External Drive Shaft Subassembly Disassembly (see Figure 3.5 -2)

Pull the external drive shaft subassembly (5) from the pump assembly. Remove the
retaining ring (20) and the spline adapter (10) from the external drive shaft (15). Remove
the retaining ring (25) from the external drive shaft.

2. Port Adapter Removal (see Figure 3.5 -2)

Remove machine bolts (35, 40) and the flat washers (45) that hold the port adapter

(30) to the port cap and depressurizer subassembly. Remove the port adapter and discard the
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packing (50) from the base of the port adapter.

%Eﬁ-’a: 2=
85 gg :.i;ﬁ-t 5
51 ;

;| 22573
'xltizzn;" 205

3B29-255
Figure 3.5 -2 Variable delivery hydraulic pump— exploded view

3. Electrical Solenoid Removal and Disassembly (see Figure 3.5 -3)

Remove two socket head cap screws (45) and the electrical solenoid (40) assembly.
Remove and discard the packing (50) and two backup rings (55) from the base of the
solenoid. Remove the spool and sleeve subassembly from the solenoid depressurizer bore of
the port cap subassembly (5). Remove the solenoid spring (75) and the solenoid spool (65)
from the solenoid sleeve (70).

4. Spool and Sleeve Subassembly Removal and Disassembly (see Figure 3.5 —3)

Remove the compensator plug (80) from the compensator bore of the port cap
subassembly (5). Remove and discard the packing (85) from the compensator plug. Loosen
the lock nut (105) on the adjusting screw (110). Remove the adjusting screw from the port
cap subassembly. Remove the compression spring (125) and the two spring guides (115,
130) from the bore. Remove the guides from the spring. Remove and discard the packing
(120) from the spring guide (115). Remove the compensator spool and sleeve subassembly
(90) from its bore in the port cap subassembly.

5.Blocking Piston Removal (see Figure 3.5 —3)

Remove two machine bolts (150) and the blocking piston cap (135) from the port cap
subassembly (5). Remove and discard the packing (140) and the backup ring (145) from the
blocking piston cap. Remove the blocking piston spring (155) and the blocking piston (160)

from the piston bore.
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Figure 3.5 -3 Port cap and depressurizer subassembly

6. Port Cap and Depressurizer Subassembly Removal (see Figure 3.5 —2)

Remove the compensator plug (see Figure 3.5 -3, Item 205) from the sensing hole in
the port cap and depressurizer subassembly (55). Remove and discard the packing (see
Figure 3.5 -3, Item 210) from the compensator plug. Remove two machine bolts (60), one
machine bolt (65) and the port cap and depressurizer subassembly from the front housing
(115). Remove the port plate (80). Examine the straight headless pin (75) for damage.
Remove the pin only if it is damaged. Remove and discard the packing (70) from the base of
the port cap subassembly.

7. Impeller Subassembly Disassembly and Removal (see Figure 3.5 -3)

Remove the wire that safeties the socket head cap screw (195) to the drive coupling
(175). Write down where and how the wire is installed so that you can refer to it during the
pump assembly. Remove the socket head cap screw and washer (200) from the impeller
subassembly. Remove the drive coupling and the impeller subassembly. Remove the thrust
washer (165) from the shaft of the impeller (185). Remove the sleeve bearing (170) from
the port cap subassembly (5) only if the sleeve is damaged, using an arbor press as
necessary.

8. Stroking Piston and Auxiliary Piston Removal (see Figure 3.5 -2)

Remove the auxiliary piston (85) from the stroking piston sleeve in the bore of the front

housing (115). Remove the stroking piston (95) and the stroking piston sleeve (90).
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Remove and discard three packing (105) and four backup retainers (100) from the stroking
piston sleeve.

9. Front Housing Subassembly Removal and Disassembly (see Figure 3.5 -2, Figure 3.5-4)

Tie wrap
3

Flat washer(130)

I3 Places
| N
' ';il_“_,_-:\:{, — 4] ,;’ I"-.-h:-unhn:__t Mange
f gi'. \gy ‘[ T \ Subassembly(-270)
IS\ | A Tie wr
e a4 ¢ ie wrap
f \}\;}}*{5{ 3“ ) Pari:in 2(263)
f WYy E
| vl .
12 Pr.machine head Fronthousing subassembly (=110)

bolts{125) 13 places

Figure 3.5 -4 Front housing subassembly

Remove 13 bolts (125), 13 flat washers (130), and the front housing subassembly (—110)
from the mounting flange subassembly (— 270). Put your hand over the front housing
opening so you do not get splashed with hydraulic fluid. Remove the rate piston (250),
helical compression spring (255) and flat washer (260) from the front housing subassembly.
Remove and discard the packing (265) from the groove in the mounting flange subassembly.
Install a tie wrap around the inner and outer race of each trunnion bearing (165) before you
remove the hanger and piston subassembly (170) from the mounting flange subassembly.
Remove the hanger and piston subassembly, along with the barrel and washer subassembly
(135), radial barrel bearing (155) and trunnion bearings, from the mounting flange
subassembly.

10. Barrel and Washer Subassembly Disassembly (see Figure 3.5 -2)

Carefully remove the two trunnion bearings (165) from the hanger and piston
subassembly (170). Remove the barrel and washer subassembly (135) from the radial barrel
bearing (155) and the hanger and piston subassembly. Remove the thrust clip (160) and the
radial barrel bearing from the hanger and piston subassembly.

11. Hanger and Piston Subassembly Disassembly (see Figure 3.5 -5)

Put the hanger and piston subassembly on the holding fixture. Put the holding fixture in
a vise. Remove the retainer nut (5) from the plate and washer retainer (65). Remove these
parts from the plate and washer retainer (65) :

(1) Shoe retaining plate (10) with nine piston and shoe subassemblies (20) ;

(2) Hanger wear plate (15);

(3) Hanger subassembly (40) ;

(4) Needle bearing (35);

(5) Thrust washer (60).
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Figure 3.5 -5 Hanger and piston subassembly

12. Shaft Seal Subassembly Removal and Disassembly (see Figure 3.5 -2)

Remove three machine bolts (295), three flat washers (300) and the seal retainer (290)
from the mounting flange (275). Remove the mating face seal subassembly (235). Remove
and discard the packing (230) from the mating face seal subassembly. Remove the nose seal
(225), compression spring (215) and spring seat (210) from the shaft and pin subassembly
(185). Remove and discard the packing (220) from the nose seal.

13. Shaft and Bearing Assembly Removal and Disassembly (see Figure 3.5 -2)

Remove the shaft and bearing subassembly (180) along with the compression spring
(175) from inside the mounting flange subassembly. Put the shaft and bearing subassembly
on the Holding Fixture. Remove the ball bearing (200) from the shaft and pin subassembly
(185).

14. Mounting Flange Subassembly Disassembly (see Figure 3.5 -2)

Remove the helical coil inserts (280) or straight headless pins (285) from the mounting
flange (275) only if they are damaged. Remove these parts from the mounting flange (275)
only if they are damaged or the information must be changed. Before you remove a plate, be
sure to write down all the information on the plate. Use this information to stamp on the
replacement plate, as necessary.

(1) Identification plate (305A);

(2) Rotation plate (315);

(3) Fluid identification plate (325);

(4) Modification plate (335).

3.5.3 Cleaning

We usually use the solvent to clean the components. The procedures of solvent cleaning
are as follow.

First, remove loose unwanted matter from the part with compressed air and use a light
spray of solvent on the part until it is clean, with nozzle pressure of not more than 30 psig.
Clean all non-electrical parts in a non-filming solvent. Stubborn dirt can be removed with a

nylon brush that is moist with solvent.
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Then, dry all parts fully with a clean cloth that has no lint, or with dry, compressed,
filtered air of not more than 30 psig.

After that, remove all stains and unwanted surface color from bare metal surfaces with
polishing paper, or with a cloth soaked with liquid metal polish. Do not use harsh abrasives
that might scratch, score, or mar the surfaces. If you use a metal polish, rub the part
briskly, polish with a clean, dry cloth that has no lint, fully clean the parts after you use any
abrasives. If you want to remove corrosion from ferrous metal surfaces, polish with a crocus
abrasive cloth. If you want to remove corrosion from aluminum parts, you can do the steps
as follows:

(1) Do the “first” step.

(2) Flush the part fully with water to remove any solvent.

(3) Apply the correct masking tape to the areas of any parts that are not aluminum or
corroded.

(4) Apply the aluminum etchant to the corroded areas for 3 to 12 minutes.

(5) Flush the part fully with water.

(6) Examine the part, if not all the corrosion was removed, replace the part; if the
corrosion was fully removed, treat the area with alodine.

After cleaning, cover the part to prevent dust and dirt contamination. Apply a thin layer

of hydraulic fluid to all parts after cleaning.
3.5.4 Inspection and Check

(1) Examine the pump assembly housing. Look for signs that the pump operated very
hot, such as melted cadmium plating, identification plates that have a burned or melted color,
and an off color housing. Replace the full pump assembly if you see any of those signs.

(2) Use a bright light and a magnifier to examine all the metal parts for signs of;

« structural failure;

* nicks and burrs;

« scratches and cracks;

* corrosion.

(3) Examine all the packing and ring grooves for burrs, nicks or dents.

(4) Examine all the screw threads. Make sure they are not cross-threaded or stripped.

(5) Examine all bearings for smooth and free operation.

(6) Although a damaged part can possibly be repaired, the cause of the damage must be
found and corrected to prevent future failures. These are some of the problems that can cause
damage to the pump assembly parts:

* incorrect clearance between the parts— incorrect or no lubricant;

« unwanted movement of parts bolted or pressed together — too much load, heat and
shock;

+ contamination, such as grits, chips and chemicals — extension of small damage.
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3.5.5 Typical Repair

In this subject, we will introduce the repairs of removing and installing these parts on
the mounting flange subassembly (—270) :

* helical coil insert (280);

« straight headless pin (285);

» name plates (305, 315, 325, 335, 380, 385).

1. Helical Coil Insert Replacement (see Figure 3.5 -2, Figure 3.5-6)

First, remove the damaged insert with a helicoil extracting tool. Set the sharp blade end
of the tool against the insert. Hit the tool head lightly so it holds the insert. Push down on
the tool and turn it counterclockwise (CCW) to remove the insert. Discard the removed

insert.

6.10t06.35 mm Straight headless  Helical coil inserts(280)
(0.240 t0 0,250 in) Pin(283) 13 places

Helical coil inserts
(280)3 places
Straight headless Mounting flange{275)
pin(285)

Figure 3.5 -6 Helical coil insert and headless pin

Then, use mineral spirits to clean the insert bores. Examine the condition of the threads
in the mounting flange (275). If they are damaged due to wear, corrosion, or too much
torque, repair them with a helicoil thread repair kit, or equivalent.

After that, install the new insert with a helicoil installation tool, until the outer end is
1 1
— tol —+
2 2

installation tang. Be sure to remove the tang from bore.

turns below the outer end of the bore. Use a small punch to break off the insert

Finally, examine the insert installation. Make sure it is as specified in specification. If it
is not, repair as necessary.

2. Straight Headless Pin Replacement

Remove a damaged pin with pliers or other pin extraction tool. Do not damage the
mounting flange machined surfaces. Then install a new pin: Apply retaining compound to
the pin. Use an arbor press to press the pin into the mounting flange hole.

3.Name Plate Replacement (see Figure 3.5 —2)

Remove these parts from the mounting flange only if they are damaged or the
information must be changed:

+ Identification plate (305);
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- rotation plate (315);

« fluid identification plate (325);

» modification plate (335);

* identification plate (385).

The steps of name plate replacement are as follow:

(1) Before you remove the plate, write down all the information that is on it;
(2) Remove the plate;

(3) Fully clean the area where the new plate will be installed;

(4) Stamp the necessary information on the replacement plate;

(5) Apply adhesive to the back of the replacement plate;

(6) Install the plate on the mounting flange subassembly in its correct place.
3.5.6 Assembly and Storage

Before assembly, make sure you have all the parts necessary to assemble the pump.
Figures 3.5-2, 3.5 -3 and 3.5 -5 show how the pump parts are related. Use only new
sealing devices to assemble the pump. Before installation, lubricate all sealing devices with
hydraulic lubricant.

During assembly, prevent damage to the sealing surfaces of parts. Do not use tools with
sharp corners, sharp edges, or rough surfaces to install sealing devices. Install preformed
packing with the mold flash in one plane. Be sure to stretch the packing evenly around the
seal groove. Clean parts before assembly. Safety the necessary external attaching parts with
the lockwire or lock cable.

After you assemble the pump, refer to the Testing and Fault Isolation section and do the
test procedures. If the pump fails any test, it must be repaired before it is returned to
service, 14

1. Shaft and Bearing Subassembly Assembly (see Figure 3.5 -7, Figure 3.5-2)

Pressing tool

"P/N 65572T1
THRUST must Piissia tighil
——i face upward I:-,u”}. seated
T Ball bearing |
(2007

~. Shaft and pin |
subrassembly( 185 hor ===
Internal drive
shaft {185A)
~—~Holding fixture g
PN 59656T2 |

Figure 3.5 -7 Shaft and bearing assembly

Put the ball bearing (200) on the shaft and pin subassembly (185). Make sure the word
“THRUST” is up. Put the shaft and pin subassembly in the Holding Fixture. Use the
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pressing tool to install the ball bearing on the shaft and pin subassembly. Make sure the
bearing is fully against its seat, it is flat and it turns freely. Remove the shaft and pin
subassembly from the holding fixture. Install the shaft and bearing subassembly (180) into
the mounting flange subassembly. Make sure the ball bearing fits correctly against its seat,
it is flat and not at an angle.

2.Shaft Seal Subassembly Assembly (see Figure 3.5 -2, Figure 3.5-4)

First, examine the faces of the nose seal (225) and mating face seal subassembly (235).
Make sure the faces are clean and unmarred.

Then, lubricate the lapped faces of the nose seal and mating face seal with a small
amount of hydraulic fluid as follows:

(1) On the repair bench, lay down a clean cloth that has no lint.

(2) In one area of the cloth, pour a small amount of alcohol. In another area of the
cloth, pour a small amount of hydraulic fluid.

(3) Take each seal, one at a time, and put its lapped face down on the area soaked with
alcohol. Turn the seal back and forth slightly. Then put the seal down on the area soaked
with hydraulic fluid, and turn the seal back and forth slightly to lubricate it.

After that, install the packing (220) in the nose seal (225). Align the spring seat (210)
and fully engage it with the pins on the shaft and pin subassembly (185). Assemble the
compression spring (215) onto the nose seal. Install the compression spring and the nose seal
onto the spring seat. Make sure the parts move freely in place after installation. Lubricate
and install the packing (230) on the mating face seal subassembly (235). Push the mating
face seal subassembly into the bore by hand until the packing is just inside the bore. Do not
push the seal in so far that it is flush.

Finally, use the seal retainer (290) and push by hand to install the mating face seal
subassembly into the bore. Use three machine bolts (295) and three flat washers (300) to
attach the seal retainer (290) to the mounting flange subassembly (—270). Torque the bolts
from 120 to 130 in + 1b®D. Turn the pump shaft two to three times to make sure it turns
freely. The nose seal must move freely on the shaft and be fully against the mating face seal.

3.Hanger and Piston Subassembly Assembly (see Figure 3.5 -5, Figure 3.5-8)

First, put the thrust washer (60) on the plate and washer retainer (65). Install the
plate and washer retainer with the thrust washer through the large bore of the hanger
subassembly (40). Install the hanger wear plate (15) over the plate and washer retainer.
Install nine pre-lapped piston and shoe subassemblies (20) in the shoe retaining plate (10).
Install the shoe retaining plate, the piston and shoe subassemblies on the plate and washer
retainer. Install the needle bearing (35) into the slot of the shoe retaining plate and the slot
of the plate and washer retainer. Install the retainer nut (5) on the plate and washer

retainer. Put the hanger and piston subassembly on the holding fixture. Use wrench and

® line*1ba11.3 N *m,
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torque the retainer nut from 590 to 600 in * lb.

Hanger subassembly{40) Wrench P/N 5963373
Shoe retaining plate (10) Plate and washer

Needle bearing(35) retainer(65)

Retainer nut (5)

Piston and shoe Hanger
subassembly{20) wear plate( 15) Thrust washer(60)

Holding fixture P/N 222827200

Figure 3.5 -8 Hanger and piston subassembly installation

Then, use non-metallic feeler gauges and measure two points at the same time, 180
degrees apart, for clearances between the piston shoes (—25) and hanger wear plate (15)
(see Figure 3.5-9). Clearances must be 0. 002 to 0. 003 in at both points.

(1) If the clearance is more than 0. 003 in, disassemble the hanger and piston subassembly,
install a thicker thrust washer (60) to decrease the clearance, assemble the subassembly and
check the clearance again.

(2) If the clearance is less than 0. 002 in, disassemble the hanger and piston subassembly, lap
the thrust washer to the necessary thickness, assemble the subassembly and check the

clearance again.

Measure between piston shoes (-25)
and hanger wear plate{15):
0.05-0.08 mm [—

(0L.002-0.003 in)
Non-metallic Feeler Gauge

2 places
approximately
180 degrees apart

T, ]

Figure 3.5 -9 Piston shoe clearance measurements

After that, install the hanger and piston subassembly onto the cold forming tool. Align
the 90-degree forming angle over two of the machined slots on the retainer nut (5). Use 3,
500 1bf® maximum on an arbor press and swage the plate and washer retainer (65) into the
indents of the retainer nut. Align the 110° forming angle of the Cold Forming Tool, over the

same two slots of the retainer nut. Do not stake all four retainer grooves. Visually examine

@ 1 1bf=4.45 N,
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the two staked areas of the plate and washer retainer (65) to make sure the threads are
sufficiently formed into the notches of the retainer nut (5). Visually examine the retainer nut
for any indication of cracks. No cracks are permitted.

4 .Barrel and Washer Subassembly-Assembly (see Figure 3.5 -2)

Look for the Teflon ring (150) and cylinder barrel washer (145) in the cylinder barrel
(140). Set the cylinder barrel and washer subassembly (135) face down on a safe, clean

surface (see Figure 3.5 -10).

T 1 . -
Frunnion bearing {165)2 places Hangerarm  Leave | tie-wrap on bearing
prad during assembly to prevent
1 it falling from race
THRUST

must face out
[ ‘ 1

“Thrust clipi 160)
Radial bearing{155)

_r'_""--—.Luzhlh lubricate |
bores with skvdrol =

——Barrel and washer subassembly (=135)

Figure 3.5 -10 Barrel and washer subassembly installation

Then, lightly lubricate all of the bores of the cylinder barrel (140). Install the radial
barrel bearing (155). Install the thrust clip (160) on the outer race of the radial barrel
bearing. Install the hanger and piston subassembly (170) on the barrel and washer
subassembly (135). Make sure to install the thrust clip correctly in the milled groove of the
hanger subassembly on the hanger arm side. Install the two trunnion bearings (165) on the
hanger and piston subassembly (170). Make sure the bearing sides marked with the word
“THRUST” are out, away from the subassembly. Install the compression spring (175) in
the end of the shaft and pin subassembly (185). Install the assembled hanger and piston
assembly into the mounting flange subassembly, over the shaft and bearing subassembly
(180). Remove the tie wraps from the trunnion bearings (165).

5. Front Housing Subassembly Assembly (see Figure 3.5 -2, Figure 3.5-4)

Install the flat washer (260) inside the rate piston bore of the front housing subassembly
(—110). Install the helical compression spring (255) in the rate piston (250). Install the
rate piston and compression spring into the rate piston bore, spring end first. Install the
packing (265) into the groove on the end surface of the mounting flange subassembly
(—270). Use hydraulic lubricant to hold the packing in place. Install the front housing
subassembly over the mounting flange subassembly. Make sure the trunnion bearings (165)
are in the bearing seats inside the mounting flange and front housing. Attach the front
housing subassembly to the mounting flange subassembly. Use 13 flat washers (130) and
the bolts (125). Tighten the bolts and torque from 120 to 130 in * lb.

6. Stroking Piston and Auxiliary Piston Assembly (see Figure 3.5 -2)

Apply hydraulic lubricant to the three packing (105) and four backup retainers (100)
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and install on the stroking piston sleeve (90). Install the assembled stroking piston sleeve
into the bore of the front housing subassembly. Install the stroking piston (95) into the
stroking piston sleeve. Install the auxiliary piston (85) into the stroking piston sleeve.
Apply hydraulic lubricant, to both pieces of the modified seal assembly (106).

Then, install the modified seal assembly onto the stroking piston sleeve (see Figure

3.5-1D).
L '\.\ ﬁ- ] = ! [
RO )
¥ iy
Packing(105) *‘5‘1@/
h\x ;-
Stroking piston{95) s,
\ ¥ y Stroking piston sleeve (B0)
Backup

% retainer( 100)

‘H.-\uxili:u‘}' piston (85)

Packing Packing Packing
Backup |Backup II Backup |
retainer, | retainer I retainer, |
o g o
T ___ e

Figure 3.5-11 Auxiliary and stroking piston installation

(1) Install the backup retainer and packing of the modified seal assembly onto the
stroking piston sleeve using the bullet of the seal assembly tool.

(2) Resize the backup retainer of the modified seal assembly., by placing the stroking
piston sleeve with the resizing ring of the seal assembly tool, in the freezer for 10 to 15
minutes. Apply hydraulic lubricant to three backup retainers and install on the stroking
piston sleeve. Install the assembled stroking piston sleeve, long end first, into the bore of
the front housing subassembly. Install the stroking piston, closed end first, into the
stroking piston sleeve. Install the auxiliary piston, open end first, into the stroking piston
sleeve.

7. Port Cap and Depressurizer Subassembly Assembly (see Figure 3.5 - 3)

Install the blocking piston spring (155) into the blocking piston (160). Install the
blocking piston with its spring into the blocking bore of the port cap subassembly (5).
Install the backup ring (145) and the packing (140) on the blocking piston cap (135). Install
two machine bolts (150) and torque from 60 to 80 in « lb.

8. Impeller Subassembly Assembly (see Figure 3.5 -3)

Install a new helical coil insert (190), if it was removed from the end of the impeller

shaft. Install the insert % to 1 % turns below the surface. Install the thrust washer (165)

over the shaft of the impeller (185). Use an arbor press and install the sleeve bearing (170)
in the bore on the bottom side of the port cap subassembly (5). Push in the sleeve until the

sleeve lip is fully seated on the port cap surface. Install the impeller subassembly (180)
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through the sleeve bearing. Install the drive coupling (175) over the shaft of the impeller
subassembly (180), with the beveled spline and the safety wire hole out away from the port
cap subassembly.

Then, measure how far the shaft of the impeller subassembly (180) extends out of the
drive coupling (175). The distance must be (0. 003=£0. 001) inch (see Figure 3.5 - 12).
Install the socket head cap screw (195) with the washer (200) into the drive coupling.
Torque the screw from 10 to 20 in < lbs. Use a feeler gauge and measure the clearance
between the drive coupling and sleeve bearing (170). The clearance must be 0. 002 to 0. 004
in. Use lockwire to safety the cap screw to the drive coupling.

Make sure
& the impeller
shafl extends
@) approximately
{0.08£0.03 ymm_
[0 003£0.001 yinch]
beyond the drive
coupling

Make sure
dimension is

0.05 a0, 10 mm
0.002 1o 0.004 inch)

— | —
(0,080,003 pmm
0.003£0,001) ing

- |

Figure 3.5 -12 Impeller installation details

9. Port Cap and Depressurizer Subassembly to Front Housing Subassembly Assembly (see
Figure 3.5-2)

First, install the packing (70) onto the port cap and depressurizer subassembly (55).
Install the straight headless pin (75) into the port cap and depressurizer subassembly, if it
was removed during disassembly. Apply a small quantity of hydraulic lubricant onto the port
face surface of the port cap and depressurizer subassembly. Install the port plate (80) on the
port cap and depressurizer subassembly. Make sure the straight headless pin (75) goes into
its locating hole.

Then, apply hydraulic fluid to the surfaces of the barrel and washer subassembly (135).
Fill the barrel and washer subassembly with hydraulic fluid. Put the assembled port cap and
depressurizer subassembly (55) on the front housing (115). Make sure the stroking piston
sleeve (95) aligns correctly with the port cap. Attach the port cap and depressurizer
subassembly to the front housing with two machine bolts (60) and one machine bolt (65).
Torque the bolts from 150 to 200 in « 1b.

After that, install the packing (see Figure 3.5~ 3, Item 210) on the compensator plug
(see Figure 3.5 -3, Item 205). Install the compensator plug in the sensing hole on the outlet
port side of the port cap and depressurize subassembly (55). Torque the plug from 250 to
275 in « 1b.
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10. Spool and Sleeve Subassembly to Port Cap Subassembly Assembly (see Figure 3.5 - 3)

Put the compensator spool (95) in the compensator sleeve (100). Install the assembled
spool and sleeve subassembly (90) into the compensator bore of the port cap subassembly (5).
Install the packing (85) on the compensator plug (80). Install the compensator plug into the
port cap subassembly. Torque the plug from 250 to 275 in « Ib.

Then, put the compression spring (125) on the spring guide (130). Install the spring
guide with the compression spring into the compensator bore of the port cap subassembly (5).
The bore is opposite the end of the compensator plug (80). Make sure the guide goes into
the bore before the spring. Install the packing (120) on the spring guide (115). Put the
assembled spring guide, nib end first, into the compensator bore of the port cap subassembly (5).
Install the adjusting screw (110) into the compensator bore far enough to push the assembled
spring guides (115, 130) against the compression spring (125). Install the lock nut (105) on
the adjusting screw. Tighten the lock nut by hand. Make sure after the lock nut is tight that
you can see four or more threads of the adjusting screw (110).

11. Electrical Solenoid Subassembly to Port Cap Subassembly Assembly (see Figure 3.5 - 3)

Install the solenoid spring (75) on the solenoid spool (65). Put the solenoid spring and
spool into the solenoid sleeve (70). Install the solenoid sleeve assembly into the solenoid
bore of the port cap assembly (5). Install the packing (50) and two backup rings (55) onto
the base of the electric solenoid (40). Attach the solenoid to the solenoid flange of the port
cap assembly (5) with two socket head cap screws (45). Torque the screws from 40 to 50 in * 1b.

12. Port Adapter Assembly (see Figure 3.5 -2)

Install the packing (50) on the base of the port adapter (30). Attach the port adapter to
the assembled pump with two machine bolts (35), one machine bolt (40) and three flat
washers (45). The machine bolt (40) has the safety wire hole. Torque the bolts from 150 to
200 in « 1b.

13. External Drive Shaft Subassembly Assembly (see Figure 3.5 -2)

Install the spline adapter (10) over the splines of the external drive shaft (15) to engage
the drive gear of the engine. Install the retaining ring (20) to safety the spline adapter. Install the
retaining ring (25) into the groove on the other end of the external drive shaft (15). Put the
external drive shaft subassembly (5) into the end of the shaft and pin subassembly (185) at
the rear of the pump.

Before you store a pump, do the related checks. Correct any fluid or leakage problems
as necessary. The pump must be at least 90 percent full of clean, filtered, hydraulic fluid.
All openings must be sealed and dry, without leakage. After check, pack the pump in a dust-
proof container and store the pump in a clean, dry area. Before you put a unit on an aircraft,
make sure that it has not been in storage for more than 48 months and do the applicable

tests.
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New Words/ Phrases/ Expression

. hydraulic [haidralik] adj. #ER ;K ITH
. revolution [ revalu:fon] n. iy ; HEEs ; 554K
. phosphate ester i f2 Big

. defect ['di:fekt; (difekt] n. B, Befd, AR Z 40
.crack [ krek ] vt. , vi. . n. {FAEZL S, R BU4E
. malfunction tag #( [EHr2%
. specified ['spesifaid ] adj. FE ) ; 1E40 106 H i
. parameter [ poraemite | n. Z . R . S5
narrow ... down ULAS fiees oo 255

.spline [splain] n. , vt. B8, 1 2% T EEAE , A0 4 12

socket head cap screw N7~ 24T

. spool [spul] vt. , n. Y58, HAEL M [ 5 2850 ; P R AE

. sleeve [sliv] n. EfF.E%8 81, .4hE
. adjusting screw &7 IR4ET
. thrust washer [F#E##H

. auxiliary [o:gziljori] n. , adj. Bhshia), 5B E ; 5HBIAY . BIAY . K mAY

. get splashed with #f«--- W 1%
. needle bearing V& &l &

. solvent ['solvent;'sol- | adj. ,» n. GV ITH 1A
. spray [sprei] n. ., vt. , vi. Wi%E W5 5% % s Wit B Mg

. nozzle ['nozl]| n. WiME, & O

. nylon ['nailon] n. J& ¥ . B &F 4

. stain [stein] vt. , vi. s n. P53 Zyeeeee- F A5 Y75 8 B F A5
. polish ['polif] n. + wi. » vt. BESG 4850 BT 258 A 60 5 B Ok

. soaked with F+«---- 2R

. harsh [ha:[] adj. ™ D5 0y HBE 9 5 900 H (1)
. briskly ['briskli] adwv. 3 # ; 7% Uk Hh

. lint [lint] n. BORRAG - 23k . M 45

. ferrous metal #:4: )8

. aluminum [dljuminem] n. 48

. magnifier ['meegnifaio | n. K45, K #

. nick [nik] vz, s .oy vic ZPRT L HZRIC s 2R . 6k 15 Z19R

. scratch [ skreet|] n. 5 ot. , vi. G IR ;P FH N, 3%

. contamination [ kon temineifon | n. J54%; 575 ;75544

. counterclockwise[ keuvntakiokwaiz] adj. , adv. %iB}4El

. equivalent [ikwivelont | adj. . n. FHEZEW, [F=E XK ;MY HEY)
. evenly ['iivonli | adv. Y357, £ #3025 4
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38. ball bearing Bkt #&

39. back and forth 3 []

40. align [slain] vz, , vi. (H45H AERL—47 . DLBC; HESY . HERL—17
41. notch [notf] n. , vt. ZJE, M [T ; FE -+ EZIMYE

42. teflon ['teflon] n. WIUHE LI

43. groove [gruw] n. , vt., vi. MRS B TFRE T 5 T2 LA 1S

44. proof [prud] adj. Bjee-- 0 ANHEE AW ST oo+ 1Y

Notes

[1] When more than one probable cause are given for a fault, narrow them down to the
most likely one before you do a corrective action.

S “narrow...down” ¥ FE R W EF AL THRF",

B A HETRH S NEEI R, EENCEHARTRIIZHERDNEE, H
HATH R,

[2) After you assemble the pump, refer to the Testing and Fault Isolation section and
do the test procedures. If the pump fails any test, it must be repaired before it is returned to
service.

G “refer 0" FBAAF P AL RE L ER]T,

BEAEREZRE SHNAGUEREFEFT AL RRM K, wRAETKE, AR
N R BT S G B R AT

Exercises

I . Answer the following questions:

1. What is the procedure of removing corrosion from aluminum parts?

2. What are the problems that can cause damage to the pump assembly parts?

I . Translate the following sentences into Chinese:

1. Before you do a test, examine the pump exterior for damage and defects. Look for
cracks, loose bolts, housing damage and other conditions that make the pump operationally
unsafe. Do not do a test on a pump that is damaged. Repair the pump first, and then do the
tests.

2. First, remove loose unwanted matter from the part with compressed air and use a
light spray of solvent on the part until it is clean, with nozzle pressure of not more than
30 psig. Clean all non-electrical parts in a non-filming solvent. Stubborn dirt can be removed
with a nylon brush that is moist with solvent.

3. First, remove the damaged insert with a helicoil extracting tool. Set the sharp blade
end of the tool against the insert. Hit the tool head lightly so it holds the insert. Push down
on the tool and turn it counterclockwise (CCW) to remove the insert. Discard the removed
insert.

4, Before you store a pump, do the related checks. Correct any fluid or leakage problems
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as necessary. The pump must be at least 90 percent full of clean, filtered, hydraulic fluid.

IM . Fill in the following blanks according to the text:

1. After that, remove all and unwanted surface color from bare metal surfaces
with , or with a cloth liquid metal polish. Do not use that might
scratch, score, or mar the surfaces. If you use a metal polish, , polish with a clean,
dry cloth that has no , fully clean the parts after you use any abrasives. If you want
to remove corrosion from surfaces, polish with a crocus abrasive cloth.

2. Then, lubricate the lapped faces of the nose seal and mating face seal with
hydraulic fluid as follows:

(1) On the repair bench,

(2) In one area of the cloth, pour a small amount of alcohol. In another area of the

cloth, a small amount of hydraulic fluid.
(3) Take each seal, , and put its lapped face down on the area soaked with
alcohol. Turn the seal slightly. Then put the seal down on the area soaked with
fluid, and turn the seal back and forth slightly to it.

3.6 Flexible Fuel Level Measuring Stick
(Flexi-Stick Assembly)

3.6.1 Description

(1) Flexi-Stick™ Assemblies (thereafter referred to as fuel sticks) are installed in
aircraft fuel tanks to measure fuel level during preflight checks. Each fuel stick consists of a
base, a housing assembly with float assembly, and a flexible stick assembly. The stick
assembly may be calibrated in one of six systems of units (see Figure 3.6 -1):

1) Depth of fuel in inches;

2) Depth of fuel in centimeters;

3) Quantity of fuel in pounds (at nominal density) ;

4) Quantity of fuel in kilograms (at nominal density) ;

5) Quantity of fuel in liters (at nominal density) ;

6) Relative depth of fuel in linear markings (no specific units).

(2) The stick assembly is contained within the housing assembly. The float assembly is
installed over the upper end of the housing assembly and is free to slide up or down with
changes in the fuel level. ™ The housing assembly attaches to the base assembly or to the
fitting provided for configurations noted in CMM in detail.

(3) The calibrated units, length and maximum weight for each fuel stick dash number

are tabulated in CMM in detail.
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LUpper
float
slop

Float with
embedded
magnets

Housing

Lower

float

:‘il‘”]'l

R o Eomptal |
Mounting :s-.___:'_____l:'lcxil'l]u
base | measuring
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Figure 3.6 =1 Flexible fuel level measuring stick (flexi-stick assembly)

3.6.2 Operation

(1) The fuel level in a tank is checked by depressing a slotted latch on the stick
assembly and rotating the latch 90 degrees, allowing the stick assembly to fall freely from
the housing.

(2) The stick assembly will extend until a magnet in the float assembly locks onto a
magnet at the top of the stick assembly.

(3) The fuel level is then read at the retainer (190) on the stick assembly.

3.6.3 Leading Particulars

The leading particulars of the Flexi-Stick™ Assembly are given in Table 3.6 - 1.
Table 3.6 -1 Leading Particulars

Ttem Specification
Manufacturer Flexible Fuel Level Measuring Stick (Flexi-Stick Assembly)
Description Rockwell Collins, Inc. (CAGE 4V297)

Rockwell Collins, 1140-0110-2 through — 41, — 211 through — 250, — 311 through
Inc. —315,—321 through—325, —331 through—335

Part Number(s)
S345T001-2 through — 41, — 211 through — 250, — 311 through

Boeing
—315,—321 through—325,—331 through—335
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Continued
Ttem Specification
Calibrated JP-4, JP-5, AMS5572, MIL-DTL-5624, MIL-PRF-680, MIL-PRF-
Functional Fuels 7024, and ASTM-D1655
Specifications Calibration
Markings on inner stick are black on yellow background
Markings
Maximum 2 (138 kPa gage)
0 psig (13 a gage
Working
Pressure Limits ]
Proof —6 to 40 psig (—41.37 to 276 kPa gage)
Burst 80 psig (552 kPa gage)
External Leakage Zero at —6 to 40 psig (—41.37 to 276 kPa gage)
Temperature Ambient —54C 10 71C (—65 to 160°F)
Limits Normal Operation| —54C to 57°C(—65 to 135°F)

Force Required to
1.4 N (5 ounces)
Break Coupling

3.6.4 Testing and Trouble Shooting

3.6.4.1 General

Note: The warranty herein on Products corrected by other than Rockwell Collins shall
remain in effect as if Rockwell Collin’s Product were repaired and corrected by Rockwell
Collins provided, however, Rockwell Collins shall not be liable for defects or failures
attributable to misuse, negligence or improper correction. &1

This section contains test procedures. Testing information is provided to determine the
operational readiness of the Flexible Fuel Level Measuring Stick (Flexi-Stick Assembly).

The operational tests provide test setup instructions and test procedures for each Line

Replaceable Unit (LRU) function. Do the tests before disassembly to identify the faulty
component(s). Do the tests after repair to verify performance.

3.6.4.2 Test Tools, Fixtures, and Equipment

(1) Standard tools and materials that may be required are listed in the Rockwell Collins
Avionics Standard Shop Practices manual 523-0768039. Equivalent items can be used (see
Table 3.6 - 2).

Note: All test equipment must be in current calibration to ANSI/NCSL Z540-1 or an

approved inhouse standard.
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Table 3.6 -2 Tools, Fixtures, and Test Equipment

Part or Specification
Nomenclature Source (Cage)”
Number
Rockwell Collins, Inc.
Adapter T9-0551K
(V86831)
Rockwell Collins, Inc.
Fixture, Torque T5-0497K
(V86831)
Pressure Gage 0 to 60 psig (0 to 408 kPa gage) Commercially Available
Tank, Compressed Air 0 to 40 psig (0 to 276 kPa gage) Commercially Available
Valve, Manual Shutoff (Qty. 2) No Specific Commercially Available

* Refer to the IPL for the address.

3.6.4.3 Test Materials
None Required.

3.6.4.4 Functional Tests
1. Pre-Test Examination

(1) Visually examine the UUT (unit under test) for workmanship and visible damage.

Pay special attention to the item identification, cleanliness, condition of finishes. Refer to
CHECK for more details.

(2) Examine UUT for any Foreign Object Debris (FOD).

(3) If the UUT f{ails a test, try the test a second time. After repair, do the full test
procedure again to verify the UUT is functioning properly.

2.Test Setup (see Figure 3.6 - 2)

Install the UUT in the test setup shown in Figure 3. 6 - 2.

: Gauge
Shutoff | 7 0=l psig

Air valve
pressure —Sd—
source
Vent Housing
valver Adapter  Base(1-200) assembly(1-210)

Test — [ .
tank [ H Water

Figure 3.6 -2 Test Setup

3. Test Procedures
(1) External leakage test (see Figure 3.6 — 2, Figure 3.6 - 3).
1) Using suitable adapter, apply 40 psig (272 kPa gage) air pressure to housing assembly
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(210) and base (200). Submerge housing assembly in water. Maintain pressure for 1 minute
while checking for external leakage.
Note: On fuel stick configurations with no base, a base (200) is required for testing.
2) There must be no external leakage.
3)If external leakage is noted, check O-Ring(s) (250 or 250A) on tube assembly (271),

or housing assembly (210) as applicable for deterioration and corrosion.

26

22

-
|
ij“ - -
230 g/

w210 i
|
| |
|
40-134< v s
|
| L 11199
|

g\lsu

Figure 3.6 -3 Flexi-Stick assembly

(2)Latch lock test.

1) With fuel stick assembled, depress latch (180) and rotate latch to locked position.

2)If excessive force is required to depress latch, replace spring (150). If excessive
torque is required to turn latch, check O-Ring (160) for deterioration and retainer (190) and
housing assembly (210) for binding or corrosion.

(3) Operational test.

1) Actuate stick assembly within housing assembly at least five times. The stick
assembly shall move smoothly along the entire length of the housing assembly. If stick
assembly malfunctions, examine stick assembly and housing assembly for distortion. Replace
defective assembly.

2)With stick assembly removed, float assembly (230) shall move freely on housing

assembly. If float assembly malfunctions, examine float assembly and housing assembly for
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distortion. Replace defective assembly.

(4) Magnetic coupling test.

1)Magnetically couple float assembly and stick assembly. Actuate float assembly over
housing assembly at least five times. The float assembly and stick assembly shall move
simultaneously along entire length of outer tube assembly and shall simultaneously free fall
under gravity when tilted 15 degrees from vertical.

Note: The float and stick will normally rise and fall in small jumps, rather than slide
smoothly along the housing.

2)If float assembly and stick assembly will not couple, the probable cause is a defective

magnet in the float assembly. Replace defective assembly.

New Words/ Phrases/ Expression

. fuel stick iR

. preflight checks i {ij f 7%

. calibrate ['keelibreit ] vz, #1F ; JE%&

.slide [slaid] n. ¥ 3h

. tabulate ['teebjuleit | vi. Tl FEHE

.slot [slot] n. et

lateh [letf] n. [JH

. burst [bast] vi. Ak . KEK

. herein [hiorin] adv. T M ; #E3X J7

10. Line Replaceable Unit (LRU) {2k 7] & # {4
11. Foreign Object Debris (FOD) 4} € ¥4 14
12. submerge [ sobmoid3 | vt. WE;fE e eee BZA
13. deterioration [ ditiorioreifon] n. Ak ;iB4L ; BETE
14. distortion [di'storf(e)n]] n. ZEFE , JH il

15. simultaneously [ saimol'teiniosli ] adwv. [A]H]

© 0 N O Ul s~ W N

Notes

[1) The float assembly is installed over the upper end of the housing assembly and is
free to slide up or down with changes in the fuel level.

SR with” R “ERL7,

BiE.F At RkETR At bn. e MAERBREN G E RN ETHE,

[2) The fuel level in a tank is checked by depressing a slotted latch on the stick
assembly and rotating the latch 90 degrees, allowing the stick assembly to fall freely from
the housing.

ST “by”JE @8 = AN 5 6 A 439

BEBRABRESREAETHRAG LT ENHMA . FrEH A 90", MHmR & B9
MFmENET.

— 150 —



Chapter 3 Aircraft Mechanical Component Maintenance

[3) The warranty herein on Products corrected by other than Rockwell Collins shall
remain in effect as if Rockwell Collin’s Product were repaired and corrected by Rockwell
Collins provided, however, Rockwell Collins shall not be liable for defects or failures
attributable to misuse, negligence or improper correction.

ST 4 % “however” # 4 R 69 & = # 749 5F ) 4 ; “other than” £ “% T, R R
T

BIF b &L B9 A = 4 Rockwell Collins /A 8] 7= 5 B % 4 1, 5 &£ Rockwell Collins 2 7] 3t
B &N F 7 15 B S B A i %0, 1 2, Rockwell Collins /A & x4 i T 4812 F L A AL F E
MR AT E RN AT,

Exercises

I . Translate the following sentences into Chinese:

1. The stick assembly may be calibrated in one of six systems of units.

2. The stick assembly will extend until a magnet in the float assembly locks onto a
magnet at the top of the stick assembly.

3. On fuel stick configurations with no base, a base (200) is required for testing. If
excessive torque is required to turn latch, check O-Ring (160) for deterioration and retainer
(190) and housing assembly (210) for binding or corrosion.

4. The float assembly and stick assembly shall move simultaneously along entire length
of outer tube assembly and shall simultaneously {ree fall under gravity when tilted 15 degrees
from vertical.

5. The float and stick will normally rise and fall in small jumps, rather than slide
smoothly along the housing.

Il . Fill in the following blanks according to the text:

1. Flexi-Stick™ Assemblies (thereafter referred to as ) are installed in aircraft

fuel tanks to measure fuel level during

2. Visually examine the UUT for and . Pay special attention to the
item ) s .

3. 1f is noted, check O-Ring(s) (250 or 250A) on tube assembly (271), or
housing assembly (210) as applicable for and

4.1 and will not couple, the probable cause is a defective in

the float assembly.

3.7 Surge Tank Pressure Relief Valve

3.7.1 Description & Operation

3.7.1.1 Description

The surge tank pressure relief valve assembly, hereinafter referred to as the valve,
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limits both the positive and negative active pressure inside the fuel surge tank. ! The valve
consists of a cover and upper housing that is connected to a lower housing. The valve is
mounted inside the fuel tank by a mounting flange in the lower housing. The inside of the
housings consists of a system of compressed springs, lock, and poppet actuated by an
actuating stem attached to the diaphragm. At closed position, the valve is locked; the valve
is actuated to open by the pressure inside the fuel tank. Valve requires manual reset after it

is opened.
3.7.1.2 Operation

(1) At closed position, the poppet locks against the housing and seals the valve to
prevent fuel leaking from fuel tank. In this position, the actuating spring is compressed by
the lock and is locked into place by the actuating stem and three detent balls.

(2) When the pressure inside the fuel tank reaches a positive value from 2. 50 to 2. 75 psig
(17. 23 to 18. 96 kPa gage) , the diaphragm is pressed upward to lift the stem, which unlocks
the lock. The compressed spring of the lock actuates the valve to open the poppet with a
pressure differential of 10 psig (68. 94 kPa gage) across the valve.

(3) If fuel tank pressure reaches a negative value of —1. 00 to —1. 25 psid (—6. 89 to
—8. 61 kPa differential) , the poppet is positioned by outside pressure to open the valve and

relieve the fuel tank pressure.
3.7.1.3 Leading Particulars

Leading particulars for the Surge Tank Pressure Relief Valve Assembly are shown in

Table 3.7 - 1.
Table 3.7 -1 Leading Particulars

Service Fluids JP-4 and JP-5 per MIL-T-5624, D1655 Type Jet A, Al or B, PWA552F
Operating —1.25 to 10 psig (—8.61 to 68. 94 kPa gage)
Pressures
Proof 20 psig (137.9 kPa gage)
Fuel —54 to 57°C (—65 to 135°F)
Temperatures
Ambient —54 to 71°C (—65 to 160°F)
Leakage Air and fuel tight between —1.0 and 2. 5 psig (—6.89 to 17. 24 kPa gage)
Weight 1.17 kg (2. 65 pounds) maximum
Physical Dimensions See Figure 3.7 -1

3.7.2 Testing and Trouble Shooting

3.7.2.1 General Instructions

Note: Use Testing and Fault Isolation procedures to find the cause of any malfunction.
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Where possible, repair malfunctions without complete disassembly.

(1) Recommended tools, equipment and standard repair shop tools are shown in Table
3.7 -2 and in the Special Tools, Fixtures, and Equipment section.

(2) If the Surge Tank Pressure Relief Valve Assembly test is not completed, refer to

Fault Isolation at the end of the test section, to isolate the cause of the malfunction and the

necessary correction.

i{ﬁ.. mm ee WARNING

(5.721n)

:—ﬂ'.n. - il oo i v.'ra-] e
! I T o
139.Tmm

{5.50in)

Figure 3.7 -1 Physical dimensions

WARNING: Spring force is extremely strong. to avoid any serious injury, keep fingers away from these areas.

(3)If necessary, before the tests start, tighten all fasteners to the torque value shown in
the Fits and Clearances section. Re-Torque fasteners as necessary after testing.

(4) It is recommended tests follow the order given in this procedure.

(5) Make sure fluid connections and mounting holes do not have thread damage. Make
sure all connections are tight.

(6) Test Conditions:

1) Test Fluid: Air or gaseous nitrogen;

2) Temperature: 10C to 32°C (50 to 90°F);

3)Pressure: Local atmosphere;

4)Humidity: Local atmosphere.
3.7.2.2 Test Tools and Equipment

Note: Item numbers refer to Figure 3.7 — 2 unless specified.

The tools and equipment shown in Table 3. 7 — 2 are recommended for the test

procedures in this section.
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Figure 3.7 -2 Surge tank pressure relief valve assembly

Table 3.7 -2 Test Tools and Equipment

Nomenclature Part NO. /Parameter Use
Flowmeter 0 to 45 mL/minute Used during leakage test
Hydraulic Test Stand Optional Used to supply test fluid
Multimeter Optional Used for electrical bonding test

Pressure Gage

—5 to 5 psig
(—34.5 to 34.5 kPa gage)

Used throughout testing

Test Solvent

MIL-PRF-680 (or equivalent)

Used in hydraulic test stand

Test Tank

F65-0-4120

Holds test article during testing

Wrench

T-Handled, Allen

Used to adjust positive and negative

test pressures
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3.7.2.3 Functional Tests

Note: The following test results are based on using MIL-PRF-680 solvent. If a different
test solvent is used, test results must be adjusted for the difference in specific gravity.

Note: Item numbers refer to Figure 3.7 — 2 unless specified.

Warning: Make sure the electrical power is off before electrical connections are connected or
disconnected. Do not touch electrically energized components. Injury to personnel and/or damage to
the equipment could occur.

Warning: Spring force is extremely strong. Keep fingers away from poppet area to avoid
serious injury.

1.Bonding Test (see Figure 3.7 - 3)

(1) Place the valve in the closed position. With a multimeter and two sharp multimeter
leads, measure the electrical resistance.

(2) Place one of the multimeter leads on the poppet assembly (205) (see Figure 3.7 — 2).

(3) Place the second multimeter lead on the lower housing mounting flange (160) (see
Figure 3.7 - 3).

To this
surface

Test from this
6.35 mm (0.25 in)DIA
Chem film surface
in approx location shown

Figure 3.7 -3 Bonding test setup

(4) Measure the resistance.

(5) The resistance must not exceed 1 (.

2.Negative Pressure Test (See Figure 3.7 - 4)

(1) Install the valve in a test setup as shown in Figure 3.7 — 4,

(2) Slowly apply a vacuum pressure greater than —1. 0 psig (—6. 89 kPa gage).

Note: The vacuum pressure of —1. 0 psig (—6. 89 kPa gage) is equivalent to —704 mm
(—27.7 in) of water. ™

(3) Record the vacuum pressure at which the valve opens.
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-5t 5 puig
(—=34.5to 34.5 kPa gage)

---Opento
atmosphere

-

To vacuum source

Test tank e
Fa5-0-4120

Test adapter
F6a5-0-4143

Figure 3.7 -4  Negative pressure test setup

(4)The valve opening pressure must be between —1.0 and —1. 25 psig (—6.89 and —8. 62 kPa

gage).

Note: The vacuum pressure of —1.0 to — 1. 25 psig (—6. 89 to —8. 62 kPa gage) is

equivalent to —704 to —879 mm (—27.7 to —34.6 in) of water.
(5) Slowly decrease pressure to zero.

3. Positive Pressure Tests (see Figure 3.7 -5)

0to 5 psig
{010 34.5kPa page)

I:f:_}:r______D]J-cn to
' atmosphere
Regulated

@i sourCe

= —

4
r
T W W 1% L |'.|.l.r|

Test tank l [T o
F65-0-4120 ) = [

Test adapter |

™
I:I_-V Flow meter

1

Figure 3.7 -5 Positive pressure test setup
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(1) Install valve in a test setup.

(2) Slowly apply a positive pressure of 2. 45 to 2. 50 psig (16. 89 to 17. 23 kPa gage) to

test tank.

(3) Record the leakage to ambient.

(4) The leakage to ambient must not exceed 15 scem.

(5) Remove test adapter and flowmeter from test setup as shown in Figure 3.7 — 4.

(6) Slowly apply a positive pressure greater than 2. 50 psig (17. 23 kPa gage).

(7) Record the pressure at which the valve opens.

(8) The valve opening pressure must be between 2. 50 and 2. 75 psig (17. 23 and 18. 96 kPa

gage).

(9) Slowly decrease pressure to zero.

3.7.2.4 Fault Isolation

Note: Item numbers refer to Figure 3.7 — 2 unless specified.

Fault isolation procedures are shown in Table 3.7 - 3.

Table 3.7 — 3 Fault Isolation

Problem

Probable Cause

Corrective Action

Valve does not open at

operating pressures

Balls (155) damaged, stem (140)

bent, or cage (95) is cocked

Replace any damaged part

Positive leakage out of

valve limits

Improper spring (45) force

Select proper spring from alternate

sources

Valve positive opening

pressure is too low or

Stem assembly (130) improperly
adjusted

Adjust per of Testing and Fault

Isolation section

pressure is too low or

too high

adjusted

. Replace spring (45) with proper
too high Improper spring (45) force ]
variant
Stem assembly (130) improperly Adjust per of Testing and Fault
Valve negative opening

Isolation section

Improper spring (45) force

Replace spring (45) with proper

variant

Excessive leakage when

valve closed

Defective poppet seal (210) or
housing seats (180)

Replace poppet and/or housing

3.7.3 Repair

3.7.3.1

Minor Rework

Note: Item numbers refer to IPL unless specified.

(1) Polish out small nicks and scratches from threaded areas with a fine buffing wheel,

A-A-51175.
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(2) Use abrasive paper, ANSI B74. 18, for coarse cleanup or smoothing.

(3) Use aluminum oxide abrasive cloth on aluminum and aluminum alloy parts.

CAUTION: Do not use crocus cloth on aluminum or aluminum alloy parts. It contains
iron oxide, which causes fast oxidation of aluminum.

(4) Use crocus cloth, ANSI B74. 18, for fine polishing of steel parts.
3.7.3.2 Repair to Anodized or Alodined Surfaces

Note: Item numbers refer to IPL unless specified.

(1) Repair damage to anodized or alodined surfaces and touch up bare aluminum surfaces
with aluminum oxide abrasive cloth.

Warning: Alodine, no. 1200, is toxic to skin, eyes, and respiratory tract. Skin and eye
protection are necessary. Use in a well-ventilated area. Do not breathe fumes. Do not let
alodine touch skin for a long time. Wash hands when complete.

(2) Use a cotton swab to apply brush alodine per MIL-C-5541, Class 1A, onto base
metal area. ©1 Keep surface wet for 3 to 5 minutes.

Note: A light color change will start during this time.

Caution: Do not apply heavy pressure to the fresh alodine chemical film. Damage to
parts may result.

(3) Flush or dip in water to remove solution. If the solution is caught, use a swab with
a lint-free cloth or a sponge soaked with water to remove all solution.

Warning: Compressed air can cause airborne particles that may go into eyes or skin. Do
not use more than 25 psig (172 kPa gage) nozzle pressure when compressed air is used to dry
parts. Wear eye protection. do not point air stream at yourself or other personnel.

(4) Dry with compressed air at 25 psig (172 kPa gage) maximum nozzle pressure, or

oven dry to a maximum temperature of 54.44°C (130°F).
3.7.3.3 Repair of Inserts
Note: Item numbers refer to IPL unless specified.
(1) Remove damaged inserts (135, 175, 255).
(2) Clean area around inserts (135, 175, 255).
(3) Refer to NASM33537 to replace inserts (135, 175, 255).

New Words,/ Phrases/ Expression

. surge tank(surge chamber) i XUl 46

hereinafter [ hierin'a:fta] adwv. LAF . 7EF 3 th

poppet ['popit] n. BRG] #2THE (JRAE poppet valve)
stem [stem] n. fﬂiﬁfv%*?

actuating stem {EZFF

diaphragm ['daiofreem ] n. Ji H

detent [ditent] n. [FZhEEE ;R

N O Ul R W DN =
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8. proof [pruf] n. {EMH ;iR I

9. nitrogen ['naitrad3z(a)n] n. &

10. flowmeter ['flovmiite] n. JREIT

11. Hydraulic Test Stand & JER &

12. multimeter [ maltimito] n. Ji

13. pressure gage JE J]1 3, £k

14. solvent ['solv(a)nt] n. &5

15. leakage test 18 iz,

16. electrical bonding test Hi < 32 i iz

17. vacuum ['vaekjvom] n. H.25;55 A

18. scem WR¥LZFF4E5), 52 standard-state cubic centimeter per minute 455
19. fine buffing wheel 4H %

20. abrasive paper #b4t

21. aluminum oxide abrasive.cloth F& L& W04
22. crocus cloth 0N A7

23. iron oxide FALEk

24. anodize ['eenodaiz | vr. BHAME FE 85 ; /E PH AR 4k 4 7
25. alodine n. P& T CEALYE) ; 5% BR FH R 1k
26. cotton swab FfZ%5 ; fif 2b 87

27. lint-free cloth A2 % A8 K A

28. sponge [ span(d)3] n. W45

29. oven ['av(@)n] n. I, kb P AR

30. inserts [in'sait] n. , vt. #FH#GIHEA L HRA

Notes

[1] The surge tank pressure relief valve assembly, hereinafter referred to as the valve,
limits both the positive and negative active pressure inside the fuel surge tank.

4 #7 : “hereinafter referred to as”’ & & A “ T XMHZ A7,

B A A EEEIT. TXEKAET  AERABNEEANE AIEDED.

[2]) The vacuum pressure of —1. 0 psig (—6. 89 kPa gage) is equivalent to —704 mm
(—27.7 in) of water.

KT :“be equivalent to” ZBA“E R T, AF AE A,

BFE: - LOBEXTRE(6.8 THMEXEIMAZEAIML THEFE 704 X
(—27. 7%~ ME .

[3) Use a cotton swab to apply brush alodine per MIL-C-5541, Class 1A, onto base
metal area.

B EZILANF R R, “to” AT B8, H A &M “use sth. to do sth. ”;“per” & =7
KB H I onton "R RALE I e 2 B

BE 4% W MIL-C-5541,Class IA RS ER A BAME THMERKELE SRR HE.
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Exercises

I . Translate the following sentences into Chinese:

1. At closed position, the poppet locks against the housing and seals the valve to prevent
fuel leaking from fuel tank.

2. When the pressure inside the fuel tank reaches a positive value from 2. 50 to 2. 75 psig
(17. 23 to 18. 96 kPa gage) , the diaphragm is pressed upward to lift the stem, which unlocks
the lock.

3. The valve opening pressure must be between — 1. 0 and — 1. 25 psig (— 6,89 and
—8.,62 kPa gage).

4. Repair damage to anodized or alodined surfaces and touch up bare aluminum surfaces
with aluminum oxide abrasive cloth.

5. If the solution is caught, use a swab with a lint-free cloth or a sponge soaked with
water to remove all solution.

Il . Fill in the following blanks according to the text:

1. The valve consists of a and that is connected to a

2. The inside of the housings consists of a system of , ,and
actuated by an attached to the

3. In this position, the is compressed by the and is locked into place
by the and three detent balls.

4, Polish out small and from areas with a ,
A-A-51175.

5. If the solution is caught, use a with a cloth or a soaked

with water to remove all solution.
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Aircraft Electrical Component Maintenance

4.1 Introduction of Aircraft Electrical System
4.2 APU Generator for A380
4.3 Direct-Current Motor

4.4 Battery Maintenance
4.5 Coffee Maker
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Chapter 4 Aircraft Electrical Component
Maintenance

4.1 Introduction of Aircraft Electrical System

With the development of civil aviation, the technology of the aircraft improves a lot,
especially the aircraft electrical system, which playing more important role in the air travel,
not only to the pilots but also to passengers.

The satisfactory performance of any modern aircraft depends to a very great degree on
the continuing of electrical systems. The continued proper performance of electrical systems
depends on the knowledge and technique of the mechanic who installs, inspects, and
maintains the electrical system wires and cables.

The new aircrafts have extremely complex electrical system, such as Boeing or Airbus.
These aircrafts use alternative current as the primary source. A typical electrical system
consists of main source, secondary power conversion equipment, emergency power source,
system control and protection devices, interconnection network, and power distribution
system (The Boeing 737NG aircraft electrical system schematic is shown in Figure 4.1 —-1).

A primary source is the equipment that generates power from engine other than
electrical device, and is independent of any other electrical source. When the engine not
start, APU-driven generator can be used as an appendix power, a ground power source also
can be connected to the aircraft when the plane is on ground for fuel saving and environment
protection. A secondary source is the equipment that transforms and/or converts primary
source power to supply electrical power to either AC or DC powered equipment, it is entirely
depend upon the primary source and considered part of the load of the primary source. In the
event of a primary power source failure, the emergency power comes from the battery on
board or RAT emergency generator (The Airbus A380 aircraft electrical power sources are
shown in Figure 4.1-2).

The electrical power can be used not only on the aircraft control system (such as engine
control, lighting and signal, flight control, avionic device, life protection, anti-icing) but

also the passenger service system (such as reading light, coffee maker, entertainment system).
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Figure 4.1 -1 Boeing 737NG aircraft electrical system schematic
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The electrical system should be reliable and sustainable, especially the safety-related

system. It should ensure that all power facilities will work properly.

4.2 APU Generator for A380

4.2.1 General

This section gives the description and theory of operation for the auxiliary power unit

(APU) generator for the Airbus Industrie A380 aircraft.
4.2.2 Description

The APU generator is a three-stage, brushless, oil-spray-cooled and lubricated,
rotating rectifier machine.

The parts of the finished rotor assembly are a pilot exciter (PE) rotor assembly, a main
exciter (ME) rotor assembly, a diode rectifier assembly and a main rotor assembly, all
installed on or in the same shaft which is held by one split inner bearing at the drive end
(DE) and one angular contact bearing at the non drive end (NDE), ™

The main output stator assembly and the protection current transformers (CTs) are
installed in the generator main housing assembly. The PE stator assembly and the ME stator
assembly are installed in the generator end frame assembly.

The cooling and lubrication oil is supplied under pressure, scavenged from and
conditioned by the APU. The oil is supplied and scavenged through holes in the generator
drive interlace. An electrical resistance temperature bulb is installed in the generator to
measure the outlet oil temperature.

A general view of the APU generator is shown in Figure 4.2 - 1.

Main wound Finished
stator rotor End frame
assembly assembly assembly

— =

e | —

Pilot
- - exciter
= asscmbly

,f—-—'— ™ Main
T—L‘Jf exciter
o assembly
0il_~ .
drain plug

Figure 4.2 -1 APU generator
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4.2.3 Theory of Operation

4.2.3.1 Electrical System (see Figure 4.2 -2)
The aircraft APU supplies the mechanical power to drive the APU generator. This

power is transmitted from the APU output shaft serrations to the APU generator quill shaft.
The APU rotates the APU generator finished rotor assembly at 24, 000 revolutions per
minute (rpm, r/min)(nominal).

The PE rotor rotates in the PE stator and causes an alternating current (AC) voltage in
the three-phase windings of the PE stator. This power is then supplied to the generator
control unit (GCU).,
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Main
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rotor
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Current
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X citer Main :
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Connector
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Figure 4.2 -2 APU generator — electrical schematic
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The GCU rectifies and conditions the PE AC voltage to supply excitation power to the
ME stator. This power causes a magnetic field in the ME stator and the rotation of the rotor
assembly causes an AC voltage in the ME rotor three-phase winding. The AC voltage in this
winding is rectified by the diode rectifier assembly and the direct current (DC) caused by this
is supplied to the main rotor winding to give a two-pole magnetic field. I

The combination of this magnetic field and the rotation of the rotor assembly causes an
ac voltage in the three-phase main output stator. ! The power from the main output stator is
supplied to the terminals on the generator main housing for use by the aircraft electrical
system.

The APU generator electrical schematic is shown in Figure 4.2 — 2.
4.2.3.2 System Oil Flow

Oil is supplied by the APU oil system at the necessary pressure and flows into the
generator oil inlet and along a high pressure gallery into the generator main housing. I

The oil goes through a ferrule to the end frame assembly and through an oil transfer
configuration to the finished rotor assembly.

In the finished rotor assembly there are a number of holes that are installed and
dimensioned to cause the oil to flow to the bearings and the rotor windings. The oil then goes
onto the PE stator, ME stator and the main output stator windings.

To prevent erosion of the winding insulation, the holes in the main rotor assembly that
are installed to cool the main stator windings are “back-angled” to reduce the oil impact
velocity. I

Oil also goes from the high pressure gallery in the main housing through a jet to a
groove around the main output stator lamination core. As the generator gets hot, the oil
flows between the stator core and the housing and cools the generator main stator core and
the housing.

The cooling oil drains by gravity from the static windings to the bottom of the generator

housing and is scavenged from the generator by the APU for conditioning and recirculation. I*?

4.2.4 Equipment Specifications

Equipment specifications are listed in Table 4.2 - 1.

Table 4.2 -1 Equipment Specifications

APU generator type BA15400 series

Input Speed Range 23,700 to 24,300 min

Frequency Range 395 to 405 Hz

Power Output at 24,000 r/min

Phase Voltage at the Point of Regulation 115 V (nominal)
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Continued
Number of Phases 3
Frequency 400 Hz

Power Factor

Unity to 0. 75 lagging

Rating at Unity to 0. 75
Factor at POR

Lagging Power

120 kV « A (347 A per phase) continuously
135 kV « A (391 A per phase) for 5 minutes
180 kV « A (521 A per phase) for 5 seconds

Short Circuit Capacity at POR

1,000 A minimum for 5 seconds

Feeder Impedance

0.034,2+j0.031,42 Q/phase at 400 Hz

Direction of Rotation (Look on the Drive

End)

Counterclockwise

Cooling and Lubrication Oil

MIL-1.-23699
MIL-1.-7808

Cooling Oil Flow

17.5 L/min at 121'C (250 °F) (nominal)

Oil Inlet Temperature (Maximum Continuous)

135C (275 °F)

Oil Inlet Pressure

(4,1404+ 690) mB (60 psig) (nominal)

Width (Drain Plug to Lifting Boss Maximum)

257 mm (10. 12 in)

Length (Maximum)

419. 94 mm (1,653 in)

Mass (Maximum)

31.4 kg (69.22 Ib)

Terminations

Main Terminals T1, T2, T3 and N

9.525 mm (0. 375 in)-24 UNJF studs

Auxiliary Connector

Receptacle, flange mounted MIL 83723/88Y 18. 14 N

Lifting Boss Thread

9. 525 mm (0,375 in)-24 UNJF studs

Cable Clamp Boss Thread

10. 32 UNF-8. 0 mm (0. 315 in) long

New Words/ Phrases/ Expression

brush [braf] n. =l

pilot exciter (PE) &Il il #HL
main exciter (ME) 35l #1,
diode rectifier — % & % Vi 2
drive end (DE) 3K &) i

non drive end (NDE) HEIK 5l i

O N O Ol R~ W N

auxiliary power unit (APU) Hf Bzl 7% &

split inner bearing X FF PN #ll 7K 5 i1 43 P9 il A
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9. angular contact bearing [u].0> [ #E 78 s % 7K , £ 1] 32 foh 78 o0 3 K
10. scavenge ['skaevin(d)3] vi. Flg . B & BT 4
11. generator drive interface & HLHLIK 34 0

12. current transformers (CTs) HL K HRES . 28 i 7%
13. electrical resistance temperature bulb Hi[H =R £
14. serration [ sereifn] n. §E{4

15. revolutions per minute (rpm) %5474

16. generator control unit (GCU) % Hi HL¥ il %%

17. magnetic field fi%3%

18. gallery ['gael(o)ri] n. W iB ; 3E JBE

19. ferrule [ferul;fer(a)l] n. ER ;48

20. lamination core FHJZ8kiN

21. gravity ['greeviti| n. T, .05 5

22. recirculation [ riysa:kju-leifon] n. F{F#H

23. feeder impedance X ZFHPT

Notes

[1) The parts of the finished rotor assembly are a pilot exciter (PE) rotor assembly, a
main exciter(ME) rotor assembly, a diode rectifier assembly and a main rotor assembly, all
installed on or in the same shaft which is held by one split inner bearing at the drive end
(DE) and one angular contact bearing at the non drive end (NDE).

S “finished” Z R ZF B AT E W, L RKB T H”; “all installed ... " £ &, L F 49
“which” 3] ¥ & #& M 4,

BE.-ZENETAGHCEZ A, —REEREFM N ETHT XLL2HRAER —
ANt b X AN Tl — AN T IR 3 3 8y XTI R R R — AN T AR R 3h 3 o i o0 0k 4R R 20 B

[2) The AC voltage in this winding is rectified by the diode rectifier assembly and the
direct current (DC) caused by this is supplied to the main rotor winding to give a two-pole
magnetic field.

BF 28 AN REEE —REERAGER TR EAE S TR TRERME IR
&

[3) The combination of this magnetic field and the rotation of the rotor assembly causes
an ac voltage in the three-phase main output stator.

BF.xmhay T o admEtaeE - MEREETF AR RBE,

[4]) Oil is supplied by the APU oil system at the necessary pressure and flows into the
generator oil inlet and along a high pressure gallery into the generator main housing.

O FFEILANAGER “at" R T OREEANARE ALY, “into” AT BN, “along” &
TUEE,

BEAPUBHASRE-—CEEAWNEH . CRNRKENBFmIHA D, FEEHERE RN
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KaElErk,

[5) To prevent erosion of the winding insulation, the holes in the main rotor assembly
that are installed to cool the main stator windings are “back-angled” to reduce the oil impact
velocity.

S A @E ‘o "REKX KB M that”5]| FEENG

BE N T LGSR AR ATANIEFRAN TR T PHNANILE R T AR
T, DB R b o 3 E .

[6) The cooling oil drains by gravity from the static windings to the bottom of the
generator housing and is scavenged from the generator by the APU for conditioning and
recirculation.

53 #T:“conditioning” £ X Z A “EYF A ERETHE LG B m Ik FR,

BEFEAPU R BN AN B EEAFATARBISZARA R BN TR, ELE T
VR R -7

Exercises

I . Answer the following questions:

1. What are the parts of a complete rotor assembly?

2. How does APU oil system work?

3. How is the hole in the main rotor assembly designed?

I . Translate the following sentences into Chinese:

1. This power causes a magnetic field in the ME stator and the rotation of the rotor
assembly causes an ac voltage in the ME rotor three-phase winding.

2. The AC voltage in this winding is rectified by the diode rectifier assembly and the
direct current (DC) caused by this is supplied to the main rotor winding to give a two-pole
magnetic field.

3. The power from the main output stator is supplied to the terminals on the generator
main housing for use by the aircraft electrical system:

4. In the finished rotor assembly there are a number of holes that are installed and
dimensioned to cause the oil to flow to the bearings and the rotor windings.

5. As the generator gets hot, the oil flows between the stator core and the housing and
cools the generator main stator core and the housing.

IT . Fill in the following blanks according to the text:

1. The APU generator is a , R and lubricated, rotating

rectifier machine.

2. The and are installed in the generator main housing assembly.
3. This power is transmitted from to

4. The oil then goes onto the , and the windings.

5. Oil also goes from the in the main housing through a to a

around the main output stator lamination core.
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4.3 Direct-Current Motor

4.3.1 Description and Operation

4.3.1.1 Description

The direct-current motor consists essentially of a rotor assembly and a stator assembly
(see Figure 4.3 - 1).

Figure 4.3 -1 Direct-current motor

4.3.1.2 Operation
The motor operates the cabin pressure outflow valve actuator gearbox.
4.3.1.3 Leading Particulars

Leading particulars are shown in Table 4.3 - 1.

Table 4.3 -1 Leading Particulars

Rated-Load Operation
Horsepower 0. 0054 hpD
Current 1.73 A
Speed 9,700 r/min
Voltage 24.9 V DC

4.3.2 Testing and Trouble Shooting

Unless otherwise stated in test descriptions, all tests must be performed at laboratory
ambient conditions. Table 4. 3 — 2 provides a list of necessary test equipment.

Table 4.3 -2 Test Equipments

DC Voltmeter Weston Model 931 or equivalent, 0. 75 percent full-scale accuracy

DC Ammeter Weston Model 931 or equivalent, 0. 75 percent full-scale accuracy

® 1 hpa745.7 W.
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Continued

Torque Measuring Device | Capable of measuring 10. 0 ounce-inches *

RPM Measurement Strobe light or revolution counter 1. 0% full-scale accuracy

Note: Equivalent substitutes may be used for listed items.

(1) Conduct all tests at room temperature (see Figure 4. 3 — 2 for wiring diagram).
Perform all tests in both directions, using 28. 0 V DC power source.

(2) Check that motor rotates clockwise when energized through green, black, and white
terminals and counterclockwise when energized through red, blue, and white terminals;
there must be no binding or unusual noise.

(3) Operate motor at test voltage with no load. Check speed and current; speed must be
16,000 r/min minimum and current must not exceed 0.5 A,

(4) Operate motor at test voltage and apply rated load of 0. 42 ounce-inch. Speed must
be at least 13,000 r/min and current must not exceed 1.0 A.

(5) Apply sufficient torque to stall motor. Check torque and current; torque must be
2. 3 ounce-inch minimum and current must not exceed 3. 0 A.

(6) Refer to Table 4.3 — 3 for trouble shooting information.

—WHT/BLUE

1 Shunt .||
BLUE (g 11770 : 0.5 0
i S arriss : Resistor
SETTICS
s 1 i
GREEMN T I
J
RED : !
| |
| [
BLACK ' !
; EmUTTTTY
L Shunt . |
WHT/BLE:
ORANGE
WHT/ORG
WHITE

Figure 4.3 -2 Wiring diagram

Table 4.3 -3 Trouble Shooting Information

Trouble Probable Cause Remedy

Motor does not operate; no current o ) ) o
i Power circuit defective Repair power circuit
ows

% 1 ounce-inch&0. 007 N « m.
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Continued

Trouble Probable Cause Remedy

Leads incorrectly connected Connect leads correctly

Motor does not operate, but stalled- | Interference between armature | Check dimensions;

motor current is approximately normal | assembly and stator assembly Replace defective part
Bearing defective Replace defective part
Motor operates in one direction only | Stator assembly defective Replace stator assembly

Interference between armature | Check dimensions;

Motor operates at less than specified assembly and stator assembly Replace defective part

speed and current is excessive Bearing defective Replace defective bearing

Stator assembly windings shorted Replace stator assembly

4.3.3 Disassembly

Note: Motor should be tested in accordance with Testing and Trouble Shooting
procedures to determine extent of disassembly.

(1) Do not remove identification plate (10, —13) unless required after check;

(2) Remove retainer (15);

(3) Remove brush assembly (20);

(4) Remove two nuts (25) and washers (30) ;

(5) Remove end bell (35);

(6) Remove shim washers (45, 50, 55) and spring washer;

(7) Remove stator assembly (65, —66);

(8) Remove armature assembly (70);

(9) Remove bearings (60, 75) from armature assembly.
4.3.4 Cleaning

Refer to Table 4.3 — 4 for cleaning materials (see Figure 4.3 —3).
Table 4.3 -4 Cleaning Materials

Brush, Soft Bristle Commercially Available

Solvent (Stoddard) Commercially Available Federal Specification P-D-680

Note: Equivalent substitutes may be used for listed items.

(1) Clean armature assembly (70) and stator assembly (65, 66) with a soft bristle
brush.

Warning: Use solvent in a well-ventilated area away from flame. Avoid breathing
fumes. Failure to comply with this warning can result in death or injury to personnel. I

(2) Wash all nonelectrical parts, except bearings (60,75), with cleaning solvent. Dry
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parts thoroughly.

(3) Wipe bearings (60,75) with clean cloth moistened in cleaning solvent.

4.3.5 Assembly

Assembly materials and reassemble motor are as required (see Figure 4.3 - 3).

Figure 4.3 -3 Direct-current motor

(1) Press bearings (60, 75) on armature assembly (70).

(2) Install end bell assembly (80) on stator assembly (65, —66).

(3) Install armature assembly (70) in stator assembly (65, —66).

(4) Temporarily install end bell (35) on stator assembly and secure with washers (30)
and nuts (25).

(5) Check end play of armature assembly (70) to determine the amount of shim washers
(45, 50, 55) required to provide 0. 017 to 0. 020 inch gap for spring washer(40). "

(6) Remove washers (30) and nuts (25) from end bell (35), and remove end bell.
Install the required amount of shim washers (45, 50, 55) plus spring washer (40) in end bell
(35). Install end bell and secure with washers (30) and nuts (25).

(7) Install brush assemblies (20) in end bell brush ports. Apply sealant compound to

threads of retainers (15) and install retainers in end bell.
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New Words/ Phrases/ Expression

1. outflow valve #Mi i)

2. gearbox ['gieboks | n. AR ; 5 4H

3. rated-load % & 3% faf

4. horsepower [‘hoispave | n. Ty 3 (T ZEAAT)

5. equivalent [1kwiv(a)1(a)nt] adj. ZEW ), FHEZEHY
6. substitute ['sabstitjuit | n. U0 H

7. binding ['baindin] n. ¥

8. clockwise [klokwaiz | adw. JBF4EFJ5 [A]) H

9. counterclockwise [ kavntoklokwaiz | adwv. JZBtEFJ7 [0 H
10. leads [liidz] n. 5%k, 44k

11. interference [intofior(e)ns | n. T3

12. excessive [ik'sesiv; ek-].adj. 332 W) Hk B

13. armature ['aimotfo; -tj(v)o] n. HLHX CHEHLAYE)
14. comply with B&Efl, 855

15. ventilate ['ventileit ] wz. {8 X

16. sealant ['silont] n. 23 7|

Notes

[1]) Check that motor rotates clockwise when energized through green, black, and white
terminals and counterclockwise when energized through red, blue, and white terminals;
there must be no binding or unusual noise.

T /Jﬂ‘?' 8] H o “when” 3] B 1] AR E M 8]

B 4% B o NgEstdden . RE RN E TR ME 4% Y0 . .82
MNELAERE Eﬁ»*&ﬁ?}'iﬁ]ﬂi@ilﬁﬁﬁ%ﬁ] sHEDLARAFH AT EE N ERE,

[2]) Operate motor at test voltage with no load. Check speed and current; speed must be
16,000 r/min minimum and current must not exceed 0.5 A.

ST/ min” B/ AT E S,

BEFEEAAARNBEATANREEZ/TRN. RELXEAFMER . ZEZLAED A
16 000% /2 #h . B £ 5 L 0.5 %,

[3]) Failure to comply with this warning can result in death or injury to personnel.

T “comply with” 2“8 576 & & ;“result in”£“FH "W & L,

BE A ETRILELE. TR2FHRARTT.

[4]) Check end play of armature assembly (70) to determine the amount of shim washers
(45, 50, 55) required to provide 0. 017 to 0. 020 inch gap for spring washer (40).

ST “to” R B &9 5 “require” 8y 539 L5 My 5] F R AE ) .

BIE D & KA (70) 8y K 3 1A IR, DA B R R A B ) (45,50,55) B B R £ 0,
PLBE 24 R4 0.017~0. 020 3 By 8] [ R %2 % 58 % 8 fr (40D,
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Exercises

I . Answer the following questions:

1. How to check the motor rotation?

2. What should pay attention to when clean armature assembly and stator assembly?

3. How to reassemble motor?

Il . Translate the following sentences into Chinese:

1. The direct-current motor consists essentially of a rotor assembly and a stator
assembly.

2. Unless otherwise stated in test descriptions, all tests must be performed at laboratory
ambient conditions.

3. Motor should be tested in accordance with Testing and Trouble Shooting procedures
to determine extent of disassembly.

4, Temporarily install end bell (35) on stator assembly and secure with washers (30)
and nuts (25).

IT . Fill in the following blanks according to the text:

1. The motor operates the cabin pressure actuator

2. The direct-current motor consists essentially of a and a

3. Operate motor at and apply of 0. 42 ounce-inch. Speed must be at
least 13,000 r/min and current must not exceed 1.0 A.

4, Wash all , except , with . Dry parts thoroughly.

5. Apply to of retainers (15) and install retainers in end bell.

4.4 Battery Maintenance

The battery (see Figure 4. 4 — 1) is a part of the aircraft supply units, e. g. for
emergency lighting. In case of a breakdown of the aircraft power supply the battery supplies

electrical circuits with its stored energy for a defined time period. '

Figure 4.4 -1 Battery
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Each battery has these main components(see Figure 4.4 —2).

Figure 4.4 -2 Battery— cutaway view

1—Captive screw; 2—Cover; 3— Battery contact (—); 4—Captive screw; 5—Connector;
6—Battery contact (+); 7—Case; 8—Insulator assy; 9—Welding lug; 10—Insulation disc;
11—NiCd cell; 12—Heating mat

Description (see Figure 4.4 -2) .

(1) The battery consists of 5 NiCd cells (11) connected in series. Welding lugs (9) are
the connection between the individual cells. An insulating disk (10) around the positive pole
of each cell is the protection against short circuits. The positive (+) terminal (6) and the
negative (—) terminal (3) of the battery are high current female contacts.

(2) The battery block assembly consists of the five connected cells and the insulator
assy (8) inside them. 2

The elastic and heat-conductive material of the insulator assy helps to suppress
vibrational movements of the cells.

(3) The battery block assembly is installed in a housing which consists of a case (7) and
a cover (2). Three captive screws (4) connect both parts together.

Recesses in the case and in the cover hold the battery block assy in place.

(4) A heating mat (12) is glued into the case (7) and encloses the cells. A temperature
sensor and a thermostat which is embedded in the insulator assembly monitor the

temperature of the battery. ©1
4.4.1 Testing and Fault Isolation

We must prepare some equipments for the battery test procedure. For example, DC
power supply, load resistor, digital multimeter, megohmmeter, etc. Then, we can do some
preparation for tests. The necessary environmental conditions for the test procedure are:
The ambient temperature is 10 to 30C; the relative humidity is less than 80%; the
atmospheric pressure is local standard. ¥

The procedure of the test is:
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(1) Visual check. Examine the battery for mechanical damage. Make sure that the 3
screws which attach the cover to the case are tight and there are no leads squeezed between
cover and case.

(2) Insulation resistance. Connect the negative terminal of the megohmmeter to the
negative battery terminal (—) and the positive terminal to contact No. 1 of the connector.
Set the test voltage to 500 V DC and make sure that the insulation resistance is equal to or
more than 10 MQ. Set the test voltage to 0 V and remove the battery from the
megohmmeter.

(3) Functional test.

1) Discharge circuit. Set the DMM to measure the DC voltage. Refer to Figure 4. 4 — 3
and connect the discharge circuitry to the battery as shown. Set the test equipment switch to
ON. Discharge the battery into the load until the meter shows a voltage between 5 to 5.3 V.
Set the test equipment switch to OFF and disconnect the discharge circuitry from the

battery.

Figure 4.4 -3 Discharge circuit

2)Charge circuit. Set the output voltage of the DC supply to (1031)V and the short
circuit limitation to a current of (450420) mA. Obey the polarity and connect the DC supply
to the battery terminals. Switch on the DC supply and charge the battery for abort 14 hours.
Switch off the DC supply and remove it from the battery.

3) Test of several circuits (see Figure 4.4 —4).

e i i

T T
2 B )

—)

= 5.6 )
{=ab) @15“12:‘-&12;
%;Ii}}.ﬁm 40,7 kL)

Figure 4.4 -4 Test circuit
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4)Test of the thermostat:

Step 1: Put the battery into the climatic chamber.

Step 2: Increase the temperature of the chamber to 60°C (140°F) within 30 minutes an
hold the temperature for a period of 90 minutes.

Step 3: Set the DMM to measure the resistance.

Step 4: Remove the battery from the climatic chamber and connect the DMM to the
contacts No. 1 and No. 4.

Step 5: Make sure that the resistance is between 3. 3 k() and 3. 374 kQ.

Step 6: Disconnect the DMM from the battery and store the battery at an ambient
temperature of 15 to 20C (59 to 68°F) for at least 2 hours.

Step 7: Repeat step 2.

5) Capacity test. First, set the DMM to measure the DC voltage. ¥ Refer to Figure 4. 4 — 5
and connect the test circuitry to the battery as shown. Then, set the switch of the test
circuitry to ON in order to start the discharge operation, and at the same time start the stop
watch to measure the elapsed time. When 15 minutes have elapsed, measure the voltage of
the battery and make sure that the shown value is not less than 5. 6 V. The last thing is

deleted and set the test circuitry switch to OFF when the battery voltage reaches 5.0 V.

FLATHED
RECORDER

Figure 4.4 -5 Test circuitry — capacity test

4.4.2 Disassembly

After finishing the testing, we must disassemble the battery. Some special tools will be
required as follow.

The procedure of the disassembly is:

(1) Refer to “Testing and Fault Isolation”, and connect the battery to the discharge
circuitry.

(2) Discharge the battery into the load until the voltage is:
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1) 5.1V, in case you will keep the battery pack for re-usage;

2) less than 1 V, in case you will scrap the battery block.

(3) Remove the test circuitry from the battery.

(4) Removal of the cover: Unscrew the 3 captive screws and move apart the cover.
(5) Remove the cover.

(6) Remove the contacts, using the extraction tool (see Figure 4.4 —6).
(7) Pull connector carefully out of the recess in the case.

(8) Remove the cable spot tie.

(9) Desolder the cable connections of the connector.

(10) Remove the connector and keep it.

(11) Pull the battery block out of the case.

25
o 19 =l =
= ol 2
t L4 R
Handle

- gy
Detail X scale 2:1

Figure 4.4 -6 Extraction tool(mm)

4.4.3 Cleaning
Use the cleaning material to clean the battery and its parts.
4.4.4 Check

Check all parts for obvious defects in accordance with standard industry practices.

4.4.5 Repair

We must prepare some equipments for the battery repair procedure. For example,
cleaning fluid, silicone, adhesive, lacing cord, protective varnish for PC boards, etc.

Here are two brief introductions of the repair process:

1. Replacement of the Heating Mat

(1) Refer to chapter “Disassembly” and dismantle the battery.

(2) Remove the heating mat from the inner side of the case.

(3) Remove still adherent residues on the side wall with mechanical means.
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(4) Hand clean inner side wall with cleaning fluid and a lint-free cloth.

(5) Put silicone adhesive on the inner side wall of the case and attach the replacement
heating mat carefully.

(6) Before installation of the battery block allow the adhesive to cure for at least 24
hours at room temperature. 1

2.Replacement of the Battery Pack

(1) Refer to chapter “Disassembly” and dismantle the battery.

(2) Install the replacement battery pack (40) in the case (140).

(3) Push the contacts (110) into their bores in the case. Make sure that the contacts are

locked.
(4) Refer to Figure 4. 4 — 7. Install the end-fitted wires to the connector and solder them

in position.

———iHHRHH

E'i’]:utw
=

Red

T\l

Figure 4.4 -7 Wiring diagram

White

~ Blue

Connector

(5) Clean the soldering joints with cleaning fluid.
(6) Apply protective varnish on the soldering joints and allow varnish to dry for 4 hours.

(7) Secure the wire leads with a lacing spot tie near the connector.

4.4.6 Assembly
When all components are fixed and available, we must assemble the components

together.
The procedure of the assemble is:
(1) Install the connector (160) in the recess of the case (140).
(2) Position the cable leads next to the cells in order to prevent squeezing between case

and cover.
(3) Put the cover (10) on the assembly. Make sure that no leads are squeezed.
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(4) Attach the cover with the 3 captive screws (20) and washers (30).
(5) Refer to Figure 4. 4 — 8 and measure the protruding thread of each attaching screw
(180). If necessary, adjust dimension A by inserting or removing the washer (190) and/or

the washer.

e H

|

| I :
| | A
J Dimension A: 'L__!
55mm=d4d=50mm

(0.217in = 4 =0.2361n)

Figure 4.4 -8 Attaching screws

The storage that immediate serviceability not required: Prepare and store the battery in
accordance with the standard industry practices.

The storage that immediate serviceability is required:

(1) When the storage under trickle charge, the first is discharge and charge the battery
in accordance with “Testing and Fault Isolation”.® For the second, store the battery under
workshop environmental conditions and connected to a constant current source with a charge
current of 90 to 110 mA. The third one is remove the battery from the constant current
source after 6 months and do a functional test in accordance with “ Testing and Fault
Isolation”.

(2) When the storage without trickle charge, the first is discharge and charge the
battery in accordance with “Testing and Fault Isolation”. For the second, store the battery
at a temperature of approx. 0'C (+32°F) and the loss of capacity will be 10% to 15% within
2 months. The last one is after 12 months do a functional test in accordance with “Testing

and Fault Isolation”.
New Words,/ Phrases/ Expression

captive screw [#] g R4

assy ['esi] n. 414 ; 241t (assembly 45 5)
recesses [ ri'sesiz ] n. [VIf#

nicd cell #3445 H 1

isolation [ jaisoleifon ] n. P&

varnish ['vamif] n. {5 ,=%

dimension [ dimenfon] n. -

vibrational [ veibreifond] adj. {RBIH), $EIER)
multimeter[ 'maltimite] n. J7 {3

10. megohmmeter [ 'megoumi:toe | n. JKEKZ Fg FH 3

= w b =

© o0 N o O
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11. dismantle [ dismeentl] v. FFFF,PFH!
12. female contact Z2M: % 4

13. adhesive [odhisiv] n. BEE 5, K
14. trickle ['trikl] n. 18, 407

Notes

[1] In case of a breakdown of the aircraft power supply the battery supplies electrical
circuits with its stored energy for a defined time period.

B A AR ZERE RIRWERL T, b A 2087 69 % 88 4k 20 40 LB i, DUARAE KL
Ze 0 U 2 A

[2] The battery block assembly consists of the five connected cells and the insulator
assy (8) inside them.

B b 4l 5 AN B ERW R TR N A R A (ALK

[3) A temperature sensor and a thermostat which is embedded in the insulator assembly
monitor the temperature of the battery.

B REEREMKRELZEK EWERS RN EBNEE.

[4)] The necessary environmental conditions for the test procedure are; The ambient
temperature is 10 to 30 C; the relative humidity is less than 80%; the atmospheric pressure
is local standard.

BEALEFHLEREL A HFEREE 10~30C; AR ENT 800 A E N4
HATEARAE.

[5]) First, set the DMM to measure the DC voltage.

S “DMM” 3% “Digital Multimeter” (4 5 X 7 A &) ; “DC” 3 “Direct Current” ( &
W),

.ok RERFAT AR AR EH.

[6] Before installation of the battery block allow the adhesive to cure for at least 24
hours at room temperature.

B E2xe bW ELFEEGANAETRFAHTEALED 24 NE,

[7] When the storage under trickle charge, the first is discharge and charge the battery
in accordance with “Testing and Fault Isolation”.

B UL AEARARAERFATH . EERREN R I ERENERA R HATE/
L

Exercises

I . Answer the following questions:
1. What are the important components of the battery?
2. What is the battery test procedure?

3. What are the steps taken to disassemble?
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Il . Translate the following sentences into Chinese:

1. Examine the battery for mechanical damage. Make sure that the 3 screws which
attach the cover to the case are tight and there are no leads squeezed between cover and case.

2. First, set the DMM to measure the DC voltage. Refer to Figure 4. 4 — 5 and connect
the test circuitry to the battery as shown.

3. Then, set the switch of the test circuitry to ON in order to start the discharge
operation, and at the same time start the stop watch to measure the elapsed time. When
15 minutes have elapsed. measure the voltage of the battery and make sure that the shown
value is not less than 5. 6 V. The last thing is deleted and set the test circuitry switch to OFF
when the battery voltage reaches 5.0 V.

4, We must prepare some equipments for the battery repair procedure. For example,
cleaning fluid, silicone adhesive, lacing cord, protective varnish for PC boards., etc.

5. The storage that immediate serviceability not required; Prepare and store the battery
in accordance with the standard industry practices.

6. For the second, store the battery under workshop environmental conditions and
connected to a constant current source with a charge current of 90 to 110 mA. The third one
is remove the battery from the constant current source after 6 months and do a functional test
in accordance with “Testing and Fault Isolation”.

IM . Fill in the following blanks according to the text:

1. From the battery- cutaway view, the components it includes is:

2. The necessary environmental conditions for the test procedure of battery are: ,

b

3. The procedure of the capacity test is: First, set the DMM to measure the DC voltage.
Then, set the switch of the test circuitry to in order to start the discharge
operation, and at the same time start the stop watch to measure the elapsed time. When
15 minutes have elapsed., measure the voltage of the battery and make sure that the shown
value is not less than. The last thing is deleted and set the test circuitry switch to
when the battery voltage reaches

4., When all components are fixed and available, we must assemble the components

together. The procedure of the assemble is: , ) )

4.5 Coffee Maker

The coffee maker is closed on the sides, back and top using black anodized plates
attached by screws. ™ Attached to the top plate there is a recessed handle for transporting
the coffee maker when not installed in the galley. On the back there is a reset button for the
circuit breaker. On the lower part of the back there is the electrical and water interface (see

Figure 4.5 -1 to Figure 4.5 - 3).
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Front view

2 gODOGDO
ODOOO
00000OQC0O0O0O
0O0O00DO0DOOO
o000 OOO0O

000000000
$°00000°0,
Q00000000

Figure 4.5 -2 Back view
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Coffee Maker Maintenance:

Schematic plumbing diagram is shown in Figure 4.5 — 4.
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—=Caoffee
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p—ua=Tea
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Mote: i l—[Z}—'j
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Drain
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Figure 4.5 -4 Schematic plumbing diagram
1—Pressure sensor; 2— 2-way solenoid valve; 3—Pump; 4—Pump; 5—Flowmeter; 6— 3-way solenoid
valve; 7—Heater; 8— 2-way solenoid valve; 9— 2-way solenoid valve; 10— 2-way solenoid valve;
11— 2-way solenoid valve; 12— 3-way solenoid valve; 13— 3-way solenoid valve (normally open);

14— Hydraulic ram; 15— Relief valve

Front Panel Description (see Figure 4.5 —-5).

2—\. 1—|| ‘5' -B—\ I-\]O—\IQ-\ //_]1
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Figure 4.5 -5 Front panel

P

H'DT
"(ATEP

CDLD
Wﬁ.TER

The key to startup/shutdown the coffee maker, the four keys to activate the different
functions (each one with a in-progress light indicator), the light indicators for the out of
range line pressure, fail situation, ready to brew, and drawer locked/unlocked, and the run-

time indicator are all positioned on the front panel (see Table 4.5 —-1).
Table 4.5 -1 Front Panel Indicator

Item Describe Function Color
1 Key ON/OFF
2 LED ON State Indicator RED
3 Key Coffee
4 LED Coffee Brew in Progress Indicator YELLOW
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Continued

Item Describe Function Color
5 Key Tea
6 LED Tea Brew in Progress Indicator YELLOW
7 Key Hot Water
8 LED Hot Hater Supply in Progress Indicator YELLOW
9 Key Cold Water
10 LED Cold Water Supply in Progress Indicator YELLOW
11 LED Drawer Locked Indicator YELLOW
12 LED Drawer Unlocked Indicator RED
13 LED Ready Indicator YELLOW
14 LED No Water Indicator RED
15 LED Fail Indicator RED
16 Counter Run-Time Indicator

4.5.1 Function Description

1. Coffee Function

The Coffee Function is admitted if all the following conditions are fulfilled: The
“Coffee” key on the front panel has been pressed for at least 0. 5.second; The line pressure
read by the pressure sensor is between 0. 3 and 3 bar®@(the “No Water” LED is off); The
temperature of the heater read by the temperature probe at the beginning of the cycle is at
least 98°C (the “Ready” LED is on); The pot has been inserted, its presence checked by the
presence sensor; The drawer has been completely inserted, its presence checked by the
drawer microswitch; The ram has completed the stroke in 2 seconds after the “Coffee” key
has been pressed, closing the coffee drawer chamber tightly. The complete stroke is checked
by the ram microswitch.

During the brewing cycle, if one of the above conditions is not fulfilled, the cycle will
immediately stop. 4

The completion of the cycle is checked by counting the number of impulses given by the
flowmeter and by comparing with a preset value or the ultrasound will sense a liquid level
that is to high.® If none of these values are reached in four minutes, the cycle will be

stopped by a time-out condition.

@ 1 bara0.1 MPa.
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The operator can abort the cycle at any time by pressing the “Coffee” key a second time.

2.Tea Function

The Tea Function is admitted if all the following conditions are fulfilled: The “Tea” key
on the front panel has been pressed for at least 0. 5 second; The line pressure read by the
pressure sensor is between 0. 3 and 3 bar (the “No Water” LED is off); The temperature of
the heater read by the temperature probe at the beginning of the cycle is at least 98°C (the
“Ready” LED is on); The pot has been inserted, its presence checked by the presence
sensor.

During the brewing cycle, if one of the above conditions is not fulfilled, the cycle stops
immediately.

The completion of the cycle is checked by counting the number of impulses given by the
flowmeter and by comparing with a preset value or the ultrasound will sense a liquid level
that to high. If none of these values are reached in four minutes, the cycle will be stopped by
a time-out condition.

The operator can abort the cycle at any time by pressing the “Tea” key a second time.

3. Hot Water Function

The Hot Water Function is admitted if all the following conditions are fulfilled: The
“Hot Water” key on the front panel has been pressed for at least 0. 5 second; The line
pressure read by the pressure sensor is between 0. 3 and 3 bar (the “No Water” LED is off);
The temperature of the heater read by the temperature probe at the beginning of the cycle is
at least 98°C (the “Ready” LED is on).

During the brewing cycle, if one of the above conditions is not fulfilled, the cycle stops
immediately.

The cycle has a time-out limit of 20 seconds.

The operator can abort the cycle at any time by pressing the “Hot Water” key a second
time.

4. Cold Water Function

The Cold Water Function is admitted if the following conditions are fulfilled: The “Cold
Water” key on the front panel has been pressed for at least 0. 5 second; The line pressure
read by the pressure sensor is between 0. 3 and 3 bar (the “No Water” LED is off).

During the cycle, if the last condition is not fulfilled, the cycle stops immediately.

The cycle has a time-out limit of 20 seconds.

The operator can abort the cycle at any time by pressing the “Cold Water” key a second
time.

5. Making Coffee

Press the drawer latch down and pull out the drawer.

Gently pat or fluff the coffee pillow pack to loosen coffee grounds, then place it into the
drawer.

Slide the drawer back into the coffee maker and press firmly until it snaps into place.
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The “Drawer Unlocked” indicator shall turn off and the “Drawer Locked” indicator shall turn
on (items 11 and 12 in Figure 4. 5 -5). If the coffee maker does not perform as stated above,
see section “Testing and Fault Isolation” of this manual.

Place an empty pot into the coffee maker which will be blocked by the spring-loaded
retention bar.

Press the “Coffee” key (items 3 in Figure 4.5 —5) on the front panel. The “Coffee Brew
in Progress” indicator (items 4 in Figure 4.5 - 5) will light, indicating that the brewing cycle
has begun. If the coffee maker does not perform as stated above, see section “Testing and
Fault Isolation” of this manual.

The brewing cycle will stop after 3 to 4 minutes, as defined earlier in section 3
“Performance”. If the duration of the cycle is out of these limits, or the quantity of liquid is
much different than quantity per cycle defined in section 3 “Performance”, see section
“Testing and Fault Isolation” of this manual.

To remove the pot, press the spring-loaded retention bar down.

Remove the pillow pack from the drawer and rinse eventual coffee grounds.

6.Making Tea

Place an empty pot into the coffee maker. It will be blocked by the spring-loaded
retention bar.

Press the “Tea” key (item 5 in Figure 4.5 - 5) on the front panel. The “Tea Brew in
Progress” indicator (item 6 in Figure 4.5 —5) will light, indicating that the brewing cycle
has begun. If the coffee maker does not perform as stated above, see section “Testing and
Fault Isolation” of this manual.

The brewing cycle will stop after 3 to 4 minutes, as defined earlier in section 3
“Performance”. If the duration of the cycle is out of these limits, or the quantity of liquid is
much different than quantity per cycle defined in section 3 “Performance”, see section
“Testing and Fault Isolation” of this manual.

To extract the pot, press the spring-loaded retention bar down.
4.5.2 Testing and Fault Isolation

The procedure of the test is as follow.

1. Coffee Function

Check that the indication on the front panel pass from “Unlocked” to “Locked” when
the pillow pack drawer is inserted.

Check that the absence of the pot blocks the function.

With the line pressure set at a value in the normal range, start the “Coffee Function”
(section 5 “Making Coffee”) and check that during the cycle.

With the line pressure set to the minimum value start the “Coffee Function” (section 5
“Making Coffee”) and make sure that the unit doesn’t fail or that the time per cycle and/or

the temperature of the produced coffee is not out of limit. [
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Repeat the operations defined in the previous paragraph for the maximum pressure.

2. Tea Function

Check that the absence of the pot blocks the function.

With the line pressure set at a value in the normal range, start the “Tea Function”
(section 6 “Making Tea”) an check that during the cycle.

With the line pressure set to the minimum value, start the “Tea Function” (section 6
“Making Tea”) and make sure that the unit doesn’t fail or that the time per cycle and/or the
temperature of the produced hot water is not out of limit.

Repeat the operations defined in the previous paragraph for the maximum pressure.

3. Hot Water Function

With the line pressure set at a value in the normal range, start the “Hot Water
Function” and check that during the cycle.

With the line pressure set to the minimum value, start the “Hot Water Function” and
make sure that the unit doesn’t fail or that the time per cycle and/or the temperature of the
produced hot water is not out of limit.

Repeat the operations defined in the previous paragraph for the maximum pressure.

4.Cold Water Function

With the line pressure set at a value in the normal range, start the “Cold Water
Function” and check that during the cycle:

(1) There is no leakage from the hydraulic components;

(2) The current absorption on each phase is below the limit.

With the line pressure set to the minimum value start the “Cold Water Function” and
make sure that the unit doesn’t fail or that the time per cycle and/or the temperature of the
produced hot water is not out of limit.

Repeat the operations defined in the previous paragraph for the maximum pressure.
4.5.3 Disassembly/Assembly

The details of the procedure refers to the relevant CMM.

4.5.4 Cleaning

The procedure of the cleaning is as follows.

1. Cleaning the Casing

» Blow dust from the surfaces, holes and recesses using oil-free compressed air of max
2 bars (29 psig). 1

« Wash coffee drawer and any contaminated surfaces with detergent. Rinse with clear
water. Wipe dry with a clean, dry, lint-free cloth.

* Clean stained surfaces with a cleaning compound. Rinse with clear water.

« Scale build-up due to operation with hard water may be removed soaking the affected

parts in a solution of 5% sulfamic acid. Rinse with clear water.
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2.Cleaning of Electrical Parts

* Remove dust and dirt from the circuit boards with a small soft-bristled brush and
isopropyl alcohol. Dry with oil-free compressed air of max 2 bars (29 psig).

« With minimum movement of the wiring, wipe dust and dirt from bodies, shells and
cable clamps with lint-free cloth moistened with alcohol. Wipe dry with a clean, dry, lint-
free cloth.

3. Cleaning the Tubing

Clean all internal tubes by running a non-metallic brush along them. Rinse with clear
water. Dry with oil-free compressed air of max 2 bars (29 psig).

4. Onboard Cleaning

To make sure that the coffee maker stays clean all the time it should be cleaned after
each flight. Using a damp sponge wipe clean the front face of the coffee maker, clean the

drain plate and make sure that the drain hole is free from dirt.
4.5.5 Check

1.Ready Check

Start up the coffee maker, after it has performed its self-test, the heat exchanger is
warming up and the*“Ready” indicator is not yet lit, press the “Coffee” “Tea” and “Hot
Water” keys, for each one a warning buzzer should sound, alerting that the heat exchanger
has not yet reached its operating temperature. The “Cold Water” key if pressed should start
the cold water in any case.

2.Drawer Absence Check

Without inserting the drawer try to start a coffee cycle by pressing the“Coffee” key, the
warning buzzer should sound. The “Tea”“Hot Water” and “Cold Water” functions will work
in any case.

3. Pot Absence Check

Without inserting the pot try to start a coffee cycle by pressing the“Coffee” key, the
warning buzzer should sound. Perform the same test for the “Tea” function. The “Hot
Water” and “Cold Water” functions will work in any case.

4.Cycle Interruption Check

Start a coffee brew cycle, after approximately 20 to 30 seconds interrupt the cycle by
pressing the“Coffee” key a second time, the cycle should stop. Perform the same test for the
“Tea” function. Perform the same test for the “Hot Water” and “Cold Water” functions, with
the only difference that the function has to be interrupted after approximately 5 seconds.

5. Pot Removal Check

Start a coffee brew cycle, after approximately 20 to 30 seconds lower the pot retention
bar and remove the pot,the brew cycle should stop. ™ Perform the same test for the “Tea”

function. The “Hot Water” and “Cold Water” functions will work in any case.
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4.5.6 Repair

If the coffee maker is malfunctioning or if it has gone into a fail mode, the faulty part
could be located by following the steps in the sections “Testing and Fault Isolate” and/or
“Inspection and Check”.¥ Substitution of broken or damaged parts shall be performed

according to the sections “Disassembly” and “Assembly” of this manual.
New Words/ Phrases/ Expression

anodized [‘eenoudaizd | v. M FHAR 4k 4 7

galley ['geeli] n. (Feffy. KA B B

panel ['penal | n. TH M

ultrasound [ altrosaund] n. ##7

flowmeter [floumirte ] n. it

microswitch ['maikrouswit[ ] n. fsh T 56

probe [ proub] n. %3k, 4%

detergent [di'taxdsont] n. P

sulfamic acid 23 &1 iR

. moistened ['moisond ] v. (f#) 25151 . 28 1515 H
. buzzer ['bazo] n. HENYZE

. substitution [ sabstitufon] n. G ACH , B

. approximately [oproksimetli] adv. T, K%
. malfunction [ meelfagkfon] n. HEFE ., WIREFERT . 5k R
. remove from B[, G

. start up B3

© 0 N O Ul W N

e e e e
D Ul =W NN = O

Notes

[1) The coffee maker is closed on the sides, back and top using black anodized plates
attached by screws.

BE ke WA HAN EH MR EA BB R ER, AR R AEwYET

[2] During the brewing cycle, if one of the above conditions is not fulfilled, the cycle
will immediately stop.

BFE - EE L EY R ERFUHZ R AREAFR HLHEL.

[3) The completion of the cycle is checked by counting the number of impulses given by
the flowmeter and by comparing with a preset value or the ultrasound will sense a liquid level
that is to high.

BIF R E TR RS TR S AT H B, S M E R AR R B R MR AR
R H W AR 7 i 5T R T I

[4) With the line pressure set to the minimum value start the “Coffee Function”

(section 5 “Making Coffee”) and make sure that the unit doesn’t fail or that the time per
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cycle and/or the temperature of the produced coffee is not out of limit.

BE - RABENRENRNETE D @75 T B ™) HRAG L HIE. &
O RN R R R N N B

[5]) Blow dust from the surfaces, holes and recesses using oil-free compressed air of max
2 bars (29 psig).

481 s oil-free: JGIH A s bar: B, & B84 (1 bar=100 000 Pa); psig: (pounds per square
inch, gauge) 3R #4672 XA 1 1b/in”,

B EAFEENARESADL 2 bar(Q9 psigp WEHFE AR ERE L ILEU XU E W
KA.

[6]) Start a coffee brew cycle, after approximately 20 to 30 seconds lower the pot
retention bar and remove the pot, the brew cycle should stop.

BFE B AN B AN ERA20~30 B E . L Tk RFT.HFEETHIT. LA
1 k.

[7) If the coffee maker is malfunctioning or if it has gone into a fail mode, the faulty
part could be located by following the steps in the sections “Testing and Fault Isolation”
and/or “Inspection and Check”.

BFE i R sz SR T S o O\ — bk R S, T A A DL N K A B R A
CEO A B o 2780 2 ok $EAT B AL,

Exercises

I . Answer the following questions:

1. What is the function of the keys on coffee maker?

2. What are the procedures for testing these functions?

3. How to clean the coffee maker?

Il . Translate the following sentences into Chinese:

1. Attached to the top plate there is a recessed handle for transporting the coffee maker
when not installed in the galley.

2. Within the opening there is a latch to keep the pillow pack drawer locked in position,
an outlet for the coffee (on the bottom of the pillow pack drawer), an outlet for hot water
for making tea.

3. The Coffee Function is admitted if all the following conditions are fulfilled: The
“Coffee” key on the front panel has been pressed for at least 0.5 second.

4. Slide the drawer back into the coffee maker and press firmly until it snaps into place.

5. Scale build-up due to operation with hard water may be removed soaking the affected
parts in a solution of 5% sulfamic acid. Rinse with clear water.

6. Remove dust and dirt from the circuit boards with a small soft-bristled brush and
isopropyl alcohol. Dry with oil-free compressed air of max 2 bars.

7. Without inserting the pot try to start a coffee cycle by pressing the“Coffee” key, the

warning buzzer should sound.
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8. Perform the same test for the“*Hot Water” and “Cold Water” functions, with the only
difference that the function has to be interrupted after approximately 5 seconds.

9. Substitution of broken or damaged parts shall be performed according to the sections
“Disassembly” and “Assembly” of this manual.

IM . Fill in the following blanks according to the text:

1. Within the opening there is a latch to keep the pillow pack drawer locked in position, an
outlet for , an outlet for hot water for , an external outlet for ,

to be used for the removal of the coffee maker from the galley compartment.

2. The Coffee Function is admitted if all the following conditions are fulfilled: The
“Coffee” key on the front panel has been pressed for at least seconds; The line
pressure read by the Pressure Sensor is between bar (the “No Water” LED is off);
The temperature of the heater read by the temperature probe at the beginning of the cycle is
at least C.

3. Without inserting the pot.try to start a coffee cycle by pressing the“Coffee” key,

the should sound. Perform the same test for the “Tea” function. The
“ ” and “ ” functions will work in any case.
4. If the coffee maker is or if it has , the faulty part could be located

by following the steps in the sections “Testing and Fault Isolation” and/or “Inspection and
Check”.
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Chapter 5
Aircraft Avionics Component Maintenance

5.1 Introduction to Avionics System
Flight Control Computer
Solid-State Flight Data Recorder
HF Antenna Coupler
VOR/ILS Navigation Receiver
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Chapter 5 Aircraft Avionics Component
Maintenance

5.1 Introduction to Avionics System

Modern aviation uses many avionics systems. As aviation develops, newer avionics
systems are coming on the scene, and their usage and application are more and more
extensive.

We can roughly divide avionics systems into three main categories: the communication

systems, the navigation systems, and the autoflight control system/flight management system.
5.1.1 Communication

Communications connect the flight deck to the ground and the flight deck to the
passengers.

The VHF radio system provides short range communication capability. It works on the airband
of 118 to 136. 975 MHz. This system includes transceivers, control panels and antennas.

The HF radio system provides long range communication capability. It works on the
airband of 2 to 30 MHz. This system includes transceivers, control panels, antenna couplers,

and a common antenna.
5.1.2 Navigation

The navigation systems compute and display the airplane’s movement with respect to the
earth’s surface. They sense from the environment, receive from ground stations and /or
acquire from other systems the data used to provide these displays. The systems all provide
one or more of the following functions:

« Acquire and transmit navigation data.

* Receive and process navigation data from other systems.

» Generate and display processed data.

Avionics can use satellite-based systems(such as GPS), ground-based systems (such as

VOR or ILS), or any combination of them. Navigation systems calculate the position
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automatically and display it to the flight crew on moving map displays.
5.1.3 FMCS/AFCS System

The primary elements of the Flight Management Computer System (FMCS) are two
Flight Management Computers (FMC) and two Control and Display Units (CDUs). The
CDUs provide pilot interface with the flight management computer system. The flight
management computers gather the necessary sensor data, perform computations and drive
displays and other systems to navigate and guide the airplane.

The Auto Flight Control System (AFCS) automatically controls the airplane’s surfaces
and engine thrust as required. Two subsystems, the Autopilot Flight Director System
(AFDS) and the Thrust Management System (TMS) provide the primary surface and
throttle control respectively.

The AFDS has three Flight Control Computers (FCC) and an AFCS mode control
panel. A single computer, the Thrust Management Computer (TMC) controls the throttles
and calculates thrust limits. The TMS and AFDS use the AFCS mode control panel to
provide an interface with the flight crew. The TMS also includes a thrust mode select panel
for selecting the thrust limit mode.

The yaw damper system and an automatic stabilizer trim system provide dutch roll
damping and pitch trim respectively.

The maintenance control and display panel (MCDP) provides a central location for
storage and display of fault data for the FMCS, AFDS, and TMS via the flight management,
flight control, and thrust management computers. It also provides ground test control and

display for the autopilot flight director and thrust management systems.
New Words/ Phrases/ Expression

.coupler [kaplo] n. B4 %%

. thrust [Orast] n. #E S

. damping [ deemping] n. FHJE

.yaw [joi] n. WAL

. VHF HEBE{ER% (Very High Frequency W45 )

.HF 438 (= &4 (High Frequency 45 5)

.GPS  &®RENi &4 (Global Positioning System 455 )

. VOR E 54 m &M {E+ (VHF Omnidirectional Range 455 )
JILS U FEFRE R 48 (Instrument Landing System 455 )

© 00 NN O Ul R W D =

Exercises

I . Translate the following sentences into Chinese:
1. We can roughly divide avionics systems into three main categories: the communication

systems, the navigation systems, and the autoflight control system/flight management
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system.

2. The VHF radio system provides short range communication capability.

3. The HF radio system provides long range communication capability.

4. They sense from the environment, receive from ground stations and /or acquire from
other systems the data used to provide these displays.

I . Answer the following questions:

1. How many kinds of avionics systems are there?

2. Name some of the systems or devices employed in the communications system?

3. What type of communication is the VHF radio system suited to?

4, What is the purpose of the AFCS?

. The FMCS comprises four primary component elements. What are they? Describe

al

their functions briefly.

5.2 Flight Control Computer

5.2.1 Description

The purpose of the Digital Flight Control System(DFCS) is to provide automatic or pilot
assisted functions for climb, cruise and approach control of the airplane.

The major components of the system are two Flight Control Computers (FCC) and a
Mode Control Panel (MCP). The MCP provides inputs to both FCC’s for engagement, mode
selection, and pilot assisted controls of certain modes. Airplane sensor systems such as
inertial reference units and VHF navigation systems provide inputs. The status of the system
and the modes of operation are provided visually on the Flight Mode Annunciator (FMA).
The outputs of the FCC’s provide control signals to the ailerons, spoilers, elevators and

stabilizer for pitch and roll attitude control.
5.2.1.1 Physical Description

The FCC is a line replaceable, dual channel, microprocessor-based digital computer (see

Figure 5.2 - D).

Figure 5.2 -1 Flight Control Computer(FCC)
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The FCC is packaged in a size 6, modular control unit (MCU) chassis that conforms
with the dimensional, mounting, and cooling requirements of Aeronautical Radio, Inc.
(ARINC) specification 600 — 7. The chassis holds seven plug-in circuit card assemblies
(CCA), a plug-in power supply, and a hardwired motherboard, which are all shop
replaceable. The CCAs and the power supply plug into mating connectors on the
motherboard. Each plug-in CCA is supported by card guides. The power supply is fastened
to the top of the chassis with mounting hardware. Single-sided access to all shop replaceable
assemblies is obtained through removable top and bottom covers, which are all held in place
with captive screws. The aluminum alloy chassis and covers are finished with Class [l
Chromate Dip. This finish optimizes thermal and electrical performance providing protection
against corrosion.

The front panel of the FCC contains the identification plates, built-in carrying handles,
hold-down hooks, and three electrical test connectors (J2, J3, and J4). The rear of the
chassis contains one ARINC 600, size 2, electrical connector with three cavities (J1A, J1B,
and J1C). Cavities JIA and J1B each contain 150 size 22 contacts. Cavity J1C contains
various sizes for power. Both the front and rear connectors are mechanically keyed. The ]2
connector is for data loading only. J3 and J4 connectors are for testing. Connector J1, which

is keyed, mates with the airplane avionics rack. The keying is shown in Figure 5. 2 - 2.

® s

- o -

Keying

.

Figure 5.2 -2 FCC keying arrangements

The FCC is mounted directly on the airplane avionics rack and does not require the use
of vibration or shock attenuating mounts. National Aircraft Standards (NAS) 622 hold-down
hooks provide front support to the FCC and the ARINC 600 style unit connector (J1)

provides rear support. "1 Leading particulars of the FCC are shown in Figure 5.2 - 3.
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Dimensions
Height ... . e 7.6 inches
(19.30 cm)
L 7.5inches
(19.05 cm)
T 12.8 inches
(32.51 cm)
Weight (approximate) ...........coiiiiiiiiii i 20.4 pounds
(9.25 kg)
Power Requirements:
AL INDUENOREE. © o cvonsensnsodosssssssssinssine 115V ac, 400 Hz
L D O s s s ancs s e it S nas e s 28 Volts de nominal
Power Dissipation .............cccvnveniennnn... 70 watts (maximum)
Electrical Connectors
JiMatesWith ................. Cannon Part No. BKAC-68134-108
J2MatesWith ................. Bendix Part No. JTOBRE18-53P(SR)
J3 Mates With ...... AR A Bendix Part No. JTOBREZ22-35PA(SR)
JdMatesWith ......%......... Bendix Part No. JTOBRE22-35P(SR)

Figure 5.2 -3 Leading particulars

1. FCC Partitioning

The CCAs are installed through the top of the FCC chassis and plugged into the
motherboard. Apply Figure 5. 2 — 4 for card slot assemblies. The motherboard in the FCC
provides interconnect capability for up to 11 assemblies, however, only eight are used in the
present FCC configuration (Card slots labeled A4, A9, and A10 are not used. ). Card slots
are physically divided into sections with a solid aluminum wall to separate the analog from
the digital CCAs. Total possible electrical interconnects are approximately 2052 with

approximately 600 made within the 14 — layer printed wiring motherboard.

| A2 716C02DMA CNTRL | |A1 §P-185/ACCESEORY |
6 MCU CHASS1S
|A4 | [43 A/D-D/ADISCRETE |
| A ARINC/DISCRETE | |AS ARINC/DISCRETE |
C | A7 PITCH BUFFER/BITE |
o
|
ARINC 600 N | A% ROLL BUFFER/TRIM |
CONNECTOR E
{358 DINS} C (A |
v
o
R [a10 |
All
POWER SUPPLY

Figure 5.2 -4 CCA locations
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Refer to Figure 5.2 =5 for a list of major subassemblies, cross-referenced by reference
designators, that make up the modular design of the unit. The CCAs are labeled for ease of
circuit function identification. CCAs that contain electrostatic discharge sensitive devices

(ESDs) are clearly marked with the standard ESDs symbol.

MNomenclature Ref Des Part No. for Part No. for
4082499-002 4082499-903

Electrical equipment rack — 4082411-901 4082411-901
Motherboard (interconnect) CCA - 4082420-2002 4082420-2002
SDP-185/Accessory Al 4082421-1902 4082421-1803
Z16C02/I0C CCA A2 4082422-1902 4082422-1903
Discrete/A/D-DIA CCA A3 4082423-1901 4082423-1901
Discrete/ARINC CCA A5 4082424-1902 4082424-1902
Discrete/ARINC CCA AB 4082424-1901 4082424-1501
Pitch/BITE CCA AT 40B2425-1002 4082425-1003
Roll/Trim CCA, A8 4082426-1002 4082426-1003

Power Supply ECA A1l |4082427-901 4082427-802

FCC Unprogrammed — 4082499-902 4082499-803

Figure 5.2 -5 FCC subassemblies

2. Major Assemblies

The FCC contains five half-size (approximately 6 in X6 in) CCAs designated Al, A2,
A3, A5, and A6 and two full-size (approximately 10 in X6 in) CCAs, A7 and A8. The FCC
also Contains ECA Al1l, the shop replaceable unit power supply. Digital CCAs have a 4-
row, 180-pin blade connector, a 70-pin top test connector, sliding extractor handles, and
exposed ground planes on the edges. Analog CCAs have a 3-row 228-pin blade connector,
sliding extractors, and an exposed ground plane on the edges. Power supply assembly All is
a single (approximately 10 in X6 in) CCA with a 2-row 60-pin blade connector, sheet metal
on the back plane, and two machined heat sinks.

The CCAs are constructed from an epoxy printed wiring board (PWB) with edge
connectors, microcircuits, and discrete analog and digital components. The PWBs are made
of nonconstrained fiberglass (FR4) and have acrylic conformal coating applied. The
connectors, microcircuits, and discrete analog and digital components are mounted on both
sides of the PWB. Card connectors are of the blade-and-tuning fork design, with each
connector having an integral shroud that extends over the body of the connector to shield the
pins from external damage. The card connectors also contain keying pins, which also serve
as alignment pins. In order to prevent mislocation of a CCA, each connector is uniquely
keyed to fit only those card slots designed for that card. All CCAs contain captive ejector
handles to assist in extracting the CCAs from the chassis.

3. Wire Harness

The FCC motherboard uses PWB interconnect card to card and wire-wrap to rear
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connector and front test connectors. The rear aircraft connector uses an ARINC 600 size 2
connector with wire-wrap contacts. Front Data Loader/Test connectors use circular bayonet
connectors with wire-wrap connections to the motherboard.

4 . Electronics

FCC electronics consists of Advanced CMOS logic including Electronically
Programmable Logic Devices (EPLD). All parts are Surface Mounted (SMT), plastic
devices. Flash memory is used for program, Built-in Test Equipment (BITE), and
maintenance data storage. Flash memory is a high density, truly nonvolatile, and high
performance read-write memory characterized by low power consumption and high
reliability.

5.2.1.2 Functional Description

The following paragraphs discuss how the FCC operates functionally to the subassembly
level. Refer to Figure 5.2 - 6 when reading these paragraphs.

1. Processor CPU1 CCA (A1)

CCA A1 is the SDP - 185/ Accessory CCA and contains the CPU1 processor, memory,
maintenance memorys, and control circuitry. The processor used for CPU1 is the SDP — 185
16-bit CMOS microprocessor. Also on the CCA are three {lash memory devices (one each for
program), BITE, and maintenance memory Static Random Access Memory (SRAM) devices
for temporary data storage, an EPLD for control logic, a provisional ARINC 429 octal/
receiver quad receiver device, and various buffers for data transfer. The SDP —185 uses a 16-
bit bidirectional bus and a 16-bit address bus to perform data transfer operations. The CPU1
processor uses programmable logic devices (PLD) for memory address decoding. Total
program memory is 128 KB words and CPUl RAM consists of 128 KB words. Processor
timing is generated from a 32-MHz crystal oscillator on the CCA. CCA A1l also contains the
CPU heartbeat monitors and hardware engage control logic.

2. Processor CPU2 CCA (A2)

The CPU2 circuitry is located on CCA A2. CPU2 circuitry consists of a Z16C12
processor (functionally equivalent to the Z8002 microprocessor) , one FLLASH memory device
used for program storage, two SRAM devices used for temporary storage, an EPLD used for
control logic, a provisional ARINC 429 Octal/Receiver Quad Transmitter device, and
various buffers used for data transfers. Total onboard memory is 60 KB, 16-bit words and
128 KBX8-bit SRAM. The processor clock rate is 10 MHz.

The DMA controller circuitry is also contained on CCA A2. The primary function of the
DMA controller is to interface all external I/O with CPU2. DMA RAM consists of two IDT
7024 dual port RAMs giving a total on-CCA memory of 8 KB words.
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3.A/D-D/A CCA (A3)

The analog-to-digital (A/D) and digital-to-analog (D/A) circuitry is contained on
CCA As.

The A/D - D/A circuitry consists of an A/D converter, a D/A converter, a memory
map programmable read-only memory (PROM), and EPLD for control logic, an 8-bit and a
16-bit analog multiplexers, sample and hold circuitry, and various buffers for data transfers.
The A/D circuitry is capable of converting up to 112 analog signals plus one on-card D/A
wrap. The D/A has 15 possible sample and hold outputs plus a dedicated sample and hold
used as a wrap back to the A/D converter for test purposes.

4. ARINC CCAs (A5/AB)

Discrete input/output (I/O) circuitry is contained on CCAs A3, A5, and A6. CCAs A5
and A6 share a common PWB. ARINC receivers and transmitters are also on CCAs A5 and
A6. Part configuration, EPLD programs, and connector keying are the only difference
between the two cards. CCA A3 also contains the A/D - D/A devices along with the
discretes. The total number of discrete inputs for each CCA is 45, plus four stretched input
discretes for each CCA. Each input is configured as +5 V/GND, +28 V/OPEN, or GND/
OPEN.

ARINC circuitry is contained on CCAs A5 and A6. The ARINC section is made up of
three parts: receivers, transmitters, and ARINC discrete out circuitry. Each CCA has 16
receivers and four transmitters available, with an LRU total of 32 receivers and eight
transmitters.

5. Elevator CCA (A7)

CCA A7 processes the elevator command from the D/A converter on CCA A3 through a
bandpass filter and summing amplifier before being applied to the Elevator Actuator Servo
Loop. Elevator actuator position and elevator neutral shift are fed back to the servo loop.
Elevator linear variable differential transformer (LVDT) and neutral shift sensors (NSS) are
excited by an 1800-Hz pitch reference generated from the FCC. The demodulators of these
signals use the same 1800-Hz reference. CCA A7 also contains the Mach Trim Coupler
(MTC) servo drive circuitry from the D/A converter on CCA A3.

6. Aileron CCA (A8)

CCA A8 processes the aileron command output from the D/A converter on CCA A3.
The signal is applied to the aileron servo actuator loop and output to the transfer value.
Feedback is from the aileron actuator and spoiler position sensors. Aileron actuator LVDT
and spoiler position sensors are excited by 1,800 Hz from the FCC, which also provides the
internal demodulator reference.

7. Power Supply ECA (A11)

Electronics components assembly All contains the power supply. The power supply is
made up of four main functional blocks: the FCC power converters, the power and

temperature monitors, the LVDT oscillators, and the MTC motor supply drive.
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The block diagram of the FCC power supply is shown in Figure 5. 2 — 7. The three
inputs to the power supply are airplane +28 V DC, airplane 115 V AC, and airplane battery
power. Normally, internal FCC +5V DC and +15/—15V DC are generated from the+28 V
DC through power converters. A low-voltage detector determines when to activate the
battery switchover circuit to switch to the battery bus. The + 40 V AC for the MTC
circuitry is transformed and rectified from the 115 V AC input. An LVDT oscillator/driver
circuit provides a 14 V. AC, 1,800 Hz excitation for the servo and surface position sensors
which are input to the FCC. Pitch axis sensors include the A/P Actuator position LVDT,
elevator position sensor, stabilizer position sensor, and neutral shift sensor. Sensors excited
in the roll axis are the A/P actuator position LVDT, aileron position sensor, and spoiler

position sensors.

YN
Inrush Main |
cutrrent input :
e filir +3 W eonverter —= L5V DO
Low voltage
detector Tem
perature
| SEMNS0L TEMF
. Battery
BATT > ——  cwitchover
circuit + [5Y converter |—a= +13V I3
sync out —t- - 13V DT
Transformer
115 ¥ ACS rectifiers HOV DC
+15V DC
+5Y% B0 T -5y DC
PWR_MONO > 1, and : = PWR valid*
PWER_MON [ — analog Fower monitor PWE valid
PWR_M GN_EN} swilches

+15Y 0——— | upTs 7 1800HZ_CHOR

- v oscillator
o ts"’?"‘:fc and [ P_LVDT_LO
driver = P_LYDT_HI
=YV C —— P LVYDT_LO

Figure 5.2 -7 Power supply block diagram

8. FCC Internal BITE Description

The FCC internal monitoring consists of in-line monitoring of the two processors, cross-
channel monitoring between the two processors, and cross-processor monitoring in each
channel.

In-line monitoring in the main processor (CPU1) includes continuous processor and
memory monitoring, A/D - D/A monitoring, DMA monitoring, power monitoring,
heartbeat monitoring, sensor validity monitoring, servo command/response monitoring,
radio altimeter buffer monitoring, trim monitoring, elevator LVDT monitoring, and neutral

shift monitoring.
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In-line monitoring of CPU2 includes continuous processor and memory monitoring,
pitch inner loop signal validity monitoring, elevator command wrap-around monitoring, trim
warning, trim warning for excessive pitch actuator position, and +15V DC and —15V DC
monitoring.

Cross-channel monitoring is implemented by comparing elevator and aileron actuator
positions against surface position and is referred to as SPM. Cross-processor monitoring
consists of CPU2 repeating or modeling the roll autoland and go-around computations
performed in CPUIL. Similarly, CPU1 models the pitch autoland and go-around computations
performed in CPU2. Both CPUs monitor the tracking of the active elevator and aileron
command wrap-around versus model computation during dual-channel operation.

Extensive tests are run, mainly during FCC power-up on the ground, to verify elements
that are difficult or time consuming to test continuously. Tests performed at power-up are
software monitor tests, heartbeat monitor tests, DMA RAM tests, power supply monitor
test, memory tests, trim time delay test, CPU g-limit test and., long-versus short-term

power interrupt tests.
5.2.2 Testing and Fault Isolation

The function of the test procedures is to find if there is a failure in the operation of the
FCC. If corrective steps are necessary, you must make sure the product is in serviceable
condition. Use the test procedures in Automatic Test Requirements (ATR) to make an
analysis of the performance of the FCC. Fault isolation is included as part of the automatic

test procedure.
5.2.3 Disassembly

To determine the extent of disassembly required, refer to “Testing and Fault Isolation”
to make sure of the condition of the FCC. Testing will show the probable cause of its
malfunction.

Refer to the Illustrated Parts List to find the location and part numbers for all
replaceable parts. Disassembly of the FCC beyond the limits established by the parts list is
not authorized.

Procedures required to disassemble the FCC into major subassemblies are provided
below.

Disassemble the FCC only to the extent necessary to clean, check, fault isolate, or
repair the unit. During disassembly, all desoldered connections should be tagged to aid in
assembly of the FCC.

(1) Remove cover.

(2) Remove subassembly.

(3) Remove connector J1.

(4) Remove bracket assembly Al13.
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(5) Remove connectors J2, J3, and J4.
(6) Remove printed wiring board.

(7) Disassemble printed wiring board.
(8) Remove chassis handle.

(9) Remove chassis hook.
5.2.4 Cleaning

This subheading supplies cleaning instructions for the FCC. These cleaning instructions
are for general, pre- or post-rework cleaning.

Use best-established shop procedures to clean the FCC. These shop procedures are
sufficient to remove all contaminants.

1. External Cleaning

(1) Use compressed air or a clean, soft, natural-bristle brush (to prevent ESD damage)
to remove light dirt and dust on the external surfaces of the FCC.

(2) Use lint-free cleaning swabs or cleaning tissues dampened with solvent to clean large
amounts of oil or grease.

(3) Remove dirt and dust from around the connector pins with low-pressure ionized air.

2. Internal Cleaning

(1) Remove dirt and dust from around the connector pins with low-pressure ionized air.

(2) Use lint-free cleaning swabs or cleaning tissues dampened with solvent to clean
difficult areas.

(3) Remove dirt and dust from around the connector pins with low-pressure ionized air.
5.2.5 Check

Checks of the FCC tell the condition of its physical, mechanical, and electrical
properties. These properties are compared to established standards.

Visual checks make sure the parts of the FCC are serviceable and show no signs of wear,
damage, or possible failure.

1. Exterior Checks

(1) Check the metal parts for corrosion, rust, or other structural damage.

(2) Check for bent or damaged connector pins.

(3) Check all painted surfaces for scratches or other damage.

(4) Make sure the FCC is clean and has no dirt, chips, solder splashes, or other
unwanted materials such as excess grease or oil. The component leads must be free from
grease, dirt, paint, mold flash, and other contaminants.

(5) Make sure all parts are installed or attached correctly. Check for damaged, loose,
or missing parts.

2. Interior Checks

(1) Check that solder is properly applied and connections are secure. Solder joints must
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be tight and free of scratches, roughness, sharp edges, dullness, bridging, or blistering.
Solder joints must show evidence of wetting (molten solder adhering and flowing on a
metallic surface to a smooth, even coating) and bonding where the solder blends to the
soldered surface forming a small contact angle.

(2) Make sure the FCC is clean and has no dirt, chips, solder splashes, or other
unwanted materials such as excess grease or oil. The component leads must be free from
grease, dirt, paint, mold flash, and other contaminants.

(3) Make sure all parts are installed or attached correctly. Check for damaged, loose,
or missing parts.

(4) Check threads on applicable parts for burrs or cross-threads (connectors, frames,
and heat sink brackets, etc. ).

(5) Check the electrical components for cracks, corrosion, discoloration, or burned,
overheated areas.

(6) Check for broken or disconnected wires. Wires found in this condition must be
replaced.

(7) Check leadwires for breaks or brittleness.
5.2.6 Repair

Repair of the FCC shows you how to repair defective wires, replace defective
subassemblies and/or piece-parts, and do paint touchup as discovered during ATR. Parts
replacement procedures are given in Assembly.

(1) Replacement of damaged equipment.

(2) Removal and rewrapping of wire-wrap connections.
5.2.7 Assembly

(1) Assembly of the printed wiring board.

(2) Installation of the printed wiring board.

(3) Installation of front connectors (J2, J3, and J4).

(4) Assembly and installation of bracket assembly A13.

(5) Installation of connector J1.

(6) Installation of assemblies A1, A2, A3, A5 thru A8, and power supply All.
(7) Installation of the covers.

(8) Installation of the handle.

New Words/ Phrases/ Expression

1. dual channel X{# i

2. FCC k=8 YL (Flight Control Computer BJ455)
3. package ['packid3] vz. AL ;48 -ee oL

4. modular ['modjola] adj. #EHALAY
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.MCU g i 8. 50 (Modular Control Unit fI%45%5 )

. chassis [Jeesi] n. &£, R HL22

. Aeronautical Radio Inc. fii=s o4k f {5 A Fl

. plug-in ['plagoin] n. {4

.CCA 4l 4 (Circuit Card Assemblies f%55 )

10. avionics rack Hi i 4528

11. Card slots <41

12. analog ['aenslog3] adj. LY

13. digital ['didsitl] adj. $FH

14. FMA AT R EFE R~ 4% (Flight Mode Annunciator IJ455)
15. FMCS "ki7E A YL & 4 (Flight Management Computer System [ %55 )
16. DFCS #5 K#E & 4t (Digital Flight Control System U455 )
17. MCP  # L ##1H it (Mode Control Panel f%55 )

© o0 N O Ol

Notes

[1) National Aircraft Standards (NAS) 622 hold-down hooks provide front support to
the FCC and the ARINC 600 style unit connector (J1) provides rear support.

SHARINC AREAE N T RXME & F R &0 W2 0% fo K e, B FBAZAR A3 5
MEHRES .

Exercises

I . Translate the following sentences into Chinese:

1. The major components of the system are two FCC and a Mode Control Panel (MCP).
The MCP provides inputs to both FCC’s for engagement, mode selection, and pilot assisted
controls of certain modes.

2. The FCC is a line replaceable, dual channel, microprocessor-based digital computer
(see Figure 5.1 -1). The FCC is packaged in a size 6, modular control unit (MCU) chassis
that conforms with the dimensional., mounting, and cooling requirements of Aeronautical
Radio, Inc. (ARINC) specification 600 - 7.

3. The FCC is mounted directly on theairplane avionics rack and does not require the use
of vibration or shock attenuating mounts.

4. The three inputs to the power supply are airplane +28 V DC, airplane 115 V AC,
and airplane battery power. Normally, internal FCC + 5V DC and + 15/— 15V DC are
generated from the +28 V DC through power converters.

5. Checks of the FCC tell the condition of its physical, mechanical, and electrical
properties. These properties are compared to established standards. Visual checks make sure
the parts of the FCC are serviceable and show no signs of wear,damage, or possible failure.

Il . Fill in the following blanks according to the text:

1. The major components of the system DFCS are and
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2. The chassis holds plug-in circuit , supply, and ,
which are all shop replaceable.

3. The front panel of the FCC contains , , , and

4. In-line monitoring in the main processor (CPU1) includes and ,

monitoring, monitoring, monitoring, monitoring,

monitoring , monitoring, monitoring, monitoring ,
monitoring, and monitoring.

5. The major components of the system are and

IM . Answer the following questions:
1. What is the primary function of the DFCS?
2. What is the primary function of the FCC?

5.3 Solid-State Flight Data Recorder

The primary purpose of the flight data recorder system (FDRS) is to monitor the
airplane’s functional parameters and to process and store the data in a crash protected
module. The FDRS provides airlines and government agencies with a record of flight
parameters. These parameters provide data to flight conditions and airplane systems
operation, used for analyzing system performance during airplane maintenance or for tracing
the cause of an airplane crash.

The flight data recorder system consists of a flight data recorder, a digital flight data
acquisition unit (DFDAU), a three axis accelerometer, an aircraft 1. D. , shorting plug, and
a flight recorder module.

Analog ., discrete, and digital signals from various transducers and systems are applied to
the DFDAU. The DFDAU processes digital, discrete, and analog signals and provides
outputs to the flight recorder. The flight recorder has the capacity to store the last 25 hours
of flight data.

The FDRS operates an engine start, while the engine is running, during a test or when
the airplane is in the air.

There are three means of storing flight parameters: wire, magnetic tapes, and solid
state memory. Wire used to be used on early airplanes, while solid-tapes, and solid-state

memory is used on more recent airplanes.
5.3.1 Description

The SSFDR is a crash survivable flight data recorder. The unit eliminates moving parts
and uses solid-state flash memory as the crash survivable memory unit (CSMU) recording
medium. The unit stores up to 25 hours of aircraft parameters in the crash survivable
memory module, which is painted orange with some letters. Once 25 hours of data has been

stored, the system begins to overwrite the oldest memory locations, so that a continual 25
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hour data stream is kept. It is possible to get a storage duration of greater than 25 hours if
the correct combination of SSFDR capacity and data rate are employed.

The SSFDR has a variety of configurations to accommodate various customer demands.
The options include input power source, form factor size underwater locator ( ULB)
installation, memory module size, and on-board maintenance system (OMS) interface. The
CSMU capacity allows for the last 25 hours of flight data to be stored at an input data rate of
64 wps™ or optionally at 128 wps or at 256 wps.

Refer to Figure 5.3 — 1 for the leading particulars.

Characieristic Specification
Sizc 1/2 ATR long or shorl form factor
Length:

- Short with beacon 358 lmm{14. 10 inchesiMAX

* Long wilh beacon S35 9mm {21 .10 mches)MAX

Width 124, 7mm (4.91 inchesiMA X

Height 158. 7mm (5.25 inches)MAX

Wighrt,

+ SN 4000 and below £.2kg (15,00 pounds) MAX

. SN 5000 and on 6.8kg (15.00 pounds) MAX

Finish Intermational orange

Mounting Standard ARINC 404 hard mount tray
Cooling Ambicnt air

Power requirements 115V AC. 440Hz 5ingle-phase power
Drissipation 15 W MAX

Mating aircraft connestor DPX2-37065-12 ITT Cannon mates with

DPXIMASTSO533-001

Figure 5.3 -1 Leading particulars

Refer to Figure 5.3 — 2 for the SSFDR.

Refer to Figure 5.3 =3 for the SSFDR block diagram.

The function of the SSFDR is to receive aircraft parameter data from a digital flight data
acquisition unit (DFDAU) and store the data for future retrieval purposes (see Figure 5.3—4).
Mandatory and non-mandatory aircraft parameters input to the DFDAU are serially
transmitted to the SSFDR. The SSFDR processes the data and appropriately stores the
information in the CSMU. When needed, access to the stored information can be
accomplished with ground based equipment (GBE) utilizing the SSFDR’s RS422 inter{ace.
Optionally, on units with an OMS interface, access to the stored data may be accomplished

with a portable data loader(PDL) or airborne data loader(ADL). An internal BITE system is

x  wps: word per second.
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also provided with the SSFDR.
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Figure 5.3 -4 SSFDR/DFDAU interface diagram

The major components of the SSFDR are as follow:

« CCA;

» Controller Al;

» Power supply regulator A2;

« Power supply filter A3;

* Memory.

These CCAs are interfaced with each other or external devices through the J1 to J8
connectors. The interconnection schematic for the SSFDR illustrates connections between
the CCAs and also the external box connections.

The PN 722 - 4005 device is the controller CCA. This CCA does the main control
functions and has an 80C198 microcontroller. This CCA controls the reception and
transmission of all aircraft parameter data. Data inputs flow through the controller CCA and
then on to the CSMU.

The PN 722 —4006 and PN 722 —4021 functional blocks make up the power supply. This
device takes the 115 -V AC input from the rear connector through the controller CCA, then
filters and regulates the power to the needed voltages for other SSFDR circuitry. The power
supply also has some supervisory circuitry to monitor the integrity of the input and output
power parameters.

The memory module is comprised of solid state memory devices that use FLASH
memory technology. A memory module that can store 25 hours of data at 64 wps is identified
as a “1X” (one times) unit, at 128 wps as “2X” unit, and at 256 wps as “4X” unit. An

alternate connector (header) is supplied on the memory card to access the stored data in the
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event that the primary connector is destroyed in a crash. Additional characteristics of the
memory module are identified in the paragraphs below.

The SSFDR memory can store the latest 25 hours of FDAU data received at a rate of
either a 64 wps, 128 wps, or 256 wps. Once 25 hours of data has been stored, the system
begins to overwrite the oldest memory locations, so that a continual 25 hour data stream is
kept. It is possible to get a storage duration of greater than 25 hours if the correct
combination of SSFDR capacity and data rate are employed.

The J1 GBE connector is an SSFDR external connector. This connector projects through
the front panel of the SSFDR. This connector is used to download data from the SSFDR to
ground based equipment.

The connector can also be used to mate a DSDU to calibrate transducers on the aircraft.
The J1 GBE input is checked during SSFDR testing to verify the connector integrity. In a
test procedure, both connectors J8 and J1 are interfaced to the test equipment. During
flight, the J1 front connector is not connected.

The J2 connector is normally not utilized. Its function was designed to permit
programming of the U3 firmware PROM on the controller CCA. Currently, the firmware
PROM is programmed before assembly on the controller CCA. If the PROM ever needed an
update, the modification could be done through the J2 connector. This would not occur on
aircraft but at production level. Opening the bottom of the box accesses this connector.

Another function of the J2 connector is to permit monitoring of SSFDR activity. The
address bus, data bus, read/write control signals, and other signals are present to permit
monitoring of SSFDR operations with any piece of test equipment such as a logic analyzer.
Currently, there is no testing done through the J2 connector. The connector test functions
were designed for future use.

The J3 connector is the memory CCA interface. Data storage and retrieval occur through
this connector.

The J4 connector supplies a power supply interface. All SSFDR power is regulated
through this connector.

Connector J5 interfaces with the J8 connector and has identical signal descriptions.

Connector J6 interfaces with the J4 connector and has identical signal descriptions.

The J8 connector is the rear aircraft interface ARINC connector. This is the only
SSFDR connector mated when installed in the aircraft. This connector is comprised of 57
pins and is located on the rear of the SSFDR. Only the lower shell of the connector is used in
this design.

System modes and states are as follow:

1. Power Off

The power off state is achieved when the input power has been removed from the
SSFDR for more than 200 ms. No functions are available. This state can only be exited when

the input power is applied.
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2. Initialization Mode

(1) The initialization mode is achieved immediately upon application of primary power,
or when actuated by command. The SSFDR initializes and does a BIT (built-in test) within
500 ms of the application of power. When initializing, the system detects unit configuration
(memory size, rate of transfer, and address of next available memory location to be
recorded).

(2) If the self-test fails, the external BITE light (located on SSFDR front panel) is
illuminated, but the SSFDR still attempts to record data. If it is not possible to record data
due to a critical failure (example: CSMU register failure), the recorder exits this mode of
operation with a flag set that instructs the continuous monitor to inhibit recording.

3. Continuous Monitor Mode

The SSFDR does continuous background tests ( non-destructive) on the system
hardware to make sure that the recorder is can do the intended function. While in this mode
the SSFDR continues to monitor the input ARINC 717 data stream. If the data is no longer
present or the data rate has changed, an entry is made into the BIT table.

4. Data Communication States

The active communication state defaults to the record mode after the initialization and
self-test mode (in 500 ms of application of power). The record mode is used to interface with
the devices that follow:

« Download mode with HHDLU (RS-422);

« FDAU (through ARINC 717);

+ RPGSE.

5. Monitor Mode (RS-422)

Monitor mode is supplied primarily for aircraft installation diagnostics and
troubleshooting. In this mode, normal flight recording occurs in parallel with the RS-422
communications. The recorder only enters this mode when commanded by the GBE.

While in the monitor mode, the GBE either commands the SSFDR to output a data
frame (once each second) that has the status of the recorder or to output the ARINC 717
data.

6. Test Mode (RS-422)

Test mode is primarily supplied for initial acceptance tests and subsequent return to
service tests of the SSFDR. The recorder only enters this mode when commanded by the
ATU or RPGSE.

7.Download Mode (RS-422)

The SSFDR enters this mode when the HHDLU or RPGSE initiates the commands to
begin a download of the recorders memory contents. Both the commands to control the
download and the actual transfer occur over the RS-422 interface.

8. Power Down Mode

The SSFDR power supply maintains internal voltages to continue normal operation in a
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power failure of less than 200 ms. For interruptions greater than 10 to 20 ms (approximate
time for a power down interrupt from the power supply), the recorder enters the power

down mode.
5.3.2 Operation

The system operations are managed by a local microprocessor (80C198). The
microprocessor supplies the logical processing and data flow needed to do all system
functions. For the data recording and download process, there is an undetected transmission
error rate of less than one error in every 10° bits.

An ARINC 573/717 hardware interface is supplied to accept serial Harvard Bi-phase
data at a rate of 64, 128, or 256, 12 bit words each second from the flight data acquisition
unit. Pins 17 and 18 on the rear connector are used to select the data transfer rate. A
continuous data stream is received, with each word immediately transmitted after its
predecessor.

Flight data is received from the ARINC 717 transceiver one byte at a time, converted to
a TTL level signal and stored in buffer. Eight times each second the buffered data is written
to the CSMU. The SSFDR records the data as it is received, and does not attempt to
synchronize to the input data stream. The time delay between data availability at the input
port and storage of the data must not exceed 0.5 second.

If the ARINC 717 data stream is interrupted, recording is halted. The partial buffer, if
any, is recorded at the normal 125 ms interval. The ARINC 717 data lines are then monitore
for the return of data. If data does not resume in 5 seconds, a full frame (384 or 768 bytes,
depending on installation configuration) of zeros is recorded to the CSMU as a marker. The
status discrete is asserted. If the data stream returns, normal recording resumes. The status
discrete is reset in 1 second of the return of data.

Memory chip failure in normal recording is tolerated (failed locations or blocks are
identified and mapped out) until the total memory -capacity falls below 25 hours of flight
data. Both the maintenance and status flags are asserted when the 25 hour threshold is
crossed. The SSFDR continues to record data until power is turned off.

The input data is recorded as it is received and is not aligned or processed in any way.

No data compression is needed to store the entire 25 hours of data in the CSMU. The
input sync words are recorded, but are not detected or given any significance. The ground
readout station must assemble the data into frames/subframes before display and analyzing

the data.
5.3.3 Testing and Fault Isolation

Use the test procedures in this section to test and isolate faults. The function of the test
procedures is to find if there is a failure in the operation of the SSFDR. Do not drop or hit

the solid state flight data recorder during these procedures. The solid state flight data
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recorder contains an assembly that can be damaged from incorrect use. Do these procedures
in a clean environment to prevent damage to mechanical components.

(1) Isolation/continuity checking;

(2) UUT preparation;

(3) PC initialization;

(4) Automated acceptance test procedure;

(5) Automated acceptance tests;

(6) Test results;

(7) Power-down and disconnect;

(8) Underwater locating device test.

Every ULD is operated in water under essentially free field conditions and a data sheet is
issued by the vendor to show the serial number and pertinent data for each unit.

Due to lack of proper test facility and equipment for underwater testing, the following
test is to be performed during incoming inspection, installation to the recorder, before
shipment of ULD by itself and after changing the battery.

Results of the tests with the ULD operating in air will usually be in only approximate
agreement with the values shown on the individual Dukane datasheet since the latter values
were obtained with the ULD operating in water under conditions approaching free field
operation. In air, the pulse duration will be longer and the pulse repetition rate slower than
in water. If normal operation does not occur after installation of a new battery, ULD should
be returned to vendor for examination.

To fault isolate a SSFDR, do the test procedure. If the test procedure can be completed
from start to finish without failure, the SSFDR can be returned to service. During the test
procedure, error messages (generated from test equipment software) or BITE faults
(generated from internal SSFDR software) can appear on the CRT screen. Possible suspect
components have been supplied for each of the BITE faults and test procedure error

messages. Check and or replace the suspect components as necessary.
5.3.4 Disassembly

Use these procedures to remove parts from the SSFDR to do the cleaning, checks, and
repair. only those procedures of disassembly that are necessary to remove the defective
parts.

The item numbers shown in the DPL are the same as the item numbers on the exploded
view illustration(s). To find a part number, find the part on the illustration and note the
item number.

Find the item number in the parts list and read the correct part number.

Before disassembly, use Testing and Fault Isolation to examine the condition of the unit
or to find the malfunction. Do this to prevent disassembly that is not necessary. If

applicable, as an aid for assembly, tag the items that are disconnected to show where the
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connections were made. Include data for special conditions of a connection such as the
polarity and the position of the items. If applicable, identify the tie points for the wire
assembly to prevent damage to the wire insulation during assembly.

(1) Disassembly of the SSFDR chassis assembly;

(2) Disassembly of the power supply assembly;

(3) Disassembly of the power supply cable assembly W1;

(4) Disassembly of the controller CCA Al;

(5) Disassembly of the power supply cable assembly W2;

(6) Disassembly of the regulator power supply CCA A2;

(7) Disassembly of the capacitor power supply CCA A3;

(8) Disassembly of the AC/DC power supply CCAj;

(9) Job close-up.

5.3.5 Cleaning

Use these procedures to remove dust, dirt, and unwanted oil and grease. Be careful not
to cause damage to the parts when you do these procedures. Do the procedures in a clean
location.

When you use pressurized air to clean assemblies and parts, do not use more air pressure
than is necessary. After you clean the assemblies and parts, supply protection from
moisture, dust, and other contamination until you do a visual check and assemble the
component. Use the standard repair procedures and approved local shop procedures.

1. External Parts

(1) Remove dirt and dust with pressurized air or a soft-bristle brush.

(2) Remove oil and grease that has collected on the SSFDR. Use a clean cloth or cotton
swab that is moist with isopropanol.

(3) Remove unwanted material on painted surfaces that show index marks, numerals,
or letters. Use a clean cloth that is moist with a weak detergent.

(4) To clean an area in a recess, use a stiff-bristle brush that is moist with a weak
detergent.

2.Electrical Parts

(1) Remove dirt and dust around the connector pins with ionized, pressurized air.

(2) Remove dirt and dust on the electrical parts with a soft-bristle brush or cotton swab
that is moist with isopropanol.

3. Metal Mechanical Parts

(1) Remove corrosion from the metal parts with a 4/0 crocus cloth.

(2) Use isopropanol to clean the metal parts.

(3) Dry the part with pressurized air.
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4. Miscellaneous Metal Parts

(1) Wash metal parts, such as mounting plates, mounting clamps, brackets, heat
sinks, and attaching hardware in a suitable cleaning machine or in isopropanol to remove all
accumulated dirt and dust.

(2) Dry the part with pressurized air.

5. Nonmetallic Parts (Excluding Static Sensitive Components)

(1) Clean all surfaces with a soft-bristle brush and pressurized air.

(2) Wipe clean with a lint-free cloth that is moist with a suitable solvent.

(3) Dry the part with pressurized air.

6. PWBs

(1) Make sure the PWB circuits are grounded.

(2) Remove dirt and dust with pressurized air.

Note: If wiring and cables are disturbed, restore them in their correct positions after
cleaning.

(3) Use isopropanol to clean all of the solder joints.

7. Connectors

(1) Remove dirt and dust from the bodies, shells, and cable clamps with a cloth that is
moist with isopropanol.

(2) Dry the part with a clean, dry, lint-free cloth.

(3) Clean inserts with a small, soft-bristle brush and pressurized air.

(4) Remove dirt and any traces of lubricant from inserts, insulation, and contacts with a
small, soft-bristle brush that is moist with isopropanol.

(5) Dry the part with pressurized air.

8. Job Close-Up

Remove all tools, equipment, used parts, and materials from the work area.
5.3.6 Check

Use these procedures to find damage or worn parts and parts that show signs of near failure.

Repair or replace all damaged or worn parts. This prevents possible failures of the equipment.

1. General Inspection/Check Procedure of the SSFDR

(1) Visually check all parts for breaks, cracks, corrosion, foreign matter, nicks,
scratches, and obvious wear. Use adequate light and moderate magnification.

(2) Check springs for distortion, fatigue, permanent set, position, and correct tension.

(3) Check decals, identification plates, and labels for legibility.

(4) Check cables and wires for broken strands, poor connections, and short circuits.

(5) Check flexible cables for exposed or cracked conductors.

(6) Check insulation/sleeving for broken, burned, and worn areas.

(7) Check connectors for bent, corroded, or loose pins, and loose conductive material
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between pins.

(8) Check printed wiring boards for deterioration, overheating, physical damage, short
circuits, and small cracks (opens) in circuit traces.

2. Detailed Inspection/Check Procedure of the SSFDR

(1) Remove 12 or 14 screws and bottom cover.

(2) Set the DMM to read ohms.

(3) Connect the DMM between A1J2 —47 (controller CCA test and program connector)
and J8 = 18(SSFDR rear connector).

(4) The resistance is 20 kQ << R << 25 kQ.

3. Dimensional Inspection/Check Procedure of the SSFDR

4. Job Close-Up

Remove all tools, equipment, used parts, and materials from the work area.
5.3.7 Repair

Use these procedures for the SSFDR to replace defective parts and replace or repair
defective subassemblies. Do only those procedures of DISASSEMBLY (PGBLK 31-30-40-
3000) that are necessary to make repairs, When new parts are necessary, refer to the

Illustrated Parts List for the correct part numbers and quantities.

New Words,/ Phrases/ Expression

. monitor [ 'monito | vt. WA

.FDRS %A 7%¥EiC 3% &4 (Flight Data Recorder System 455 )
.module ['modju:l] n. [ ] BEH s 2 4 5 #5K

. accelerometer [ok;seloromito ] n. fif# & it

.CSMU  1ilf 48 »] 77 7% 12 4i#% B2 JC (Crash Survivable Memory Unit U455 )
.ULB K TFEANi#s (Underwater Locator Beacon %55 )

.OMS  HLEKZEH & 58 (On Board Maintenance System B 455 )

.GBE #i1f % % (Ground Based Equipment 455 )

.PDL {3 LB 4R in 2k #% (Portable Data Loader U455 )

.ADL  HLEEIE N 245 (Airborne Data Loader B455)

.DFDAU %% 47 ¥ud Y 4 .5 (Digital Flight Data Acquisition Unit 455 )
. acquisition [jaekwizifon] n. K3, R4

. solid-state memory [# 251 7%

. magnetic tape W7

© o0 N O Ul B~ W N -

e e
=~ w N = O

Exercises

I . Translate the following sentences into Chinese:

1. The primary purpose of the flight data recorder system (FDRS) is to monitor the
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airplane’s functional parameters and to process and store the data in a crash protected
module. The FDRS provides airlines and government agencies with a record of flight
parameters. These parameters provide data to flight conditions and airplane systems
operation, used for analyzing system performance during airplane maintenance or for tacing
the cause of an airplane crash.

2. The flight data recorder system consists of a flight data recorder, a digital flight data
acquisition unit(DFDAU) ,a three axis accelerometer, an aircraft I. D, shorting plug, and a
flight recorder module.

I . Fill in the following blanks according to the text:

1. The DFDAU processes , , and and provides outputs to the
. The flight recorder has the capacity to store hours of flight data.
2. There are three means of storing flight parameters: ; ,
and
3. The SSFDR has a variety of configurations to accommodate various customer
demands. The options , form factor size installation, , and
interface. The CSMU capacity allows for the of flight data to be stored at
an input data rate of or optionally at or at

5.4 HF Antenna Coupler

The high frequency communication system is used for long range air-to-ground and air-
to-air voice communications in the high frequency band. The system is used primarily for air
traffic control, but is going to be used as the high frequency ‘data link for ACARS. In
sparsely populated areas, and particularly, in transoceanic flights, the HF SSB radio will be
the only available communications today.

The system uses direct (ground) waves for short distance, but relies on refraction in an
ionized layer and the earth’s surface to achieve long range “sky wave” transmission by single
or multiple “bounces”.

Therefore, successful operation may depend upon correct frequency selection for the
time of day.

The high frequency communications system can be operated in amplitude modulation
(AM) mode or single side band (SSB) mode, but in civil aviation, usually the upper side
band (USB) is used.

An HF communications system consists of a control panel, a transceiver, an antenna
coupler and an antenna.

1. Control Panel

The control panel provides remote control of the HF communications system. Power on/off,

frequency and mode selection, and RF sensitivity are controlled from the control panel.
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2. Transceiver

The HF transceiver is used to communicate in the high-frequency band on either SSB or
AM mode of operation.

3. Antenna Coupler

Antenna couplers provide impedance matching between their respective transceivers and
the antenna over the entire HF spectrum. The dual coupler configuration allows two
transceivers to share a single antenna.

4. Antenna

The purpose of the antenna is to radiate RF signals from the transmitter and to intercept
RF signals for the receiver.

The antenna is a shunt (slot) type, approximately 8 feet long. Its frequency range is
approximately 2. 8 to 24 MHz, and the radiation pattern is essentially omni-directional. The
antenna is physically an integral part of the vertical stabilizer leading edge.

The antenna leading-edge section is joined to the vertical stabilizer by screws along the
perimeter of the section. The couplers are mounted inside the vertical stabilizer aft of and
adjacent to the auxiliary spar, with the rack antenna connectors protruding through the spar
into the antenna section. Access to the couplers is through an aluminum honeycomb panel in
the left side of the fin. normally held in place by 75 screws. The screws require standard
torquing.

Connection between the couplers and the antenna is by a rigid, high-current tubing lead-
in which is bolted to the coupler rack RF connectors. The branched lead-in is bolted to the
flange antenna connection, which is accessible through a small screw held aluminum cover
require standard torquing.

The RF coax cable and the power and control wiring are routed out of the coupler
compartment, down to the base of the fin, forward through the pressure dome, and forward

to the equipment center and the transceivers.
5.4.1 Description and Operation

The HF antenna coupler automatically matches the 50-ohm coaxial output impedance of
the HF transceiver to an aircraft notch or shunt antenna from 2 to 30 MHz.

The coupler contains the necessary switching and interlocking circuitry for use in either
a single or dual system installation. The mounts provide interface with the aircraflt antenna.
The CPL interfaces with ARINC 719 and ARINC 753 installations with no wiring changes
required. The CPL provides significant system advantages such as fast tuning. In addition,
quick tune allows the coupler to tune in fractions of a second to a previously tuned-to
frequency, instead of several seconds. In the data mode, this helps to avoid interference to
other aircraft and enhancing overall data link system performance.

Refer to Figure 5. 4 — 1 for an overall view of the HF antenna coupler. The coupler mount

— 222 —



Chapter 5 Aircraft Avionics Component Maintenance

provides interface between dual HF antenna couplers and the antenna (see Figure 5.4 — 2).
Figure 5. 4 - 3 lists the CPL specifications.
The CPL consists of circuit cards and assemblies housed in a chassis Al assembly.
Control interconnect to the HF transceiver is through a MIL-C-26482 circular connector(J1)

size 16, 26 pins mounted on the front panel. The contacts are soldered into input/output

filter A1TAL.

Figure 5.4 -1 HF antenna coupler

ko

-

S0 L

Figure 5.4 -2 Dual antenna coupler mount

Input/output filter A1A1 provides interconnect for the distribution of power, digital
bus, and discrete information to the input transformer and control circuit card A4. The
input/output filter A1A1 contains HIRF/lightning protection for the unit. A removable
right-side panel provides access to the A1,A6, A3, and A5 that are mounted in the chassis
Al cavity. Mounted on the right-side panel is the A4 card interconnected by two ribbon
cables and two wire cables. Removal of the left-side panel provides access to the A2 assembly
mounted within chassis Al (see Figure 5.4 —4).

The front panel also contains RF interconnect to the HF transceiver by J2 type-N
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connector. A pneumatic tank valve provides inert gas fill/empty capability and pressure relief
is provided by a relief valve. Cooling is by normal convection airflow aided by cooling fins on

the top surface of the coupler.

CHARACTERISTIC SPECIFICATION
RF Duty Cycle (Maximum) Continuous transmit at nominal AF input power (125 watts average)
RF Power Input (Maximum}) Opearate: 125 walts average +1.0 dB (157 watts) and 400 watts PEP

+1.0 dB (504 watts)
Tune: 50 to 85 watls average

Tuning Time Initial: 2 to 4 s typical, 7 5 maximum

Quick tune (ARINC 718): 1000 ms typical

Quick tune (ARING 753): 200 ms maximum

Nonvolatile memory stores 100 previously tuned frequencies

ARING 712 Interfaca Upon baing commanded 1o tune, the coupler measuras and datarminas
the transmitter RF frequency of operation. If the frequency matches a

frequency that has previcusly been learned and stored in memaory as a
quick tune and quick tunes are enabled, the antenna coupler positions
its tuning elements from the stored information for optimurm impedance
matlch to the antenna. The VSWR of the tune is then checked using a

burst of RF from the transceiver. If the tune VSWR is within limits, the

system will go into the operate mode. If the tune VSWR s greater than
the limits, a complete tune cycle is initiated and the subsequent tuning
slemant values are stored as quick tune information for that frequency.

ARINC 752 Interface Once a specific frequancy has been learnad and stored In memory as
a quick tune, the coupler will, upon being commanded to tuna, position
itz tuning elements from the stored information for optimum impedance
match to the antenna if quick tunes are enabled. Operating frequency
information is supplied by the R/T via the serial bus connection. The
VSWR of the fune is then checked using a burst of RF from the
transcelver. If the tune VSWR is within the limits, the system will go
into the operate mode. If the tune VSWR is greater than the limits, a
complete tune cycle is initiated and the subsequent tuning element
values are stored as quick fune information for that frequency.

Tuning Accuracy 1.3:1 VEWR maximum
Antenna Impedance (Tuning The coupler will tune the 172H-18 General Shunt Antenna Simulator
Range) (CPN 622-0180-001) across the 2-to 30-MHz frequency range.
The coupler will tuna a 50-ohm load across the 2-to 30-MHz frequency
range.
Transition Times

Receive-To-Transmit 75 ms maximum when cparaling with the ARINC 719 or ARINC 753
gystem interface. This time includes a PTT key closure dabounce
tima of 10 ms.

Transmit-To-Receive 30 ms maximum when operating with the ARINC 713 or ARINC 753
system interface. This time includes a PTT key release debounce
time of 10 mas.

Systemn Operation The antenna coupler operates in both single and dual applications

where one or two HF systems are connected to one aircraft antenna.
All required dual system antenna arbitration switching will be contained
in the antenna coupler.

(a)

Figure 5.4 -3 Equipment specifications
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Dual System Operation

The antenna coupler contains interlocking circuitry designed to insure
satistactory automatic tune-up and transmission when two HF systems
are connected to the same antenna. This interlock circuitry prevents
one system from being tuned or operated while the other system is
either tuning or keyed. A fault is generated in case of a malfunction of
the interlock circuits. When ona unit is physically removed from the
system or its power removed, the interlock circuitry will not prevent
narmal oparation of the remaining system. This is the default-operating
mode of the coupler. This mode is selected upon initialization if there
is not an electrical ground on pin J1-b, (RCV THRU TUNER). When

a rechannel pulse is received or the operating frequency is changed
(depending on the system interface used), the coupler detunes the RF
tuning network and disables RF from the transceiver.

Receive When commanded to enter receive, the coupler switches the RF signal
to bypass the RF tuning network, When in receive, the other system
uses the antenna for receive. The coupler will disconnect from the
antenna within 55 ms when the other system requests the antenna.

Transmit When commanded to enter transmit (keyed), the coupler arbitrates for

the antenna and then either initiates a tune if the RF tuning network
is currently not tunaed, or switches the RF tuning network into the RF
signal path if the network is currently tuned. The coupler will wait a
minimum of 55 ms after requesting the antenna and before RF is
enabled.

Systam |nterface Connections

Tha antenna coupler is compatible with the 628T-2/2A, HFS-700, and
HFS5-800 transceivers using ARINC 719 parallel control lines and with
the 628T-2D, HFS-700D, and HFS-900D transceivers using the system
serial bus interface. The applicable interface Is automatically detected
using an interface determination circuit.

Single System Operation

This mode is not compatible with dual system operation. When this
made is active, the other system is prevented from using the antenna.
This mode is selected upon initialization if there is an electrical ground
on pin J1-b (RCY THRU TUNER). The dual system interlock circuits
are monitored in this operating mode and a fault is generated in case
of a malfunction of the interlock circuits. When a rechannel pulse

is received or the frequency is changed (depending on the system
interface used), the coupler detunes the RF tuning network and
disables RF from the transceiver.

Receive

When commanded to enter receive, the coupler switches the RF signal
to bypass the RF tuning network if the network is currently not tuned,
or leaves the RF tuning network in the RF signal path if the network

is currently tuned in single system only. The dual system never uses

a tuned RF network for receive.

Transmit

When commanded to enter transmit (keyed), the coupler gither initiales
a tune operation if the AF tuning network is curently not tuned, or
leaves the network in the RF signal path if the network is currently
tuned.

1=}

Continued Figure 5.4 -3 Equipment specifications
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Figure 5.4 -4 Location of major assemblies

Chassis Al contains input/output filter A1A1 Radio Frequency Interference (RFI) filter
on the front panel main input connector J1. The function of this module is to protect the
internal electronics of the coupler from external noise and prevent internally generated noise
from being conducted externally on the antenna coupler interface cable. Harmonic filter
AT1A6 provides filtering on the incoming power (115 V AC) and a step down transformer to
reduce 115 to 28 V AC for use in power supply A5. Chassis Al provides a sealed container to
minimize high-voltage arcing. The front panel contains control interface connector J1 to the
HF transceiver, RF input/output connector J2 to the HF transceiver, and the rear RF
contact that interfaces with the antenna through the coupler mount.

The RF network A2 module contains the tuning elements (coils and capacitors) which

— 226 —



Chapter 5 Aircraft Avionics Component Maintenance

are switched into the antenna circuit during transmit operation by RF vacuum relays in order
to translate the antenna impedance to 50Q. A 50Q impedance match enables the power
amplifier in the HF transceiver to accomplish maximum power transfer to the antenna.
During receive, the antenna signal bypasses the tuning elements and feeds the signal directly
to the HF transceiver by a switched relay. The RF network A2 contains a cable connection to
control circuit card A4, a RF cable connection to MIMS/Sensor A3, and a rear RF contact
that interfaces with the antenna through the coupler mount.

The MIMS/sensor circuit card A3 contains an impedance measuring system that
provides resistance, phase and voltage standing-wave ratio ( VSWR) information to the
control circuit card A4 microprocessor. An analog-to-digital ( A/D) converter provides
information in a digital format to the microprocessor in order to make intelligent decisions
and provide quick tuning solutions. The MIMS/sensor circuit card A3 contains ribbon
connector interface to control circuit card A4 and RF connector interface to RF network A2
and front connector J2.

The control circuit card A4 contains a 386EX microcontroller that controls the CPL.
The control circuit card A4 also contains RAM memory for temporary variable storage and
interrupt vectors, EEPROM for nonvolatile memory, quick tune information, and coupler
internal fault history. Flash memory is used for program memory storage and board level
programming. It also provides serial communications for the coupler interface and frequency
counter chips that facilitate the tuning algorithm. Parallel ports with associated buffer/
drivers control the relays in the RF tuner. Control circuit card A4 connectors interface with
MIMS/sensor circuit card A3, power supply A5, RF network A2, and input/output
filter ATATL.

The power supply A5 operates on 115 V AC, 400 Hz from the HF transceiver. The
115 V AC is first filtered by harmonic filter A1A6. The chassis mounted A1A6 transformer
converts 115 to 28 V AC. A5 then rectifies and filters the DC voltages. Voltage regulation is
provided by the high efficiency switching power supply that provides +5 V DC, +15 V DC,
—5 V DC, and —15 V DC to the other internal modules. Power supply A5 contains ribbon
connector interface to control circuit card A4 and cable connection to harmonic filter A1AS6.

The HF antenna coupler provides the proper impedance match between an aircraft shunt
or notch antenna and the 50Q impedance of the transmission line. The coupler operates for
both transmit and receive with a VSWR of not more than 1. 3:1 throughout the specified
frequency range. The coupler may be used in either a single or dual system.

The coupler dual system is capable of operation using a common antenna with two
transceivers (see Figure 5.4 —5). When both couplers are in a receive/untuned condition,
neither one is tuned. In the system block diagram, system 2 series elements are shorted and
the shunt elements are open so it is a direct connector from input to output. However, once
a rechannel pulse is imposed both couplers become untuned.

In the case where system 1 wants to transmit, then system 1 clicks in the pretuned value
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for that frequency or it may be tuning, then system 2 series output relay opens and
disconnects from the antenna. To achieve this, coupler 1 sends a disable signal to system 2.
If either system is shut off, the normal state is for the series elements to be shorted, shunt
elements open, and disconnected from the antenna. If primary power is lost or removed for
any reason, the other side will operate normally as a single system.

If a single/simplex system is used, input line Rec Thru Tuner (J1 - b) is grounded, and
the coupler will receive tuned, if it is already tuned. Receiving through a tuned coupler is
especially useful when weak or noisy signals are being received. The series and shunt
elements actually are in the signal path in receive and transmit. If it is not tuned, for
instance if a rechannel is received, then it would be in the bypass or not tuned mode.

Primary 115 V, 400 Hz power comes from the R/T along with parallel and serial control

signals.

Shunt
or
notch
anienna

-4

CPFL-920D CPL-920D
I 1 RF o /RF [
L > G il
B o
12 F 11 | M j2
kL‘JJ  sable 1&2 L':r'
RF i('im[ml | Control RF
Radia | HF tran- | HF tran- || Radio
control scever | scever control
System | | System 2

Figure 5.4 -5 Typical dual system block diagram

5.4.2 Testing and Fault Isolation

The CPL requires 110 to 120 V AC, 390 to 410 Hz, single-phase power for test
purposes. For testing purposes, power is provided by the test set.

You can use the UUT performance test as a customer acceptance test to find if the CPL
operates correctly. Do the fault isolation test procedure to troubleshoot the UUT fully and to
make sure that individual modules operate correctly.

You must do all of the test procedure/performance test to make sure that the UUT
operates correctly. If the unit does not complete a test satisfactorily and there is a fault,
refer to the troubleshooting procedures to find the defective circuit. If you must repair the

unit, the technician must do the full test procedure/performance test (after the repair) to
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make sure that the unit operates correctly. The technician must know the test equipment
used and know how to operate the equipment to get the correct inputs and results
(indications). The technician must know how to operate the test equipment to do tests and

do troubleshooting of the CPL.
5.4.3 Disassembly

Refer to the “Testing and Fault Isolation” section to find the condition or cause of
malfunction. This can help to find the level of disassembly that is necessary.

(1) Right side cover removal.

(2) Left side cover removal.

(3) Control circuit card A4 removal.

(4) RF network assembly A2 removal.

(5) Power supply circuit card A5 removal.

(6) MIMS/sensor circuit card A3 removal.

(7) Chassis assembly Al disassembly and filter assemblies removal.
5.4.4 Assembly

The order of assembly starts with the lowest subassembly or piece part (parts which
require the most disassembly to reach) and proceeds to the complete module or equipment.

(1) Chassis assembly Al assembly.

(2) RF network assembly A2 installation.

(3) Right side cover assembly and seal installation.

(4) Power supply circuit card A5 installation.

(5) MIMS/sensor circuit card A3 installation.

(6) Control circuit card A4 installation.

(7) Left side cover (with circuit card A4 mounted) and seal installation.
New Words,/ Phrases/, Expression

1. coupler ['kaplo] n. #i& 7%

2. HF &4 (High Frequency B4E5E)

3.SSB  Hii1 %% (Single Side Band 4E)

4. ionized layer Hi B2

5. refraction [rifreekfon | n. 75 3%

6. ACARS K HLiEE Fhk 53R 45 &R 4t (Aircraft Communication Addressing and Reporting
System FJ455)

7. bounce [ bauns] v. JZ i, Bk, B

8.CPL #H4 % (coupler I4EE)
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Exercises

I . Translate the following sentences into Chinese:

1. The system uses direct (ground) waves for short distance, but relies on refraction in
an ionized layer and the earth’s surface to achieve long range “sky wave” transmission by
single or multiple “bounces”.

2. Antenna couplers provide impedance matching between their respective transceivers
and the antenna over the entire HF spectrum. The dual coupler configuration allows two
transceivers to share a single antenna.

II . Answer the following questions:

1. What is the high frequency communication system used for?

2. What kind of wave does this communication system use?

3. What is the purpose of antenna couplers?

4. What component parts does a HF communication system consist of?

5.5 VOR/ILS Navigation Receiver

In order to be able to land the airplane safely under poor visual conditions, we use the
instrument landing system (ILS), which provides instrumentation to the pilot. By using this
steering information, pilots will be able to make an accurate and safe descent and
touchdown. Today the instrument landing system is always utilized in every landing process
to make the pilot’s job easier. For airplanes which have autolanding ability, the steering
information by ILS is supplied to the AFCS(Auto Flight Control System) in order to guide
the airplane to a safe descent and landing a long an ideal path.

Let’s imagine that there are two planes within the airspace above the airport and its
adjacent area. Ome is a localizer course plane, and the other is a glide path plane. The
intersection of these two planes forms a line, which is the ideal descent path. Since the
localizer course plane is perpendicular to the runway surface and contains the runway central
line, landing along this path assures that the track of the landing airplane is aligned with the
central line of the runway. In the same manner, this will keep the airplane at the
predetermined glide slope angle, which is about three degrees.

In addition to heading information and a homing function, the landing systems must
provide an indication of absolute altitude or control of the glide path of the aircraft. Altitude
is controlled during relatively high-level flight with a sensitive altimeter, which provides
altitude information through the process of atmospheric pressure measurement. Because the
altimeter must be set with the sea-level atmospheric pressure to account for weather-related
variations, and because of the basic design of the instrument, the accuracy of the sensitive
aneroid altimeter is not sufficient to provide glide path control to very low altitudes. For poor

visibility landings an instrument landing system consisting of both horizontal and vertical
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control is used. ILS consists of three basic components: a localizer for horizontal
positioning, a glide slope for vertical glide path control, and beacons for homing and for
position determination.

The localizer, which provides precision horizontal guidance for the approach, operates in
the VHF spectrum on one of the 40 channels assigned to that service. A transmitter with
about 100 W output power and with a horizontally polarized antenna radiates two beams
having a combined beamwidth of about four degrees. One beam is amplitude-modulated with
a 90 Hz sine wave, while the other beam is modulated with a 150 Hz sine wave. The antenna
pattern is arranged so that when the aircraft is to the right of the approach centerline, mostly
150 Hz modulation is received. When the aircraft is to the left of the approach centerline,
mostly 90 Hz modulation is received. When the aircraft is centered on the approach
centerline, the amount of 90 and 150 Hz modulation received is equal.

The glide-slope system is the altitude-controlling part of the instrument landing system.
The glide-slope transmitter is located to the side of the runway. about 1,000 ft from the
touchdown end of the runway. The glide-slope system operates in the UHF portion of the
radio spectrum on frequencies spanning from 329 to 335 MHz, using amplitude modulation.
The operation of glide-slope is similar to the operation of the localizer: a directional antenna
system transmits a signal with 90 Hz modulation above the desired glide path, and a signal
with 150 Hz modulation is transmitted below the glide path.

The glide-slope frequencies are paired with the localizer frequencies. Thus, for an ILS
system with a localizer, a DME, and a glide-slope system, there are three frequencies that
form a group. The navigation receiver programs the glide-slope receiver and the DME can be
separately programmed, there are no glide-slope receivers that can be individually
programmed. Having a glide-slope receiver on one ILS frequency and a localizer on another

1LS is very dangerous, and should be prevented.
5.5.1 Description and Operation

The 51RV is a solid-state, airborne navigation unit that combines the VOR, localizer,
and glideslope functions. The dual-conversion 200-channel VOR/LOC (108 to 118 MHz with
50 kHz channel spacing) and 40-channel glideslope (329 to 335 MHz with 150 kHz channel
spacing) receivers are remotely controlled by 2 out-of-5 binary control or by serial
information transmitted in ternary broadcast form.

The 51RV has the capability of dual-instrumentation circuits with internal comparison
and level monitoring; other options available are self-test functions, digital bearing output.,
added filtering of the basic bearing information, serial tuning, RMI servo amplifier, and
heads up display driver capability. Refer to Figure 5.5 —1 for an overall view.

The 51RV VOR/ILS navigation receiver receives VOR, localizer, and glideslope signals
and provides outputs to operate deviation, flag, and to-from indicators, and to operate the

VOR pointer of an RMI (radio magnetic indicator). The 51RV operating frequencies are
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108. 00 to 117. 90 MHz for VOR/LOC and 329. 15 to 335. 00 MHz for glideslope.

Figure 5.5-1 51RV VOR/ILS navigation receiver

When tuned to a VOR frequency, the 51RV operates with an external course indicator
that provides a 400-Hz electrically zeroed course resolver. Outputs from the 51RV operate
VOR deviation and to/from indicators, a VOR warning flag, a relative bearing indicator
(RMD, and supply an aural output. The 51RV is capable of being tuned by 2 out-of-5 binary
control or serial tune input. A digital VOR bearing word output provides for operations of
digital instruments and systems.

When tuned to a localizer frequency, the corresponding glideslope frequency is
automatically selected. The 51RV operates localizer and glideslope deviation indicators and
ILS warning flags and also supplies an aural station identification output.

Figure 5. 5 — 2 shows the equipment specifications for the 51RV VOR/ILS navigation
receiver,

The 51RV is housed in an ARINC 1/2-ATR short case with mounting facilities per
ARINC 404 and 404A. Electrical connections are made through a dual DPX connector on the
rear of the chassis. In addition, a 26-pin test connector is mounted on the rear of the chassis
to provide access to additional outputs for testing and fault analysis. The mechanical
construction of the 51RV is such that all electrical components are accessible with the dust
cover removed. An aluminum wraparound chassis provides the mounting surfaces for the
connectors, support for the two swing-out mounting frames, and a center mounting board.
The center mounting board consists of a removable printed circuit board that supplies the
mounting surface for the power supply, audio amplifier, and RMI driver circuits. The left
swing-out mounting frame is a metal plate that supplies the support to mount the two
receiver assemblies. The right swing-out mounting frame consists of a printed circuit

interconnect board that supplies the interconnections between the boards mounted to it and
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the rest of the 51RV. An interconnect board, mounted parallel to the rear of the chassis,
provides the interface between the DPX and test connector and the component mounting
frames by means of ribbon cables and provides a mounting surface for a plug-on board. The

unit is protected with a cover that has forced-air ARINC cooling holes.

CHARACTERISTIC SPECIFICATION
Certlification/Related documents
ARINC characterislics, TS0 -547, C34c-Class D; C38c-Cless D; C4Dg
DO-160 Environmental Category
AZD2IANIRNOOOOOCOCAARRR,
RTCA papers DO-68, DO-131, DO-132, DD-160, DO-185, DO-186
FCC rules and regulations Part 15
Physical
Size ARINC 1/2-ATR short, with mounting per ARINC 404 or 404A
Height 199.11 mm (7.838 in) max
Width 128.27 mm (5.050 In) max
Length 4156.24 mm (16.348 In) max including handle projection
Weight 51RV-4(): 567 kg (12.5 Ib) max
51RV-5( ) : 5.81 kg (12.8 Ib) max
Environmental characteristics
Temperature Storage: -55 to +85 °C (-67 to +185 “F) Continuous operation: -55 to +70
*C (-67 o +158 °F})
Humidity DO-160 Category A
Altitude -4572 o 15240 meters (-15000 o S0000 feat)
Vibration
Shockmount 0.030 in da, 5 to 57 Hz; 5 g max, 57 to 350 Hz; 0.0008 in da, 350 to 500
Hz; 10 g max, 500 to 2000 Hz (Category R)
Rigid mount 0.10Inda, 510 17 Hz; 1.5gmax, 17 o 38 Hz; 0.20 Inda, 38 1o 54 Hz; 3 g
max, 54 to 2000 Hz (combined Categories J and N)
Shock 6 g operating, 15 g crash safety (per DO-160)
Electrical Characteristics
Power sources +27.5 V dc +10%, -20%:; 26 V ac +10%, -12.5%; 380 to 420 Hz

Figure 5.5 -2 Equipment specifications

The 51RV provides omnibearing information (VOR) (electrical zeroed at 300 degrees)
to the course indicator as well as SIN/COS omnibearing information to an RNAV computer
and localizer and glideslope information for visual display and automatic flight control
systems. The 51RV extracts the omnibearing and ILS information from the AM modulated
received signals. The unit consists of digitally oriented VOR instrumentation and analog I11.S
instrumentation.

Functional circuits are separated by board construction allowing for fault isolation to a

replaceable board. The type number and status of the 51RV are assigned by the complement
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of boards installed and the required settings of printed circuit board switches or, on units
with SB 19, by use of jumper wires. The switch settings/jumper wires provide the logic
controls to change the operating parameters of the 51RV.

There are three test push buttons on the front panel of the 51RV (see Figure 5.5 -3).

CONTROL DESCRIPTION

UPIL Pushing the UP/L bution performs a quick check of the ILS receiver system. The test
causes the deviation bar to move to the left, the glideslope bar to move up, and both
the VOR/LOC and GLIDESLOPE flags to go out of view.

DM/RT Pushing the DN/RT button performs a quick check of the ILS receiver system. The test
causas the deviation bar to move to tha right, the glideslope bar to move down, and both
the VORILOC and GLIDESLOPE flags to go out of view.

VOR Pushing the VOR test button will parform a quick check of the VOR system If the NAV
receiver is first tuned to a local VOR frequency. The OBS must also be sat to 0 or

180 degree. The test will cause the deviation bar center and the RMI pointer to go to
approximately 180 degrees. Depending on the status, the VOR/LOC flag on the course
indicator may also come into view.

Figure 5.5 -3 Front panel test indicators

51RV provides omnibearing information (VOR) (electrical zeroed at 300 degrees) to the
course indicator as well as SIN/COS omnibearing information to an RNAV computer and
localizer and glideslope information for visual display and automatic flight control systems.
The 51RV extracts the omnibearing and ILS information from the AM modulated received
signals. The unit consists of digitally oriented VOR instrumentation and analog ILS

instrumentation.
5.5.2 Disassembly

Disassemble the 51RV only when necessary to do the repair on the 51RV. Do the test
procedure in the Testing and Fault Isolation section of this manual to find the defective
assembly. Disassemble the unit to get access to the defective assembly only. Usually, it is
not necessary to disassemble all of the unit.

Use the standard tools listed in the subsequent paragraph to disassemble the unit. When
necessary, refer to the special tools, fixtures, equipment, and consumables section for
specifications of items used.

(1) Screwdrivers;

(2) Soldering iron.

All components of the 51RV mentioned in the disassembly procedure are identified by a
figure and item number referenced to the IPL section. The applicable IPL figure and item
numbers are shown in parenthesis following the component nomenclature. The figure
number is given first, followed by a- and item number.

(1) Cover removal;

(2) Subassembly removal;
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1) VOR/LOC receiver assembly Al removal;

2) Glideslope receiver assembly A2 removal;

3) Circuit card removal;

4) RMI servo amplifier circuit card Al2 or heads up display driver circuit card A26
removal;

5) Receiver interconnect circuit card Al4 removal;

6) RMI/power supply/audio circuit card A3 removal.

5.5.3 Cleaning

No special instructions are necessary to clean this equipment.
5.5.4 Assembly

The following procedure provides instructions to assemble the subassemblies and circuit
cards of the 51RV. Start the assembly process at the point where removal of subassemblies
or circuit cards stopped. Assemble the necessary components to complete the unit.

1) VOR/LOC receiver assembly Al assembly and replacement;

2) Glideslope receiver assembly A2 assembly and replacement;

3) Receiver interconnect circuit card Al4 assembly and replacement;

4) RMI servo amplifier circuit card A12 or heads up display driver circuit card A26 card
replacement;

5) RMI/power supply/audio circuit card A3 replacement;

6) Circuit card replacement;

7) Cover installation.

If storage is to be effected for long periods of time, encase the 51RV in a heavy plastic

bag with sufficient desiccant to absorb any moisture, and seal with tape.
New Words,/ Phrases/ Expression

1.ILS {YF#Fi &4t (Instrument Landing System 455 )

2. AFCS H3zh ¥# &4t (Auto Flight Control System 455 )

3. descent [di'sent] v. FP&

4. slope angle %

5. Localizer (LOC) ['louklaizo] n. filH{E+5

6. path [ pa:0] n. i, ik

7. glide slope(G/S) F {5+

8. beamwidth ['biimwid0] n. I K %

9. DME %45 (Eistance Measuring Equipment 455 )

10. RMI X%t J5 o fA 48 7~ #% (Relative Bearing Indicator II45'5)
11. VOR H &4 4 )7 (L Bl (Very High Frequency Omnibearing Range B 455 )
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Exercises

I . Translate the following sentences into Chinese:

1. ILS consists of three basic components: a localizer for horizontal positioning, a glide
slope for vertical glide path control, and beacons for homing and for position determination.

2. The 51RV is a solid-state, airborne navigation unit that combines the VOR, localizer,
and glideslope functions. The dual-conversion 200-channel VOR/LOC (108 to 118 MHz with
50 kHz channel spacing) and 40-channel glideslope (329 to 335 MHz with 150 kHz channel
spacing) receivers are remotely controlled by 2 out-of-5 binary control or by serial
information transmitted in ternary broadcast form.

I . Answer the following questions:

1. What frequency range does the glide-slope operate?

2. What frequency band does the localizer operate in?

3. What is the function of the VOR?

4. What component parts does ILS consist of?
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Chapter 6 Landing Gear

6.1 Introduction

For aircraft, the landing gear supports the aircraft when it is not flying, allowing it to
take off, land, and taxi without damage (see Figure 6.1 —1). It also serves as the primary
means of absorbing the large amounts of energy developed in the transition from flight to
ground roll during a landing approach. ®¥ Wheels are typically used but skids, skis, floats or
a combination of these and other elements can be deployed depending both on the surface and
on whether the aircraft only operates vertically (VTOL) or is able to taxi along the surface.
The brakes, normally located in the main wheels, are used to retard the forward motion of
the aircraft on the ground and may provide some control in the steering of the aircraft. In
most modern aircraft the landing gear is designed to retract into the aircraft so that it is out

of the airstream and drag is thus reduced. ¥

Figure 6.1 -1 Landing gear
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Aircraft landing gear usually includes wheels equipped with simple shock absorbers, or
more advanced air/oil oleo struts, for runway and rough terrain landing. Some aircraft are
equipped with skis for snow or floats for water, and/or skids or pontoons (helicopters).

It represents 2. 5% to 5% of the MTOW (Maximum Take-Off Weight) and 1.5% to
1. 75% of the aircraft cost but 20% of the airframe direct maintenance cost; each wheel can
support up to 30 t (66,000 1b), reach over 300 km/h, roll up to 500,000 km (310,000 mi) ;
it has a 20,000 hours time between overhaul and a 60,000 hours or 20 years life time.

Wheeled landing gears normally come in two types: conventional and tricycle (see
Figure 6.1 -2, Figure 6.1 - 3). Early aircraft and many small aircraft use a tail-wheel (or
skid) in a conventional, or tail-dragger arrangement, in which the main landing gear is
located ahead of or forward to the center of gravity of the aircraft.®™ The tail-dragger
arrangement was common during the early propeller era, as it allows more room for propeller
clearance. The popular arrangement on modern aircraft is a tricycle landing gear, with the
main gear located behind of the center of gravity, and a nose gear located forward which

carries about 20% of the static weight of the aircraft.

Figure 6.1 -2 Conventional landing gear Figure 6.1 -3 Tricycle landing gear

As aircraft grow larger, they employ more wheels to cope with the increasing weights.
Large aircraft, such as the wide-body commercial aircraft and military aircraft like the C-5A,
employs multiple-wheeled bogies to support their huge weight and to provide soft terrain

landing and takeoff capability (see Figure 6.1 —4).

{a)
Figure 6.1 -4 Multiple-wheeled bogies of C - 5A
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Continued Figure 6.1 -4 Multiple-wheeled bogies of C -5A

The Boeing 747 has five sets of wheels: a nose-wheel assembly and four sets of four-
wheel bogies (see Figure 6.1 -5). A set is located under each wing, and two inner sets are
located in the fuselage, a little rearward of the outer bogies, adding up to a total of eighteen
wheels and tires. The Airbus A380 also has a four-wheel bogie under each wing with two

sets of six-wheel bogies under the fuselage.

Figure 6.1 -5 B747’s landing gear

The Airbus A340-500/-600 has an additional four-wheel landing gear bogie on the
fuselage centerline, much like the twin-wheel unit in the same general location, used on later

DC-10 and MD-11 airliners (see Figure 6.1 -6, Figure 6.1 -7).

A

A320 B767 MD-11 B777 BT47 A3R0
4+2 B+2 10+2 1242 1642 2042

Figure 6.1 -6 Typical airliner’s tire arrangement
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Figure 6.1 -7 Additional bogie on the fuselage centerline

The world’s largest jet cargo aircraft, the Ukrainian Antonov An-225 has 4 wheels on the
twin-strut nose gear units (as its smaller “stablemate”, the Antonov An-124 also uses), and 28

main gear wheel/tire units, adding up to a total of 32 wheels and tires (see Figure 6.1 - 8).

SSESSSS

Figure 6.1 =8 Seven dual wheels in tandem main gear with twin-strut nose gear, Antonov AN - 225

The landing gear of Boeing 737 consists of two main gear and one nose gear. Each main
gear is located aft of the rear wing spar inboard of the engine nacelles. The nose gear is

located below the aft bulkhead of the control cabin (see Figure 6.1 -9).

Right
main
gear

Lefi

main Wheel cover_
well Mose o]
gear o e os¢ whee
L E well doors

Figure 6.1 -9 B737 landing gear location
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New Words,/ Phrases/Expression

. landing gear #Zy&K %42

. VTOL #FE B EF&E (Vertical Take-Off and Landing 455 )

. airstream [‘eostrim ] n. LW LR 5 WAL AT ETT 18] 40 5291 30D
. pontoon [ pontuin] n. ¥FHE

.MTOW & K % g (Maximum Take-Off Weight 45 5)
.overhaul ['ovvohol] n. » wvr. Bl& ; R KE 2 ; K&

. bogie[ 'bougi ] n. HEmLR, pHe

. nacelle[ no'sel] n. K EHHLAE

[ IS TS NS, BT JUR NCR S

Notes

[1]) It also serves as the primary means of absorbing the large amounts of energy
developed in the transition from flight to ground roll during a landing approach.

AT Userve” FAUARAMAAT,

BEFE v HEREDOLEHA AT TR EEIEY  TERAZA AR ZLE
PREAEWNEKRENEA.,

[2) In most modern aircraft the landing gear is designed to retract into the aircraft so
that it is out of the airstream and drag is thus reduced.

S H7:“be out of "FR“H I M B XA KRS,

B AR AR A RERBEITRTURAN AN, X8 EREREEEAR
H AT K RN T RATH L A

[3) Early aircraft and many small aircraft use a tail-wheel (or skid) in a conventional, or

A

tail-dragger arrangement, in which the main landing gear is located ahead of or forward to
the center of gravity of the aircraft.

S “in which” 2 A~33 3] § 69 46473, £ F T “where”,

BiE .U HNAFS AN NEACEANBR(RREBOAR . 2 AEREIRER
L F A ERSZ A

Exercises

I . Answer the following questions:

What are the functions of the landing gear?

Il . Translating the following sentences into Chinese:

1. It also serves as the primary means of absorbing the large amounts of energy
developed in the transition from flight to ground roll during a landing approach.

2. The brakes, normally located in the main wheels, are used to retard the forward
motion of the aircraft on the ground and may provide some control in the steering of the
aircraft.

3. Some aircraft are equipped with skis for snow or floats for water (and/or skids or
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pontoons helicopters).

4. The tail-dragger arrangement was common during the early propeller era, as it allows
more room for propeller clearance.

5. The Boeing 747 has five sets of wheels: a nose-wheel assembly and four sets of four-
wheel bogies. A set is located under each wing, and two inner sets are located in the
fuselage, a little rearward of the outer bogies, adding up to a total of eighteen wheels and
tires.

IT . Fill in the following blanks according to the text:

1. For aircraft, the landing gear supports the aircraft when it is not , allowing
it to . , and without damage.

2. The landing gear of Boeing 737 consists of main gear and nose
gear. Each main gear is located aft of the rear inboard of the engine nacelles. The
nose gear is located below the aft of the control cabin.

6.2 Main Gear Shock Strut Maintenance

The main and nose gear use air-oil type shock struts to absorb impact on landing and
vibrations and shock from movement of the airplane on the ground. The basic components
are an outer cylinder which contains the air-oil mixture and an inner piston that compresses
the oil through an orifice. The flow of oil through the orifice is metered by a variable-
diameter pin that passes through the orifice as the gear strokes. The flow of oil in effect
varies the stiffness of the compression of the gear.

Each nose and main gear of Boeing 737 is equipped with two tire and wheel assemblies.

Each main gear wheel is fitted with multiple disc type hydraulic brakes (see Figure 6.2 —1).

)

\ ?E\\ \
Wheel and tire Q}l\l \"|

assembly

1
(2 locations) \! _J_..f

Figure 6.2 -1 Wheels and brakes
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6.2.1 General

Each main landing gear has these main components(see Figure 6.2 —2)

Reaction
link

Downlock strut

Outer—— I

assembly
jack pad

= Dutboard wheel
{inboard not shown)

Figure 6.2 -2 Components of right main gear

« Shock strut;

+ Axle assembly;

« Torsion links;

« Side strut;

* Reaction link;

» Downlock strut.

The main gear shock strut assembly (see Figure 6. 2 — 3) consists of inner and outer
cylinders containing orifice support tube, metering pin, drain tube, packings, packing
adapter, bearings, charging valve, and orifice plate. I

Some of the space between the inner and outer cylinder and part of the outer cylinder
above the bulkhead is partially filled with hydraulic fluid and held under pneumatic pressure.
The air cushion absorbs impact loads and taxi and landing shocks. The hydraulic fluid goes
through an orifice plate and snubbing valve to slow down the motion of the inner cylinder.

Compressed nitrogen is in the upper part of the shock strut. BMS (Boeing Material
Specification) 3 — 32 landing gear shock strut fluid is in the lower part of the shock strut.
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O Jl.

=

=

|~ Metering pin(54)

Orifice support tube
]

Upper bearing
or inner shelli29)

Snubbing valve(32) Drain tube {50

Spacer(33)
Outer cylinder (23)
Seal
adapter(38)
Lower
bearing (42)

Giland nut(45)

Inner cylinder(35)

Axle

Figure 6.2 -3 Main gear shock strut structure

6.2.2 Testing and Fault Isolation

The first step to the landing gear maintenance is to inspect the defects and faults. Before
fixing the shock strut, we must prepare some equipments and consumable materials. For
example, hydraulic pressure gauge, check valve, hydraulic fluid, gaseous nitrogen, etc.
Then, we can do some preparation for tests.

First, put the shock strut in a vertical position, with the inner cylinder fully extended
and the air valve open. Second, get the applicable hydraulic fluid; BMS 3 - 32 is preferred.
Third, fill the shock strut with the hydraulic fluid until the fluid comes out at the air valve.
And then extend and compress the inner cylinder until you are sure no air is caught inside the
shock strut. The last, fully compress the shock strut and fill it with hydraulic fluid, if
necessary.

Then, make a Standard Pressure Leakage Test. At the beginning, install air valve.
Then, connect the air valve with the nitrogen. With the inner cylinder fully extended, inflate
strut to 95 tol00 psig. Let the system become stable for 30 minutes, then hold pressure for
1 hour minimum. There must be no sign of fluid or nitrogen leakage. A wet surface is
acceptable if a drop of fluid does not occur. Once passing the test, release the nitrogen gas

pressure from the shock strut. Be careful not to loosen the air valve body until the pressure is
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released from the strut, otherwise injury to personal and damage to equipment could occur.

If leaks occur during the standard pressure test, it is necessary to do a high pressure
test. And the high pressure leakage test can find the source of a nitrogen leak.

When the air or fluid leaks occur, it is probably due to defective of the packing or seal,

the trouble shooting solution is to replace a new packing.
6.2.3 Disassembly

After finishing the testing, we have to disassemble the shock strut (see Figure 6.2 —4).
Some special tools, like hook spanner wrench, main gear shock strut orifice plate wrench

will be required.

ToAInside
face)

Z_E-[()ulsi{lc
(Post 5B face)
32-1082)

ss.-—l___a

16 20, Negm¥ 22 i gi i
224

This backup \&ffl o .-TIEIEL! s

ping must be ~n 1IE

installed above O-ring \\-:

as shown \\

(PRE SB 32-1096) ~ .j

Figure 6.2 -4 Main gear shock strut disassembly
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The procedure of the disassembly is:

(1) Hang the shock strut in an upright position from a hoist in a commercial web belt
sling. Carefully release the air pressure. After the pressure is released, remove all of the
valve assembly.

(2) Remove all lock wiring. Remove parts (4, 5) (see Figure 6. 2 - 5) and drain all
hydraulic fluid through the bore of drain tube (50).

(3) Lower the shock strut, in a vertical position, into an assembly fixture.

(4) Remove parts (6 thru 9). Unscrew gland nut (45) with landing gear gland nut hook
spanner. Pull off outer cylinder (23) from the inner cylinder with a hoist and a commercial

web belt sling.

Clamps ﬁ:

(partof 15)

Figure 6.2 -5 Components disassembly

(5) Unscrew retaining nut (11). Remove lock washer (12). Wrap the threads on orifice
tube (21) with mylar tape, such as 3M No. 8412 tape or equivalent, to prevent thread
damage when you remove the orifice tube from the outer cylinder.

(6) Push orifice tube support assembly (17) out of the outer cylinder. Disassemble
parts (13 thru 22).

(7) Remove parts (28 thru 32) from the inner cylinder. Keep upper bearing halves (30,
31) together as a matched set. Be careful not to damage snubbing valve (32). You can keep
ring (28) to use it again, but we recommend you discard it and assemble the unit without it.

(8) Remove parts (33 thru 45) from inner cylinder.

(9) Remove parts (46 thru 47C). Pull metering pin (54) with attached parts out of the
inner cylinder.

(10) Unscrew drain tube (50) and remove washers (51, 51A) if used. Disassemble
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parts (48, 49, 52, 53).
(11) Remove parts (56, 57, 58). Give protection to sleeves (59) and axle threads with
axle and thread protector.

(12) Remove parts (1 thru 14 Figure 6.2 -5).
6.2.4 Cleaning

Then clean all the parts as specified by standard industry practices and SOPM 20-30-03.
SOPM is the abbreviation of “Standard Overhaul Practices Manual”. It contains the detailed

procedures of standard overhaul practices.
6.2.5 Check

Before repairing the components of the landing gear shock strut, defects in the parts of
the main landing gear shock strut assembly must be inspected. The fundamental inspection
methods includes: visual inspection, liquid penetrant inspection, magnetic particle
inspection.

The procedure of the check is:

(1) Examine all parts for defects by standard industry practices. Refer to Fits and
Clearances for design dimensions and wear limits and use the micrometer to examine.

(2) Examine the threads for the gland nut at the lower end of outer cylinder (27) for
corrosion. After you chase or blend out defects, threads are acceptable if a minimum of 50 %
of thread bearing surface remains and the defects are not concentrated in any quarter segment
across all threads.

(3) Examine the inner cylinder axle threads for nicks, burrs, defects and wear. Measure
the thread pitch diameter and major diameter and compare them with the thread dimensions
given in Fits and CLearances. Be sure to use the correct tool for the thread size.

(4) Use magnetic particle inspection method to inspect outer cylinder (27), Gland nut
(45), Metering pin (54), Sleeve (59), Inner cylinder (62), etc.

(5) Use penetrant inspection method to inspect Orifice support tube (22), Lower tube
segment (22A), bearings (42, 42A), adapter (44), tube (50), etc.

(6) Examine metering pin (54) for straightness. Examine the pin shaft for flat spots.
Make sure the machined surface has a 32 microinch finish or smoother.

(7) Examine the brake attachment flange on inner cylinder (62) for signs of cracks. If
there are cracks, they will start from the brake mounting holes and could go inwards (toward
axle) or outward (toward outer edge of brake flange). No more than four holes can have
cracks that go outward.

(8) Examine the lower quadrant of the main gear axle between the brake mounting
flanges for cracks. If you find cracks, the main gear shock strut is unserviceable.

(9) Examine orifice support tube (22) for corrosion in the upper end threads.

(10) Make a check of the mating dimensions between upper bearing inner shell (29),
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snubbing valve(32) and inner cylinder (62), to be sure these parts will stay in position after

assembly.
6.2.6 Typical Repair

After disassembling and checking, the defects of the components would be exposed.
Then we must repair the small defects by standard industry practices. Appropriate tools and
equipments are required.

Among the large amount of the landing gear system components, the most typical
defects in components maintenances are corrosion and wear. In components repair process,
grinding is usually used to remove the defects. For severe corrosion and wear, after
grinding, if the surface removal thickness exceeds the allowable limits, it must be discarded
and use a new one to replace.

Here are three brief introductions of the repair process: outer cylinder lug faces and
holes, metering pin, and support.tube.

1. Outer Cylinder Lug Faces and Holes (see Figure 6.2 —6)

- HO FINIER ON [D
T | ez
i
I AE
'_:::: TEE BOLT TRUNNTON e

s 4-.1 o

ATTACH LUGS LIk

ORIFICE
SUPPORT
TUBE
HOLE

(13) o1a (Rer?
L&5-48110 SHOMN

=

=1

] .u[t"""L.'E

TRUSNION

56w paseE
(ol

&3

.y O ﬁ ﬁ = g B
(G LRG| g _‘zs:m cag 4 LIGATIIR
[P (EE (K] ’l—_d e
TEUMNION LIMC ATTACH LUGS TEE BOLT ANTACH LLGZ TORSION LIsK ATTACH LUGS
L] B4 [

Figure 6.2 -6 Outer cylinder repair and refinish
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There are four methods to repair the outer cylinder lug faces and holes; the main task is
to remove the defects.

Method 1—Installation of oversize bushings (see Figure 6. 2 - 7). Machine the lug faces
and holes as necessary, within repair limits, to remove defects. Typically, the grinding will
reduce the structural strength of the surface, so we have to make a shot peen operation, and
a cadmium titanium plate. Then apply primer. Make repair bushings with increased flange
thickness as necessary to adjust for the material removed. Install the bushings.

Method 2 — Chrome plate or thermal spray buildup of lug faces. Machine it as
necessary, within repair limits, to remove defects. Shot peen as indicated. Build up with
chrome plate or thermal spray coating. Grind the chrome plate or thermal spray coating to

design dimensions and finish. Install standard bushings.

L0001 X

oo
b las

‘g?.

.|"|. —-g

Finish DIA before
[] 04

plating (repair DIA
13 .
E:{:}:I(ﬁv” “ ) af lug hole plus

|r|1.lc|'l‘|:rc|1c-:|
1— N 1
-.- (H\'\rﬂ'l‘“ -H- L“"\.MI‘[R
DI1A 57 X-E- DIA 45°% .0 h-
|

Figure 6.2 -7 Installation of oversize bushings

Method 3 — Installation of back-to-back bushings in the trunnion link attach lugs (see
Figure 6. 2 = 8). Remove material from all of the lug inner faces as necessary to permit
flanged repair bushings to fit here. Do not remove more than 0. 060 inch from the minimum
design dimension. Blend into the radius as shown. As an alternative on the inner lug faces,
you can make a spotface up to 0. 060 inch deep. Chamfer the lug bores at the inner and outer
faces. Shot peen as indicated. Chrome plate the inner lug faces 0. 003 to 0. 005 inch thick,
with the chrome plate runout.

Apply primer to chamfers. Make repair bushings. It is recommended you wait until
after installation to machine the bushing flange faces, not before, because the bushing flange
is thin and could easily break. Fill all gaps with sealant, and then install the bushings with
wet sealant by the shrink fit method. Machine the bushing flange faces as necessary. Fillet
seal around bushing flanges and in the gap between the bushings with sealant.

Method 4 — Installation of repair shim on the trunnion link attach lugs (see Figure 6.2 - 9).
Machine lug inner faces, within repair limits, to remove defects. If you must remove more

than 0. 035 inch from the design dimension, use the Method 3 back-to-back bushing repair.
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Shot peen the repaired surfaces as indicated. Chrome plate the inner lug faces 0. 003 to 0. 005
inch thick, with the chrome plate runout. Cadmium-titanium plate the other surfaces unless
shown differently. Make a shim and install it with wet sealant. Line ream all bushings and

shims to design dimensions and finish.
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ATTACH LuG
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Figure 6.2 -8 Installation of back-to-back bushings in the trunnion link attach lugs
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Figure 6.2 -9 Installation of repair shim on the trunnion link attach lugs
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2. Metering Pin (see Figure 6.2 - 10, Figure 6.2 -11)

Step one, diameter 2 surface repair. If the O-ring groove surface is rougher than 32

microinches, remove the cadmium-titanium plate from the groove with a grit blast and polish

the area to 32 microinches or smoother with abrasive paper, G50339.

=

E

A\
D1A ;l\
: ?- t
o il ER []
|.L[0.00% [a] B
[-&-] }!!
L/ 1A
32 1!'\27r __"*-
e
>l B | Bl 00
DESIEN 1.072 1.040 1.072 1.039 4.872 5.348
pIm 1.068 1.036 1.068 1.037 4,869 5.345
1.m.s 1.016 1_ms a_asn
E::ﬁﬂ 1.052 E::- 1.052 |9 = 4.852 [§ = =
1-3:2 1.020 g

Figure 6.2 -10 Metering pin repair details and limits

E:_‘;:- 85-48124-1,-5,~6 (ORIGINAL CONFIG)

[z:} 65-46124-1,-3,~6 (REWORKED CONFIG),
65=467 24=5

WIBRO ENGRAVE PART NUMBER, SERIAL NUWBER
AND VENDOR NUMBER IN THIS AREA.

LIMIT FOR CHROME PLATE BUILDUP (SOPM
20-42=03) AND GRIND TO DESIGN DIMENSIONS,
WITH 0.0& MAX PLATING RUNOUT AT EDGES.
WIPE CHROME PLATE WITH PRIMER (F-19.45).

PREFERAED LIMITS FOR &5-467124-3.
65-48162-1, 45-617941
65C32950-1, -2, -3

LIMIT FOR SULFAMATE NICKEL PLATE BUILDUP
(S0PM 20-42-0%) AND MACHINE TO DESIGN
DIMENSIONS. PUT A PLATING RUNOUT AT EDRGES.

Figure 6.2 - 11

=

>

LIMIT FOR BUILDUP WITH BMS 10-67 TYPE 1 OR 17
CLASS 2, 3, OR & THERMAL SPRAY (SOPM
20-10-05), 0.010 mAX THICK. PUT A D.080 max
RUMOUT AT EDGES, GRIMD TO DESIGN DIMENSIONS
AMD 5 MICROINMCH FINISH. THEM CADMIUM-TITANIUM
PLATE (SOPM 20-42-02) THE RUNCUT AREA

RAMGE FOR BETTER FIT WITH MATING ORIFICE PLATE.

REPAIR

wer [ > >

12\5/HﬂCHIHE FINISH UNLESS SHOWN DIFFERENTLY

SHOT PEEN (SoPm 20-10-03)
0.017-0.046 SHOT SIZE
0.014=0.019 A2 INTENSITY

MATERIAL: 4330M STEEL, 180-200 KsI
ALL DIMENSIONMS ARE IN IMCHES

Metering pin repair details

Step two, diameters 1, 2 general repairs. Pay attention to the diameter 1 dimension on

the 65-46124-1,-3 (P/N, represent two kinds of components) pins can be machined down to
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1. 036 to 1. 040 inch to keep it away from the orifice plate (see Figure 6.2 —10). Machine it
as necessary, within repair limits, to remove defects. Shot peen as indicated. Build up with
chrome plate or nickel plate or thermal spray, as applicable. Grind the chrome plate or
thermal spray coating, or machine the nickel plate, to design dimensions and finish.

3. Support Tube (see Figure 6.2 - 12, Figure 6.2 - 13)

Step one, upper end O-ring groove repair. Machine it as necessary, within repair limits,
to remove defects. Build up the machined area with thermal spray coating as shown.

Machine it to design dimensions and finish.

[#To.o0z Jc
=C= TUBE UPPER
7]0.00z [ ; SEGMENT {2282
0.314 D.46 |
0.30& 0. &%
-,
i |
DI T'F ’I | A
13 {
32 | | COTTER PIN
0.32 Ri"- -"‘I;l (22E1{TYP)
0.30,1 JN) h
—— J 5
0.005 R MAX ]
CTYR) , PIN (22C)
/ REPAIR |
/ | i WASHER
{ pIA Itl 2203 (TYP)
__1 S
—_———— = TUBE LOWER
SEGMENT (22A)

& JDESIGM

BIA POST SB 32-1257

CONFIGURATION

0.001 TIR|H |

Figure 6.2 - 12 Support tube repair details

ONRONRONBONNONRO,

OERIGN 6.720 €.247 | e 1.822 1.750 1.950
] S 8717 6.244 1.98% 1.BI7 1.748 1.940
REPAIR 6037 E.lﬁd 1,919 I - I
LIMIT

Figure 6.2 - 13 Support tube repair limits

Step two, upper end threads repair. Blend out defects if no more than 40% of the

threads will be removed in any one quadrant. Do not remove more than 40% of any one
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thread from the circumference. If the defects on the threads make necessary the removal of

more thread material than this, repair the support tube (22) as specified in SB 737-32-1257.
6.2.7 Assembly and Storage

When all components are fixed and available, we must assemble the components
together.

First, put packings and backup rings in hydraulic fluid. Apply a thin film of grease on
packings and backup rings as you put the parts together. Wipe with hydraulic fluid the shock
strut surfaces which will rub against packings. Second, lubricate washers and the threads of
bolts and nuts with grease before installation.

Install parts like bushings and packings on the shock strut, Assemble spare packings
(41, 40) on lower bearing (42), and parts (37 thru 34) on seal adapter (38). See Figure

6.2 —14 for correct installation of rings (36, 40).

- W _ Scnl Cuter
(33) adapter cylinder
; (38) '{”'75 Lower
i bearing
(42)

\ x— 7
[T 7 N LAS CXJ

i y
3 B A r
C-ring / \
packing(35) Inner
cylinder
Channel 5 62)
g.g:;l‘JII::l:]{]fl:p Assembly of {

5123561-437
(for different
seal capfiguratigps
see thru ]

G-T ring (36) white ring

= 5= i = | )

e )

== TOREY LﬂWW_J

Crering
. packing(35) Cam seal (35A)
. G-T ring (spare only)
lack ring :
Elssing Assembly of 7437FT972P3 Assembly of $13068-437

Assembly of T43TFT160A4780

O] ©

Figure 6.2 - 14 Sealing details
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Then, install bearing or inner shell halves, orifice tube, inner cylinder into outer
cylinder. Install gland nut, apply corrosion preventive compound, screw gland nut (45) into
the outer cylinder with landing gear gland nut hook spanner. Tighten to 50 pound-feet.
Manually compress, then extend the inner cylinder and measure the full stroke of the inner
cylinder (see Figure 6.2 —15). Compare your value with the values shown in Figure 6. 2 — 16. If
your value does not agree, disassemble the shock strut and look for missing or incorrectly-

installed parts.

Outer
cylinder

E Inner

Cylinder Shack sLrut Stroke
parlnumber ingch
Fully
1 compressed G3=46100=5 =5, 13933
position =9 THRL =31, 13.858
—-33THRU 37,
—60THRU-43,
=05, == 08, =65,
=712,-13.-14 -4
=T7=-T3
Fully
extended 65—46100-58.-5% 14,983
position —64 —6T.-T70, 14.838
=T1,=T5 =74
Figure 6.2 - 15 Shock strut assembly Figure 6.2 -16 Standard value of the inner
stroke check cylinder’s full stroke

Install air valve, and install lockwire by the double-twist method at these locations:
Lockwire retaining nut (11) to lockwasher (12); Lockwire plug (4), nut (46) and
lockwasher (47) together or, if applicable, lockwire cap of valve (4) to valve and lockwire

valve (4), nut (46) and lockwasher (47) together (see Figure 6.2 - 17).
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Seal the split lines between nut (11), lockwasher (12) and orifice tube (17) with
sealant and paint the sealant with enamel coating as shown in Figure 6.2 - 17,

Install nameplate (see Figure 6. 2 — 18). Apply one wrap of 3M No. 5421 tape or 3M
No. 8412 tape to the surface that will be under each strap (1). Make the ends of the tape

overlap approximately 1 inch. Install nameplate (3) with sealant and straps (1) and seals as

shown in Figure 6.2 —18.
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Backup ring(13)
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[C=Apply BMS 5-95 sealant to these areas as follows:
(1) Solvent clean the area with aliphatic naphtha.
(2) Apply BMS 5-95 sealant as shown.
{3} Apply enamel BMS 10-60 color 707 on the sealan
and the adjacent area. Do not apply enamel on
bushings, boltheads or nuts.

Figure 6.2 -17 Sealing details
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EWE: (523

Figure 6.2 -18 Nameplate installation
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Lubricate the components and apply corrosion inhibiting compound to the bore of lower
torsion link attach lug., but not on the bearing surfaces of the bushings.

If the repaired shock strut will not be installed to the airplane timely, it must be stored
carefully. We must give protection to the shock strut and put it away by standard industry
practices, do not inflate the unit with compressed air.
preservative hydraulic fluid. Do not drain. Tag it with the test date and a note that the unit
contains preservative hydraulic fluid. Compress the unit and apply a layer of compound to the

bare exposed portion of the inner cylinder. Always store the unit in the vertical position, to

keep hydraulic fluid on the packings.

A~ w Do e

© o0 3 o Ul

10

12.
13.
14.
15.
16.

17

18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.

New Words,/ Phrases/Expression

. bulkhead ['balkhed] n. B RE , fitBE , [ 7K BE

. air-oil type shock struts Jili X 2= S 4E

. orifice support tube Lk ¥4

. metering pin & 4%

. packing [ 'peekin | n. (HER) HURL 25 B 41K}

. bearing ['beorin] n. #li&

. snubbing valve B 2 Bki% 7]

. equivalent [ikwivalont ] adj. [RIZEHY,FH 400, ZER0H)
. discard [diska:d] vt. EZFH,RE

. segment ['segmont | n. ®F5r, B

. grind [graind] vt. , vi. ¥]B%, W

shot peen Wi FLikfk

Cadmium ['keedmiom | n. 4§

Titanium [ tai'teinizom | n. %k

Chrome [ krovm | n. , vt. 5 ;564 85 %
thermal spray #AMEHE , PR

. shrink fit method ¥ 45 1%

line ream 44

grit blast B

abrasive paper #b4%

thin film &

wipe [ waip | vt. .18 1

lubricate [lutbrikeit ] we. ¥E 8 ;{5 18 W
compound [ kompaund] n. i{F

hook spanner 2] 3L K F

lockwire [ lokwaio | n. %% 22
preservative [ prizavetiv] adj. By JE g 3055 JE i
nameplate [ 'neimpleit] n. £, FriR

Drain the unit and flush it with
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Notes

[1) The main gear shock strut assembly consists of inner and outer cylinders containing
orifice support tube, metering pin, drain tube, packings, packing adapter., bearings,
charging valve, and orifice plate.

4 H7 : “containing” # £ 45 & “The main gear shock strut assembly”,

BE £ AR % ROBUR AL T @R R AR A A R B 2 R KR SOAE B R R LA ST LT
EomA ARG EE B A AR E R E T AR R AR

Exercises

I . Answer the following questions:

1. What is the procedure of the shock strut maintenance?

2. What kinds of fundamental inspection methods are in the shock strut maintenance?

Il . Translating the following sentences into Chinese:

1. Some of the space between the inner and outer cylinder and part of the outer cylinder
above the bulkhead is partially filled with hydraulic fluid and held under pneumatic pressure.
The air cushion absorbs impact loads and taxi and landing shocks. The hydraulic fluid goes
through an orifice plate and snubbing valve to slow down the motion of the inner cylinder.

2. When the air or fluid leaks occur, it is probably due to defective of the packing or
seal, the trouble shooting solution is to replace a new packing.

3. Among the large amount of the landing gear system components, the most typical
defects in components maintenances are corrosion and wear. In components repair process,
grinding is usually used to remove the defects. For severe corrosion and wear, after
grinding, if the surface removal thickness exceeds the allowable limits, it must be discarded
and use a new one to replace.

4. Grind the chrome plate or thermal spray coating, or machine the nickel plate, to
design dimensions and finish.

5. First, put packings and backup rings in hydraulic fluid. Apply a thin film of grease on
packings and backup rings as you put the parts together. Wipe with hydraulic fluid the shock
strut surfaces which will rub against packings. Second, lubricate washers and the threads of
bolts and nuts with grease before installation.

IM . Fill in the following blanks according to the text:

1. First, put the shock strut in a position, with the fully extended
and the open. Second, get the applicable hydraulic fluid; is preferred.
Third, fill the shock strut with the hydraulic fluid until . And then extend and
compress the until you are sure no is caught inside the shock strut. The
last, , if necessary.
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2. Then, install or inner shell halves, , inner cylinder into
Install gland nut, apply , screw into the outer cylinder with landing gear
gland nut hook spanner. Tighten to pound-feet, Manually compress, then extend
the inner cylinder and measure the of the inner cylinder.

6.3 Landing Gear Extension and Retraction Systems

To decrease drag in flight, some landing gears retract into the wings and/or fuselage
with wheels flush against the surface or concealed behind doors; this is called retractable
gear (see Figure 6.3 —1). Most extension and retraction systems are hydraulically operated
(see Figure 6. 3 — 2), though some are electrically operated or even manually operated. ™

This adds weight and complexity to the design.

~
“ue | i
\L‘“'--.._l
|
o
Figure 6.3 -1 Retractable gear Figure 6.3 -2 Boeing 787’s main landing gear

Multiple redundancies are usually provided to prevent a single failure from failing the
entire landing gear extension process. Whether electrically or hydraulically operated, the
landing gear can usually be powered from multiple sources. In case the power system fails,
an emergency extension system is always available. This may take the form of a manually
operated crank or pump, or a mechanical free-fall mechanism which disengages the uplocks
and allows the landing gear to fall due to gravity.

The Boeing 737 s landing gear extension and retraction system lower and lift the nose
and main landing gears. There are several parts of the system, including landing gear control
system, main landing gear extension and retraction system, nose landing gear extension and
retraction system, main landing gear manual extension system, nose landing gear manual

extension system (see Figure 6.3 - 3).
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Figure 6.3 -3 Manual extension system

6.3.1 Landing Gear Control System

The landing gear control system controls the extension and retraction of the main and
nose landing gears (see Figure 6. 3 —4). It has these components: control lever assembly,
control lever forward quadrant, selector valve, selector valve quadrant assembly, transfer

valve, etc (see Figure 6.3 —-5).

Landing gear
extension and retraction

T
Landing gear Nose landing gear Mose landing gear
control system extension and retraction extension and retraction

|

Main landing gear Nose landing gear
manual extension system manual extension system

Figure 6.3 -4 Landing gear extension and retraction system
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Hydraulic system A normally supplies pressure to the landing gear extension and
retraction. Hydraulic system B supplies pressure for retraction only through the landing gear
transfer valve. The landing gear transfer valve receives electrical signals from the proximity
switch electronics unit (PSEU). Pilot move the landing gear control lever to control landing
gear extension and retraction. The control lever moves the selector valve through cables.
The selector valve also gets an electrical input from the manual extension system. This
operates a bypass valve in the selector valve to connect the landing gear retraction to the

hydraulic system return

Figure 6.3 -6).

roximity switc
electronics umnit

Landing pear
transfer valve

Figure 6.3 -5 Landing gear control lever

. This lets the manual extension system extend the landing gear (see

Manual
extension system

Hydraulic Hydraulic
system A system B
H]
4
5
I
i
’
¥l
T TTTEITTETETTT 7=
sl.ungling gear
transfer valve
i E ¥ TS TS fa
Main landing gear Nose landing gear

Legend
ZZZZ Pressure

extension
and etraction

extension and
retraction

Landing gear
transfer valve

Mose wheel
steering

Figure 6.3 -6 Landing gear control system
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6.3.2 Landing Gear Extension and Retraction System

The main and nose landing gear extension and retraction systems extend and retract the
main and nose landing gears.

The main gears are hydraulically actuated to retract inboard into the fuselage (see Figure
6.3 -7). Each main gear is locked in the down position by a downlock strut and in the up
position by an uplock hook and mechanism. ' Shock strut doors close the opening in the
wing for the main gear shock strut and drag strut. A wheel well seal closes against the main

gear tire circumference when the airplane is in flight with gear retracted.

Figure 6.3 -7 Main gear retracted(B737)

The nose gear is hydraulically actuated to retract forward into the fuselage. A lock strut
assembly locks the nose gear in the up and down positions. Clamshell-type nose gear doors
are closed and fair with the fuselage contour when the nose gear is retracted, and remain

open when the nose gear is extended (see Figure 6.3 -8, Figure 6.3 -9). )

Mose landing
|~ gear actuator

/Eungn:c spring
=== ™~ valve manifold

[ Lock actuator

“‘ \Luck mechanism

Figure 6.3 -8 Nose landing gear extension and retraction system
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Figure 6.3 -9 Nose landing gear and doors of Boeing 737

There are many components.in the main and nose landing gear extension and retraction
systems, including landing gear actuators, uplock mechanisms and uplock actuators,
downlock actuators, transfer cylinders, frangible fittings, fuses, etc.

The landing gear actuator moves the gear up and down. The downlock actuator locks
the main landing gear during extension and unlocks the main landing gear during retraction.
The uplock actuator unlocks the uplock mechanism during extension. The transfer cylinder
gives a time delay to permit the landing gear to unlock before the gear actuator moves the
gear. The frangible fitting removes up pressure {from the main landing gear actuator when a
damaged, spinning tire moves into the main landing gear wheel well. This prevents damage
to components in the wheel well. The fuse prevents hydraulic system fluid loss when the

frangible fitting operates (see Figure 6.3 —10).

Uplock

Main landing

pear actuato Downlock

W mechanism

Down and locked
(a)

Figure 6.3 -10 Main landing gear retraction
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(b) In transit (c}Up and locked

Continued Figure 6.3 - 10 Main landing gear retraction

6.3.3 Landing Gear Manual Extension System

The main and nose gear manual extension systems are operated to release each gear from
the up and locked position and allow the gear to extend by airloads and its own weight to the
down and locked position. Pilot use the manual extension system when hydraulic system
pressure fails or if normal extension fails.

The repair process of extension and retraction system is very similar to the repair

process of the shock strut, so it can refer to the shock strut parts repair process.

New Words/ Phrases/ Expression

1. retract [ ritreekt] wvt. , vi. 4§18, 453

2. flush against the surface 5 &35

3. conceal [ kon'sil] vz, [

4. complexity [ kom'pleksiti | n. & &k

5. redundancy [ ridandonsi] n. 4

6. free-fall [frizfo:l] n. HH T %

7. take the form of I Ky I K

8. due to H T

9. manual ['maenjual] adj. , n. NT.H); FTH.455
10. seal [sil] n. ¥, &5

11. circumference [ sekamforons ] n. J& Hl, [# J&
12. transfer cylinder £ JE 4

13. frangible fitting 5 Wris sk

14. fuse[ fjuz ] n. 135 ARG

15. airload [eorloud | n. "KAT B Y23 R 30 1 1 faf
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Notes

[1)] Most extension and retraction systems are hydraulically operated, though some are
electrically operated or even manually operated.

47 “though” L =“K ™",

BEASBUBRAARRERDN AT ALRKRAAHE RN . EERFHHRMEMN.

[2) The main gears are hydraulically actuated to retract inboard into the fuselage. Each
main gear is locked in the down position by a downlock strut and in the up position by an
uplock hook and mechanism.

4y #7 : “inboard” £ & “ & A M7,

B EIRERBALIREEG . AAMKANEF, F—PERERBEL AT X
A AR R R T AL, — AN B AL R A R R B A

[3) Clamshell-type nose gear doors are closed and fair with the fuselage contour when
the nose gear is retracted, and remain open when the nose gear is extended.

43§ : 4] “remain open”#) % & & “clamshell-type nose gear doors”,

BE ST ANEEERNTENRERR EHRFXARS, MG RFRFE TR
B MAEMBRERKTH BITRFETITIRS,

Exercises

I . Answer the following questions:

1. What subsystems does the extension and retraction system contain?

2. Why the manual extension system is very important?

Il . Translate the following sentences into Chinese:

1. To decrease drag in flight, some landing gears retract into the wings and/or fuselage
with wheels flush against the surface or concealed behind doors; this is called retractable
gear.

2.In case the power system fails, an emergency extension system is always available.
This may take the form of a manually operated crank or pump, or a mechanical free-fall
mechanism which disengages the uplocks and allows the landing gear to fall due to gravity.

3. Shock strut doors close the opening in the wing for the main gear shock strut and drag
strut. A wheel well seal closes against the main gear tire circumference when the airplane is
in flight with gear retracted.

4. The transfer cylinder gives a time delay to permit the landing gear to unlock before
the gear actuator moves the gear.

5. The frangible fitting removes up pressure from the main landing gear actuator when a
damaged, spinning tire moves into the main landing gear wheel well. This prevents damage
to components in the wheel well.

IM . Fill in the following blanks according to the text:

1. Hydraulic system A normally supplies pressure to the landing gear and
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Hydraulic system B supplies pressure for only through the landing gear
valve.

2. Pilot move the landing gear to control landing gear extension and retraction.
The control lever moves the through cables. The also gets an electrical
input from the manual extension system. This operates a in the selector valve to
connect the landing gear retraction to the hydraulic system return.

3. The main and nose gear manual extension systems are operated to release each gear

from the and position and allow the gear to extend by and its
own to the down and position. Pilot use the manual extension system
when fails or if fails.

6.4 Aircraft Wheels

6.4.1 General

Modern aircraft wheels are one of the most highly stressed parts of an aircraft. Aircraft
wheels are made from either forged aluminum or magnesium alloys.® These materials
provide a strong, lightweight wheel that requires very little maintenance.

High tire pressures, cyclic loadings, corrosion, and physical damage contribute to
failure of aircraft wheels. Complete failure of an aircraft wheel can be catastrophic. You
must have the ability to identify potential safety hazards that you will encounter while
working on aircraft tires and wheel assemblies. You must practice all the safety precautions
related to wheel and tire maintenance procedures. Aircraft wheels are removed frequently for
tire changes, inspections, and lubrication. Familiarity with various types of wheels and

tires, and related components, will improve your ability to perform your duties.
6.4.2 Introduction of B737’s Landing Gear Wheels

The B737 is supported during landing, takeoff, and ground operations on six wheel and
tubeless tire assemblies. Four are on the main landing gear and two on the nose landing
gear. Each main wheel is provided with a brake unit bolted to a flange on the axle.

The main landing gear wheels are manufactured by Honeywell (PN 2612301-2, Boeing
Specification Number: 10-62237-11), which are made of inner and outer wheel halves. Tie
bolts hold the two halves together. Brake rotor drive keys and heat shields are in the inner
half of each wheel (see Figure 6.4 —1).

Each main landing gear wheel has these main components (see Figure 6. 4 — 1, Figure
6.4-2):

(1) Tire inflation valve: a tire inflation valve is in the inner wheel half.

(2) Over pressure relief valve: an over pressure relief valve is in the inner wheel half.

The relief valve releases all of the pressure in the tire when the pressure increases more than

— 266 —



Chapter 6 Landing Gear

375 to 450 psig. The over pressure relief valve must be replaced if it releases pressure.
(3) Thermal fuse plugs: four thermal fuse plugs in the inner wheel half prevent tire
explosion caused by hot brakes. The plugs melt to release tire pressure at approximately

177°C (351°F). The fuse plug must be replaced if it melts.

Rotor
drive
keys

Heat
shields(9)

Wheel
Cuter wheel half

Inner wheel half

Thermal
fuse plug(4)

Figure 6.4 -1 Main Landing Gear Wheel

Over pressure
relief valve
(375-450 psig)

Ventilation
hole

Tire
inflation
valve

Figure 6.4 -2 Wheel and tire

The nose wheel assemblies are also manufactured by Honeywell (PN 2607825-1 for the
737 —300/400/500 aircraft and PN 2607825-2 for the 737 —300/400/500/600/700 /800/900/
BBJ aircraft, Boeing Specification Number; 10-61063-22 and 10-62237 — 9), which are
different from the main gear wheels in structure (see Figure 6.4 —3). The nose wheels have
no thermal fuse plugs and heat shields because no brakes installed in the nose gear. And the

relief valve releases all of the pressure in the tire when the pressure is more than 375 to 450

psig.
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Tire inflation valve

Wheel tie bolis

Wheel bearings(2)

(8] heel half
Inner wheel half el

Over pressure
relief valve
(375 to 450 psig)

Figure 6.4 -3 Nose landing gear wheel

6.4.3 Typical Maintenance Procedures

This section contains a description of a typical wheel’s maintenance procedures. This
wheel is manufactured by Messier- Bugatti, a subcompany of Safran group. Messier-Bugatti
is one of the most influential companies specializing in aircraft landing and braking systems in
the world. The part number of the wheel is C20195162, and widely used in the main landing
gear of A320 airplanes.

This wheel is designed to be fitted with a tubeless tire. Melting point of the fusible
plugs of the web is 183'C (361. 4°F) and melting point of the fusible plugs of the bead seat is
300 C (572°F). The wheel is made up of half-wheels assembled together with bolts, washers
and nuts, and a preformed packing ensures sealing efficiency between these half-wheels.
A dust guard and two preformed packings provide for internal sealing. It is possible to install
balance weights on each half-wheel to get the correct balancing (see Figure 6.4 -4),

The inner half-wheel has: a taper roller bearing which is protected by a stop and seal
assembly (see Figure 6.4 —5); nine heat shields; nine undercut drive blocks which engage
with the slots in the brake rotors; three fusible plugs installed on the web of the half-wheel
and three installed on the outer bead seat at the end of the drive blocks.

The outer half-wheel has: a taper roller bearing; a high flow rate valve or optional low
flow fill gage valve or optional low flow valve; 120° on either side of the inflation valve, the
half-wheel is fitted with two tapped holes blanked by two plugs fitted with preformed
packings. On an optional basis, one of the holes is for a pressure transducer (T. P. 1. S.)
(see Figure 6.4 - 6).
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Duter
Inner hall-wheel Fusible half-wheel Pressure indicator
(brake side) plug {valve side) valve
{optional)
Valve Low flow valve
(optional)

See figure 6.4=5
detail a

N Seefigure 3

Washers
Mut
Fusible
plug
Bolt

Drive block
Preformed packing

lu
Heat shield Balance G See figure 6.4-6
weizht detail b

Figure 6.4 -4  Wheel structure details

Preformed packings

Glip P :

¥ i
I Sonma j ; il v
Bush [ <imewr A O
L f .'u-f.il'A_] l”
Stop and Dust guard Bush
seal assy
. Seal
Bearings assy

Figure 6.4 -5 Taper roller bearing

The maintenance procedures of the wheels are very similar to the shock strut, it

contains several major steps: testing, disassembly, check, repair, assembly and so on. ]
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Inflation valve

Optional 1pis
——— localization

Figure 6.4 -6 Installation holes location

6.4.4 Testing and Fault Isolation

In order to prevent the leakage of the tire during operation, we have to do a leakage
test. This test is to check the leakage situation of the pressure indicator valves and the
fusible plugs. The test procedure must be carried out after fitment of the tire.

First, check the pressure indicator valve. Connect a dry air or nitrogen supply to this
end of the pressure indicator valve, supply the pressure indicator valve with a pressure of
5 to 7 psig, and then disconnect the air or nitrogen supply. Immerse the pressure indicator
valve in water and examine it for external leakage through the absence of bubbles. A slight
leakage at the valve core is permissible. It shall not exceed 3 bubbles per minute after the
first minute of immersion. And then repeat the former operations with the pressure indicator
valve supplied with a pressure of 200 psig.

Second, check the fusible plug. Apply silicone grease or vaseline grease to the
preformed packings. Install the fusible plug on test tool. Tighten the fusible plugs with a
correct torque loading. Supply the test tool with nitrogen at a pressure of 250 psig. After
stabilization, adjust the pressure to maintain 250 psig. Check, after a 3-minute period, that
there is no pressure drop, and then apply a soapy solution to the fusible plug to detect leaks.
On completion of this check, release the pressure and rinse off the soapy solution with
water,

If the leakage exceeds the allowed limits during the test, we must take a certain
solution. If the leak is caused by the failure of the packing or seal, we must replace the
packing or seal. If the leak is caused by the failure of the pressure indicator valve or fusible

plug, we have to discard it and replace a new one.
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6.4.5 Disassembly

Before disassembling the wheel, a very important step is to deflate the tire. Otherwise,
injury to person or equipments could occur from sudden ejection of parts. When deflation is
completed, remove basic components like fusible plugs, valves, bearing cones, clips and so
on {rom the wheel. And then, disassemble the half-wheel assemblies.

Break the bond of the tire beads to the flange with a tire removal press. Release and
loosen nuts in a criss-cross sequence. If a bolt is broken, discard it. Do an NDT inspection of
the 17 remaining bolts before discarding the 2 bolts which are on each side of the broken
bolt. If there is more than one broken bolt, discard all the bolts. Remove nuts, bolts and
washers. And then remove a half-wheel assembly the tire.

Then, we could remove of the components of inner and outer half-wheel assembly, for
example: drive blocks, heat shields from inner half-wheel, bearing cups and balance weights
from both inner and outer half-wheel. Be careful that before removing the balance weights

make a record of its location and its weight.
6.4.6 Cleaning

Before the cleaning of parts, remove all their preformed packings. Carefully clean the
blending area between the bead seat and the rim to remove any remaining grease and rubber
particles. Clean the surfaces on which there is MASTINOX with the chlorinated solvent
trichloroethane or methyl ethyl ketone. clean all the parts with white spirit and then dry
them with dry compressed air.

When cleaning the valve, do not immerse the valve in the cleaning mixture. Thoroughly
clean the threads of wheel and inflation valve to remove contaminants. Uses LOCTITE chisel
790 (or equivalent) to remove old LOCTITE residue. Rinse with cold, clean water and

permit to dry. Clean the external surface of the valve with a piece of cloth soaked in liquid.
6.4.7 Check

Do the general inspection procedures of the wheel shown in the “Recommended
Inspection Procedure Schedule” (see Figure 6.4 — 7). The fundamental inspection methods
include (see Figure 6. 4 — 8): visual inspection, penetrant inspection, eddy current
inspection, metallurgical inspection. Specific inspection methods have been introduced in the
previous section.

Manufacturer recommends to do the general inspection of the wheel every 5/7 tire
replacements. Do the same inspections at every 5/7 tire replacements on a wheel which had a
tire that burst or deflate during landing and/or take-off roll. Discard half-wheels that show

signs of a rolling touch with the runway.
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PART INSPECTION PROCEDURE TIRF REPLLACEMENTS | *
v 2| 3] 457
VISUAL INSPECTION:
—TIRE BCAD SEAT ARCAS x | x| x| x| x| x
=RIM x x x ® x
—AlR VENT HOLES e | s | o | x|
-TIE BOLT HOLES AND SPOT FACING| x | x | = | x | x
AREAS
—DRIVE BLOCKS x | = | x| x "
-DRIVE KEY AREAS | x
—TAPPED HOLES (FUSIBLE PLLIGS, x | x
PLUGS AND VALVES OR PRESSURE
INDICATOR, VALVES)
HALE —-BEARING CUPS x x x x #
-WHEEI. |-BEARING CUP HHOUSINGS x | x
{IF REMOVED]
~WORN AREAS PAINT w | x| | % | =
EDDY CURRENT INSPECTON:
-TIRE BEAD SFATAREAS * * *® s x *
-DRIVE KEY AREAS x | x
-AIR VENT HOLES x | x
—TIE BOLT HOLES AND SPOT FACING e x
AREAS
DIMENSIONAL CHECK
—-BUCKLING AND OUT OF
ROUNDNESS *
CONDUCTIVITY(IACS)
AND HARDNESS TEST
PENCTRANT PROCEDURE X | =
(SECTION 38 OR 39 OF
MANUAL 32-09-01}

®:81GNS OF OVERHEATING (FUSIBLE PLUGS MELTED DISCOLORATION OF WHEELSURFACE) OR DOUBT.

Figure 6.4 -7 Recommended inspection procedure schedule (excerpt part)

O~

30 mm 70 mm

{a)

Figure 6.4 -8 Areas of inspected
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Areas where cracks are
Most likely to joinup

@ Conductivity{iacs)
@ Brinell hall test

@ Eddy current inspection

S Visual inspection

. Fusible plug

(b}

Continued Figure 6.4 -8 Areas of inspected

6.4.8 Typical Repair

Corrosion removing is a very important task of wheel repairing. To remove deep
corrosion, rub the damaged surfaces with an abrasive stone or a glassfiber brush. Be careful
to keep the minimum or maximum dimensions (external or internal diameter) in the
permitted limits, when this work is done on a mating part. Remove light signs of corrosion
chemically. Make sure that the corrosion is not so large that it will cause a decrease in the
strength of the part.

Please pay attention to the application of an anti-corrosive protection to the parts before
any permanent protection, machining or assembly. You can easily remove this protection
with white spirit.

If some small defects are inspected in checking, we have to repair it. Remove the
operation marks, scores, scratches, hit damage and peening marks without the aid of a
machine tool (lapping. scraping., use of stones, files or abrasive cloth). Keep the minimum
or maximum dimensions in the permitted limits. Make smooth all sharp corners.

For the important task of repair, we must use the adapted machine tool for the approved
and important remachining tasks.

(1) Typical repair task one:Repair of half-wheels.

To remove light signs of corrosion or of hit damage, rework the surfaces where
necessary. Be careful to keep the dimensions in the limits specified on Figure 6.4 — 9 and
Figure 6.4 —10. The maximum depth of rework on all the surface of the wheel is 0. 5 mm,
but you must keep the dimensions in the limits given on the figures.

We can remove corrosion by the use of a chemical procedure. Rub with a swab soaked in
a mixture made up of DEOXIDINE and pumice powder, diluted to 50% , in water. Rinse in
running water. Do the rework with a smooth file or a machine tool. Finish off with 400-grit
aluminium oxide or silicon oxide abrasive cloth or paper. Make smooth any sharp edges of

the reworked areas.
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(2) Typical repair task two: Repair of the housings of fusible plugs in the inner half-
wheel.
First, machine the hole to the dimensions shown on the figure. Then, apply the

protective treatment. And last, install a union and a preformed packing (see Figure 6.4 —11).

Three equally spaced
identical housings

A preformed packing

=— A union

Datum surface
G NG/ W

7

o 1 r - 4 L]
119° 30't0 HAF, o : 1/2"-20UNJF-3B
s|lca|B o|Al Y YTy !
16/ \ L
AN

L g &"
I@Ifﬂ{.—]ﬁflﬁ?} I DJ &‘F \‘J—lg
D I\ «k VA

Figure 6.4 - 11 Repair of the housings of fusible plugs

w7

6.4.9 Assembly

After checking and repairing, all the components should be assembled together. We
must clean and dry the parts, lubricate the parts or apply to them the protective treatment.

Then assemble the components to the inner half-wheel, including bearing cup and
fusible plugs. We must do the leakage test of the fusible plugs before installation on the half-
wheel. Lubricate the parts as shown (see Figure 6.4 —12).
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i
&
-qz

“REPAIR"
section

¥

ml |

4 n{y -

ml See

A R LV
section
B (64, 8) il

G sGrease MIL-T-5544{AMS 2518%) or

V/E]ﬂ:uic MIL=-T-83483 (MIL-PRF-§3483)
Grease MIL=G=43438 (S135)
(for packing preformed black)

] AGrease MIL-G-3545(AIR4205) or
Grease MIL-G-81322 (AIR4222) or
maobil aviation grease SHC100

n%/fﬂn]}'kntc G=rapid plus (paste form recommended)

v svaseline VVP=236A (air3363)
ifor packing preformed red)

Figure 6.4 - 12 Protective treatment and lubrication

Install preformed packings on fusible plugs and put the fusible plugs in position. We
must tighten the fusible plugs with a torque loading between 9 and 10 N « m (6. 6 and
7.4 1bf « ft). Install the drive blocks, bearing cone and the stop and seal assembly.

Next, we assemble the components to the outer half-wheel, including bearing cup.
plugs and valves.

After balancing the half-wheels, we should install the balance weights to the wheels
(see Figure 6. 4 — 13). Drill the hole for the attachment of the balance weight. Apply a
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protective coating with Alodine 1200 into the hole. Put in position the balance weights,
install screws, washers and nuts in position. Mark the mass (in grams) of the balance

weight where it is installed.

v
Marking area: + Full paint

Scheme after marking

Figure 6.4 - 13 Installation of balance weights

Next install the heat shields. Put heat shields in position between drive blocks. Attach
heat shields with threaded fasteners (see Figure 6.4 —14).

The last, assemble outer and inner half-wheel together, with threaded fasteners. Then
we have to do an inflation test, make sure that the aircraft wheels are available and no

leakage occurs.

Bearing
surfaces

——

Adhesive tape

R
A
120 mm
: {4.72 in)
]
i 191 mm
(7.521in)
25 4 mm
(1lin}
77l §
i3

\ Bearing /

———
surtaces

Figure 6.4 - 14 Install the heat shields
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New Words/ Phrases/ Expression

1. forge[ fordz ] vi. , vt. &l . & 18

2. cyclic ['saiklik; 'siklik] adj. JEHIRY . GFF Y

3. catastrophic [ [ kaeta'strofik | adj. KMEH] B EHHY

4. drive key IR ) gt

5. heat shield F&#WAR , bR # A

6. thermal fuse plug #ufz €

7. melt [ melt] vi. , vt. ¥4k, 15/ s BT RS

8. tubeless [ tjusbles | adj. TGN B

9. drive block Xz, 3K 5fy 4

10. immerse [i'mo:s | vt 1%

11. permissible [ pamisabl] ad;j. 7] 294 H s 15 2 #E 14 1

12. rinse [rins | vt. ¥k, wh vk

13. tire bead 5%, i

14. sequence ['sitkwons] n. (3, FF 5 ; 07

15. rim [rim] n. $#1.,% .86 %

16. contaminant [ kon'teemonont | n. 754,584

17. residue ['reziidu; -(djur] n. ¥R 4.5

18. pumice powder ¥ A7 #

19. aluminium oxide %k 48

20. silicon oxide — & fk#E

Notes

[1]) Aircraft wheels are made from either forged aluminum or magnesium alloys.

4y # - “made from”f2“made of " &z £ T “ g eeeer #3#&7, K5 £ F“made from” & =& R &
B H, “made of "W A =T A A B BRAMA, “either..or” TR A e BEA e 7, X AN3E 2R
# & & KA K “neither...nor”, F A “BRIR weeer AR veeees 7

BiE:. U sdBREEeeRFHEE LK.

[2) The maintenance procedures of the wheels are very similar to the shock strut, it
contains several major steps: testing, disassembly, check, repair, assembly and so on.

4 H7:“be similar to” £ F“ L e M7,

BiE Nt ERES Jfﬁ@fﬁiﬁ WEERBEEFTHN. EQET INETESR
R B FRAEBEURAEE,

[3) Make sure that the corrosion is not so large that it will cause a decrease in the

Ml

strength of the part.
4 H#r 2 b 4] “make sure that” G389 2 EME F 0,4 T —A“so... that” 8 & & |
BVF A ORE A0 TE B R 2 K B R DL R R 1 Y R R
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Exercises

I . Answer the following questions:

1. What's the affects of the aircraft wheels?

2. What factors led to the failure of the aircraft wheels?

3. What are procedures of the wheel repair?

Il . Translate the following sentences into Chinese:

1. Aircraft wheels are removed frequently for tire changes, inspections, and lubrication.
Familiarity with various types of wheels and tires, and related components, will improve
your ability to perform your duties.

2. In order to prevent the leakage of the tire during operation, we have to do a leakage
test. This test is to check the leakage situation of the pressure indicator valves and the
fusible plugs. The test procedure must be carried out after fitment of the tire.

IT . Fill in the following blanks.according to the text:

1. The B737 is supported during landing, takeoff, and ground operations on

wheel and tire assemblies. are on the main landing gear and on
the nose landing gear. Each main wheel is provided with a bolted to a flange on the
axle.

2. Break the bond of the tire beads to the flange with a tire removal press. Release and

loosen nuts in a sequence. If a bolt is broken, it. Do an

inspection of the remaining bolts before discarding the bolts which are on
each side of the broken bolt. If there is more than broken bolt, discard

bolts. Remove nuts, bolts and . And then remove a half-wheel assembly the tire.

6.5 Aircraft Brakes

6.5.1 General

Aircraft brakes are used to slow down the forward speed of the aircraft on the ground.
The brakes are multiple disc type. Each brake is provided with pistons which actuate the
brakes when hydraulic pressure is applied, causing the rotors and stators to compress and
creating friction, thus stopping the aircraft. The brakes are also provided with combination

return springs and automatic adjusters. The automatic adjusters compensate for brake wear.
6.5.2 Steel Brake Assembly of the Boeing 737

B737’s brake assembly mainly uses two company’s products, BENDIX brakes and
GOODRICH brakes (see Figure 6.5 — 1, Figure 6.5 — 2). The two products are slightly

different in details, but the braking principle are the same.
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Torque tube

Lining black
Rotor(4 places)

Reline : ;
indicator pin Rivet (typical)
(2 places) Stator{ 5 places)
SQE !
Piston (6 places)
Bleeder
valves
Carrier
3 Torque tube
Pressure W
cylinder

(6 places)
Mounting flange
Temperature

SEMSOr

Pressure plate
Automatic adjuster
assemblyi4 places)

see

Figure 6.5 -1 BENDIX brake

Rotar
(4 places)

Pressure port

Rivet

=3
H“\‘\%\:'l}\\ Lining block
) ?;"-‘-& Piston {6 places)

LR

Torque plate

Bleeder -
valves

Wear indicator
pin (2 places)
see

Piston
housing
h_.l-1ount|ng Pressure plate
flange - Automatic adjuster
assembly
(5 places)
sec

Figure 6.5 -2 GOODRICH brake

The brake assembly is a rotor-stator unit that operates using hydraulic pressure. The
assembly uses multiple steel discs as rotors and stators.

Tire to surface friction force for halting the aircraft is controlled through the application
of hydraulic pressure to the multidisc brake. Rotors coupled to wheel/tire assemblies and
stators attached to gear structure are pressed together by the action of hydraulic pistons
causing the frictional force required to halt the aircraft. Automatic adjustment assemblies
maintain correct brake element clearances. Wear indicators give visual warning of time to
overhaul brakes. Hydraulic bleed ports are provided to assist in the overhaul.

Each main landing gear wheel brake has these components (see Figure 6.5 —3):
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« Stators;

« Rotors;

* Pressure plate;

« Piston;

» Adjusters;

« Axle bushings;

» Wear indicator pins;

« Brake hose connection;
» Hydraulic bleed port.

Wear

\?‘,' 4 TAinIne 4 L1 ;
S TemAnE indicator pin{2})

{brakes applied) \

-
Brake ___,_.—--'H -.HFIre:surc
plate

housing

Brake hose
ennection!
hydraulic
hleed port
Retention F"jﬁlun.-'
cable adjusier {6}
| :llu hment %
= cnmen 5 RDIU[’S
4 "'p : Stators
Torque
[uk\mu[f/
: slot(2)
i) Axle
Torque ) bushing Pressure
% pin plate
FWD
Figure 6.5 -3

6.5.3 Typical Carbon Brake Introduction

The brake assembly installed on the A320 airplane is manufactured by Messier-Bugatti,
it is a kind of carbon brake (see Figure 6. 5 — 4). This brake assembly has two sets of
independent operation system, called “NORMAL” and “EMERGENCY”. This is to ensure
safety, if the normal system fails, the standby (emergency) system can still work. Friction
between the stator assemblies and rotor assemblies causes the carbon brake to operate.

The input of the hydraulic fluid pressure into a set of seven pistons compresses the
stator assemblies and the rotor assemblies together and thus causes friction. The nine pins
and three bolts installed in the torque tube transfers the braking torque to the landing gear.
The thermocouple installed through the complete hydraulic crown and into a spline of the

torque tube assembly, is the sensing element of the monitoring system for the carbon brake
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temperature, ¥ The thermocouple supplies an electrical resistance which changes with the

heat released on brake application.

Carbon heat pack
Brake wear 4 rotors
indicator

Attachment bolts
«—— Heat shields

o
Torque tube ———=rr—r—
R

Torque pins

Temperature

sensor
Piston
Heat pack
" _—Rear plate
Retaining plate
Torque tube |
LTI Heat shield
Mut i |
Bolt
Pin —01 | | | |
- |
|

\ it e o
Retaen Piasan HJ—‘J—I—T—IIJ—EIHIW assemblies

Thrust plate Rotor assemblics

Figure 6.5 -4 Carbon brake

The carbon brake has these components (see Figure 6.5 -5):

« A complete hydraulic crown;

+ A torque tube assembly;

« A thrust plate;

+ A heat pack;

« A retaining plate.

The complete hydraulic crown has fourteen return pistons, two hydraulic fitting
assemblies and two valves. It is made of forged aluminum alloy, has two systems which
operate independently (¥ NORMAL?” and “EMERGENCY” systems).®™ Each system has a

hydraulic fitting assembly, a valve which is connected to seven piston cavities (see Figure 6.5 - 6).
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two lateral stator assemblies.

Bleader valve

Ilwlnuiu,
fitting
.:-mLmhl:.- g '_I f"ﬁa,l

Hydraulic crown

Thermocouple =

Figure 6.5 -5 Carbon Brake Assembly

Bleeder valve Bleeder valve

location /lDL'aLiun

Hydraulic fitting
assembly location

Figure 6.5 -6 Dual system of the brake

operate the carbon brake (see Figure 6.5 7).

“lip

Central and lateral
stator assemblies

Figure 6.5 -7 Heat pack parts

Hydraulic fitting
agzembly location

Piston cavities

The thrust plate, assembled with the insulating washers, transmits the force applied by
the pistons to the heat pack. The retaining plate is installed at the end of the torque tube
The retaining plate, together with the rear plate prevents translatory motion of
the heat pack. The heat pack has four rotor assemblies, three central stator assemblies, and
The rotor clips on the rotors prevent damage to carbon when
the drive keys in the wheel cause the rotor assemblies to turn. The stator clips installed on

the stators prevent damage to carbon caused by the splines of the torque tube when you
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6.5.4 Typical Carbon Brake Repair Procedure

A carbon brake is possibly sent to the repair shop for the two causes that follow:

(1) Full wear of the heat pack with a life extension shim installed (the wear indicators
are aligned “flush” with the complete hydraulic crown).

(2) Deterioration/Failure caused by:

» Hydraulic leakage;

» Overheating caused by a rejected take-off;

» Overheating caused by a dragging brake.

The first step of repair procedure is testing. Apply a pressure of 2,100 psig to one of the
two circuit of the carbon brake. Measure the length of the wear indicators. If the end of the
wear indicators are aligned “flush” with the complete hydraulic crown and that a life
extension shim is installed, the heat pack is fully worn (see Figure 6.5 —8). And then, do a
low pressure leakage test and a high pressure leakage test, make sure that there is no
external leakage and no pressure drop. If a set of new heat pack is replaced, we have to

adjust the wear indicators.

(1=1200

Q TR Reference surface of the
-, h) -~ complete hydraulic erown
{ \ o

\ vricmﬂining wear

Figure 6.5 -8 Measurement of the remaining length of the wear indicators

Wear indicator \

The second step is disassembly. After measuring the wear indicator, drain the brake
assembly. Remove the thermocouple and the heat pack. Pay attention that removing the
components one after another. Discard lockwire and cotter pins. If the heat pack is not fully
worn, do not discard the wear indicators. Use them again with the same heat pack.

The third step is cleaning. Clean the heat pack parts, thermocouple, metal and non-
metal parts refer to the SOPM. Then, remove paint from the hydraulic crown, from the
torque tube and from the retaining plate.

The fourth step is inspection. After disassembling and cleaning the brake, we must do

some inspection of the components (see Figure 6.5 —-9).
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PART INSPECTION PROCEDURE o g
1 2 3 4

Hydraulic crown (2-380) Visual inspection XX | X ] XX
Penetrant inspection X X
Conductivity test (IACS) X
Hardness test X
Torque tube (1-310) together Visual inspection x X X X X
with its pins (1-370) Magnetic particle inspection X X
Hardness test X
Bolts (1-070) Visual inspection Xl x| x| x| x
Retaining plate (1-060) Visual inspection X X X X X
Magnetic particle inspection X X
Hardness test X

Return pistons (2-110)
- Liner (2-320) Visual inspaction X X | X
- Piston (2-260) Visual inspection X X X
- Adjuster pin (2-180) Visual inspection X X X
Magnetic particle inspection X X
- Guide (2-210) Dimensional check X X | X
- Spring (2-220) Compression check X X
Thrust plate {1-130)"* Visual inspection X X X X X
Dimensional check X X
Penetrant inspection X X

Figure 6.5 -9 Parts inspection procedure

One cycle represents full wear of the heat pack with a life extension shim installed. “

”»

represents signs of overheating (caused by a rejected take-off or a dragging brake) or after a

“ ”

rejected take-off. * %

extension shim and at each cycle (see Figure 6.5 —10).

Hydraulic

s:rnwn\T‘
e

Q0O

Torgue tube ‘"f‘_—l

Hardness
test in these
area A,

| Hardness testin
these areas

Figure 6.5 -10 Hardness tests

represents do a visual inspection before the installation of a life

Section

The fifth step is repair. There are two typical repair procedures introduced as follow.

(1) Repair of the hydraulic crown. Remove corrosion from the piston cavities, from the

285



TRALEAAE L L B

mounting holes, from the mounting faces of the hydraulic fitting assembly and the valve.
The general procedure of the repair is;: Mask the threaded holes and the surfaces that do not
have corrosion. Remove corrosion [ maximum depth of the repair; 0.5 mm (0. 020 in) ] from
the mounting faces of the hydraulic fitting assembly and the valve with a large-grit abrasive
paper (¥400 or *600). Apply a chemical oxidizer to locally repair the protection. Restore
the surface protection on the mounting faces of the hydraulic fitting assembly and the valve.

Remove the mask material from the repaired area (see Figure 6.5 —-11).

Local repair
i 3 65 mum(). 1437 in)max

Mate:depth of the repair
0.2 mmy{0.008 inymax

Piston
cavity ~

1.6 mm{0.457 inymin

I13.8t0 14.2 mm
(0,543 to 0.55%in)

Mouting hole
Note:depth of the repair:
0.5 mm{0.020 inymax

Figure 6.5 -11 Repair of the hydraulic crown

(2)Repair of the thrust plate. Counter-drill the existing stress-relief hole from which
the crack starts to a diameter of between 7 and 7.5 mm (0. 27 and 0. 295 in). If you do not

remove the crack fully, drill a stop hole as shown (see Figure 6.5 -12). Remove the burrs.

Welded —
reinforcement ection
s A adius A—
ring \>(‘-_ _.--"']‘.\ Thrustplate % & ::‘:['1:;'_“”0’( A=A
1 [+
f“"ﬁ-_,_,_‘_‘l:é—!:j__f':\/“_”m III ”",{U.d and 0.7 mm
£ T 3 i I {0,016 and . )
/ @ s @ 0 i [ 0.028 in)
5 Y Tmm | ta remave
h"““-ﬂ-h_,_ IfU.lE_ mj I| burrs
Counter-drill the existing min e A | ™Crack
stress-relief hole 5 mmi(0.20 in)
to a diameter of between DIA stop hole
Tand 7.5 mm (0.28 and 0.295 in)
A

Figure 6.5 -12 Repair of the thrust plate

The last step is assembly. Assemble all components in reverse order of the disassembly

procedure (see Figure 6.5 —13). 11
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280 . 230 250
020 4g \a{?@%ﬁﬂ e
B
030 by
M“"\
240

Figure 6.5-13 Assembly of the carbon brake

New Words/ Phrases/ Expression

1. stator ['steito] n. ¥

2. rotor[ 'routo] n. B

3. adjuster [ od3asto | n. AT #E
4. wear indicator pin EEHI$E 784
o.
6
7
8
9

thermocouple[ '0oxmoukapl] n. FRHAE , I5 1L H

. spline [splain] n. fE4%&

. thrust plate ¥ Jj £

. heat pack #4H 4

. translatory[ 'traenslotori | adj. FH W, F3hH

10. flush[fla[] adj. FE5509, % 58
11. counter drill 3 345

Notes

[1] The thermocouple installed through the complete hydraulic crown and into a spline

of the torque tube assembly, is the sensing element of the monitoring system for the carbon

brake temperature.
S5 =A% 4 PUis” 8 £ & £ “the thermocouple”,
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R A3 E AR kAR A PR LR BERABEERANFRE R
G0t R T .

[2]) It is made of forged aluminum alloy, has two systems which operate independently
(“NORMAL” and “EMERGENCY” systems).

AT 3k 8] F “has” 69 2452 AT @ 69 i,

BE - HBERE M ITRNBEERAREMA B I TN AR (EG RAMELZRG),

[3) Assemble all components in reverse order of the disassembly procedure (see Figure
6.5-13).

41 :“in reverse order” & 7~ 48 B9 IR A,

B -G prA S R A R A% (LA 6.5-13),

[

: R
AR

Exercises

I . Answer the following questions:

1. What is the working principle of aircraft brakes?

2. What components does the brake system contain?

3. What are the differences between the typical steel brake and the carbon brake?

Il . Translate the following sentences into Chinese:

1. B737’s brake assembly mainly uses two company’s products, BENDIX brakes and
GOODRICH brakes. The two products are slightly different in details, but the braking
principle are the same.

2. This brake assembly has two sets of independent operation system, called
“NORMAL” and “EMERGENCY”. This is to ensure safety, if the normal system fails, the
standby (emergency) system can still work. Friction between the stator assemblies and rotor
assemblies causes the carbon brake to operate.

IM . Fill in the following blanks according to the text:

1. Aircraft brakes are used to slow down the of the aircraft on the ground.
The brakes are type. Each brake is provided with pistons which actuate the brakes
when is applied, causing the and to compress and creating

, thus stopping the aircraft. The brakes are also provided with combination and

automatic adjusters. The automatic adjusters compensate for

2. The step is disassembly. After measuring the wear indicator, drain the
brake assembly. Remove the and the . Pay attention that removing the
components one after another. Discard and . If the heat pack is not fully
worn, the wear indicators. with the same heat pack.
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Aircraft Power Plant Maintenance

Theory of Aircraft Engine

Types of Gas Turbine Engines for Aircraft

Basic Components of Gas Turbine Engine
Typical Components Maintenance of Gas Turbine

Engine
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Chapter 7 Aircraft Power Plant
Maintenance

7.1 Theory of Aircraft Engine

Aircraft power plant includes aircraft engines and systems and accessories necessary to
ensure its operation, such as fuel system, oil system, ignition system, starting system, fire
protection system and so on. The [irst powered flight in an airplane was made by the Wright
brothers on December 17, 1903. From then on, aircraft engine as the power plant of

aircraft, has developed more than 100 years.
7.1.1 Principles of Jet Propulsion

Newton’s third law of motion states that for every action, there is an equal and opposite
reaction. Jet propulsion applies this law by taking in a quantity of air and accelerating it
through an orifice or nozzle. "' The acceleration of the air is the action and forward movement
is the reaction. In nature, a squid propels itself through the water using a form of jet
propulsion. A squid takes sea water into its body and uses its muscles to add energy to the
water, then expels the water in the form of a jet.®™ This action produces a reaction that

propels the squid forward, as shown in Figure 7.1 - 1.

Figure 7.1 -1 A squid

As early as 250 B. C. , a writer and mathematician named Hero devised a toy that used
the reaction principle. The toy, called the aeolipile, consisted of a covered kettle of water
that was heated to produce steam. The steam was then routed through two vertical tubes and

into a spherical container. Attached to the spherical container were several discharge tubes
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arranged radially around the container. As steam filled the container, it would escape
through the discharge tubes and cause the sphere to rotate, as shown in Figure 7.1 - 2.

A more modern example of Newton’s reaction principle is observed when the end of an
inflated balloon is released. As the air in the balloon rushes out the opening, the balloon flies

wildly around a room, as shown in Figure 7.1 - 3.

Figure 7.1=2 Hero’s acolipile Figure 7.1 -3 A released balloon

The acceleration and movement of a jet engine are caused by similar forces. In its
simplest form, any jet engine draws in air, compress the air, heats it, and forces it out
through a jet nozzle at a very high velocity. ¥1 As shown in Figure 7.1 -4, the exhaust gases
are forced out the nozzle (action), and those gases exert a force or thrust (reaction) on the
engine and aircraft in a forward direction. It is a common misunderstanding that the escaping
gases push on the air behind the engine to move the engine forward. The thrust does not
come from the jet engine pushing against the air behind it, but from the forces exerted by the
hot expanding gases produced within the engine. ! The expanding gases push on the engine
parts in sideways and forward directions, but since the back of the engine is just a large hole,
no force can be exerted in a rearward direction. The engine moves in the direction of the

unbalanced forces.

Hot
gases

—— P
Force = Thrust
Action= Reaction

Figure 7.1 -4 Newton’s third law of motion
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7.1.2 Types of Aircraft Engines

Aircraft engine is a heat engine that produces thrust (or pulling force) for aircraft. In
the past more than 100 years, the main aircraft engines used by humans are basically
classified as two types: piston engines and air jet engines, as shown in Figure 7.1 - 5. Piston

engines and gas-turbine engines are most widely used in modern aircraft.

| Liquid-cooled engine ‘

¢ | Cooling method
| Adr-cooled engine ‘

Y-lype ¢ngine

‘ Cylinder arrange ment |_< In-linc cngine

Cpposed engine

Ram jerengine

(i

Mon-compressor

Pulse jel engine
\ Airjet engine
Turbojet engine

Turbofan engine

Turboprop énging
urbo shafl engine

Figure 7.1 -5 Classification of aircraft engines

Il

kas—turhineengine|

7.1.2.1 Piston Engine

Piston engine is a form of heat engine that converts the chemical energy of fuel into
mechanical energy by the reciprocating motion of the piston in the cylinder to complete the
thermodynamic cycle. ¥ The basic parts of a piston engine include the crankcase, cylinders,
pistons, connecting rods, valves, valve-operating mechanism, and crankshaft, as shown in
Figure 7.1 - 6.

The Otto-cycle piston engine is widely used as aircraft engines. Otto-cycle includes four
strokes, they are: the intake stroke, the compression stroke, the power stroke, and the
exhaust stroke. In a Otto-cycle engine, the crankshaft makes 2 revolutions for each complete
cycle. During the intake stroke, the intake valve is open and the exhaust valve is closed, the
piston moves from its top dead center(TDC) to bottom dead center(BDC), drawing the fuel-
air mixture into the cylinder, and the intake valve closes; in the compression stroke, both

valves are closed, the piston moves toward TDC, compressing the fuel-air mixture, and
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ignition takes place near the top of the stroke; in the power stroke, both valves are closed,
the pressure of the expanding gases forces the piston toward BDC, and the exhaust valve
opens well before the bottom of the stroke; during the exhaust stroke, the exhaust valve is
open and the intake valve closed, the piston moves toward TDC, forcing the burned gases
out through the open exhaust valve, and the intake valve opens near the top of the stroke and

the cycle repeats. The four strokes of an Otto-cycle engine are illustrated in Figure 7.1 - 7.

Cylinder

¢ Rockerarm :
Pision

Valve spring
Connccting-rod
Intake valve

Valve-operating Exhaust valve —t
mechanism Pushrad .

Lafter

Crankcase

Crankshaft

*  Cam-plate

Figure 7.1 -6 Basic parts of piston engine

Intake Exhaust
valve valve

: /Spark
: plug

Piston

Connecting
rod

’ Crankshalt

(a)Intake (b)Compression (e)Power (d)Exhaust

Figure 7.1 -7 The four strokes of an Otto-cycle engine

7.1.2.2 Gas Turbine Engine

The basic operation of the gas turbine or turbojet engine is relatively simple. Air is
brought into the front of the turbine engine and compressed, fuel is mixed with this air and
burned, and the heated exhaust gases rush out the back of the engine. The parts of a

turbojet engine work together to change fuel energy to energy of motion, to cause the
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greatest thrust for the fuel used. A basic turbine engine is illustrated in Figure 7.1 - 8.

Compressor Combustion Mozzle
chamber=,

Turhine

injector

Figure 7.1 -8 Major parts of a turbojet engine

A gas turbine engine has three major sections: an air compressor, a combustion section,
and a turbine section. The engine may also be divided into the cold section and the hot
section. The forward or front part of the engine contains the air compressor, which is the
cold section. The combustion and turbine sections make up the hot section of the engine.
The compressor packs several tons of air into the combustion chamber every minute and
works somewhat like a series of fans. Then fuel is forced into the combustion chamber
through nozzles, a spark provides ignition, and the mixture burns in a process similar to a
blowtorch, creating hot exhaust gases. These gases expand and are ejected from the rear of
the engine. As the gases leave, they drive a turbine which is located just behind the
combustion chamber. By means of an interconnection shaft, the rotating turbine is connected
to and turns the compressor, completing the cycle. After rushing by the turbine, the hot
gases continue to expand and blast out through the exhaust nozzle at a high velocity, creating
the force which propels a jet aircraft. [

The high-velocity jet from a turbojet engine may be considered a continuous recoil,
imparting force against the aircraft in which it is installed, thereby producing thrust. ¥ The
formula for thrust can be derived from Newton’s second law, which states that force is

proportional to the product of mass and acceleration.
New Words/ Phrases/ Expression
. power plant zJj J7 %% B

. jet propulsion W< #i 3k

. orifice [orifis | n. fL; JA
.nozzle ['nozl] n. W{EF, BEBE
.squid [skwid] n. 150, 28 £

. propel [ propel] ve. HEdk; #ED)
. devise [ divaiz] vt. #it; &
. aeolipile [irplopail ] n. JKFEFR

[ I B B’ N C
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9. kettle [ketl] n. CRE/KABD AT /N
10. discharge [ dis'tfa:d3] ve. HEH ; HH

11. radially ['reidioli] adwv. SR H

12. inflate [in'fleit] vt. , vi. R (TR KRS
13. draw in W A

14. compress [ kom'pres | vt. JE4q

15. jet nozzle BBWi &

16. thrust [Orast] n. #EH

17. ram jet engine W&\ HE S & sl

18. pulse jet engine fik == & shil

19. piston engine I ZE & shHL

20. gas turbine engine BA S IR 5 & 3L

21. convert [ kon'vart | vr. ¥4k, A

22. mechanical energy HLIEHE

23. reciprocate [ ri'siprokeit | vi. £ & i85}
24. thermodynamic [ 0a:meudainaemik ] adj. # )24
25. crankcase ['kraepkikeis] n. HiHH5H

26. cylinder ['silinde(r) | n. K4r

27. piston ['piston ] n. Jf3E

28. connecting rod % fF

29. valve [veelv] n. K17

30. valve operating mechanism S | J{&sh L1
31. crankshaft [kraenk[a:ft] n. %l

32. Otto-cycle ['otou'saik(a) 1] BILIE

33. stroke [ strovk] n. WiEE; 15 ZE4THE

34. intake ['inteik] n. #X

35. revolution [ revelufon | n. [, %%

36. top dead center FJE &

37. bottom dead center T %€ &%

38. ignition [ignifon] n. s K ;35 K ; BREE

39. cold section ¥4 ¥

40. hot section #

41, compressor [ kem'presa(r) | n. JES ML
42. combustion chamber #Ake =

43, turbine ['tatbain] n. W%

44. fuel injector #4 I M5 H§

45, spark [ spatk | n. KAE;HL kB

46. mixture ['mikstfo(r) ] n. IREX

47. blowtorch [ 'bloutort| ] n. W, BELT s WS K ShHL
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48. eject [1dzekt] wvt. WEH

49. interconnection [ intokonek/n] n. #HH &%
50. blast [ blast] vt, W H

51. exhaust nozzle HE S W45

52. recoil [rikoil] n. AER ;b )i

53. formula [fomjsla] n. 243

54. be proportional to e« - BCIE B

55. product ['prodakt] n. ;7= 5 45 R

Notes

[1]) Jet propulsion applies this law by taking in a quantity of air and accelerating it
through an orifice or nozzle.
BEGARAREAASTTE=Z S, RANRERAH LI L Z A mE KL —ANEILHK

T

poid

[2) A squid takes sea water into its body and uses its muscles to add energy to the
water, then expels the water in the form of a jet.

BiE: - SWEEKBENEN FRANALE K mit B, AR EKU A7 X
7w

[3) In its simplest form, any jet engine draws in air, compress the air, heats it, and
forces it out through a jet nozzle at a very high velocity.

B AN TR HRARKANBRANZ AR HLES Ao dh, BB L2 WA %
& 2 1 JE .

[4) The thrust does not come from the jet engine pushing against the air behind it, but

mﬁ?
=

from the forces exerted by the hot expanding gases produced within the engine.

B d ARK AN EEMERA N £ T2 E KA IR R K
BT 7=

[5]) Piston engine is a form of heat engine that converts the chemical energy of fuel into
mechanical energy by the reciprocating motion of the piston in the cylinder to complete the
thermodynamic cycle.

RN S R N I e W AN VR I e B L VR e Ao
R N0 I N

[6) After rushing by the turbine., the hot gases continue to expand and blast out
through the exhaust nozzle at a high Velocity, creating the force which propels a jet aircraft.

BE-ALARARENGRRAARTE YR E WK U GE B H . AT &85 il
:hEii 3

[7) The high-velocity jet from a turbojet engine may be considered a continuous recoil,

imparting force against the aircraft in which it is installed, thereby producing thrust.
B AR TR ANHEENFETRRTEERE-—ANEENRERAA AL RERAINE T
Wo— A X AR T A
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Exercises

I . Answer the following questions:

1. Which law does jet propulsion apply?

2. How does the jet engine produce thrust?

3. What are the four strokes of the Otto-cycle?

4. Which three major sections does a gas turbine engine have?

5. What is the compressor turned by?

Il . Translate the following sentences into Chinese:

1. Aircraft power plant includes aircraft engines and systems and accessories necessary to
ensure its operation, such as fuel system, oil system, ignition system, starting system, fire
protection system and so on.

2. A more modern example of Newton’s reaction principle is observed when the end of an
inflated balloon is released. As the air in the balloon rushes out the opening, the balloon flies
wildly around a room.

3. The exhaust gases are forced out the nozzle (action), and those gases exert a force or
thrust (reaction) on the engine and aircraft in a forward direction.

4. Then fuel is forced into the combustion chamber through nozzles, a spark provides
ignition, and the mixture burns in a process similar to a blowtorch, creating hot exhaust
gases. These gases expand and are ejected from the rear of the engine.

5. By means of an interconnection shaft, the rotating turbine is connected to and turns
the compressor, completing the cycle.

IM . Fill in the following blanks according to the text:

1. Newton’s third law of motion states that for every action, there is an and
reaction,

2. The expanding gases push on the engine parts in and directions,
but since the of the engine is just a large hole, no force can be exerted in a rearward
direction.

3. The basic parts of a piston engine include the , , , )

, and

4. During the intake stroke, the intake valve is and the exhaust valve is ,

the piston moves from its to , drawing the fuel-air mixture into the ,

and the intake valve
5. The engine may also be divided into the cold section and the hot section. The forward
or front part of the engine contains the , which is the cold section. The

and sections make up the hot section of the engine.
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7.2 Types of Gas Turbine Engines for Aircraft

Gas turbine engines come in various mechanical arrangements. Aircraft turbine engines
can generally be classified into four types of engines: turbojet, turbofan, turboprop and
turboshaft. The basic components of all these engines are essentially the same: a
compressor, a combustion chamber, a turbine to drive the compressor, and an exhaust
nozzle. The difference lies in the type and arrangements of these components. The

mechanical arrangements of various types of gas-turbine engines are shown in Figure 7. 2 - 1.

] & Tl A R!

(£} Twin-spool bypass turbofan
{low hypass ration)

{a) Double-entry single-stage
centrifugal turbojer

(b} Single-entry two-stage
centrifugal wrbopropeller

(g1 Triple-spool front fan turbofan
(high bypass ratio)

{e) Twin-spool axial-Mow
turbopropeller

(h} Prop-fan-concept

(i} Contra-rotating fan-concepl
(high bypass ratio}

{e) Twin-spool turboshaft
{with free-power turbine)

Figure 7.2 -1 Mechanical arrangements of gas-turbine engines
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7.2.1 Turbojet Engine

A turbojet engine is a type of gas-turbine engine which produces thrust through the hot
gases exiting the exhaust section of the engine. Although this engine was the first real
successful gas-turbine engine, it has been replaced in most aircraft by turbofan, because of
its fuel efficiency. However, it is still used in some military applications.

There are two types of turbojet, the centrifugal flow compressor type (see Figure 7. 2 —2) and
the axial flow compressor type. Either may have one or more compressors, and in some

engines both a centrifugal compressor and an axial flow compressor are incorporated.

Turhine

.-"i -
-

T )
NS

A ’g
1A

= ; Exhaust
Two-stage compressor Combustion nozgle

impeller chamber
Figure 7.2 -2 Centrifugal compressor turbojet engine

Centrifugal compressors operate by taking air into the engine near the compressor hub at
the front of the engine. The air is then rotated at high speed by an impeller. Centrifugal
force carries the air to the perimeter of the impeller and increases its total pressure. The air
is then collected by a diffuser that converts the total pressure to static pressure. From the
diffuser, the air is led to a manifold which feeds it to a series of individual combustion
chambers.

Large, high performance turbojets and turbofans require the greater efficiency and
higher compression ratios that can be obtained only with an axial flow compressor. Axial
flow compressors have the added advantage of enabling an engine to have a small frontal
area. Either a single compressor (see Figure 7.2 —1(d)) or a dual compressor (see Figure
7.2-3) may be used. The latter type results in very high compressor efficiency, compression
ratio, and thrust. In dual compressor engines, one or more turbine stages drive the low
pressure compressor, while a separate, one-or two-stage turbine drives the high pressure
compressor. 1 The two rotor systems operate independently of one another except for
airflow. The turbine assembly for the low pressure compressor is the rear turbine unit. This
set of turbines is connected to the forward, low pressure compressor by a shaft that passes
through the hollow center of the high pressure compressor and turbine drive shaft. ™ The

dual compressor configuration is often called a single rotor or single-spool engine.
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Low pressureg Compressor

/uml turbines
/, High pressure \

COmMPpressor

/ and turbine

Figure 7.2 -3 Dual axial flow compressor turbojet engine

7.2.2 Turbofan Engine

A turbofan engine may be considered a cross between a turbojet engine and a turboprop
engine. The turboprop engine drives a conventional propeller through reduction gears to
provide a speed suitable for the propeller. The propeller accelerates a large volume of air in
addition to that which is being accelerated by the engine itself. The turbofan engine
accelerates a smaller volume of air than the turboprop engine but a larger volume than the
turbojet engine.

There are two principle configuration for a turbofan, each of which has its advantages.
One configuration places the fan at the front of the engine, while, in the other, the fan is at
the rear of the engine. The first, called a forward fan engine (see Figure 7. 2 — 1({) and
(g)) . is the type most commonly used today. In a dual compressor forward fan engine, the
fan is an integral part of the low pressure compressor (see Figure 7. 2 —4). There is also a
forward fan engine design which has three separate turbines and three separate drive shafts
(see Figure 7. 2 — 1g). The rear turbine drives only the fan while the intermediate and
forward turbines drive a forward, low pressure compressor and a rear, high pressure
compressor, respectively. 1 In the other turbofan configuration (called an aft fan engine),
the fan is mounted at the rear of the engine (see Figure 7.2 - 1(h)).

On the engine shown in Figure 7. 2 =4, the fan’s rotational speed is the same as the low-
pressure compressor speed (N1). During operation, air from the fan section of the forward
blades is carried outside to the rear of the engine, through ducting. The bypass engine has
two gas streams: the cool bypass airflow and the hot turbine discharge gases which have
passed through the core of the engine. ' The bypass air or fan air is cool because it has not
passed through the actual gas turbine engine. The fan air can account for around 80 percent
of the engine’s total thrust. The effect of the turbofan design is to greatly increase the

power-weight ratio of the engine and to improve the thrust specific fuel consumption.
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Fan  Fandischarge duct

Low-pressure High-pressure
compressor  COMPressor
’

Core engine
exhaust

High-pressure turbine

Low-pressure turbine

Figure 7.2 -4 Arrangement of a dual compressor forward turbofan engine

Turbofan engine may be high-bypass or low-bypass engines. The ratio of the amount of
air that bypasses (passes around)-the core of the engine to the amount of the air that passes
through the core is called the bypass ratio. ©1 A low-bypass engine does not bypass as much

air around the core as a high-bypass engine.
7.2.3 High Bypass Turbofan Engine

During recent years, the high-bypass turbofan engine has become one of the principal
sources of power for large transport aircraft. Among such engines are the Pratt & Whitney
PW4000, the General Electric GE90, and the Roll-Royce RB211. These engines are used,
respectively, in Boeing 747, Boeing 777, and Airbus 330 aircraft.

A high-bypass engine utilizes the fan section of the compressor to bypass a large volume
of air compares with the amount which passes through the engine. The bypass ratio for
PW4000 and RB211 engine is approximately 5:1. This means that the weight of the bypassed
air is five times the weight of the air passed through the core of the engine. The bypass ratio
for GE90 engine is approximately 8. 4:1; however, some models have a variable bypass
ratio, and the amount of bypassed air may be more or less than stated above.

The principle advantages of the high-bypass engine are greater efficiency and reduced
noise. The high-bypass engine has the advantages of the turboprop engine but does not have
the problems of propeller control. The design is such that the fan can rotate at its most
efficient speed, depending on the speed of the aircraft and the power demanded from the
engine.

On some front fan engines, the bypass airstream is ducted overboard either directly
behind the fan through short ducts (see Figure 7. 2 — 1(g)) or at the rear of the engine
through longer ducts, thus the term “ducted fan”.

The forward fan turbofan engine depicted in Figure 7. 2 =5 has what is called a nonmixed
exhaust. That is, although the fan discharge air is carried to the rear of the engine, it is not

mixed with the exhaust gases from the basic engine before being delivered to the outside air.
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A long duct type forward fan engine with a mixed exhaust is shown in Figure 7.2 - 1({). In
this engine, the fan discharge is carried to the engine tail pipe where it mixes with the
exhaust from the basic engine. The air from the fan and the engine exhaust gases are then

discharged together through the engine jet nozzle.

Low-pressure High-pressure High-pressure
COMPressor COMPressor turbine

— Core
cngine
. exhaust

— === Fan

exhaust

Fan Fan bypass duct Low-pressure turbine

Figure 7.2 -5 Forward fan engine with a nonmixed long duct

7.2.4 Turboprop Engine

A turboprop engine, such as that illustrated in Figure 7. 2 — 6, is nothing more than a
gas turbine or turbojet with a reduction gearbox mounted in the front or forward end to drive
a standard airplane propeller. This engine uses almost all the exhaust-gas energy to drive the
propeller and therefore provides very little thrust through the ejection of exhaust gases. [
The exhaust gases represent only about 10% of the total amount of energy available. The
other 90% of the energy is extracted by the turbines that drive the compressor and a second
turbine that drives the propeller. The basic components of the turboprop engine are identical
to those of the turbojet that is, compressor, combustor, and turbine. The only difference is

the addition of the gear-reduction box to reduce the rotational speed to a value suitable for

propeller use.

Free turbing

Planetary reduction gears
Figure 7.2 -6 A turboprop engine
7.2.5 Turboshaft Engine
A turboshaft engine is a gas-turbine engine which delivers shaft horsepower through an
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output shaft (see Figure 7. 2 — 7). This engine, like the turboprop, uses almost all the
exhaust energy to drive the output shaft. This type of gas-turbine engine is used in aviation

mainly on helicopters and for auxiliary power units on large transport aircraft.

Reverse-flow combustor

Centrifugal
compressor

Fuel nozzle
Low-spaed
gear box

Inlet guide

AT WY ;
FANEE Ignitor plug

Axial-flow el
COMPressor 2 Aust

Reduction
gear case

ﬁ=’
Core engine Free turbines

High-speed turbine
gearhox

Figure 7.2 -7 A turboshaft engine

New words/ Phrases/ Expression

1. turbojet ['ta:boudzet] n. REHES,

2. turbofan ['ta:bovfaen | n. %S XU

3. turboprop ['ta:bauprop | n. R IREWR
4. turboshaft ['ta:boufeeft] n. JRFSHH

5. centrifugal [sentrifjuigl] adj. BB
6. centrifugal compressor &[> 20 K< ML
7. axial flow compressor &7 = =S AL
8. hub [hab] n. %%l ol M

9. impeller [im'pela] n. M4

10. centrifugal force B.[» }1

11. perimeter [ parimita(r) ] n. I H

12. total pressure &\ JE

13. static pressure #ftJ&

14. performance [ paformons] n. {4 fE

15. compression ratio [%4j k.

16. frontal area B X 1 3

17. rotor ['rouvto(r) | n. ¥+

18. spool [spul] n. %% T

19. integral ['intigrol] adj. SE¥&H) . BEAK )
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20. intermediate [ jintomiidiot | adj. H[E]HY
21. respectively [ rispektivli] adj. £ B #h .2 HH
22.rim [rim] n. %, %%

23. free turbine H iR

24. bypass engine £ #3189 & Sl

25. power-weight ratio TjE-HE & L

26. thrust specific fuel consumption BN HE SRIMTHEFE =
27. high-bypass engine /=% & kb & 3 ¥l

28. low-bypass engine {[K1# 8 Lt & sh ¥l

29. bypass ratio 8 [t

30. duct [dakt] n. W8, EiE

31. depict [ dipikt] v. ik

32. tail pipe BF;E

33. jet nozzle R WEE

34. prop-fan [ propfaen] n. &3

35. theme [Oim ]| n. M H ; F 8

36. reduction gearbox Ji 3 14 ¢ 45

37. energy available A] FfE &

38. extract [ikstraekt] v. WUk, W HL

39. deliver [dilive] v. &3 A& 1%

40. helicopter ['helikopto(r) | n. EHIF+HL
41, auxiliary power unit §i Bz J1 358

Notes

[1) In dual compressor engines, one or more turbine stages drive the low pressure
compressor, while a separate, one-or two-stage turbine drives the high pressure compressor.

BIFEEREANASNY E-FR A RRFHREEANEZ T —NERAKHA
RS EEEANE S,

[2) This set of turbines is connected to the forward, low pressure compressor by a shaft
that passes through the hollow center of the high pressure compressor and turbine drive
shaft.

BEARREL -—RESTENREEANEE, ZHFLZOHFHEE AN RER
& 3 H By H

[3]) The rear turbine drives only the fan while the intermediate and forward turbines

/.

drive a forward, low pressure compressor and a rear, high pressure compressor,

respectively.
BVE: 5 W H R R IR KR, T R A R g e R B R e o A IR B BT E B KR JE AL AR
&0 EE AN,

[4) The bypass engine has two gas streams: the cool bypass airflow and the hot turbine
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discharge gases which have passed through the core of the engine.
B A 60 K 5 0L 80 S A T R b B 8 5 2 S B L 56 B
B A
[5) The ratio of the amount of air that bypasses (passes around) the core of the engine
to the amount of the air that passes through the core is called the bypass ratio.
BENAANECNIBRLINZAEESRIAANBZONNEZAEZ AN EEL.
[6]) This engine uses almost all the exhaust-gas energy to drive the propeller and
therefore provides very little thrust through the ejection of exhaust gases.
BE.xMRANAALEFRANHEARERRG B RX, A BIHARBTHES
RAN

Exercises

I . Answer the following questions:

1. What types of aircraft gas turbine engines can be classified into?

2. What are the two types of turbojet engine?

3. What’s the bypass ratio of turbofan engine?

4, What are the principle advantages of high-bypass turbofan engine?

I . Translate the following sentences into Chinese:

1. Although this engine was the first real successful gas-turbine engine, it has been
replaced in most aircraft by turbofan, because of its fuel efficiency.

2. The propeller accelerates a large volume of air in addition to that which is being
accelerated by the engine itself.

3. The effect of the turbofan design is to greatly increase the power-weight ratio of the
engine and to improve the thrust specific fuel consumption.

4. A high-bypass engine utilizes the fan section of the compressor to bypass a large
volume of air compares with the amount which passes through the engine.

5. The other 90% of the energy is extracted by the turbines that drive the compressor
and a second turbine that drives the propeller.

IM . Fill in the following blanks according to the text:

1. The basic components of all turbine engines are essentially the same, they are: ,

’ s and

2. Although this engine was the first real successful gas-turbine engine, it has been
replaced in most aircraft by , because of its

3. Centrifugal compressors operate by taking into the engine near the compressor

hub at the front of the engine. The air is then rotated at high speed by an

carries the air to the perimeter of the impeller and increases its . The air is then
collected by a that converts the total pressure to
4. The bypass engine has two gas streams: the cool and the hot

which have passed through the core of the engine.
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5. The basic components of the turboprop engine are identical to those of the turbojet

that is, R , and . The only difference is the addition of the to

reduce the rotational speed to a value suitable for propeller use.

7.3 Basic Components of Gas Turbine Engine

All gas turbine engines consist of the same basic components. However, the
nomenclature used to describe each component does vary among manufacturers.
Nomenclature differences are reflected in applicable maintenance manuals. The following
discussion uses the terminology that is most commonly used in industry.

There are seven basic sections within every gas turbine engine. They are:

(1) Air inlet;

(2) Compressor section;

(3) Combustion section;

(4) Turbine section;

(5) Exhaust section;

(6) Accessory section;

(7) Systems necessary for starting, lubrication, fuel supply, and auxiliary purposes,
such as antiicing, cooling, and pressurization.

Additional terms you often hear include hot section and cold section. A turbine engine’s
hot section includes the combustion, turbine, and exhaust sections. The cold section, on the

other hand, includes the air inlet duct and the compressor section (see Figure 7.3 - 1).

Air ) Turbines
inlet Compressor Combustors Exhaust

R

\n.
T
T % s 1
. -
i ;
o E EEY

Cold section Huot section

Figure 7.3 -1 Basic components of a gas-turbine engine

7.3.1 Air Inlet

The air inlet of a turbojet engine is typically located at the front of the compressor. It is
not really a section of the engine defined by any one particular part. The air inlet is formed
by the structural support parts located forward of the compressor and has the purpose of
admitting air to the forward end of the compressor. ™ The opening of the air inlet is usually

of fixed size, but may be variable depending on the design of the compressor used in the
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particular engine. The air inlet must have a clean aerodnamic design to ensure a smooth,
evenly distributed airflow into the engine.

The inlet area can be controlled by a set of vanes known as the inlet guide vanes. The
guide vanes in the axial-flow turbojet engine provide a change in direction of airflow so that
air is directed on the first stage of the compressor at the proper angle.™ Controlling the
amount of air flowing into the compressor in the axial-flow engine is necessary under some
operating conditions, because at low engine speed the forward stages of the compressor could
deliver more air than can be effectively handled by the rear stages of the compressor. When
this condition exists, the engine may encounter compressor stall. To prevent this situation,
the angles of the inlet guide vanes and some of the first stages of the stator vanes are varied
to reduce the amount of air flowing through the engine. A less efficient way to reduce the
amount of air reaching the rear stages is to bleed off some of the excess air partway through

the compressor.
7.3.1.1 Subsonic Air Inlet

A typical subsonic air inlet consists of a fixed geometry duct whose diameter
progressively increases from front to back. This divergent shape works like a venturi in that
as the intake air spreads out, the velocity of the air decreases and the pressure increases. *]
This added pressure contributes significantly to engine efficiency once the aircraft reaches its
design cruising speed. At this speed, the compressor reaches its optimum aerodynamic
efficiency and produces the most compression for the best fuel economy. It is at this design
cruise speed that the inlet, compressor, combustor, turbine, and exhaust duct are designed
to match each other as a unit. If any section mismatches any other because of damage,
contamination, or ambient conditions, engine performance suffers. In most cases, subsonic

inlets are designed to diffuse the air in the front portion of the duct. This allows the air to

progress at a fairly constant pressure before it enters the engine (see Figure 7.3 —2).

Figure 7.3 -2 Subsonic turbine engine inlets

A turbofan inlet is similar in design to a turbojet inlet except that the inlet discharges
only a portion of its air into the engine. The remainder of inlet air passing through the fan

flows around, or bypasses the engine core to create thrust much in the same way a propeller
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does. In addition, the bypass air helps cool the engine and reduce noise.

A turbofan engine utilizes two types of inlet duct designs. One type is the short duct
design that allows a large percentage of fan air to bypass the engine core and produce thrust.
This type of duct is typically used on high bypass engines. The other duct design forms a
shroud around the engine core and is used on low and medium bypass engines. Full fan ducts
reduce aerodynamic drag and noise emissions. In addition, a full duct generally has a
converging discharge nozzle that produces reactive thrust. Full ducts are not used on high
bypass engines because the weight penalty caused by such a large diameter duct would offset

the benefits (see Figure 7.3 - 3).

Fan

3 |‘;-_-_ < L
A TR R
) <i:l.'. DIMPEESEOT R T ->
] - )

Fan
3 exhaust

{ a ) Short duct that allows a large portion of the { b ) Medium bypass engines use long inlet duets that reduce
incoming #ir to bypass the engine surface drag of the fan discharge air and enhance thrust
Figure 7.3 -3

7.3.1.2 Supersonic Air Inlet

Air entering the compressor on a turbine engine must flow slower than the speed of
sound. Therefore, the inlet duct on a supersonic aircraft must decrease the speed of the inlet
air before it reaches the compressor. To understand how a supersonic inlet does this, you
must first understand how supersonic airflow reacts to converging and diverging openings.

Air flowing at subsonic speeds is considered to be incompressible while air flowing at
supersonic speeds is compressible. Because of this, air flowing at supersonic speeds reacts
differently when forced to flow through either a convergent or divergent opening. For
example, when supersonic airflow is forced through a convergent duct, it compresses, or
piles up, and its density increases. This causes a decrease in air velocity and a corresponding
increase in pressure. On the other hand, when supersonic airflow passes through a divergent
duct, it expands and its density decreases. As it expands, its velocity increases and its

pressure decreases (see Figure 7.3 —4).
7.3.2 Compressor

As discussed earlier, a gas turbine engine takes in a quantity of air, adds energy to it,
then discharges the air to produce thrust. Based on this, the more air that is forced into an
engine, the more thrust the engine can produce. The component that forces air into the
engine is the compressor. To be effective, a modern compressor must increase the intake air

pressure 20 to 30 times above the ambient air pressure and move the air at a velocity of 400 to
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500ft/s* feet per second. ™ One way of measuring a compressor’s effectiveness is to compare
the static pressure of the compressor discharge with the static air pressure at the inlet. If the
discharge air pressure is 30 times greater than the inlet air pressure, that compressor has a
compressor pressure ratio of 30:1.%1 There are two types of compressors with respect to

airflow: the centrifugal type and the axial type.

Supersonic airflow

Velocity=decreasing Velocity—increasing
Pressure—increasing Pressure—decreasing

Figure 7.3 -4 Convergent-divergent supersonic inlet

7.3.2.1 Centrifugal-Flow Compressor

The centrifugal compressor, sometimes called a radial outflow compressor, is one of the
earliest compressor designs and is still used today in some smaller engines and auxiliary
power units (APU). Centrifugal compressors consist of an impeller, a diffuser, and a
manifold (see Figure 7.3 —=5). The term “centrifugal” means that the air is compressed by

centrifugal force.

Eve of the impeller

Manifold
Figure 7.3 -5 A typical single-entry centrifugal compressor
Centrifugal compressors operate by taking in outside air near the hub and rotating it by

means of an impeller. The impeller, which is usually an aluminum-alloy forging. guides the

air toward the outside of the compressor, building up the air velocity by means of the high

» 1 {t=12 in~3. 4. 8 mm.
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rotational speed of the impeller. ™ The air then enters the diffuser section. The diffuser
converts the kinetic energy of the air leaving the compressor to potential energy (pressure)
by exchanging velocity for pressure. ! An advantage of the centrifugal-flow compressor is its
high pressure rise per stage (see Figure 7.3 —6).

A centrifugal compressor is either a double-entry type (see Figure 7.2 - 1(a)) or a
single-entry type (see Figure 7.2 —1(b)). In Figure 7.3 =7, a double-entry type compressor
(double sided) is shown, with air inlets on both sides, front and rear air reaches the rear
inlet of the compressor by flowing between the compressor outlet adapters.

Although the centrifugal compressor is not as expensive to manufacture as the axial-flow
compressor, its lower efficiency eliminates the advantages of lower cost, except for some

small turboprop engines.

Outlet to combustion
section{combustors)

Manifold

turning
Vancs

Rear
section

Forward
I_ - section

Diffuser-

Inlet air - -_,—/'.ﬂ

Figure 7.3 -6 Airflow in centrifugal Figure 7.3 -7 A double-entry centrifugal

compressor compressor

7.3.2.2 Axial-Flow Compressor

In an axial-flow jet engine, the air flows axially — that is in a relatively straight path in
line with the axis of the engine. The axial-flow compressor consists of two elements: a
rotating member called the rotor, and the stator, which consists of rows of stationary
blades. The stator vanes are airfoil sections that are mounted in stationary casings. The
compressor rotor and stator case for an axial-flow turbojet engine are shown in Figure 7. 3 -8
and Figure 7.3 - 9. The rotor comprises the rotating components and castings that support
the rotor blades which are attached to the rotor. The rotor is attached to a shaft which is
driven by the turbine or turbine stages that drive this compressor. The rotor blades are
attached to the rotor and are of an airfoil shape which maintains an axial air flow throughout

the compressor. Methods of blade attachment are shown in Figure 7.3 - 10.
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{,

Figure 7.3 -8 Compressor rotor Figure 7.3 -9 Compressor stator

Lock screw

Dowel pin Dovetail root

Lock ring Fir-tree root

Figure 7.3 -10 Methods of securing compressor blades to disk

The principle of operation of the axial-flow turbojet engine is the same as that of the
centrifugal-flow engine; however, the axial-flow engine has a number of advantages:

(1) The air flows in an almost straight path through the engine, and therefore less
energy is lost as a result of the air changing direction;

(2) The pressure ratio (ratio of compressor discharge pressure to compressor inlet
pressure) is greater because the air can be compressed through as many stages as the
designer wishes;

(3) The engine frontal area can be smaller for the same volume of air consumed;

(4) There is high peak efficiency.

The compressor blades, shaped like small airfoils, become smaller from stage to stage,
moving from the front of the compressor to the rear. ™ The stator blades are also shaped like

small airfoils, and they, too, become smaller toward the high-pressure end of the
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compressor. The purpose of the stator blades is to change the direction of the airflow as it
leaves each stage of the compressor rotor and to give it proper direction for entry into the
next stage. 1 Stator blades also eliminate the turbulence that would otherwise occur between
the compressor blades. The ends of the stator blades are fitted with shrouds to prevent the
loss of air from stage to stage and to the interior of the compressor rotor.

During the operation of the compressor, the air pressure increases as it passes each
stage, and at the outlet into the diffuser it reaches a value several times that of the
atmosphere, the actual pressure being over 482. 65 kPa (70 psig).

Sometimes gas turbine engines use more than one axial-flow compressor; in fact, some
engines use up to three separate compressors. The arrangement of a dual axial (twin-spool)
compressor is shown in Figure 7.3 —11. This compressor design makes it possible to obtain
extremely high pressure ratios with reduced danger of compressor stall because the low
pressure compressor is free to operate at its best speed and the high pressure compressor

rotor is speed-regulated by the fuel control unit.

Figure 7.3 -11 Twin-spool compressor

7.3.2.3 Multiple-Compressor Axial-Flow Engines

A dual-compressor jet engine utilizes two separate compressors, each with its own
driving turbine. This type of engine is also called a “twin-spool” or “split-compressor”
engine.

The construction of the dual-compressor engine.is shown in Figure 7. 2 = 1(f). The
forward compressor section is called the low-pressure compressor (N1) and the rear section
the high-pressure compressor (N2). The low-pressure compressor is driven by a two-stage
turbine mounted on the rear end of the inner shaft, and the high-pressure compressor is
driven by a single-stage turbine mounted or the outer coaxial shaft. The high-pressure rotor
turns at a higher speed than the low-pressure rotor.

One of the principle advantage of the split-compressor arrangement is greater flexibility
of operation. The low-pressure compressor can operate at the best speed for the
accommodation of the low-pressure, low-temperature air at the forward part of the engine.
During high-altitude operation where air density is low, the speed of the N2 compressor will
increase as the compressor load decrease. This makes N1 in effect a supercharger for N2.
The high-pressure compressor is speed-governed to operate at proper speeds for the most

efficient performance in compressing the high-temperature, high-pressure air toward the rear
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of the compressor section. ™ The use of the dual compressor makes it possible to attain
pressure ratios of more than 20 : 1, whereas the single axial-flow compressor produces
pressure ratios of only 6:1 or 7:1 unless variable stator vanes are employed.

On many turbofan engines, the compressor section is divided into three sections and is
referred to as a triple-spool compressor. In this arrangement the fan is referred to as the low
speed, or N1 compressor. The compressor next in line is called the intermediate, or N2
compressor, and the innermost compressor is the high pressure, or N3 compressor. The low
speed compressor is typically driven by a multiple stage low pressure turbine, while the
intermediate and high pressure compressors are driven by single stage turbines (see Figure

7.3-12).

Figure 7.3 -12 A triple-spool turbofan engine

7.3.2.4 Compressor Airflow and Stall Control

Where high-pressure ratios on a single shaft are required, it becomes necessary to
introduce airflow control into the compressor design. This may take the form of variable inlet
guide vanes for the first stage, plus a number of stages incorporating variable stator vanes,
as illustrated in Figure 7.3 —13. As the compressor speed is reduced from its design value,
these stator vanes are progressively closed in order to'maintain an acceptable air angle for the

following rotor blades.

Variable stator vanes

Figure 7.3 -13 Typical variable stator vanes
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The variable vanes are automatically regulated in pitch angle by means of the fuel
control unit. The regulating factors are compressor inlet temperature and engine speed. The
effect of the variable vanes is to provide a means for controlling the direction of compressor
interstage airflow, thus ensuring a correct angle of attack for the compressor blades and

reducing the possibility of compressor stall. [
7.3.2.5 The Diffuser

The diffuser for a typical gas-turbine engine is that portion of the air passage between
the compressor and the combustion chamber or chambers. The purpose of the diffuser is to
reduce the velocity of the air and prepare it for entry into the combustion area. As the
velocity of the air decreases, its static pressure increases in accordance with Bernoulli’s law.
As the static pressure increases, the ram pressure decreases. The diffuser is the point of

highest pressure within the engine.
7.3.3 Combustion Section

A combustion section is typically located directly between the compressor diffuser and
turbine section. All combustion sections contain the same basic elements: one or more
combustion chambers (combustors), a fuel injection system, an ignition source, and a fuel
drainage system.

The combustion section of a turbojet engine may consist of individualcombustion
chambers (“cans”), an annular chamber which surrounds the turbine shaft, or a combination
consisting of individual cans within an annular chamber. ") The latter type of combustor is

called the can-annular type or simply the cannular type (see Figure 7.3 —14).

Flame
tube

Fuel nozzle Case

Can-type combustar

Fuel nozzle Flame tube

Case

D

Annular type combustor

Figure 7.3 =14 Three types of the combustion chamber

A typical can-type combustor, shown in Figure 7. 3 —14, consists of an outer shell and a

removable liner with openings to permit compressor discharge air to enter from the outer
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chamber. Approximately 25% of the air that passes through the combustion section is
actually used for combustion, the remaining air being used for cooling. Located at the front
end of the combustion chamber is a fuel nozzle through which fuel is sprayed into the inner
liner. The flame burns in the center of the inner liner and is prevented from burning the liner
by a blanket of excess air which enters through holes in the liner and surrounds the flame as

illustrated in Figure 7. 3 —15. All burning is completed before the gases leave the chamber.

Combustion air
Metal cooling air ——
Gas cooling air ==

Figure 7.3 -15 Airflow in a combustion liner

The high-bypass turbofan engines mentioned previously employ annular combustion
chambers. These chambers have proven efficient and effective in producing smoke free
exhaust. The general configuration of the combustion chamber for the Pratt& Whitney JT9D
engine is shown in Figure 7. 3 —16. This is a two-piece assembly consisting of an inner and an
outer liner. At the front are 20 fuel nozzle openings with swirl vanes to help vaporize the
fuel. Two of the openings, on opposite sides of the combustion chamber are designed to hold

the igniter plugs.

e »2 Spark igniters
e 7 Small pins
* 3 Pins

Location of combustion-chamber
retaining pins
Figure 7.3 -16 Combustion chamber for the JT9D turbofan engine
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7.3.4 Turbines

A turbojet engine may have a single-stage turbine or a multistage arrangement. The
function of the turbine is to extract kinetic energy from the high-velocity gases leaving the
combustion section of the engine. The energy is converted to shaft horsepower for the
purpose of driving the compressor. Approximately three-fourths of the energy available from
the burning fuel is required for the compressor. If the engine is used for driving a propeller
or a power shaft, up to 90 percent of the energy of the gases will be extracted by the turbine
section.

Turbines come in three types: the impulse turbine, the reaction turbine, and a
combination of the two called a reaction-impulse turbine. Turbojet engines normally employ
the reaction-impulse type.

The difference between an impulse turbine and a reaction turbine is illustrated in Figure
7.3 —-17. The pressure and speed of the gases passing through the impulse turbine remain
essentially the same, the only change being in the direction of flow. The turbine absorbs the
energy required to change the direction of the high-speed gases. A reaction turbine changes
the speed and pressure of the gases. As the gases pass between the turbine blades, the cross-
sectional area of the passage decreases and causes an increase in gas velocity. This increase in
velocity is accompanied by a decrease in pressure according to Bernoulli’s law. In this case

the turbine absorbs the energy required to change the velocity of the gases.

F
N
< o 7.
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elocity — 5 Relative-inleiges
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Figure 7.3 -17 Comparison of impulse and reaction turbines

The turbine section of a turbojet engine is located downstream of the combustion section and
consists of four basic elements: a case, a stator, a shroud, and a rotor (see Figure 7.3 - 18).

Case Stator Shroud Rotor

Figure 7.3 -18 The four basic elements of a turbine assembly
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7.3.4.1 Case

The turbine casing encloses the turbine rotor and stator assembly, giving either direct or
indirect support to the stator elements. A typical case has flanges on both ends that provide

a means of attaching the turbine section to the combustion section and the exhaust assembly.
7.3.4.2 Turbine Stator

A stator element is most commonly referred to as the turbine nozzle; however, you may
also hear the stator elements referred to as the turbine guide vanes, or the nozzle diaphragm.
The turbine nozzle is located directly after the combustion section and immediately forward of
the turbine wheel. Because of its location, the turbine nozzle is typically exposed to the
highest temperatures in a gas turbine engine.

The purpose of the turbine nozzle is to collect the high energy airflow from the
combustors and direct the flow to strike the turbine rotor at the appropriate angle. ©'*1 The
vanes of a turbine nozzle are contoured and set at such an angle that they form a number of
converging nozzles that convert some of the exhaust gases’ pressure energy to velocity
energy. In addition, the angle of the stator vanes is set in the direction of turbine wheel
rotation. Since the gas flow from the nozzle must enter the turbine blade passageway while it
is still rotating, it is-essential to aim the gas in the general direction of turbine rotation. As a
result, the velocity energy of the exhaust gases is more efficiently converted to mechanical

energy by the rotor blades.
7.3.4.3 Shroud

The turbine nozzle assembly consists of an inner and outer shroud that retains and
surrounds the nozzle vanes. The number of vanes employed varies with different types and
sizes of engines. The vanes of a turbine nozzle are assembled between the outer and inner
shrouds, or rings, in a variety of ways. Although the actual elements may vary slightly in
their configuration and construction, there is one similarity among all turbine nozzles: the
nozzle vanes must be constructed to allow for thermal expansion. If this is not done, the
rapid temperature changes imposed by the engine would cause severe distortion or warping of

the nozzle assembly (see Figure 7.3 -19).

Figure 7.3 -19 A loose fit between the vanes and shrouds
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7.3.4.4 Turbine Rotor

The rotating elements of a turbine section consist of a shaft and a turbine rotor, or
wheel. The turbine wheel is a dynamically balanced unit consisting of blades attached to a
rotating disk. The turbine disk is the anchoring component for the turbine blades and is
bolted or welded to the main shaft. The shaft rotates in bearings that are lubricated by oil
between the outer race and the bearing housing. This reduces vibration and allows for a
slight misalignment in the shaft.

As the high velocity gases pass through the turbine nozzle and impact the turbine
blades, the turbine rotor rotates. In some engines, a single turbine rotor cannot absorb
sufficient energy from the exhaust gas to drive the compressor and accessories. Therefore,
many engines use multiple turbine stages, each stage consisting of a turbine nozzle and rotor.

The severe centrifugal loads imposed by the high rotational speeds, as well as the
elevated operating temperatures exert extreme stress on the turbine blades. At times, these
stresses can cause turbine blades to grow in length. If left unchecked, this growth or creep

can result in the turbine blades rubbing against the engine’s outer casing.
7.3.4.5 Turbine Blades

Turbine blades are airfoil shaped components designed to extract the maximum amount
of energy from the flow of hot gases. Blades are either forged or cast, depending on their
alloy composition. Early blades were manufactured from steel forgings; however, today
most turbine blades consist of cast nickel-based alloys. In either case, once a blade is forged
or cast, it must be finish-ground to the desired shape. As an alternative to metal turbine
blades, the development of a blade manufactured from reinforced ceramic material holds
promise. Because of ceramic’s ability to withstand high temperatures, greater engine
efficiency may be possible. Their initial application is likely to be in small, high speed
turbines that operate at very high temperatures.

Turbine blades fit loosely into a turbine disk when an engine is cold, but expand to fit
tightly at normal operating temperatures. The most commonly used method for attaching
turbine blades is by fir tree slots cut into the turbine disk rim and matching bases cast or

machined into the turbine blade base (see Figure 7.3 - 20).

{iﬂpcn tip
/{II.

Locking tab ./

Figure 7.3 -20 Turbine blades with fir tree base
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Turbine blades can be open or shrouded at their ends. Open ended blades are used on
high speed turbines, while shrouded blades are commonly used on turbines having slower
rotational speeds. With shrouded blades, a shroud is attached to the tip of each blade. Once
installed, the shrouds of the blades contact each other, thereby providing support. This
added support reduces vibration substantially. The shrouds also prevent air from escaping
over the blade tips, making the turbine more efficient. However, because of the added

weight, shrouded turbine blades are more susceptible to blade growth (see Figure 7.3 —21).

Knife edge seal

Shrouwded

Figure 7.3 -21 Shrouded blades

To further improve the airflow characteristics around shrouded turbine blades, a knife-
edge seal is machined around the outside of the shroud that reduces air losses at the blade
tip. The knife-edge seal fits with a close tolerance into a shrouded ring mounted in the outer

turbine case.
7.3.4.6 Cooling

When a turbine section is designed, temperature is an important consideration. In fact,
the most limiting factor in running a gas turbine engine is the temperature of the turbine
section. However, the higher an engine raises the temperature of the incoming air, the more
power, or thrust an engine can produce. Therefore,. the effectiveness of a turbine engine’s
cooling system plays a big role in engine performance. In fact, many cooling systems allow
the turbine vane and blade components to operate in a thermal environment 315. 6 to 426. 7 C
(600 to 800°F) above the temperature limits of their metal alloys.

One of the most common ways of cooling the components in the turbine section is to use
engine bleed air. For example, turbine disks absorb heat from hot gases passing near their
rim and from the blades through conduction. Because of this, disk rim temperatures are
normally well above the temperature of the disk portion nearest the shaft. To limit the effect
of these temperature variations, cooling air is directed over each side of the disk.

To sufficiently cool turbine nozzle vanes and turbine blades, compressor bleed air is
typically directed in through the hollow blades and out through holes in the tip, leading
edge, and trailing edge. This type of cooling is known as convection cooling or film cooling

(see Figure 7.3 -22).
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Figure 7.3 -22 An internally cooled blade

In addition to drilling holes in a turbine vane or blade, some nozzle vanes are constructed
of a porous, high-temperature material. In this case, bleed air is ducted into the vanes and
exits through the porous material. This type of cooling is known as transpiration cooling and
is only used on stationary nozzle vanes.

Modern enginedesigns incorporate many combinations of air cooling methods that use
low and high pressure air for both internal and surface cooling of turbine vanes and blades.
However, to provide additional cooling, the turbine vane shrouds may also be perforated

with cooling holes.
7.3.5 Exhaust Section

A typical exhaust section extends from the rear of the turbine section to the point where the
exhaust gases leave the engine. An exhaust section is comprised of several components including the

exhaust cone, exhaust duct or tailpipe, and exhaust nozzle (see Figure 7.3 — 23).

Exhaust cone

Tailpipe

Exhaust nozzle

Turbine rear

nozzle ;
Turbine rear

sUpport struts

Figure 7.3 -23 A typical exhaust section
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7.3.5.1 Exhaust Cone

A typical exhaust cone assembly consists of an outer duct, or shell, an inner cone, or
tail cone, three or more radial hollow struts, and a group of tie rods that assist the struts in
centering the inner cone within the outer duct. The outer duct is usually made of stainless

steel and attaches to the rear flange of the turbine case (see Figure 7.3 - 24).

Outer

Strut

Inner
Cone

Figure 7.3 =24 The exhaust cone

The purpose of an exhaust cone assembly is to channel and collect turbine discharge
gases into a single jet. Due to the diverging passage between the outer duct and inner cone,
gas velocity within the exhaust cone decreases slightly while gas pressure rises. ©'"1 Radial
struts between the outer shell and inner cone support the inner cone, and help straighten the
swirling exhaust gases that would otherwise exit the turbine at an approximate angle of 45
degrees.

7.3.5.2 Tailpipe

A tailpipe is an extension of the exhaust section that directs exhaust gases safely from
the exhaust cone to the exhaust, or jet nozzle. The use of a tailpipe imposes a penalty on an
engine’s operating efficiency due to heat and duct friction losses. These losses cause a drop in
the exhaust gas velocity and, hence, the thrust. Tailpipes are used almost exclusively with
engines that are installed within an aircraft’s fuselage to protect the surrounding airframe.
Engines installed in a nacelle or pod, however, often require no tailpipe, in which case the

exhaust nozzle is mounted directly to the exhaust cone assembly.
7.3.5.3 Exhaust Nozzle

An exhaust, or jet nozzle, provides the exhaust gases with a final boost in velocity. An
exhaust nozzle mounts to the rear of a tailpipe, if a tailpipe is required, or to the rear flange

of the exhaust duct if no tailpipe is necessary.
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Two types of exhaust nozzle designs used on aircraft are the converging design, and the
converging-diverging design. On a converging exhaust nozzle, the nozzle diameter decreases
from front to back. This convergent shape produces a venturi that accelerates the exhaust
gases and increases engine thrust.

The diameter of a converging-diverging duct decreases, then increases from front to
back. The converging portion of the exhaust nozzle accelerates the turbine exhaust gases to
supersonic speed at the narrowest part of the duct. Once the gases are moving at the speed of
sound they are accelerated further in the nozzle's divergent portion, so the exhaust gases exit
the nozzle well above the speed of sound.

On fan or bypass type engines, there are two gas streams venting to the atmosphere.
High temperature gases are discharged by the turbine, while a cool air mass is moved
rearward by the fan section. In a low by-pass engine, the flow of cool and hot air are
combined in a mixer unit that ensures mixing of the two streams prior to exiting the engine.
High bypass engines, on the other hand, usually exhaust the two streams separately through
two sets of nozzles arranged coaxially around the exhaust nozzle. "1 However, on some high
bypass engines, a common or integrated nozzle is sometimes used to partially mix the hot and

cold gases prior to their ejection (see Figure 7.3 —25).

i = et
- —
: External mixing of gas streams
B Cold bypass(fan) airflow

B ot exhaust LARES

Common or integrated
exhaust nozzle

Partial internal mixing of gas streams

Figure 7.3 -25 Two exhaust methods of high bypass engines

An exhaust nozzle opening can have either a fixed or variable area. A variable geometry
nozzle is sometimes necessary on engines that utilize an afterburner. Variable nozzles are

typically operated with pneumatic, hydraulic, or electric controls.
7.3.5.4 Thrust Reversers

Airliners powered by turbojets and turbofans, most commuter aircraft, and an
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increasing number of business jets are equipped with thrust reversers to:

(1) Aid in braking and directional control during normal landing, and reduce brake
maintenance.

(2) Provide braking and directional control during emergency landings and balked
takeoffs.

(3) Back an aircraft out of a parking spot in a “power back” operation.

While some thrust reversers are electrically powered, most large transport-category
aircraft use hydraulically actuated reversers powered by main system hydraulic power, or by

pneumatic actuators powered by engine bleed air (see Figure 7.3 - 26).

Figure 7.3 -26 Thrust reverser

Thrust reversers provide approximately 20% of the braking force under normal conditions.
Reversers must be capable of producing 50% of rated thrust in the reverse direction. However,
exhaust gas exits a typical reverser at an angle to the engine’s thrust axis. Because of this,
maximum reverse thrust capability is always less than forward thrust capability. Operating
in reverse at low ground speeds can cause re-ingestion of hot gases and compressor stalls. It
can also cause ingestion of fine sand and other runway debris. The most frequently
encountered thrust reversers can be divided into two categories, the mechanical-blockage
type and the aerodynamic-blockage type.

Mechanical blockage is accomplished by placing a movable obstruction in the exhaust gas
stream either before or after the exhaust exits the duct. The engine exhaust gases are

mechanically blocked and diverted to a forward direction by an inverted cone, half-sphere, or

&

other device. The mechanical blockage system is also known as the “clamshell” thrust

reverser because of its shape (see Figure 7.3 —27).

Forward thrust position Reverse thrust position

Figure 7.3 - 27 Clamshell thrust reverser

The aerodynamic-blockage type of thrust reverser uses thin airfoils or obstructions

placed in the gas stream. These vanes are often referred to as “cascades” and turn the
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escaping exhaust gases to a forward direction, which in turn causes a rearward thrust. Some
aircraft may use a combination of the aerodynamic-blockage and the mechanical-blockage type
reversers.

Mixed exhaust turbofans are configured with one reverser, while unmixed or bypass
exhaust turbofans often have both cold stream and hot stream reversers. Some high bypass
turbofans will have only cold stream reversing because most of the thrust is present in the fan
discharge and a hot stream reverser would be of minimum value and become a weight

penalty®® (see Figure 7.3 —28).
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Figure 7.3 -28 Aerodynamic-blockage type

7.3.5.5 Noise Suppressors

Noise is best defined as unwanted sound that is both irritating and harmful. Since most
major airports are located near large cities, the need to minimize turbine exhaust noise is
apparent. The aircraft industry has reacted to the need for less offensive operations by
continually improving noise reduction techniques on every new generation of engine and
aircraft.

Older turbojet engines produce a combination of noise frequencies at very high levels.
Although a turbojet compressor produces a great deal of high frequency sound, this noise

decreases rapidly as the distance from the source increases. On the other hand, turbojet
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exhaust produces noise at a wide range of frequencies and at very high energy levels. ' This
noise is audible over great distances and is more damaging to human hearing. One solution to
turbojet exhaust noise is the use of a corrugated perimeter noise suppressor that helps break

up the exhaust flow and raise its noise frequency (see Figure 7.3 —29).

Figure 7.3 -29 A Corrugated-perimeter noise suppressor

Newer engines employ a variety of techniques to reduce harmful noise. For example,
some turbofan engines blend fan discharge air with the exhaust gases to reduce sound
emission. On these engines, the sound from the inlet is likely to be louder than from the tail
pipe. In addition, the inlet and exhaust ducts on turbofan engines are lined with sound

attenuating materials that greatly reduce noise levels (see Figure 7.3 —30).
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Figure 7.3 -30 Turbofan engine with sound attenuating materials
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Because of the characteristic of low frequency noise to linger at a relative high volume,
noise reduction is often accomplished by increasing the frequency of the sound. Frequency
change is accomplished by increasing the perimeter of the exhaust stream. This reduces the
tendency of hot and cold air molecules to shear against each other and also to break up the

large turbulence in the jet wake.
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15. encounter [ in'kaonto(r) | vz. i

16. stall [sto:ll] n. Mg

17. stator vanes T+ M H

18. bleed off Ji$

19. excess [ik'ses | adj. #BEEH) =B, FIMY

20. partway ['paitwei | v. F|hik, F]ik—F

21. subsonic [ ;sab'sonik | adj. .75 H# Ky

22. geometry [ dziomotri | n. JUA[ 2% ; JLATTE AR ; JLA R TE
23. diameter [ dateemito(r) | n. HAZ

24. progressively [ progresivli] adv. &4 H

25. divergent [ dai'vaidzent | adj. ¥ HIH

26. venturi [ ven'tvori ] n. X IRE (—F AR EN E3EE)
27. spread out Z3FHL; fH &, EK

28. velocity [ voloseti| n. HZEK , 3

29. cruising speed 3 fij 2 B

30. optimum [‘optimem | adj. & HH

31. mismatch ['mismeet| ] vz. {HE & A2Y
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. contamination [ kon teemineifon] n. 54, 3 F
. ambient ['@embiont | adj. JEHE K, EEHF

. suffer ['safo(r) ] vi. ZFHE, A5 3%

. diffuse [difjuis] ve. P78 K HL

. discharge [ distfaid3] vt. s vi. BCH; HH s HEH
. remainder [ rimeinda(r)] n. F4Hx¥Y)

. shroud [ fravd] n. &

. converging [ ken'va:dsin] adj. W (45) 1Y

. penalty [ 'penalti] n. FEALb

. offset ['ofset] ve. HEIH - #M=

. benefit ['benifit] n. F| 25, %4k

. supersonic [ supasonik | adj. #FE HE M

incompressible [ inkeam'presabl] adj. ASW] JE45 /Y

. pile up HER LR

. corresponding [ koro'spandin] adj. #H24 H), XF W 1 s — B0
. static pressure /&

. compressor pressure ratio JE LI T H

. axial ['eeksiol] adj. Hlia )

. radial ['reidial] adj. &R H); BT
.impeller [im'pelo] n. M%

diffuser [difjuizo(r) ] n. ¥ 8%

. manifold ['menifovld ] n. WM& ;15

.hub [hab] n. ##

. rotational [reuteifonl] adj. ¥ BhH)

. kinetic energy @l fig

. potential energy #'fE

. double-entry ['dablentri] adj. XU #S

. single-entry ['sing(a)lentri] adj. RS
. eliminate [ ilimineit ] vz. HEBR, 1R

. rotor ['routa(r) | n. ¥+

. stator ['steito] n. #H T

. blade [ bleid] n. M}

. airfoil [‘eofoil ] n. F

. casing [ keisin] n. HLH ;57614 ; p

. comprise [ kom'praiz | vt. 5 A HE; H e s e GARTY
. dowel pin E V{4

. lock ring ¥

. lock plate 4 i

. fir-tree root WA FE HE 3k
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71. lock screw 4 ZH24T

72. dovetail root eI HEKL

73. frontal area i X T F2

74. turbulence ['ta:bjolons] n. X, ik

75. interior [in'tiaria(r) | adj. WK

76. twin-spool [twinspuil] adj. T, WHh

77. flexibility [ ifleksobiloti ] n. #LBhME, R G

78. accommodation [ o komodeifn] n. & M

79. supercharger ['sjuipotfaidzo | n. 3 K28

80. triple-spool ['triplspu:l ] adj. =%, =%l

81. intermediate [ jintomiidiot | n. &S AHL

82. innermost ['inemoust | adj. Ix B, Fx AL
83. variable stator vanes RJ A8 i I F

84. interstage [inta(:)'steids ] adj. ZIA) MY

85. drainage ['dreinid3 ] n. HEJL

86. annular chamber IR L=

87. cannular chamber 45 R 5E =

88. fuel nozzle ¥k 5

89. spray [ sprei] vz, Bigf

90. configuration [ konfigoreifn] n. i Ja . ¥4 &

91. swirl vanes JER a8 A

92. vaporize ['veiporaiz | vt. 7% K& .54k

93. flame tube K44 TH

94. can-type combustor XA E , BIE M E
95. curvature [kavotfo(r) ] n. iy ; 2 AR 43 Hh 2R gl
96. warpage ['worpeids | n. JHEh M AT

97. circumferentially [ sokamforenfoli | adv. [ J&Hh
98. impulse turbine ;iR E

99. reaction turbine 5z i 2GR &

100. reaction-impulse turbine -2 71N iR %
101. flange [ fleendz ] n. 2%

102. turbine nozzle % % 15 W

103. distortion [disto:fn] n. FH L, 2

104. loose fit [a] B it &

105. anchor [‘eengke(r) ] vt. (fifi) [ &

106. vibration [ vaibreifn] n. {£3h;E5h

107. misalignment [ imisolainmoent | n. RXUE; FAiRE
108. exert [igzat | vt. K¥E ;1o [ 52 GEHEE)
109. creep [ kriip | n. #FEAR
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110. forge [fod3 ] ve. ik

111. cast [kaist] vt. ik

112. nickel-based alloys 42 3L BB 54

113. ceramic [ soreemik] adj. ,» n. P45 ; B2 il 5
114. shrouded blade #77g M 5& 1) % 71 |

115. knife-edge seal JJ i1 3} ™

116. exhaust cone f{FS B HE

117. tailpipe ['teilpaip] n. BG4

118. exhaust nozzle g I

119. strut [strat] n. SA4E

120. fuselage [fjuzolaz] n. CRHLHD HLE ;5 k& m)ob5e
121. nacelle [ nosel] n. K IHLEH

122. accelerate [ok'seloreit] wr. (fF) e, (i) 38 3 ; n 3
123. air mass S A

124. mixer ['mikso(r) | n. HIXIEE

125. coaxially [ kevacksioli | adv. [A]%l#

126. pneumatic [ njumetik | adj. KKy

127. hydraulic [ haidrolik] adj. & JER)

128. thrust reverser JZ #f

129. category [ 'kactogori| n. 258, 2k

130. actuator ['aktfveito ] n. YEBh#E

131. re-ingestion [ rijin'dzestfon | n. FRU M A ; {581k
132. debris ['debriz] n. W& H . 5%

133. obstruction [eb'strak/n] n. &G4

134. clamshell ['kleemfel] n. $55¢

135. noise suppressor jH /5 #y

136. audible ['o:dobl] adj. Wri% W &Y

137. corrugated ['korogeitid ] adj. W SCIRY

138. perimeter [ porimito(r) | n. 1 5H

139. blend [ blend] wvz. JR&

140. lined with 4§

141. sound attenuating material 74 7 #1 ¥}

142. molecule ['molikju:l] n. 435§ WiokL

143. jet wake HES BT

Notes

[1) The air inlet is formed by the structural support parts located forward of the

compressor and has the purpose of admitting air to the forward end of the compressor.

MEHR AL TEANM SN L ETFER. LN ERZIRNE NS
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[2) The guide vanes in the axial-flow turbojet engine provide a change in direction of
airflow so that air is directed on the first stage of the compressor at the proper angle.

BEHAARRRX NN F O FATARETARN T W EEZRUE LA ZREE
AW E —

[3) This divergent shape works like a venturi in that as the intake air spreads out, the
velocity of the air decreases and the pressure increases.

BEXATYHRPNCE AT ERERNTXEES, MEZANRST #.2A#E
PR, E A A

[4) To be effective, a modern compressor must increase the intake air pressure 20 to 30
times above the ambient air pressure and move the air at a velocity of 400 to 500 feet per
second.

BEATRERE AENEAINL AR R NN EAEIRGESDRAAE AW 20~
30 fir, ik A L 400~500 3 R 4FF R E R .

[5]) If the discharge air pressure is 30 times greater than the inlet air pressure, that
compressor has a compressor pressure ratio of 303 1.

B RY 0 E AR AR M 30,0 E AL HE Y 301,

[6] The impeller, which is usually an aluminum-alloy forging, guides the air toward the
outside of the compressor, building up the air velocity by means of the high rotational speed

of the impeller.

BB eeBETMAR AR RARATEANAAR R B & E KX
RETAWHEE,

[7) The diffuser converts the kinetic energy of the air leaving the compressor to
potential energy (pressure) by exchanging velocity for pressure.

BE. Vs A EEREIN TR AZAREEANEREZ AN RELNES
Bk

[8) The compressor blades, shaped like small -airfoils, become smaller from stage to
stage, moving from the front of the compressor to the rear.

BEEANTROPRENTAENEA, H R iy 87 i 5 & FR D

[9) The purpose of the stator blades is to change the direction of the airflow as it leaves
each stage of the compressor rotor and to give it proper direction for entry into the next
stage.

FRTHRAANERAREARENEANNE —REFHERTERS 7 W, AT RIER
WUBLH T m#ENT —RETF.

[10] The high-pressure compressor is speed-governed to operate at proper speeds for the
most efficient performance in compressing the high-temperature, high-pressure air toward
the rear of the compressor section.

BE-gEEANEELAAEN UESNEETE AT RGRNREEZES G R
BEHEAELREESNER.
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[11] The effect of the variable vanes is to provide a means for controlling the direction
of compressor interstage airflow, thus ensuring a correct angle of attack for the compressor
blades and reducing the possibility of compressor stall.

BEFE.-TARTFHANERARERNEANREN AR B, ATIfRIES Frt b ik A E#
I H 1R E AL R8T B

[12)] The combustion section of a turbojet engine may consist of individual combustion
chambers (“cans”), an annular chamber which surrounds the turbine shaft, or a combination
consisting of individual cans within an annular chamber.

B AR AR E R e T AR E () A K, v B %K 0I5 4 4 7
BAT s mET MR KIGE A —DNHWHIE TR

[13) The purpose of the turbine nozzle is to collect the high energy airflow from the

combustors and direct the flow to strike the turbine rotor at the appropriate angle.

MR ARSABNEAZRKEREBRRENTRERAFIIIRAUNELNARES
Wi TR,

[14) Due to the diverging passage between the outer duct and inner cone, gas velocity
within the exhaust cone decreases slightly while gas pressure rises.

BEdHTHAG R SFAREZIENR T BV W EY, mt RENRAEEHA R
/N E TR

[15) High bypass engines, on the other hand, usually exhaust the two streams
separately through two sets of nozzles arranged coaxially around the exhaust nozzle.

BE:rF B .58 XaNEBEXARNEBQANHEARERRARARL>THLE,

[16) Some high bypass turbofans will have only cold stream reversing because most of
the thrust is present in the fan discharge and a hot stream reverser would be of minimum
value and become a weight penalty.

B - Lm B R BRI A RA LSRR, BN RE R ILAH S04 d R
REEAFE MRARREFTENRREHFE 2 WAFINEE,

[17) On the other hand, turbojet exhaust produces noise at a wide range of frequencies

and at very high energy levels.

BE: 7 H.AFAINBEAFFENEFEARTN AR R . A LT ARBNEE.
Exercises

I . Answer the following questions:
. What are the seven basic sections of gas turbine engine?
. Which type of the air inlet is utilized in the high bypass turbofan engine?

. What is the definition of compressor pressure ratio?

. What the axial-flow compressor consists of?

1

2

3

4. What the centrifugal compressor consists of?

5

6. What’s the advantages of axial-flow compressor?
7

. In a twin-spool engine, what drives the low-pressure compressor?
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8. What are the three types of combustion chamber?

9. What’s the function of the turbine?

10. What are the three types of the turbine? Which type is normally employed in the
turbojet engine?

11. What are the four basic elements of the turbine section?

12. What the exhaust section is comprised of?

Il . Translate the following sentences into Chinese:

1. A typical subsonic air inlet consists of a fixed geometry duct whose diameter
progressively increases from front to back.

2. For example, when supersonic airflow is forced through a convergent duct, it
compresses, or piles up, and its density increases.

3. The rotor is attached to a shaft which is driven by the turbine or turbine stages that
drive this compressor. The rotor blades are attached to the rotor and are of an airfoil shape
which maintains an axial air flow throughout the compressor.

4, The low-pressure compressor is driven by a two-stage turbine mounted on the rear
end of the inner shaft, and the high-pressure compressor is driven by a single-stage turbine
mounted or the outer coaxial shaft.

5. The use of the dual compressor makes it possible to attain pressure ratios of more
than 20:1, whereas the single axial-flow compressor produces pressure ratios of only 6:1 or
7:1 unless variable stator vanes are employed.

6. In this arrangement the fan is referred to as the low speed, or N1 compressor. The
compressor next in line is called the intermediate, or N2 compressor, and the innermost
compressor is the high pressure, or N3 compressor.

7. All combustion sections contain the same basic elements: one or more combustion
chambers (combustors), a fuel injection system, an ignition source, and a fuel drainage
system.

8. A reaction turbine changes the speed and pressure of the gases. As the gases pass
between the turbine blades, the cross-sectional area of the passage decreases and causes an
increase in gas velocity.

9. As the high velocity gases pass through the turbine nozzle and impact the turbine
blades, the turbine rotor rotates.

10. Modern engine designs incorporate many combinations of air cooling methods that
use low and high pressure air for both internal and surface cooling of turbine vanes and
blades.

IM . Fill in the following blanks according to the text:

1. A turbine engine’s hot section includes the , , and
sections.
2. The cold section, on the other hand, includes the and the

3. The air inlet of a turbojet engine is typically located at the front of the
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4, Therefore, the inlet duct on a supersonic aircraft must the speed of the inlet
air before it reaches the compressor.

5. Centrifugal compressors operate by taking in outside air near the hub and rotating it
by means of an

6. The diffuser converts the energy of the air leaving the compressor to

energy (pressure) by exchanging velocity for pressure

7. A centrifugal compressor is either a type or a type.
8. The effect of the variable vanes is to provide a means for controlling the of
compressor interstage airflow, thus ensuring a correct for the compressor blades

and reducing the possibility of compressor

9. A combustion section is typically located directly between the and

10. The purpose of the turbine nozzle is to collect the airflow from the
combustors and direct the flow to strike the at the appropriate angle.

11. The most commonly used method for attaching turbine blades is by slots

cut into the turbine disk rim and matching bases cast or machined into the turbine blade
base.

12. To sufficiently cool turbine nozzle vanes and turbine blades, is typically
directed in through the hollow blades and out through holes in the tip, leading edge, and
trailing edge.

13. Some high bypass turbofans will have only reversing because most of the

thrust is present in the fan discharge.

7.4 Typical Components Maintenance of Gas Turbine Engine

7.4.1 Airworthy Manuals for Engine Maintenance

(1) Engine Maintenance Manual (EMM).

(2) Engine Cleaning, Inspection and Repairing Manual (CIR).
(3) Engine Illustrated Parts Catalog (IPC).
(4) Power Plant Buildup Manual (PPBM).
(5) Standard Processes Manual (SPM).

(6) Aircraft Maintenance Manual (AMM).
(7) Component Maintenance Manual (CMM).
(8) Overhaul Processes Manual (OPM).

(9) Time Limits Manual (TLM).

(10) Service Bulletin (SB).

(11> Airworthiness Directives (AD).

(12) Engineering Order (EO).

— 333 —



TRALEAAE L L B

7.4.2 Main Procedures of Engine Maintenance (see Figure 7.4 — 1)

(1) Engine disassembly and assembly.
(2) Module disassembly and assembly.
(3) Cleaning of engine components.
(4) Inspection of engine components.
(5) Maintenance of engine components.

(6) Engine testing.

(7) Engine installation.

the factory

Engine
assembly

Module
assembly

Available Rasic module
components
Interior
maintenance

Components

Maintenance in
outside

Orrder Mew
COmMponents

Collect
COMmMponents

Figure 7.4 -1 Engine shop-maintenance flow diagram

7.4.2.1 Disassembly

Turbine engines are disassembled either vertically or horizontally. When the vertical
method is used, the forward part of the engine is usually mounted in a fixture facing
downward. A small engine may be mounted on a fixture with castors so it can be rolled from
one work area to another. On the other hand, large engines are often mounted vertically on a
stationary fixture which is surrounded by scaffolding. ™ Another vertical mounting method
for large engines involves securing the engine to an elevator which can be lowered into the
shop floor. Scaffolds or elevators permit access to any point along the engine’s length. When
disassembled horizontally, an engine is typically mounted in a stand designed to allow the
engine to be turned over for access to all external engine areas.

Once mounted on a disassembly stand, the engine is dismantled into modules, or main
subassemblies. Each module is then mounted on a separate stand and moved to an area where

it is further disassembled for cleaning, inspection, and overhaul. Large or heavy modules
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such as the compressor section and turbine section are lifted from the mounted engine by

cranes or hoists.
7.4.2.2 Cleaning

Once disassembled, each engine component is cleaned so flaws and defects can be more
easily detected. In addition, cleaning is required so that oxide deposits and dirt can be
removed from a serviceable part to prepare it for special applications such as plating,
anodizing, or painting before it is placed back in service.

All engine components are cleaned using approved cleaning methods and agents to
prevent unintentional damage. For example, some cleaning solutions may strip plating from
a part or cause a reaction with a base metal. As another example, you should refrain from
cleaning titanium components with trichlorethylene. The reason for this is that entrapped
traces of trichlorethylene can cause corrosion. Some commonly used cleaning methods
include washing with organic solvents, vapor degreasing, steam cleaning, and tumbling in a
grit solution. An effective cleaning method for hot section components consists of a series of
controlled acid or alkali baths and water rinses. ! Grit blasting may also be useful on either

cold or hot section components.
7.4.2.3 Visual Inspection

Heavy maintenance inspections performed during overhaul start with a thorough visual
examination after the engine parts have been cleaned. Typically, an inspection light and
magnifying glass are used for close visual inspections.

Before conducting an actual inspection, it is advisable to review an engine’s operation
logs for entries made since the last inspection. Entries of hot starts, hung starts, oil and fuel
pressure fluctuations, and overspeed or overtemperature incidents provide clues to what type
of defects may be found.

1. Compressor Section

A turbine engine’s fan blades or first stage compressor blades are vulnerable to damage
caused by ingestion of foreign objects and erosion. Therefore, compressor blades and vanes
must be visually examined to detect cracks, dents, gouges, and other defects caused by
FOD. ¥ It is very important that you be able to detect and correct critical blade defects
because a single blade failure can lead to total engine failure (see Figure 7.4 —2).

Light or minor foreign object damage can typically be repaired by blending the affected
area away and then contouring to a final shape. On the other hand, severe damage or any
damage in a blade’s root requires blade replacement.

Blade and vane erosion results from ingestion of sand, dirt, dust, and other fine
airborne contaminants. The abrasive effect of repeated ingestion can wear through a blade’s
surface coating and into the base metal. Slipstreams around the engine core of modern high
bypass engines reduce blade erosion by directing some of the contaminants around, rather

than through a compressor. ™ However, wing mounted turbofan engines often have little
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ground clearance, making them vulnerable to blade erosion during ground operations (see

Figure 7.4 - 3).

p—
Dent Corrosion
(prtting) L~ Cracks
Galling Score /
—
Damage
e - g o
Scratches ¢} repair
i {blend)

Burnge

Burr — Gouge

Figure 7.4 -2 Compressor blades are subject to stress, metal fatigue, and FOD related defects ranging

from light scratches and small dents to dangerous defects such as cracks and deep gouges

0400 in
max

Leading
edge

Material
loss

Erosion

Figure 7.4 -3 Blade erosion is accumulative and occurs over many hours of operation. Erosion shows up

as a loss of material on a blade’s leading edge and near a blade’s root

2. Combustion Section

The types of defects that are acceptable for a given combustion section vary among
engine models. Therefore, when inspecting a combustion chamber, you must follow the
manufacturer’s instructions. Typically, a combustion section is examined for the same types
of damage in both line maintenance and heavy maintenance inspections. However, the
method of inspection often differs. For example, when inspecting a combustion chamber
during line maintenance, a borescope is required. However, during an overhaul, the entire
combustion section is disassembled allowing a detailed inspection without a borescope.

Some of the more common defects found during an inspection include cracks, burner can
shift, hot spots or scorched areas, warpage, and erosion. Combustion liners should also be
checked for excess weld material or slag around all welded seams. If the welded material is

not thoroughly fused into the base metal, the weld should be removed and reapplied. If this
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is not done, pieces of excess weld could break loose and damage turbine components
downstream. By the same token, a liner having two or more converging cracks that are
progressing from a free edge must be repaired or replaced to prevent a piece of metal from
breaking free and causing damage elsewhere. Minor cracks in the baffling around a fuel
nozzle support seat should be repaired if a single crack connects more than two air holes. In
addition, minor cracks in a liner and around igniter boss pads should also be repaired.
However, cracks in a cone or swirl vane are cause for rejection of the combustion liner.

A malfunctioning fuel nozzle can seriously damage a combustion liner. Typically, hot
spots or scorched areas on a combustion liner result from flame contact due to a
malfunctioning or misaligned fuel nozzle. For example, a partially clogged fuel nozzle often
causes damage known as hot streaking in a combustion section. Hot streaking typically
consists of burn marks along the length of a combustion section that result from unatomized
fuel contacting the combustion liner and then burning. Severe hot streaking can result in a
flame passing through the entire turbine section to the tailpipe.

3. Turbine Section

As you know, the turbine section of an engine is subjected to a great deal of heat and
stress. Therefore, it.is common to find damage in the form of cracking, warping, erosion,
and burning. Cracking is probably the most common type of damage found in a turbine
engine, followed by erosion which is caused by the flow of gases and the impingement of
impurities in the gases on internal components. To aid in the inspection of a complete turbine
section, it is best to inspect the turbine nozzle vanes, turbine disk, and turbine blades
separately.

(1) Turbine nozzle vanes.

The hottest gases in a turbine engine pass through the first set of turbine nozzle vanes.
Because of this, small cracks are frequently found. Depending on the size and orientation of
the cracks, a small amount of cracking may be acceptable. Since stress is initially relieved by
the development of small cracks, the small amount of crack progression in non-moving parts
is usually negligible. However, anytime a set of cracks appear to be converging, the cracked
component must be replaced to prevent major engine damage from occurring.

In addition to cracking, many operational hours of intense thermal stress and high-speed
gases impacting a set of vanes can cause bowing and warping. The amount a given vane is
bowed is measured on the trailing edge of each vane using a flat plate fixture and thickness
gauge. Vanes which are bowed more than the allowable limits are either replaced or repaired
in accordance with overhaul instructions. Typically, bowing is greater on the trailing edge
than the leading edge. Therefore, if the trailing edge is within serviceable limits, the leading

edge will more than likely be within limits as well (see Figure 7.4 —4).
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Take
measurement
here

Figure 7.4 -4 Checking a vane for bowing is accomplished by placing the vane on a flat plate fixture and

inserting a thickness gauge under the leading and trailing edge

(2) Turbine disk.

A turbine disk is typically inspected visually using a strong inspection light and
magnifying glass. Because of the centrifugal forces a turbine wheel is subjected to, any
cracks found on a turbine disk are caused for rejection and replacement. However, some
manufacturers do allow continued use of a turbine disk if slight pitting exists as long as the
pitting can be blended by stoning and polishing.

(3) Turbine blades.

Turbine blades routinely incur damage because of the extreme environment in which
they operate. Because of the potential for catastrophic engine failure should a turbine blade
fail, cracking is not permitted in a turbine blade. Of particular concern during visual
inspections are stress rupture cracks on turbine blade leading and trailing edges. Stress
rupture cracks are perceptible as fine hairline cracks that appear at right angles to the blade
length. Typical causes of stress rupture cracks include excessive temperatures or centrifugal
loading.

Turbine blades are more prone to blade creep than compressor blades due to the high
temperatures and centrifugal loads imposed during each engine cycle. A turbine engine cycle
consists of engine start, operation for a period of time, and shutdown. Each engine cycle
subjects turbine blades to high heat and high rotational speeds. As a result, every turbine
blade becomes slightly longer with each engine cycle. Although the additional length may be
only millionths of an inch, the accumulative effect produced by numerous engine cycles can
eventually eliminate blade-to-case clearances.

Loads imposed by the flow of gases across turbine blades and vanes can cause them to
untwist. When turbine blades and vanes begin untwisting, the efficiency of the turbine
system decreases resulting in the deterioration of total engine performance. In order to check
blades and vanes for untwist, they must be removed during engine tear down. Once
removed, they can be measured in special shop fixtures. When a blade is removed for

inspection, it must be reinstalled in the exact slot from which it came. This is necessary to
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maintain turbine wheel balance.

Curling of blade tips is usually acceptable if no sharp bends exist and the curling is
within prescribed limits. Leading edge limits are typically a one-half square inch area at the
tip while trailing edge limits are much less. Cracking or breaking of a blade tip commonly
results from sharp bends at the tip and are cause for blade replacement.

4. Exhaust Section

The exhaust section of a turbine engine is subjected to the same high stresses and
corrosive environment as the turbine section. Therefore, warping, buckling, and cracking
are common defects found during inspections. A malfunctioning fuel nozzle or combustion
chamber can produce hot spots, or hot streaking on the exhaust cone and tailpipe. If you
recall, a fuel nozzle spraying a solid stream of fuel can produce a flame long enough to burn
the exhaust cone. By the same token, if secondary airflow does not properly control the
flame zone, the combustion flame may be allowed to contact the exhaust cone or tailpipe.
Warping in an exhaust duct “liner generally indicates the occurrence of a severe

overtemperature event.
7.4.2.4 Structural Inspection

Structural inspections are conducted using nondestructive testing methods such as
magnetic particle, fluorescent or dye penetrant, radiography, eddy current, and ultrasonic.
The purpose of a structural inspection is to detect hidden flaws that are undetectable through
visual inspection. For example, a hairline crack in a hot section component may only be
visible with a fluorescent or dye penetrant. As another example any defects that exist below
the surface of a component are detectable only through magnetic particle, radiography, eddy
current, or ultrasonic testing.

As you know, magnetic particle testing can only be used on ferrous materials. The
particles may be applied in either a dry form or wet in a solvent solution. The dry form
works best on cast or forged parts with rough surfaces. A wet solution with fluorescent
particles and an ultraviolet lamp best detects fine cracks in smooth surfaces.

Dye penetrant test kits are available with red dye or green dye. Red dye is convenient for
daylight use because the developer may be sprayed from a can on the tested part. The
developer causes penetrant trapped in a surface defect to turn red. The red mark or line on
the part’s surface is then clearly visible. Green dye kits work best on parts which can be
removed and placed in a drip tray. After cleaning, a green fluorescent penetrating fluid is
sprayed on the part and allowed to dry. An ultraviolet lamp is then used in a darkened room
to illuminate defects, which show up as bright yellow-green lines.

Radiography is a testing method which uses X-rays or Gamma rays to penetrate a part
and reveal hidden flaws. This testing method requires special training and licensing because
it presents a hazard to personnel and requires certain safety precautions. Defects missed by

visual and dye-penetrant methods are typically detected by radiography. This method may
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occasionally be utilized to verify suspected defects in an area which is not easily accessible. [
However, several inherent limitations of this method limit its usefulness in engine overhaul
applications.

Eddy current inspection locates both surface and subsurface discontinuities in metal
parts. The specialized test equipment supplies alternating current at a specified frequency to
a test coil which is held on the part to be tested. The magnetic field produced by the test coil
induces a secondary magnetic field in the part being tested. The secondary magnetic field
causes eddy current flow in the part which is measured and analyzed electronically.
Discontinuities in a component disrupt the induced magnetic field and produce an anomaly
which is detected by the test equipment and analyzed. I

Ultrasonic testing introduces high frequency sound waves through a part to detect
discontinuities. There are two types of ultrasonic test equipment available: the immersion
type and the contact type. Immersion equipment is heavy and stationary while contact
equipment is small and portable. Both types beam sound waves through a part and display
the response on a CRT for analysis. Examination of the variations found in a standard

response pattern provides indications of discontinuities and flaws in a part.
7.4.2.5 Dimensional Inspection

Close tolerances and fits make dimensional inspections of turbine engine parts very
important in determining their serviceability. For example, correct clearances between
compressor and turbine blades and the engine housing is crucial to engine efficiency. Blade
tip clearances are usually measured with a thickness gauge. Additional components that must
be dimensionally checked during an overhaul are listed by manufacturers for each engine
model in the overhaul manual. When specified, special tools provided by the engine

manufacturer must be used to obtain accurate readings (see Figure 7.4 —5).

Figure 7.4 -5 A thickness gauge is typically used to check clearances between turbine blades and the

shroud unless a special tool is required by the manufacturer

7.4.2.6 Repairs

The decision to repair or replace a turbine engine component is based on many factors.
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For example, mandatory replacement may be specified for certain parts in the overhaul
manual instructions. On the other hand, some parts may be inspected for serviceability and
repaired or replaced as necessary. If repairs can restore serviceability to a defective part, the
remaining service life projections must be considered. Furthermore, repairs that must be
built up or welded to serviceable limits typically require specialized equipment and facilities.

One popular technique used to build up a component and restore it to its original
dimensions is plasma coating. The plasma coating process has proven to be a valuable means
of extending the service life of blades and vanes and reducing overhaul costs. Plasma coating
involves spraying an atomized metallic material onto the base metal of a part at a high
velocity and at a high heat.' For example, to build up a compressor blade, the blade is
sprayed with ionized argon gas heated to 27,760 C (50,000°F), traveling at speeds over 2,
200 feet per second. Metallic powder is then introduced into the gas stream, causing a coat of
molten metallic particles to bond to the airfoil. The process is controlled to produce multiple
coatings as thin as 0. 000, 25 inch each. Each coating becomes thoroughly fused to the base
metal to provide excellent adhesion characteristics. Once the coating process is complete, the
blade or vane airfoil can be ground to new part dimensions.

Another application of this process is referred to as ceramic coating and is used to coat
compressor parts for corrosion protection. In addition, the ceramic coating produces a
smooth surface that reduces air friction and surface drag, improving a compressor’s
performance. Some experimental processes are now used to apply ceramic materials on many
of an engine’s hot section components including combustors, turbine nozzle diaphragms,
turbine disks, turbine blades, and vanes. ]

In addition to the various types of coating processes used to build up engine components
to serviceable limits, there are several welding methods that are used to make engine repairs.
One such type of welding is called electron beam welding. Electron beam welding is a
relatively new technique that is used to make repairs to compressor airfoils constructed from
titanium alloys. When done properly, electron beam-welding is as strong or stronger than a
new blade or vane, making it possible to rework some compressor airfoils that would
otherwise be rejected.

The primary difference between electron beam welding and other conventional welding
techniques is that electron beam welding produces a narrower bead. This is possible because
the welding process is done in a vacuum chamber which allows better control over the oxygen
level. Heat is concentrated in a smaller area using this method, which subsequently reduces
the stress on the base metal at the weld. As a result, this method of repair can often be used
when damage to an airfoil exceeds blending or contouring repair limits. An insert of new
material can be welded into place and then ground to the airfoil’s original shape. As with
most welding procedures, heat-treatment procedures are normally used to relieve stress in

the area of the weld.
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1. Compressor Section

One of the most common repairs made to a compressor section is the removal of foreign
object damage from blades and vanes by blending. Blending, as you recall, is a method of
repairing damaged blades and vanes by removing metal with hand tools to smooth out all
rough edges and restore an aerodynamic shape. Blending should be performed parallel to the
length of a blade using smooth contours to minimize stress points. Common files, emery or
crocus cloth, and carborundum stones are commonly used in blend repairs. Use of power
tools is not permitted when blending because of the increased possibility of creating a heat
stress buildup or inflicting accidental damage to adjacent areas.

A typical blend repair has a length to depth ratio of approximately 4 to 1 and is
completed in several steps. First, the damaged area is scalloped by filing enough material
away to create a saddle or dished out shape. Next, a stone or finish file is used to smooth out
score marks and radius the edges of the repair. Last, the repair is polished with emery or
crocus cloth to restore the original finish. Usually, repaired blades must be inspected by
magnetic particle or dye penetrant methods to verify that all damage has been removed.
Repaired areas are often marked with a felt tip dye marker to help maintenance personnel
identify reworked areas during future inspections.

The amount of damage that is permissible on engine fan blades, inlet guide vanes, and
compressor blades typically varies from engine to engine. Therefore, it is important that the
manufacturer’s repair instructions be referred to before any repair is made. As a general
rule, nicks, dents, erosion, and scoring on the face of a fan blade require no repair as long as
the damage does not exceed 0. 030 inch. ¥ The area where the deepest damage is permitted is
on a fan blade’s leading edge above a mid-span shroud. Damage in this area can typically
extend into a blade up to 0. 060 inch. The areas where no damage is permitted include the
fillet areas at a blade’s base and where a shroud meets the blade face (see Figure 7.4 -6).

The amount of damage that is permissible on hollow inlet guide vanes is typically much
less than the damage allowed on compressor fan blades. The reason for this is that inlet
guide vanes are typically hollow and the vane walls are constructed of thin material. Based on
this, blending out damage may result in inadvertently penetrating a vane wall if too much
material is removed. Furthermore, attempting to repair an inlet guide vane by straightening,
brazing, welding, or soldering is usually not permitted.

As a general rule, any sharp, V-shaped dent or any cracking and tearing of a guide vane
requires vane replacement. However, small, shallow dents can typically be left unrepaired if
they are rounded, have a gradual contour, and fall within the manufacturer’s specifications.
In addition, trailing edge damage of an inlet guide vane may be blended if one-third of the
weld seam remains after a repair is made. Guide vanes that are rubber filled can usually be
reused if some cracking exists as long as the cracks extend inward from the outer airfoil and
do not appear to be converging. In addition, there can be no indication of pieces breaking

away (see Figure 7.4 - 7).
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Typically, minor damage on the outer half of an axial-flow compressor blade is

343



TRALEAAE L L B

repairable if the repaired area can be kept within the manufacturer’s limits. However, some
manufacturers may allow damage to be left unrepaired if the damage meets certain criteria.
For example, if light damage to the leading or trailing edge of a compressor blade is visible
from either side of a blade, confined to the outer half of the blade, well-rounded, and within
acceptable limits, the damage may be left unrepaired. ™ On the other hand, damage on the
inner half of a blade is critical. Minor damage must be repaired or the blade must be
replaced, depending on the severity of the damage and the manufacturer’s requirements.

Cracks of any size on compressor blades are unacceptable and require replacement of the

blade (see Figure 7.4 - 8).
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Figure 7.4 -8 Compressor blade repairable limits and blended repairs are based on blade width, length,
and chord dimensions. Typically, most leading and trailing edge damage as well as tip
damage may be repaired provided that, after the damage is removed, the minimum chord

and height are maintained (inch)

2. Combustion Section

Various methods are used to restore combustion section components. For example,
cracked components can typically be welded while some worn components can be restored
using a ceramic coating process that builds up component thickness. However, most of the
repair processes used on combustion components require the use of specialized equipment that

is generally found only at certified repair stations.

Welding is the most widely used method for repairing cracks in combustion liners that
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are outside of acceptable limits but within repairable limits. The exact type of welding
process used on a particular liner depends on the material used to build the liner. Typically,
combustion liners are constructed of stainless steel and can be repaired using either inert gas
or electron beam welding. However, once a component has been welded, it must be heat-
treated to relieve any stress buildup caused by the welding process.

3. Turbine Section

The amount of damage that is permitted in a turbine section varies from one
manufacturer to another. Therefore, it is imperative that you refer to the manufacture’s
instructions when tying to determine if a specific type of damage is acceptable. As a general
guideline, a maximum of three nicks, dents, or pits are permitted on the front and rear face
of a turbine blade. However, only one nick, dent, or pit is permitted within a quarter inch of
a fillet. Other areas where some minor damage may be permissible include the leading and
trailing edges. However, the amount of damage that is serviceable is typically limited (see

Figure 7.4 -9).

Maximum Maximum Correction
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(A) (B)
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Trailing g Leading
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- | /% inch View B
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f—

Section B-B

Figure 7.4 -9 Repair turbine blade

Another type of damage that is common to turbine blades is erosion. One method used

to repair erosion is to weld a new piece of blade into place using electron beam welding
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techniques. Once a new piece is welded, the blade is ground to the appropriate shape and
heat treated to relieve any stress concentrations produced during the welding process.
Another technique used to repair erosion is plasma coating. With this process, atomized
metallic material is sprayed onto the eroded section of a turbine blade in multiple coats. Once
the coating process is complete, a blade is ground to its original shape.

Additional turbine components that often require repair during an overhaul are the
turbine nozzle vanes. Typical damage that can be repaired on turbine nozzle vanes include
nicks, dents, scratches, bowing, and cracking.®'? Most nicks, dents, and scratches are
repaired using simple blending and contouring techniques that help relieve stress
concentrations and maintain a smooth airflow. If a turbine nozzle vane is bowed, it can
usually be repaired by straightening. However, the material used to build some nozzle vanes
cannot withstand the straightening process. In situations where straightening is not a
permissible repair, the bowed area can be cut away and a new piece of blade material can be
welded in place. Once welded in place, the vane is ground to the proper shape and heat-

treated for stress relief (see Figure 7.4 —10).

Figure 7.4 -10 To repair a badly damaged turbine nozzle vane, the damaged area is removed and a new

piece of material is welded in its place

Since turbine nozzle vanes do not rotate, they are not subject to the extreme stresses
turbine blades must withstand. Therefore, minor cracking is permissible in most nozzle
vanes. However, there are several factors that determine whether a crack or multiple cracks
are permissible. To determine the exact criteria for permissible cracking, you must refer to
the specific manufacturers overhaul manual (see Figure 7.4 -11).

4. Exhaust Section

Damage in an exhaust section that can typically be repaired includes minor warping,
buckling, and cracking. Warping and buckling are generally repaired by straightening
whereas cracks are typically welded. Additional repairs that can be accomplished by welding
include filling small holes with weld metal and replacing larger areas of damage by welding a
new piece of metal in position. Typically gas or electron beam welding techniques are used to

repair engine exhaust sections constructed of stainless steel.
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Figure 7.4 -11 Some basic criteria for determining whether a crack or multiple cracks are acceptable in a

turbine nozzle vane

5. Balancing

Approved repair procedures to a turbine engine are designed to maintain the strength
and balance with which an engine was originally engineered. This is crucial because of the
high rotational speeds at which turbine engines operate. If the main rotating assembly of a
turbine engine is not balanced, severe vibration can occur. To help ensure that proper
balance is maintained, both compressor and turbine blade replacement must be done in a
specific way. For example, typically an engine manufacturer places restrictions on the
number of blades that can be replaced in a given stage and on a single rotor before the rotor
must be re-balanced.

A single blade replacement is generally accomplished by installing a new blade with an
equal moment-weight. To determine the moment-weight of a single blade, each compressor
or turbine blade is marked with a code indicating the blade’s moment-weight in inch-ounces
or inch-grams. If a new blade with the same moment-weight as the damaged blade is not
available, multiple blades must be replaced. For example, on a compressor or turbine wheel
with an even number of blades, the damaged blade and the blade opposite, or 180 degrees
away, are replaced with blades having an equal moment-weight. If a damaged blade exists on
a compressor or turbine wheel with an odd number of blades, three blades with equal
moment-weights must be replaced; the damaged blade and the blades 120 degrees to the right
and left (see Figure 7.4 -12).

Most engines are limited to a maximum rpm that is less than the lowest rpm at which a
rotating assembly begins to vibrate. However, if repairs are not done properly, the rpm at
which vibration begins can be lowered into an engine’s operational rpm range. Furthermore,

if vibrations occur in one assembly they can induce vibrations in other assemblies having the
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same natural frequency. If allowed to continue, severe vibrations can eventually lead to
complete engine destruction. Because of this, a turbine engine is normally checked for both
static and dynamic balance during the repair process. As you recall, static balancing
procedures ensure that an engine’s main rotating assembly is balanced in the rotational plane.
On the other hand, dynamic balancing ensures that the main rotating assembly is balanced

both in the rotational plane and along the rotor’s axis.

Viewed p Viewed
fram from
rear rear

Figure 7.4 -12 1f a blade having the exact same moment-weight is not available to replace a damaged
blade, blade replacement on a compressor or turbine wheel having an even number of
blades is accomplished by replacing two blades with equal moment-weight. However, if
the compressor or turbine wheel has an odd number of blades, replacement is done by
replacing the damaged blade and each blade 120 degrees to the left and right of the
damaged blade

6. Reassembly

As a general rule, the same fixtures and tooling used to disassemble a gas turbine engine
are used to reassemble an engine after heavy maintenance or overhaul. In addition, torque
wrenches and other torque measuring tools are needed to ensure components are properly

U2 Closely machined mating surfaces and tight

torqued to manufacturer specifications.
clearances typical of turbine engine construction demand the utmost care during reassembly.

Turbine engines may be reassembled vertically or horizontally. Reassembly procedures
are basically the reverse process of disassembly, however, more time is needed to ensure
proper {it and tightening of hardware. In addition, it is absolutely crucial that the specified
hardware tightening sequences are observed during reassembly to prevent incorrect torque
settings. A turbine engine has many circular bolt-ring sets and special torquing procedures
are often stipulated by the engine manufacturer. In addition, all modules, or sections, must
be checked for airworthiness certification and appropriate paperwork prior to reassembly.

A typical overhaul manual specifies parts which must be replaced regardless of condition

when reassembling an engine. Some examples of parts which are ordinarily replaced during
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an overhaul include all bearings, seals, gaskets, O-rings, lock-wire, lock washers,
tablocks, and cotter pins.

7.Engine Testing

The final step in the overhaul process is to test the engine. Engine performance is
evaluated in a test cell during block testing by specialized test equipment and standard engine
instruments. Operational test procedures vary with individual engines, however, the failure
of any internal part during an engine run-in requires return of the engine for tear-down and
repair. If failure of an engine accessory occurs, a new accessory is installed and the block test
continues. Following successful completion of block test requirements, engines not slated for
immediate installation and operation on an aircraft should receive a corrosion prevention

treatment and be placed in storage.
7.4.2.7 Engine Installation

After an engine has been repaired, overhauled, or replaced, it must be prepared for
installation. With a repaired or overhauled engine, preparation typically entails returning the
engine to the configuration it was in immediately after it was removed. However, if the
engine being installed is shipped new from the factory, additional assembly is typically
required. For example, if an engine was preserved in storage, de-preservation procedures are

usually outlined in the overhaul manual provided by the engine manufacturer.
New words/ Phrases/ Expression

. dismantle [ dismaentl ] vz. 5T . PFH!

.crane [ krein] n. {4

. hoist [hoist] n. FFF&EHL

flaw [flor] n. 2445 ,30450

. defect ['didfekt] n. GG, BRIE

. oxide deposit EFALYITTIE

. plating ['pleitin] n. HL5¥

. anodizing ['anadaizin] v. A HL 8% ; 7E FHAR {4k 21
9. painting ['peintin] v. Wi

10. unintentional [ ;anin'tenfonl] adj. =4I W]
11. refrain [ rifrein] ve. ]

12. titanium [ ti'teiniom | n. [{k %k

13. trichlorethylene [traiklo:refiliin] n. [fb] =& L4
14. solvent ['solvent | n. [fb JI&EFI

15. degrease [ dirgriis] ot. BLlg . Bilis

16. grit blasting YPARIE K

17. alkali [‘elkolai] n. W

18. rinse [rins | vz. EE¥E; byt

19. grit blasting M{#»

O N O Ul R W b =
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20. magnifying glass L K4%

21. fluctuation [ flaktfveifn] n. J5h, %, LR
22. crack [ kraek | n. B34y

23. dent [dent] n. MYE

24. gouge [ gavdz ] n. 51

25. erosion [irouzn | n. J&ih

26. borescope [ bo:(r)skoup | n. FLIR ;e FLARIY
27. welded seam tH4%

28. malfunctioning [ mael'fapkfonin] n. Hi ¥ &

29. scorch [ skoitf] wvt. , vi. BefE, MM

30. negligible ['neglid3ebl] adj. W] DL Z WK s A & 16 HY
31. bowing ['bavin] n. ¥l

32. trailing edge 5%

33. leading edge Fj %

34. pitting ['pitin] n. S5

35. stoning ['stounin] n. FJJ#

36. polishing ['polifin] n. it

37. catastrophic [ kaetostrofik | adj. KMEH) ;15 T
38. accumulative [ skjuimjalotiv] adj. FREEH ., RFHH)
39. untwist ['an'twist] o. I, fEFF

40. deterioration [ dijtiorioreifn ] n. %4k, 28 IR

41. tear down FFiH!

42. reinstall [ irizin'stol ] vt. EHFIXEH

43. buckling ['baklin] n. Z5H

44, magnetic particle 4

45. fluorescent [ florresnt] n. )G

46. dye penetrant & 4,8 1%

47. radiography [ ireidiogrofi| n. X Y&, B4k

48. eddy current Rk

49. ultrasonic [ altro'sonik | n. #875 I

50. ultraviolet lamp £:AT

51. developer [ divelopa(r)] n. BFEF]. BAZF

52. discontinuity [ (disikpntinjuoti | n. ANZELL, KT
53. plasma coating 28 & T Bk

54. molten ['movlten ] adj. YL

55. electron beam welding Hi T 4&

56. scoring ['skorin] n. IR

57. brazing [ breizin] n. i

58. soldering ['soldorin] n. IR
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59. heat-treated ['hit'triit | adj. AL
60. cotter pin JI 145

Notes

[1] On the other hand, large engines are often mounted vertically on a stationary fixture
which is surrounded by scaffolding.

BE. - H.ABRRXGVNEEHELALREHEW XA L ABERE - BXE,

[2) An effective cleaning method for hot section components consists of a series of
controlled acid or alkali baths and water rinses.

BAVE R S AL m B R W R BE e R R — R 7 By 4 R BRI e K e B

[3) Therefore, compressor blades and vanes must be visually examined to detect cracks,
dents, gouges, and other defects caused by FOD.

BE-EL AAMEANETAFTHAHATENARE, WA AR R R & fn LM
oAb A AR A 1A sk T

[4]) Slipstreams around the engine core of modern high bypass engines reduce blade
erosion by directing some of the contaminants around, rather than through a compressor.

BE AR BEERAANF BONAEBN AR R —Bormkh et EANR,
19 3 % & AL, XA LR D x B AL b e R A

[5) This method may occasionally be utilized to verify suspected defects in an area which
is not easily accessible.

BE XM T EARBARRIE AT HELR R P T 6,

[6] Discontinuities in a component disrupt the induced magnetic field and produce an
anomaly which is detected by the test equipment and analyzed.

BFE NPT E SR T R, R E X R A L b iR 3k A A ) Ae
i

[7]) Plasma coating involves spraying an atomized metallic material onto the base metal
of a part at a high velocity and at a high heat.

BE:SETHRAEUGENGRERENEN 2B AT RAZHNA&E KL,

[8) Some experimental processes are now used to apply ceramic materials on many of an
engine’s hot section components including combustors, turbine nozzle diaphragms, turbine
disks, turbine blades, and vanes.

BEIAEXLIDABRIEFNREEZMBEAER I F S HomBHEF, R HERRE
ERREHBERNK ARE ARETF IR R T R,

[9) As a general rule, nicks, dents, erosion, and scoring on the face of a fan blade
require no repair as long as the damage does not exceed 0. 030 inch.

B MERAT.RERHGARL0.030 F~, MBr FRE & o MR F A XK
RAFREBA.

[10) For example, if light damage to the leading or trailing edge of a compressor blade

is visible from either side of a blade, confined to the outer half of the blade, well-rounded,
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and within acceptable limits, the damage may be left unrepaired.

BE Ol 0 RE SN ol & HE G0 8B At Fo AT — AT L, AR T e
FEsh+# EETHEZXNEEA R TR EEBZ.

[11) Typical damage that can be repaired on turbine nozzle vanes include nicks, dents,
scratches, bowing, and cracking.

BERARFHBTRATUBANEARGEFER O R XR B AR,

[12) In addition, torque wrenches and other torque measuring tools are needed to ensure
components are properly torqued to manufacturer specifications.

BiE U FEAZDERFAEMAENET L URIEDBGN LRI EFGHER
0 E K,

Exercises

I . Answer the following questions:

1. What are the main procedures of engine maintenance?

2. What’s the purpose of cleaning the engine components?

3. What are the main defects of compressor blades and vanes?

4. What are the more common defects found during an inspection of combustor?

I . Translate the following sentences into Chinese:

1. Light or minor foreign object damage can typically be repaired by blending the affected
area away and then contouring to a final shape.

2. Cracking is probably the most common type of damage found in a turbine engine,
followed by erosion which is caused by the flow of gases and the impingement of impurities in
the gases on internal components.

3. Turbine blades are more prone to blade creep than compressor blades due to the high
temperatures and centrifugal loads imposed during each engine cycle.

4. Electron beam welding is a relatively new technique that is used to make repairs to
compressor airfoils constructed from titanium alloys.

IT . Fill in the following blanks according to the text:

1. Once mounted on a disassembly stand, the engine is dismantled into , or
main

3. Structural inspections are conducted using nondestructive testing methods such as

s , and

3. Blade tip clearances are usually measured with a
4. is the most widely used method for repairing cracks in combustion liners that

are outside of acceptable limits but within repairable limits.
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administration
aeolipile

aerodnamic
aeronautical material
Aeronautical Radio Inc.
AFCS
aforementioned
aging

air inlet

air mass

airfoil

airframe material
airload

air-oil type shock struts
airstream
airworthiness

align

alkali

Allen screw

Allen wrench
allocate

alodine

alteration
alternating stress
Alumina

aluminium oxide
aluminum

aluminum oxide abrasive

cloth

ambient
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B ST QRARDIETT

2RI EOH
L =S B R
iz Jo 2k R I AR 2

A 3 AT #l & 48 (Auto Flight Control System AJ4i5)
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TRATLAE 2 CREZ) 1

AT A B ) B
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T2 3

R AR —AT [Tl HEZ HE s —AT
4
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WA R T

GHBL AR s RIHR

RT3 T AR 5 58 TR B AR 1L
Al s AT

SE7E N H

AL Os (ZH AL 4D

ERIA S
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SAAL SRS A

Jil LB+ L FEL A Y
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Vocabulary

amendment
amplify
analog
analyze
anchor

anchor nut

angular contact bearing

annealing

annex

annular chamber

anodic film
anodize
anodized
anodizing
anticipate
anti-icing
appliance
applicable
applicant
application
approve
approximately
arbitrarily set
armature
ASSY
asterisk
audible

audit
authorization

authorized

QLB SCRRD Besh s Bk
JROK - 3 5

RN

IR AT s ik

Cff) [

FEAR SR £

T o L A VR Bl R L ff TG i 7R 3l il R
Bk

BEEF: B

B e

AR, P B 5 AR BH A A Ak 2T
B AR A A 2

FRAR A+ B A B B o 1 PR R AL AL 2
B WORE; B

B vk

LA a2

T2 ]

CIREUN

BT B I8 s BOE L IE R
e R At

LR PR RPN

FABE

R X CERL LI R )

assembly ) 455

BY

W A% W B

GRIRL K

A AL AT LSt e
BUSATT 8 R 1Y » 22 ALY

2.

1.

1.4/5.

2.

4.

1.2/7.
2.
7.
2.

2.1/7.
2.

1.3/2.

2.

355

3

4

2

1

3

1

4

1



TRALEAAE L L B

auxiliary Wh 3l in) Al I 25 I A Y BT A 3.1/3.5/
7.2/7.3
auxiliary power unit (APU) Hhsh I E 4.2/7.2
available AT B A 2.2
avionics rack IR 5.2
avoid AR TR 2.1
awkward T R 1.4
axial B 7.3
axial flow compressor T = E A AL 7.2
axially Al ) Y 3.4
B
back and forth Sk ] b 3.5
ball bearing BR AR 3.5
be proportional to-.. e RIE 7.1
beamwidth R S 5.5
bearing il 7 6.2
benefit F 35 L 17 4b 7.3
bias i) 5 A2k 2.2
binding i 4.3
biweekly WA A — Y 3, X 3 2.3
blade (T 7.3
blast % 7.1
bleed off & 7.3
blend RE 7.3
blind rivet HET 1.3
blowtorch WA S BEXT s SR S AL 7.1
blunt By 1.4
bogie eI e A 6.2
bol LY 1.3
bootstrap B3 E M. B2 EH 3.3
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Vocabulary

bootstrap air-cycle machine
bore

borescope

bottom dead center
bounce

bound

bowing

box-end wrench
brazing

break down

briskly

brush

buckling

built-in light source
bulkhead

burst

butterfly type
buzzer

bypass

bypass engine

bypass ratio

C
cadmium
calibrate
caliper
cannular chamber
can-type combustor
capability
capillary

capillary action

LD
T

S8 B B

e R B 5 L 06
B

HEAE T

L

o

TR 3 5 1 Y 4

il

%l

P R

oA 0

B SR

s

1 25

53

A R 3B

i It

5
e UE AL IE 5 97 8
CEMREHO R RR
WE MR b E
HEAIRBEE L IR =
A e He)s A u; MR
BHE

E 4
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3.2

.5/7.4

&2
S

6.2
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1.4

7.3

7.3
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captive screw
carbon monoxide
card slots

cargo

casing

cast

castellation
casting alloy
catalog

catastrophic

category

cathode-ray oscilloscope

CCA

CCAR ;China Civil Aviation

Regulations

centrifugal

centrifugal compressor

centrifugal force
ceramic
certification
chassis

cheat

check valve
chisel

Chrome
Chromium
circular
circumference
circumferentially

circumstance
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R HLE ) B8
HLIRE 55 1 s b 5
i

I

Wit o 4
H s i

RAMER) s BEMNRBLERI

LIS
BRI S 27 A%

L P& AR 4H 14 (Circuit Card Assemblies B 455 )

Hh e R ML
L

R R

[Re}
Wi 45 ) 5 P 25 i 7

TEWT L AE S TE
JE L RS LA
LN (L
LACRCN]

CER

B A B
%

AL TR AT R
JEL L 154 A

I ¥
[ERZUREZ R R L

2.3

2.1/6.4/
7.4

2.1/7.3
1.5
5.2

2.4

3.3/7.2
7.2
7.2

1.2/7.3
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Vocabulary

clamp

clamshell
classification
clearance
clockwise

close tolerance bolt
coaxially

cold section
combustion chamber
combustor
commence
compensation
completeness
complexity
compliance
compliant

comply with
component
component
composite
compound
compress
compression ratio
compressor
compressor blade

cOompressor pressure

ratio
comprise
conceal

concentricity

B Je

LT

OrAE s L A
ZS B () B

MR B 17
A BE MR A

[7] Al 3t

¥ diig

T

WAbe s HRBERR SO
Tk F
A B
SERENE

IR IR A
AN W b5 7R T
MUK FR) o B S8 FY)

TR AR ST

CHLAR » B8 45O M B R A Ry
FRAE 5 ALk

AR

Jk¥

JE 45

=45 H

FE AL

Hgapt A

FEA LI E B

A AR5 fyeeee LR H e e Ha) 8
(587
Hh s [ b )0 B
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TRALEAAE L L B

condenser core
configuration
conforms to
connecting rod
consumable
contact pin
contain
containment
contaminant
contamination
continued
continuity test
continuous
convenience
conventional
converging
convert

Copper
corrective
corresponding
corrosion fatigue
corrosion resistance
corrugated
cotter pin

cotton swab
counterclockwise
counter-drill
countersunk head
coupler

CPL
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R 1
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TG0 5575 5 15 54 W)

MG 5 AR SR ALY
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HELER s SEMY
J7 {5 A
AL LG
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F A& s b 1w
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Uik
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coupler 455
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.3/17.
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Vocabulary

crack
crane
crankcase
crankshaft
creep
crevice corrosion
criteria
crocus cloth
cross point screw driver
cruising speed
CSMU
current
current transformers (CT’s)
curvature
cutting tool
cyclic
cylinder

D
damping
debris
defect
deficiency
degrease
delamination
deliver
demagnetization
demonstrate
dent
depict

deprive of /deprivation

TR e 2 PR 2
%

HETE

T

I Az

CHE VT 0 1 55 19 ) A A o )
A A

TRz )

A ke

HU 1% 7 A7 4 2% 28 1 (Crash Survivable Memory Unit i 45 5)
CERT

HL U LR 8 I

A5 A A 5 5
E TR

JELH 0 S I FR )

i

e

s BRI

B R LR Ak
BeZ AR BT BRI

Jii B - B T5
Iz
I B B 1

TER; e M UiEd
LIPS

ik

FAF L IR

2.1
7.4
1.2
2.2/7.2
1.5
2.1
7.4
7.2

2.4
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descent
designation
desire

detent
detergent
deterioration
developer
deviation
devise

DECS

DFDAU

diagonal
diagram

dial

dial indicator
diameter
diaphragm
diffuse
diffuser
digital
dimension
diode rectifier
diploma
disassemble
discard
discharge
discontinuity
discrepancy

dismantle
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TR

Jé5

wY

1B E L] BT

e %571

Tl B B

B, AR

i 22

Wit &

BO7 AT FE i & 48 (Digital Flight Control System K45 5)

B 2 RAT B U R £E 4H 1 (Digital Flight Data Acquisition
Unit W E)

AL R
EES
U825 B 20 £ 7 BB
[ 5%

i

PO A

I s

LG U € N ]
R
TR R A
SCHE AE I
I3 i

ESERE|[9/3

JBCH S S HE
NG
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7.3
7.3
1.4/5.2
4.4
4.2

2.4

6.2
7.1/7.3
7.4
1.1
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Vocabulary

E

dispose
distortion
distribute
distributed
divergent
DME
documentation
domestic
double-entry
dovetail root
dowel pin
drainage

draw in
drawing

drive block
drive end (DE)
drive key

dual channel
Duckbill pliers
duct

due to

duty

dye

dye penetrant

eddy current

eddy current inspection

effective

eject

electrical bonding test

AbFE L Ab 5 2 HE
AR, Ll
OyHC L BA s BOR YR
VoMb

P

I BE #L (Distance Measuring Equipment ({45 5)
i

FRERT 005 [E A
XIS,
MR TE M Sk

DA S

HE%

A

SINCLDNEIX 3

4R Z P, 9K 3l

9K 2y S

i 5

XL 18

LT

W3 L E

M T

1 fif

)

HOBIE

bR

HER N ZIFIDE e
AR s B
gy

H A 0 3
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electrical conductivity
electrical cord

electrical resistance

temperature bulb
electron beam welding
element

elevator
eliminate
elimination
emergency
encompass
encounter

endow

energy available
engage

engaged in
engine material
equivalency

equivalent

erosion
estimation
evaluate
evenly
excess
excessive
exert
exfoliation
exhaust cone

exhaust nozzle
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THEAE
HE -
HEBR 5 B 2

BaE

X

T BT

asi IR ZEE:

A A4

HH A B T 38 SR S AR A )

T ik

fhiits P4 HI

VA A

B 5IH P53 T3 3 7 5 4
R b B

i 210 R

KRB A2 GEm A
HE
HEA R 4

HE

2.2

3.5/4.2/
6.2

7.3

7.1/7.3



Vocabulary

expose
expound
extinguish
extract

extruded section

fabricate
failure
fastener
fatigue

fatigue performance

feedback

feeder impedance
feeler gauge
female contact
ferrous metal
ferrule

fine buffing wheel
fir-tree root
fixed

fixture

flame tube
flange

flaw

flexibility
flowmeter

fluctuation

OB - B ) B Sl
fige B L TR AN AUR
FEK (IO

R AL R B

B R R

i3 5 e

RO St s sz AR

LR

9% 7

P 55 PE g

&AF 412 (Flight Control Computer 1945 5)
AT BRI 5 %8 % 55 (Flight Data Recorder System [ 45 5)
2

s B s A 3l Sy

LB BT

FER JEE R L ) Bt R

F

R

B 5 4 e g

bk

AR TE A Sk

[ 5 1 s AN AE 1Y

R E R

KT

e

BB, 23

it Tt

=

i EIRR SN

7.4
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fluorescent

{lush

flush against the surface
FMA

FMCS

foreign object debris (FOD)
forge

forging

formula
formulate
frangible fitting
free turbine
free-fall
frequency
frontal area
fuel injector
fuel nozzle

fuel stick

{ulfill

fungi

fuse

fuselage

G
gallery
galvanic corrosion
gap
gas turbine engine
gauge
GBE

gearbox

— 366 —

CROBEGI

51 S i

S EIRE
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Vocabulary

generator control unit (GCU)
generator drive interface
geometry

get splashed with

glide slope(G/S)

gouge

govern

GPS

graduation

grant

granted with

gravity

grind

grip

grit blast

grit blasting

groove

guidance

H
halide
hardcopy
harsh
heat pack
heat shield
heat-treatable alloy
heat-treated
helicopter
herein
hereinafter

HF

R HLALEE 1 4%

R LK A

JUART 2 5 JUART TR 4K 5 JUART &1

AGEEA

g

Pl S e

4Bk 5 fif % 45 (Global Positioning System HJ 455 )
Grd% %

A&IN W VR BT

By
Ty 05 )
AT B . B S

e i

Wi g

Wi i

PR 5 T T 5 8 B3
843,519

B AL 4 ()

fifi 75 D1

JE D LR 19 5 R H Y
AL

B P A B R
AL A 4

Pab B

EHIHHL

T s 7R X T T
PR 72 R 3CH

B UE 5 2 48 (High Frequency B4 E)
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high-bypass engine
hoist

holding tool

hook spanner
horsepower

hot section
housing

hub

hydraulic

Hydraulic Test Stand

hydrogen

identification plate
identify

ignite

ignition
illumination
illustrated

ILS

immerse

impeller

imperial
implement

impose

impulse turbine

in accordance with
incompressible

inflate
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Vocabulary

initial A 904 1 2.1
inlet guide vanes 0 S mE ot A 7.3
innermost o HUTAT B9 5 e TR AL Y 7.3
inserts #EGHEA LR A 3.7
inspector KA 5 LK 2 2.2
install LR Y 2.1
insulation resistance 2 2% v, B 3.2
intake = 7.1
integral SEAE IR 7.2
interchange H i 1.4
interconnection FEH 7.1
interference T4t 4.3
intergranular LR YA LTI N 5 R A L1 2 L2
interior P 1) 3.1/7.
interlocking joint pliers N B S A5 1.4
intermediate i [a] 7.2
intermediate o R RS AL 7.3
interstage T [6] 1) 7.3
interval (1] [ st ] 1.4
investment KL IHRA 2.2
ionized layer EEr= = 5.4
iron oxide Ak 3.7
isolation P B 4.3
issuance RAT VRAG 2.4
issue KAT; BK 2.2
jaw L 1.4
jet nozzle W E  HER W 7.1/17.
jet propulsion g% A 4 32 7.1
jet wake HEART 7.3
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kettle BRI AE 5 /N
K
kinetic energy gl fig
knife-edge seal PARTE= us
L
lamination core LAYEE N
landing gear A P e
lap e
latch MTH
leading edge IE S
leads e 2
leakage test B U I
lens Bk B R
leverage FLAFAE A ALAT 0%
license VERIIE  POBE 5 R
line maintenance i £k 4t 1%
line ream & EY
Line Replaceable Unit T £k ] T A
(LRU)
lined with A5 1
lint BOMAG » 2% 3k S A 48
lint-free cloth AN E W HAT
liquid penetrant AR 3 f A
inspection
Lithium il
Localizer(LOC) i 19 4% At
lock plate iR
lock ring R
lock screw Bl IR AT
lockwire TR 22

— 370 —



Vocabulary

longeron
loose fit
low-bypass engine
lubricate

lubrication

M

Magnesium
magnetic
magnetic field

magnetic particle

inspection
magnetic tape
magnifier
magnifying glass
main exciter (ME)
maintenance
makeup examination
malfunction
malfunction tag
malfunctioning
mandatory
Manganese
manifold

manual
manufactured head
manufacturer
maraging steel
marked

matrix material

MCP

CRHLILIAR D A3
I Bt e

IR IE L & BBl
HERGERE BTN
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A wEER
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W T RE R AT L R
B s 2

i

2 5E 1, 2 A 1)

St
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NTH s T H5
CHIVED i 7 3k
R I P A S A ]
NPy N L]
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S KL

75 =45 1 1 A (Mode Control Panel 1945 5)
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MCU

mechanical energy

mechanism

megohmmeter

melt
metabolism
metering pin
microbial

micrometer

micro-organism corrosion

microswitch
migration
misalignment
mismatch
mixer
mixture
modify
modular
module
moistened
moisture
molecule
molten
monitor

MTOW

multimeter

N
nacelle

nameplate
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Vocabulary

narrow +++ down
needle bearing

needle nose pliers
negligible

nicd cell

nick

nickel-based alloys
nitrogen

noise suppressor
nomenclature
nominal

non drive end (NDE)
not heat-treatable alloy
notch

notify/ notification
nozzle

nut

nylon

(0]
obstruction
obtain
occasion
offset
oil plug
oil slinger/slingerring
OMS
open-end wrench
optimum
orifice

orifice support tube

WA e AR
B R

25 it

T L2201 O A

B 20

T FH AL A B 1 2
RIEFRA 2

B

.
JE
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(=B AR L4
£ Em

3R 9K 3 i
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A A

W I 5 WAL
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Je e - STt e 21 4

[CR LY

USCCE

Wldss Bfrs B %
it B 4T 5 A2
(i) 1 28

LRI =Ry i BN
KLk 43 & 48 (Onboard Maintenance System [ 4 5)
FF T
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fLs WA

FLAR P4

.5/7.
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P

original
Otto-cycle
outflow valve
oval

oven

overhaul

oxide deposit

package
packing
painting
panel

parallel
parameter
partway

path

payload

PDL

penalty
performance
perimeter
periphery
permanent
permissible
perpendicular
personnel
pertain
phosphate ester

physical
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Vocabulary

pile up

pilot exciter (PE)
pin

piston

piston engine
pitting

pitting corrosion
plasma coating
plating

pliers

plug-in
pneumatic
pneumatic tool
polish

polishing
pontoon

poppet

porosity

portion

potential energy
pounding tool
pour

power plant
power-weight ratio
precision

preflight checks
preliminary
preservative

pressure gage

HEB R

Al Jal 7 B

AT T
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15 28 R Sl
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pressurization
primary heat exchanger
primer

prior

prior to

probe
procedure
product
progressively
prohibit

proof

propel
propeller
Prop-Fan
provision

pry bar
psychological
pulse jet engine
pulse-echo
pumice powder
punch

pursuant

Q
qualification
quenching

quote

R
radial
radial inward flow

radial outward flow
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Vocabulary

radially

radiation
radiographic inspections
radiography

ram air

ram jet engine
ratchet

rated-load

rating

reaction turbine
reaction-impulse turbine
recesses
reciprocate
recirculation

recoil

rectification
reduction gearbox
redundancy

reflect

refraction

refrain

regulation
reinforcing material
re-ingestion
reinstall

reissue

release

remainder

Remove from

requirement
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residue
resistance
resonance
respective
respectively
restoration
retract
revision
revoke

revolution

revolutions per minute

(rpm)
right/liability

rim

rinse
rivet
RMI
rolling

rotational

rotor

route through

rudder

scale
scavenge

Sccm

scheme

scope
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Vocabulary

scorch
scoring
scouring
scratch
screw

screw driver
scroll

seal

sealant
sealing ring

seam

secondary heat exchanger

segment
self-locking
separated
sequence
serration
serviceable
shank

sheet metal
shim

shipment

shop

shop head
shortage

shot peen
shrink fit method
shroud
shrouded blade

sight gage
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sign

significant

Silicon

silicon oxide
simultaneously
single-entry
sleeve

slide

slip joint pliers
slope angle

slot

slotted screw
snubbing valve
soaked with
socket head cap screw
socket wrench
solder

soldering

solely

solid shank rivet
solid wrench
solid-statememory
solution heat treatment

solvent

sound attenuating

material

spark
specification

specified
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Vocabulary

specimen
speed handle
spike

spline

spline

split inner bearing
sponge

spool

sprag clutch
spray

spray nozzle
spread out
squeeze

squid

SSB

stain

stall
standardize
Start up

static pressure

stator

stator vanes

steel

stem

stiffness

stipulate

stoning

stress corrosion cracking

stringer
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T

strip

stroke

strut

subject to
submerge
submit
subsonic
substantially
substantiation
substitute
substitution
subsystem
subtlety
suffer
sufficient
sulfamic acid
super alloy
supercharger
superficial
supersonic
supervision

surface corrosion

surge tank(surge chamber)

suspend
sustenance
swirl vanes

syllabus

tabulate
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Vocabulary

tag

tail pipe

take the form of
tap

taper

tear down
technician
technique

teflon

temporary
terminology
theme

thermal conductivity
thermal fuse plug
thermal spray
thermocouple
thermodynamic
thermostat

thin film

thread

thread pitch gauge
thrust

thrust plate
thrust reverser

thrust specific fuel

consumption
thrust washer

tire bead

Titanium
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toggle
tolerance

top dead center
torque

torque value

torsion bar torque

wrench

total pressure
traceability
trailing edge
transfer cylinder
translatory
triangle
trichlorethylene
trickle

trim

trip off
triple-spool
tubeless
turbine
turbine nozzle
turbofan
turbojet
turboprop
turboshaft
turbulence
turning tool
tweaking

twin-spool

U
ULB

ultrasonic
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Vocabulary

ultrasonic inspection
ultrasound
ultraviolet
ultraviolet lamp
unendorsed
unintentional
universal head
unregulated
untwist
upgrade

urgent

utilization

A\
vacuum
validation
validity
valve

valve operating

mechanism

vaned diffuser
vaporize

variable stator vanes
varnish

velocity

vendor

vent

ventilate

venturi

verification

vernier caliper
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versatile
VHF
vibrate
vibration
vibrational
viscosity
vise grip
visual
visual inspection
void
voltage
volume
VOR

VTOL

w
waive
warpage
warranty
washer
wear indicator pin
welded seam
welding
wick
wing box
wipe
workload
wrap
wrench

wrought alloy

— 386 —

T 18] 1 5 3 BERY
RSB 5 & 48 (Very High Frequency 4 E)
P& 3l
)5 5
PRI, TR
RhEE RN
Kyt

RN WAkl
H LA A

25 B 46 AL
LIRS

& .

L A4 18] 5 S AE AR (VHE Omnidirectional Range [ 455 )

I B S & (Vertical Take-Off and Landing i 455 )

e
L AT
RIE 41 4

Bt

B L 85

o

I

i

131

i

%0k b
AR T AR

2.

6.

3

.1/5.

2

(@21



Vocabulary

yaw

Zinc

5.

1.
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