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Chapter 1 Introduction to Flying
F1E ¥IAET
1 History of Flight X{THIA £

1.1 Mankind longing for the sky /> [8]H5 K AY A 2
From prehistoric times, humans have watched the flight of | y;suaL COURSE / 4 i

birds, and longed to imitate them, but lacked the power to do so.
Logic dictated that if the small muscles of birds can lift them into
the air and sustain them, then the larger muscles of humans

should be able to duplicate the feat. No one knew about the

intricate mesh of muscles, sinew, heart, breathing system, and

devices not unlike wing flaps, variable-camber and spoilers of the

modern airplane that enabled a bird to fly. Still, thousands of years and countless lives were lost
in attempts to fly like birds.

FEARAARA AT, ANTAER R RATH S, mERbA], A TH 2R
J1e GREEEM/NINIA T IERRSE T, (HAEHRIILACVE S LB R . X
PSSR R BONLA I . LR . OO PPIR R SRR B WL . AR NI . YLk
I3 Rh AR AT 2R EEE RAT . AW, ANTELCT S AR 2l 538 T,
KNP R L 2

The identity of the first “bird-men” who fitted themselves with wings and leapt off of cliffs
in an effort to fly are lost in time, but each failure gave those who wished to fly questions that
needed to be answered. Where had the wing flappers gone wrong? Philosophers, scientists, and
inventors offered solutions, but no one could add wings to the human body and soar like a bird.
During the 1500s, Leonardo da Vinci filled pages of his notebooks with sketches of proposed
flying machines, but most of his ideas were flawed because he clung to the idea of birdlike wings.
[Figure 1] By 1655, mathematician, physicist, and inventor Robert Hooke concluded that the
human body does not possess the strength to power artificial wings. He believed human flight

would require some form of artificial propulsion.

FAICLACEHERE DS E BRI I “B N7, - RRME AR
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FHEONATTRE TR 1) ShEIEE 7. HER . B KUK GG i
Ji%, ANENKE EEBPARRTCIE B DI . Aot 161, FIRMNL « ik « 55H
AR EICA Bl 7 FF 2 2 RATHLS A, Bl Tl TR0 %L (B 1), X
W8 J7 FAAFAEE GIE. 1655 4, BUAZARMBLA R P 0%s « RyCHet 7. BEEANKH
DRThE, IR N TS . hiloy, WAT R EAT IR A A N THERE

Figure 1 Leonardo de Vinci’ s ornithopter
1 FIBPNZ - 3k - FEFRIFNEN

The quest for human flight led some practitioners in another direction. In 1783, the first
manned hot air balloon, crafted by Joseph and Etienne Montgolfier, flew for 23 minutes. Ten
days later, Professor Jacques Charles flew the first gas balloon. A madness for balloon flight
captivated the public’s imagination and for a time flying enthusiasts turned their expertise to the
promise of lighter-than-air flight. But for all its majesty in the air, the balloon was little more
than a billowing heap of cloth capable of no more than a one-way, downwind journey.

FENEXS RATHIER R T, B SRERE R T 5% — %42 . 1783 4, B R kil
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Balloons solved the problem of lift, but that was only one of the problems of human flight.

The ability to control speed and direction eluded balloonists. The solution to that problem lay in
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a child’s toy familiar to the East for 2,000 years, but not introduced to the West until the 13th
century—the kite. The kites used by the Chinese for aerial observation, to test winds for sailing,
as a signaling device, and as a toy, held many of the answers to lifting a heavier-than-air device
into the air.

SRR T IR, (R RN KT R 2 R R — o ARERE B L TE IR
PERBE BRI . AERET A ARTT, & R ATV LEB R — K&
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PTG E KGR . RIS SRS, MRBECA Bt . BT T4t
R RBEBORAE X E B R LR F

One of the men who believed the study of kites unlocked the secrets of winged flight was
Sir George Cayley. Born in England 10 years before the Mongolfier balloon flight, Cayley spent
his 84 years seeking to develop a heavier-than-air vehicle supported by kite-shaped wings.
[Figure 2] The “Father of Aerial Navigation,” Cayley discovered the basic principles on which
the modern science of aeronautics is founded; built what is recognized as the first successful
flying model; and tested the first full-size man-carrying airplane.

Je [l BTSRRI« YUR MG EREIT A B RATIALE . IR A T 55T
FER VLRI RIVRBRZ AT 10 RIS, A st A3t 84 Rk uit— R RE AR E T
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For the half-century after Cayley’s death, countless scientists, flying enthusiasts, and
inventors worked toward building a powered flying machine. Men, such as William Samuel
Henson, who designed a huge monoplane that was propelled by a steam engine housed inside
the fuselage, and Otto Lilienthal, who proved human flight in aircraft heavier than air was
practical, worked toward the dream of powered flight. A dream turned into reality by Wilbur and
Orville Wright at Kitty Hawk, North Carolina, on December 17, 1903.

LR E Lt M s, TEER SRR VAT R R R W SR B 3 i 3 0 AT
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Figure 2 Glider from 1852 by Sir George Cayley, British aviator
(1773-1857)
2 REfRZTXITE - RS T 1852 it AYEIM

The bicycle-building Wright brothers of Dayton, Ohio, had experimented for 4 years with
kites, their own homemade wind tunnel, and different engines to power their biplane. One of
their great achievements in flight was proving the value of the scientific, rather than a build-it-
and-see approach. Their biplane, The Flyer, combined inspired design and engineering with
superior craftsmanship. [Figure 3] By the afternoon of December 17th, the Wright brothers had
flown a total of 98 seconds on four flights. The age of flight had arrived.

AT SRR Z N AR T i3 B A7 25, AT REET T K98 4 ke, &
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Figure 3 The First Flight by the Wright Brothers

3 SRFFABHEL
1.2 The Chinese Attempts to Reach the Sky ¥ARE[R1E: FER
RIEATERSE

Chinese civilization has gone through five thousand years of
origin, formation and development. Since ancient times, the
Chinese nation has been tirelessly exploring and pursuing space
exploration and discovering the mysteries of the universe. It has
invented many flying tools and has made great contributions to
mankind's exploration of space and understanding of the universe.

Significant contribution contribution.

VISUAL COURSE / 1 i
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RILF WAHEAT T AR R 5IEK, KUY TIHZ UTLA, AANEERKRES
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From "Chang'e flies to the moon" to "A thousand-year dream comes true". Chang'e's flight

to the moon is a myth and legend in ancient China, which reflects the Chinese nation's yearning

for the stars in space; the flying feat of Wanhu (Tao Chengdao) in the Ming Dynasty reflects the

Chinese nation's tireless exploration and pursuit of the cause of flying.
M “lgiksE A B T ERERE . Wk S B B AR AR U, Sk
TR RN R BRI AT BIEA P (BRGIED 1 RS, S 1 ip AR RO K

REFEMABAERIRR HIER,

Kites were invented by the working people of ancient China during the Spring and Autumn

Period, more than 2,000 years ago. There are records such as "Gongshu Ban cut bamboo and
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wood to make a magpie, and it flew continueously for three days." "Mozi made a wooden Kkite,
and it took three years to make it." In 1600 AD, kites from the East were introduced to Europe.
In the 19th century, Sir George Caylay was inspired by kites and invented the glider.

W& EE AT AREATEKE, 45 EH 2000 24, G2mILHTA
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Kongming lantern, also called sky lantern, commonly known as wishing lantern and sky
praying lantern, is an ancient Chinese handicraft and the oldest hot air balloon. One version of
its inventor is "Xin Qiniang" and another version is "Zhuge Liang". Kongming lanterns were
mostly used for military purposes in ancient times. Modern people put them up for blessings.
The drifting direction of the Kongming Lantern cannot be controlled by humans, and if used
improperly, it can easily threaten flight safety, damage infrastructure, and cause fires and other
problems.

LT, XMRAT, BFRVFIRIT . A RAT, M ZMURT LM, ZRbE
HIRRER . HORBIHE —FUGE N “SE-Em7. H—MidiEn “ e LT ESRE
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A, BB AT %4 DR A3 i K 9 58 )

The bamboo dragonfly is a traditional Chinese folk children's toy that is widely spread. The
bamboo dragonfly is composed of two parts, with a T-shaped appearance. The horizontal piece
is in the shape of a rotor (propeller). Quickly rub the vertical handle and let go, and the bamboo
dragonfly will fly into the sky. Later, Westerners invented the helicopter rotor based on the shape
and principle of the bamboo dragonfly.

Prigget —Fh EA S RELEDCR, W) . MTishmaEsdmk,. SHEE
T 7, BR VR GFRe) IR, RE—EEM, WP, T « ERT. &
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Feng Ru (simplified Chinese: {%1; traditional Chinese: #§%[1), was a pioneering Chinese
aviator and aircraft designer. On Sept. 21, 1909, a biplane with four starting wheels tucked
beneath took to the skies in Oakland, California, six years after Orville and Wilbur Wright's first
flight. It was the first successful Chinese flight with a self-made plane and the nation's first

manned and powered flight. As the first aircraft designed and constructed by the Chinese, Feng
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Ru 1 and 2's flight marks a leap forward in China's aviation history.

LB A AT A 580K 1909 4F 9 H 21 H, it iy A DU AU vE
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After the founding of the People's Republic of China, the Chinese nation has taken vigorous
steps in the vast sky and embarked on a "flying road" that has impressed the world, from
"Dongfanghong sends music" to "Shenzhou flying to the sky", and then to "Chang'e embraces
the moon" , from "Tianwen Detection of Fire" to "Beidou Guidance"... These important
inventions mark the history of China's aerospace development, making Chinese nation's dream
of flying come true. "The thousand-year dream of flying into space has come true overnight."
Today, my country's manned space industry has entered the "space station era". We have
successfully launched the "Tianhe" core module, the "Wentian" experimental module, and the
"Mengtian" The experimental module will be built into the Chinese Space Station in 2022. It
will have its own space home and will make a significant contribution to the peace and progress
of mankind.

B AL, e RIS A AR P ARAE RSB R 32 L T — 2t A H A
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After the founding of New China, my country's aerospace industry has achieved vigorous
development. The report of the 20th National Congress of the Communist Party of China fully
affirmed the major achievements my country has made in recent years in the fields of "manned
spaceflight, lunar exploration, and large aircraft manufacturing" and further pointed out that
"accelerating the construction of a manufacturing power, a quality power, an aerospace power,
"Transportation Power, Network Power, Digital China" and "Strengthening the Army with

Science and Technology and Talents" have drawn a new blueprint for the development of my
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country's aerospace industry. my country's aerospace industry will have great potential. The
majority of aecrospace workers have great responsibilities and glorious missions. They must give
full play to the leading role of aerospace in technological innovation, making the country strong
in manufacturing, quality, and military strategic guidelines in the new era. They must inherit and
carry forward the "spirit of serving the country through air and space," work hard, and Work hard,
be honest and innovative, and bravely climb to new heights, and contribute the strength of
aerospace people to the comprehensive construction of a modern socialist country and the
comprehensive promotion of the great rejuvenation of the Chinese nation.

B E SO E, R AT RS TS A R RIRE R EE T
LR E A AR IRARK S KBRS 55U HUS o, Jfit—2
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2 Aircraft Classifications and Ultralight Vehicles X {T2SH0 47 K F#BEZ ALK H

VISUAL COURSE / 2% i The FAA uses various ways to classify or group machines
operated or flown in the air. The most general grouping uses the
term aircraft. This term is in 14 CFR 1.1 and means a device that
is used or intended to be used for flight in the air.

FEERFA R (FAA) i 2 M 073200 AT e AT
2. REFARMER “miasds” XARE, 753 EBRFH
EZE 14 %% (14 CFR) 2 1.1 EHalAERIXARE, &
FRIRE SCRAE R AT H A3

Ultralight vehicle is another general term the FAA uses. This term is defined in 14 CFR 103.

As the term implies, powered ultralight vehicles must weigh less than 254 pounds empty weight
and unpowered ultralight vehicles must weigh less than 155 pounds. Rules for ultralight vehicles

are significantly different from rules for aircraft; ultralight vehicle certification, registration, and
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operation rules are also contained in 14 CFR 103.
FAA IR 5 — MR R R WL, XAARIEE 14 CFR 5 103 & A AHR K &
o INRIARIE PR, sl R WL AU T 254 B, osh R KHLE
BN 155 5. B KA E 55 WA BRAE . 8RR WL E . T
RO RN 0] 76 14 CFR 25 103 & A 3],
The FAA differentiates aircraft by their characteristics and physical properties. Key
groupings defined in 14 CFR 1.1 include:
FAA RIS R E R B E I, R 882t 1T 702K 14 CFR 55 1.1 I 1 E 21
R
* Airplane—an engine-driven fixed-wing aircraft heavier than air, that is supported in
flight by the dynamic reaction of the air against its wings.
K —— R MR RS R B AL . SRS HLE R XE
BT R4 AT
* Glider—a heavier-than-air aircraft, that is supported in flight by the dynamic reaction of
the air against its lifting surfaces and whose free flight does not depend principally on an engine.
B — = TERNEA, KES S TRz =T T
* Lighter-than-air aircraft—an aircraft that can rise and remain suspended by using
contained gas weighing less than the air that is displaced by the gas.
BRI T s— AR TR EHIT S S R R S e E .
NP
*» Airship—an engine-driven lighter-than-air aircraft that can be steered.
RME—— R BIHLIKE . TR T R I A
*» Balloon—a lighter-than-air aircraft that is not engine driven, and that sustains flight
through the use of either gas buoyancy or an airborne heater.
AR RIS B T I a5 . E AP BN RS, EAR
EDIETE S Rt
* Powered-lift—a heavier-than-air aircraft capable of vertical takeoff, vertical landing, and
low speed flight that depends principally on engine-driven lift devices or engine thrust for lift

during these flight regimes and on nonrotating airfoil(s) for lift during horizontal flight.
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* Powered parachute—a powered aircraft comprised of a flexible or semi-rigid wing
connected to a fuselage so that the wing is not in position for flight until the aircraft is in motion.
The fuselage of a powered parachute contains the aircraft engine, a seat for each occupant and is
attached to the aircraft's landing gear.

21— — M A R B RIPE LR B 3) At ds, LR N AL
5o ML R LT IS A B 7e 0 eIt o 3 /0 P HONL B 3 R Bl 3 B Ry
HIE 2R

* Rocket—an aircraft propelled by ejected expanding gases generated in the engine from
self-contained propellants and not dependent on the intake of outside substances. It includes any
part which becomes separated during the operation.

K —— RENWU P E IR A IR sl J s & . AR SR i R shBL A 77
IR A, AR RIE . K& A S S R R I FE A8 20

* Rotorcraft—a heavier-than-air aircraft that depends principally for its support in flight
on the lift generated by one or more rotors.

Jie AR A A —— EEAREGE D ECE 2R LT I E TR RINE A PN
WSS

* » Gyroplane—a rotorcraft whose rotors are not engine-driven, except for Initial starting,
but are made to rotate by action of the air when the rotorcraft is moving; and whose means of
propulsion, consisting usually of conventional propellers, is independent of the rotor system.

e BA——FRE s R sh, BRI R IFA b R SHLIE . eRYLEan, fie#
1 T2 A A RS I P 25T 71 RN BN 2 B A& F AR e, ERMAL T
fie B R G -

* « Helicopter—a rotorcraft that, for its horizontal motion, depends principally on its
engine-driven rotors.

BT ——F B EE R SRS i@ FK SE IR -8 3 e AL«

* Weight-shift-control-—a powered aircraft with a framed pivoting wing and a fuselage
controllable only in pitch and roll by the pilot's ability to change the aircraft’s center of gravity

with respect to the wing. Flight control of the aircraft depends on the wing's ability to flexibly
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deform rather than the use of control surfaces.
AU I — 0 2 Bl 51 O T SRR AR I B i s Ay, KA
TERZEMEEAR R KENE AT IR RS AT .

3 Aircraft Designs, Certification, and Airworthiness ¥#LBYI& T BHEFMIEA

3.1 Categories of Aircraft Az 8505 2
The FAA certifies three types of aviation products: aircraft,

VISUAL COURSE / 1 i

aircraft engines, and propellers. Each of these products has been
designed to a set of airworthiness standards. These standards are
parts of Title 14 of the Code of Federal Regulations (14 CFR),

published by the FAA. The airworthiness standards were

developed to help ensure that aviation products are designed with

no unsafe features. Different airworthiness standards apply to the
different categories of aviation products as follows:
56 [EHRFRML A S FAA H € = MRBLBGHIA ™ i Aiasds . AT sz e .
— R AT IR E I — EE MR R BT . X e AR v 36 AR (CFRD
%14 i) —ior, W FAA SRAAG . SE@NUbRHERIH S 200 1 R IRAT A ah i S B2 At
AR A& AR HERE P AN R SRR A 2 7 i, 00D o
* Normal, Utility, Acrobatic, and Commuter Category Airplanes- 14 CFR part 23
IEHI B RFECEAEEER KHLl——14 CFR 55 23
* Transport Category Airplanes—14 CFR part 25
iE4m2E WHLl——14 CFR 55 25 #f
* Normal Category—14 CFR part 27
IEW e R 2 4% ——14 CFR 55 27
* Transport Category Rotorcraft—14 CFR part 29
B e R A S ——14 CFR 2 29 6
* Manned Free Balloons—14 CFR part 31
A A BR—14 CFR % 31
* Aircraft Engines—14 CFR part 33
fii s K shHl——14 CFR % 33 ¥
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* Propellers—14 CFR part 35

MRS ——14 CFR 2 35 36

Some aircraft are considered ‘“special classes” of aircraft and do not have their own
airworthiness standards, such as gliders and powered lift. The airworthiness standards used for
these aircraft are a combination of requirements in 14 CFR parts 23, 25, 27, and 29 that the FAA
and the designer have agreed are appropriate for the proposed aircratft.

AL A AT CRRERRAL Y, EARE B CRE R, A AL S
R XS SR HE NS E T EAE R T S g, fE4RE CFR 14 %8 23 7. 25 ¥,
27 e 29 EHA R AR Z 5 T BAIE -

3.2 Aviation Safety and Management ¥#ifgIRi%E: MELZE5EE

In the aviation field, safety always comes first, and the overall value, efficiency, and services
of air transportation must be based on a solid safety foundation. If air transportation is regarded
as 100, safety is the first 1. Once there is a problem with safety, all services, efficiency and
economic value will instantly return to zero. Aviation safety is the cornerstone of the
development of the air transport industry. It is related to the safety of passengers and directly
affects the reputation and economic interests of airlines.

FEALAS U, 24 KIL R — L, M s AR E . R IR S5 ST i it
SLAEWESE I 2 ekl b RIER A IS A E 100, ZAeFUEATHORA 1, —H24
I, FrA RIS BRI G B AR B R H 2 . B 2 At flas s il R )
B, RRFPRFHA G 24, WHEZEMBIRT AR K FE ML .

Aviation safety refers to the adoption of various management and technical measures in
aviation activities to ensure flight safety, passenger safety, aircraft safety and aviation facility
safety, and to prevent accidents such as casualties, property losses and environmental damage
related to aircraft operations. . Aviation safety is relative, not absolute. In the context of aviation,
safety refers to "a state in which the risks of aviation activities related to the operation of aircraft
or directly supporting the operation of aircraft are reduced and controlled to an acceptable level."

i 2 A RARAE AT TE B RS A BRI S ORI, DA ER ‘AT %4 TR %4
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In the process of the development of the aviation industry, people continue to adopt new
measures and methods to manage aviation and achieve aviation safety purposes. ICAO, national
civil aviation administrations, aircraft owners and operators, air navigation service providers,
airports, major aircraft and power plant manufacturers, maintenance organizations, industry and
professional associations, aviation education and training institutions, aviation practitioners etc.,
and jointly assume aviation safety-related responsibilities.

FERR A R I R, AATAS I SR BORT B i A1 7 VA 28 B, SR &
EHN. ERRMAN. BExRAMSEER. fisairg Aag N, 2T ks
RAUE . Bz, Aisds sl /e B EEZRER . e bbb, fiEH8E
AEENHURE . B ML N 55, SR RZR AT 24 A SR DT .

The International Civil Aviation Organization (ICAQO), founded in 1947, is a specialized
agency in the United Nations system responsible for handling international civil aviation affairs.
Its main responsibilities are to study issues of international civil aviation, formulate international
standards and regulations for civil aviation, encourage the use of safety measures, unify business
regulations and simplify international border procedures.

& B R BT 22041 (International Civil Aviation Organization, ICAO), FSLT 1947 4F,
re kA AR g DT AL E bR RATH S LTI o 32 SRR 0T 70 B Bs RSP 1
A, e R A ) [ B e AR 2, Sseih P 22 i i, 48—k 35 A S A Rl AL [ e
AFTFBE.

The National Civil Aviation Administration is responsible for formulating and
implementing aviation industry development plans, policies and regulations, and supervising the
safe operation of civil aviation activities, including airline operations, airport management, air
traffic management, aviation safety and the formulation and implementation of technical
standards. It also participates in international civil aviation affairs and promotes international
civil aviation exchanges and cooperation. The Federal Aviation Administration (FAA) is the U.S.
government agency that oversees and manages the civil aviation industry. The European Union
Aviation Safety Agency (EASA) is the EU government agency that supervises and manages the
civil aviation industry. The Civil Aviation Administration of China (CAAC) is the Chinese

government agency that supervises and manages the civil aviation industry.
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Aviation safety is a systematic project that requires the joint efforts of governments,

\5

enterprises, organizations and individuals. We must firmly establish the concept of "safety first",
form a top-down safety awareness and consistent actions, and ensure the safety and security of
air transportation. Reliable and efficient.

iz — N RELE, TEBUF. Bl AZMA N2 7RSS ), 5
RS “ 224 dg—" B, AN LB TN EEIRMTE—8, #Rm s %
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4 Quiz 3@

1. Which one is a heavier than air aircraft?
A. Glider B. airship C. balloon D. Hot air balloon
2. Which one is not a heavier than air aircraft?

A. Glider B. airship C. Gyroplane D. Helicopter

3. The main difference between Gyroplane and Helicopter?

4. The airworthiness standards applied to Transport category airplanes is ?

A. 14CFR part 23 / CCAR23 B. 14CFR part 33 / CCAR33 C. 14CFR part 25 / CCAR25

D. 14CFR part 27 / CCAR27

5. Rotorcraft is a aircraft that depends principally for its support in flight on

the lift generated by one or more

A. heavier than air, wings B. lighter than air, wings C. heavier than air, rotors D. lighter than

air, rotors
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6. Airplane—an fixed-wing aircraft, that is supported in flight by the
A. engine-driven, dynamic reaction of the air against its wings

B. engine-driven, buoyancy

C. non-engined, dynamic reaction of the air against its wings

D. non-engined, buoyancy

7. The is the Chinese government agency that supervises and manages the civil

aviation industry.
A. EASA B. FAA C. CAAC D. NTSB

8. The , founded in 1947, is a specialized agency in the United Nations system
responsible for handling international civil aviation affairs

A. EASA B. FAA C. CAAC D. ICAO

9. Helicopter is a that, for its horizontal motion, depends principally on its

A. rotorcraft, engine driven rotors
B. rotorcraft, non-driven rotors
C. fixed wing aircraft, engine driven rotors

D. fixed wing aircraft, non-driven rotors
10. Gyroplane—a whose rotors are

A. rotorcraft, engine driven B. rotorcraft, non-engine driven

C. fixed wing aircraft, engine driven D. fixed wing aircraft, non-engine driven
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had flown a total of 98 seconds on four flights. The age of flight had arrived.
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Figure 3 The First Flight by the Wright Brothers
E 3 EFFLBE L

1.2 The Chinese Attempts to Reach the Sky FAREIFiE: PERFEAKXSE

Chinese civilization has gone through five thousand years of | \syAL COURSE / %8
origin, formation and development. Since ancient times, the
Chinese nation has been tirelessly exploring and pursuing space
exploration and discovering the mysteries of the universe. It has
invented many flying tools and has made great contributions to

mankind's exploration of space and understanding of the universe.

Significant contribution contribution.

ARSI R BT AERERIR . TR R, AR RIE B DORRR R K
RILT i BT T AAMEIIRR FIER, KU T2 WIT LA, AANFRRRES
UNGESEH(ESNE O NDiY

From "Chang'e flies to the moon" to "A thousand-year dream comes true". Chang'e's flight
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to the moon is a myth and legend in ancient China, which reflects the Chinese nation's yearning
for the stars in space; the flying feat of Wanhu (Tao Chengdao) in the Ming Dynasty reflects

the Chinese nation's tireless exploration and pursuit of the cause of flying.

M CUERSER 7 B TR, Wi 2 E B AR A A B, Sk
TR R BIRFAE; WEII R (BRGE) i CRH2E, e 7 iR R R K
RENAAAEIRR HIEK .

Kites were invented by the working people of ancient China during the Spring and
Autumn Period, more than 2,000 years ago. There are records such as "Gongshu Ban cut
bamboo and wood to make a magpie, and it flew continueously for three days." "Mozi made a
wooden kite, and it took three years to make it." In 1600 AD, kites from the East were
introduced to Europe. In the 19th century, Sir George Caylay was inspired by kites and

invented the glider.

W E AT S N R T HFK I, BE4 2 2000 24, AN mBLHITTAR
LIRS, R Kz, =HAD? “S|7RNRE, =FimE M. 27t 1600 4, KI7
RIREEAE 2] TR, 19 209 [H e B Teia - gLk o X2 7 2 RO A W] 1 1 R L

Kongming lantern, also called sky lantern, commonly known as wishing lantern and sky
praying lantern, is an ancient Chinese handicraft and the oldest hot air balloon. One version of
its inventor is "Xin Qiniang" and another version is "Zhuge Liang". Kongming lanterns were
mostly used for military purposes in ancient times. Modern people put them up for blessings.
The drifting direction of the Kongming Lantern cannot be controlled by humans, and if used
improperly, it can easily threaten flight safety, damage infrastructure, and cause fires and other

problems.

FLBIT, SCMRAT, ABFRVEIEAT . MrRAT, &Rl ZHPURT L2, b2
MUK, FORWIE — Moy “SE-BIR7 Moy “EERT. LIITEEAZ
MEEF MR, BURNBELMIAT, AR M . SLIIT RO U5 R AN Jeik iz ], (8
AN, B 5B AT 224 BN R 15t A s K 9 5 1) L

The bamboo dragonfly is a traditional Chinese folk children's toy that is widely spread.
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The bamboo dragonfly is composed of two parts, with a T-shaped appearance. The horizontal
piece is in the shape of a rotor (propeller). Quickly rub the vertical handle and let go, and the
bamboo dragonfly will fly into the sky. Later, Westerners invented the helicopter rotor based on

the shape and principle of the bamboo dragonfly.

Prss 2 —Fhh A ST R LR BT, JiAe T ATissE h a4k, SMEE
T, B OuiER R MR, PRk, T, ITissEs  ERE. R
K, PEIT NARYE TG BE A RAN SR B 5 B 1 ELTFALA SR ek

Feng Ru (simplified Chinese: {&#[1; traditional Chinese: #§11), was a pioneering Chinese
aviator and aircraft designer. On Sept. 21, 1909, a biplane with four starting wheels tucked
beneath took to the skies in Oakland, California, six years after Orville and Wilbur Wright's
first flight. It was the first successful Chinese flight with a self-made plane and the nation's first
manned and powered flight. As the first aircraft designed and constructed by the Chinese, Feng

Ru 1 and 2's flight marks a leap forward in China's aviation history.

LB o AT A SE IR, 1909 4F 9 H 21 H, At iy AT DU Fe 2t vk
ZREXUENUAE NN B 7 22 sl Dk K, AU LSRR SL o BB K 6 £F . At B L 1 1l 3
TN ATRI R ELN, AR E BT RRRIRKE e S 1A 2 5 KL AT
e A S Y KRR

After the founding of the People's Republic of China, the Chinese nation has taken
vigorous steps in the vast sky and embarked on a "flying road" that has impressed the world,
from "Dongfanghong sends music" to "Shenzhou flying to the sky", and then to "Chang'e
embraces the moon" , from "Tianwen Detection of Fire" to "Beidou Guidance"... These
important inventions mark the history of China's aerospace development, making Chinese
nation's dream of flying come true. "The thousand-year dream of flying into space has come
true overnight." Today, my country's manned space industry has entered the "space station era".
We have successfully launched the "Tianhe" core module, the "Wentian" experimental module,
and the "Mengtian" The experimental module will be built into the Chinese Space Station in
2022. It will have its own space home and will make a significant contribution to the peace and

progress of mankind.
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KB CIEARER T e  RERREETE CRAELNREES, #E P ERRIKRE N
LKA CRB AR €. Tha. “TH RS, Sl |7, W4, RERRANR
FACREA T BRI AT, BAVEE RIS TR O “RRT SER
“EERT SERORE, T 2022 EEERE U E A A, A T H SRR K, R AER
AP 55 2525 E K o

After the founding of New China, my country's aerospace industry has achieved vigorous
development. The report of the 20th National Congress of the Communist Party of China fully
affirmed the major achievements my country has made in recent years in the fields of "manned
spaceflight, lunar exploration, and large aircraft manufacturing" and further pointed out that
"accelerating the construction of a manufacturing power, a quality power, an aerospace powet,
"Transportation Power, Network Power, Digital China" and "Strengthening the Army with
Science and Technology and Talents" have drawn a new blueprint for the development of my
country's aerospace industry. my country's aerospace industry will have great potential. The
majority of aerospace workers have great responsibilities and glorious missions. They must
give full play to the leading role of aerospace in technological innovation, making the country
strong in manufacturing, quality, and military strategic guidelines in the new era. They must
inherit and carry forward the "spirit of serving the country through air and space," work hard,
and Work hard, be honest and innovative, and bravely climb to new heights, and contribute the
strength of aerospace people to the comprehensive construction of a modern socialist country

and the comprehensive promotion of the great rejuvenation of the Chinese nation.

Brep E oL s, EERTEREWIEE TE R . R RKIRE R E T
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Wi R EHHLI——14 CFR &5 33
* Propellers—14 CFR part 35
PEJES.——14 CFR 26 35 %

Some aircraft are considered “special classes” of aircraft and do not have their own
airworthiness standards, such as gliders and powered lift. The airworthiness standards used for
these aircraft are a combination of requirements in 14 CFR parts 23, 25, 27, and 29 that the

FAA and the designer have agreed are appropriate for the proposed aircraft.

R A AR BURSR T R IRRAL Y, EATTRCE B Q&R A FIALANSh i
P, X AR G ER EAE R T 5B T8, E4RG CFR 14 55 23 &8, 25
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3.2 Auviation Safety and Management ¥AiRIFiE: fiEZRE5EE

In the aviation field, safety always comes first, and the overall value, efficiency, and
services of air transportation must be based on a solid safety foundation. If air transportation is
regarded as 100, safety is the first 1. Once there is a problem with safety, all services,
efficiency and economic value will instantly return to zero. Aviation safety is the cornerstone of
the development of the air transport industry. It is related to the safety of passengers and

directly affects the reputation and economic interests of airlines.

FERU AU, 22 Kol 5 — ALY, AT IS R AR AE . R RS SFE AL AT
SLAENE SN R A kil b MAIEAT A (E 100, ZERURRTEARA 1, —Hga
BB, PRI RSS . AR MG E AR R A% . Wi e e i s il ke i
B, RAFFF W Edrs, WEEPEBNA A R RSN .

Aviation safety refers to the adoption of various management and technical measures in
aviation activities to ensure flight safety, passenger safety, aircraft safety and aviation facility
safety, and to prevent accidents such as casualties, property losses and environmental damage
related to aircraft operations. . Aviation safety is relative, not absolute. In the context of
aviation, safety refers to "a state in which the risks of aviation activities related to the operation

of aircraft or directly supporting the operation of aircraft are reduced and controlled to an
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acceptable level."

e 2 R AR AN S IS B RS A PR EOR T I, DA OR RAT X2 IRE %
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In the process of the development of the aviation industry, people continue to adopt new
measures and methods to manage aviation and achieve aviation safety purposes. ICAO,
national civil aviation administrations, aircraft owners and operators, air navigation service
providers, airports, major aircraft and power plant manufacturers, maintenance organizations,
industry and professional associations, aviation education and training institutions, aviation

practitioners etc., and jointly assume aviation safety-related responsibilities.

FERTEN R R T, NATTAS W R IBOHT (R A5 VA 5 B A, S s %
EHAK. EHRRMAR. BExRAMSERR. fiasiag AmaE N 2P ke
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AEFINHURE S s A N 51 5%, FRRIRIE AT % 4 AR ER BT

The International Civil Aviation Organization (ICAQO), founded in 1947, is a specialized
agency in the United Nations system responsible for handling international civil aviation
affairs. Its main responsibilities are to study issues of international civil aviation, formulate
international standards and regulations for civil aviation, encourage the use of safety measures,

unify business regulations and simplify international border procedures.

FrECH B 428 (International Civil Aviation Organization, ICAO), JAZLT 1947
T, RECE E RS T A E B RS IV . H 3 R SR 0T 5T B R H it
R R, f)E RS B E BrbrAE R &, sl e dh i, Gtk S = AL
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The National Civil Aviation Administration is responsible for formulating and

implementing aviation industry development plans, policies and regulations, and supervising
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the safe operation of civil aviation activities, including airline operations, airport management,
air traffic management, aviation safety and the formulation and implementation of technical
standards. It also participates in international civil aviation affairs and promotes international
civil aviation exchanges and cooperation. The Federal Aviation Administration (FAA) is the
U.S. government agency that oversees and manages the civil aviation industry. The European
Union Aviation Safety Agency (EASA) is the EU government agency that supervises and
manages the civil aviation industry. The Civil Aviation Administration of China (CAAC) is the

Chinese government agency that supervises and manages the civil aviation industry.

] oK B A 2 8 3 ) A7 S 40T O R SR A AT R R AR . BORVE R, I R
TN L AIEAT, BT AN E. JIEHE., TP lEsl, a2 e MR
eI E SHATEE . BibZS 5 ERRATE S, et EprE RANT RS 61E. %
ECH S B )F  (Federal Aviation Administration, FAA) & EE K EMEH RIS
ML BN« BRINATTZS %2425 (European Union Aviation Safety Agency, EASA) J&RK
R BN P R A A B BUR AL . E AR (Civil Aviation Administration of
China, CAAC) 2 rf [ i BRI B R AT 2 ML R EEURF BTLAS o

Aviation safety is a systematic project that requires the joint efforts of governments,
enterprises, organizations and individuals. We must firmly establish the concept of "safety
first", form a top-down safety awareness and consistent actions, and ensure the safety and

security of air transportation. Reliable and efficient.

MBLER—NRGELIE, TEBUF. k. AL ANZTmRLRES ), B
IR SL “ 24— KEE, BAN EE T2 RMTI—8, MR Temn <
f. EEMNERL
4  Quiz S

1. Which one is a heavier than air aircraft?

A. Glider B. airship C. balloon D. Hot air balloon

2. Which one is not a heavier than air aircraft?

A. Glider B. airship C. Gyroplane D. Helicopter
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from the fuselage. The main section of the fuselage also includes wing attachment points and a
firewall. On single-engine airplanes, the engine is usually attached to the front of the fuselage.
There is a fireproof partition between the rear of the engine and the flight deck or cabin to
protect the pilot and passengers from accidental engine fires. This partition is called a firewall
and is usually made of heat-resistant material such as stainless steel. However, a new emerging

process of construction is the integration of composites or aircraft made entirely of composites.

BB T AR 52 R AR L T B A A B R A AL AL G A A RS B AE/
HESR, VLRATSk, FLISZHERN /ISR, FRREHLE (0 55 N 7. HLE I 3 2 ik
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O R o IXAE Sy b Y ARLBTT e, SEE R N R AN SR AR R . (R, B
SEMEEZZ2EEM WU, WLRHE T2k T 8.

44 The Amazing Chinese Large Civil Aircraft #ARERiE: #HEFMFPERA KN
4.4.1 The COMAC C919 #[E T ¥ C919

The C919 is a domestically produced large aircraft developed by my country in full
compliance with ICAO airworthiness standards and mainstream market standards. It embodies
the latest achievements of China's aviation industry. It integrates a number of advanced

technologies and concepts in design and manufacturing.

CO19 Fe i ] 56 42 JEE Tl o AL 23 100 36 AT b A0 2378 17 S s AT 1) P9 6 7KK
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The fuselage of the C919 is a typical semi-monocoque structure. It adopts a modular
design concept, which improves production efficiency and facilitates maintenance. It reflects
the modern manufacturing concept. The cabin layout and seat range can also be adjusted
according to the different needs of airlines. From 158 seats to 192 seats, it is suitable for both

short-distance routes and medium- and long-distance routes, and has high market adaptability.

CO19 N B 52 — P S AU R R A e 454, SRS BT B, S0t 1 AP 200,
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The C919 adopts an advanced aerodynamic configuration. The wings adopt a supercritical
airfoil. This design can effectively reduce drag during high-speed flight and improve fuel
efficiency. The wingtips are equipped with winglets, which can reduce wingtip vortices and

further reduce drag. , improve fuel economy.

CO19 R T SEHE Mo R, IR ARG SRIRE, 50R i T LA A
ATHE B F, ARERINRCR, RACHIA AN, TR BRI, B
B, SRTFRAI 2

The C919's airframe structure uses a large amount of composite materials, with a high
proportion of composite materials, which helps reduce the weight of the aircraft and improve

economic performance.

Co19 INUIRZ M KRG T2 G ME, RS LL BB =, A BT
KHLEE, RITEGHERE.

The C919 is currently equipped with CFM International LEAP series engines, which are
high-efficiency, low-emission turbofan engines that comply with the latest international
environmental standards and can meet future air transportation needs for energy conservation
and emission reduction. China is committed to developing its own civil aviation engines. In the
future, the C919 may be equipped with domestically produced power units, further increasing

its localization rate.

C919 HHTAC % i1 /& CFM International LEAP % Kk EhHL, X —Fhmikk. (RHER
W RN, 756 E bR R B PMRARAE,  BRAE I & AR SR IS S n 1 BE IR 7 SR
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FETHH E A

The C919 is equipped with advanced avionics equipment and flight control systems, and

adopts fly-by-wire control. Through an integrated and digital display system, it provides pilots
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with more intuitive and easy-to-operate flight information, improving flight safety and

efficiency.

CO19 34 1 SEBEIIMT B B AN WATIZ ] R 40, R AR, g St
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C919 is not only a civil aviation aircraft, but also a concrete practice of China's
implementation of innovation-driven development strategy and a symbol of comprehensive
national strength. It is not only related to economic development, but also involves strategic
layout in multiple dimensions such as politics, military, and science and technology. It is an
important symbol of my country's progress from an aviation power to an aviation power. C919
embodies the wisdom and sweat of tens of thousands of scientific researchers and engineers.
They are not afraid of difficulties and have the courage to explore, and are a model of
teamwork and craftsmanship. The C919 is independently designed and manufactured in China,
but it also uses mature systems and components from international suppliers. During the entire
development process, it not only adheres to self-reliance and independent innovation, but also

strengthens open cooperation.

CO19 A —ZRRAT KL, T2 o ] S it €1 T SR Bl A e i mes () B A S B, 2 45
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Figure 17 China Eastern 7801 from Shanghai—Honggiao, landing at 36R as part
of its 100—-hour validation.

& 17 {E% 100 /NEHIIERY—EBSY, ZRARL 7801 M EIBHEIAMREETX, BEEAE 36R.

4.4.2 CAIGA AG600M Kunloong fijizs T Ml i@ & AG600M &

The AG600 aircraft is a major aviation equipment developed to meet the urgent needs of
my country's emergency rescue system and national natural disaster prevention and control
system. It is my country's first large-scale special aircraft developed in accordance with civil

airworthiness standards.

AG600 KALAE Tyt 2 F N SRR AR 2T 25X B AR R FHE B iR 8 & g i1 V) /5 ZEATT )
IR AT 2 o5, i o A2 I B P S A s T ) D K RS AL

As a large amphibious aircraft, the AG600 technology demonstrator has achieved three
first flights on land, water and sea in 2017, 2018 and 2020 respectively, fully verifying the
aero-hydrodynamic integrated layout of the large amphibious aircraft, high wave resistance and
sea-worthy hull, A series of key technologies such as high-fulcrum single-strut landing gear
and water injection and extraction control have laid a solid and reliable technical foundation for

the subsequent development of a full-state airworthiness certification configuration.

YER/KEEPIRE R RHL, AG600 £ ARIAIENLT 2017, 2018 2020 £E43 5 SLHL 1 Fiki
o KR E=RE T, AR T REDKEE A KHLSKB NS AR E PR IE
AR, SO SO VR 2 BROKIE S — RYISCREIR, NE S N AR E N
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The AG600M aircraft has fully entered the airworthiness certification stage, marking the
full formation of my country's large-scale amphibious aircraft technology system with
completely independent intellectual property rights and independent research and development
of amphibious aircraft industrial capabilities, and the establishment of a complete airworthiness
verification method for large-scale amphibious aircraft. The independent research and
development, manufacturing, test flight and management teams of special aircraft are
becoming increasingly mature. The AG600 aircraft is planned to be capable of performing fire-
fighting missions and put into actual combat applications in 2023. In 2024, the fire
extinguisher will obtain the China Civil Aviation Airworthiness Certificate and be delivered to
users. In 2025, the rescue aircraft will obtain the China Civil Aviation Airworthiness Certificate

and be delivered to users.

AG600M KL AT NIEHTHGEM B, Ar GG RIEHA 764 B F AR K AUK
ot AT KL A A R 1 A K B PR KL ML RE I AT R, MR T S8 B A R ARK
B P CHLEMIGIE T, RAVRER R AL A . filiE. 6 B ERME H .
AG600 YALTHRIT 2023 B AIAT KKAEFRE S H AR NSRBI, 2024 4 K KL
Hh [ RADENTIEH A AT P, 2025 SRR LS A RE AT 2245 A A

The AG600 aircraft is a large subsonic aircraft. Due to the particularity of its mission, it
must have good high-altitude cruise economy and excellent low-altitude and low-speed

performance.

AG600 KHUR T KRB HE WL, IHSATAEF R IE, B R AR A e il
flzesrtt, BHREASI RS IGENER.

In order to provide a more comfortable cabin environment when the aircraft is flying at
high altitudes. Adding a pressurized cabin to an amphibious aircraft is like putting the fuselage
of a large airliner on a ship. In order to organically combine the upper pressurized fuselage
barrel section and the lower hull, the team continued to research and carry out program
demonstrations, and finally determined a pressurized cabin solution suitable for large

amphibious aircraft.
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The stress complexity of the AG600M aircraft's pressurized end frame is far more
complex than that of civil aviation aircraft of the same level. The special-shaped pressurized
cabin also faces complex and changeable use environment tests: water dropping from the fire
field to extinguish the fire, water rescue in harsh sea conditions, salt spray Fatigue damage

under corrosion, etc.

AG600M KL I S AfE 1Y) 32 77 2 AR BE Sz [R) ) (0 RSB L, R T4 T A e 2 1
R 2 2 AL A BT R kI B BOKKOK, S5l FRE KRR i R T
RI9 57 4 105 55 o

The improved and optimized AG600M aircraft adopts an advanced fly-by-wire flight
control system, adopts a redundant architecture design, adds control stabilization functions and
envelope protection functions, and realizes ground, water and air control law control, making
the flight control The system can achieve safe and worry-free flight under various
environmental conditions and mission profiles, improve the flight quality of the aircraft,

optimize the human-machine control interface, and greatly improve the system performance.

HERAL IR B AG60OM  KHLKH] 5B HER AL RIZ R4, R 2 RIZRIZR K
i TR AR TR S WA R AR ThRE, SEIL 1. KA R d AR,
RERGRE LI L FIABL A AE S HIH T~ 2 2Toth ®AT, 18/ 1 LI AT A, AR
T NIRRT, RGN BRI T
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Figure 18 AG600M conducts serviceability flight in Zhuhai
18 AG6OOM 7EZRBHEITEAME XIT
5 Quiz it
1. The longitudinal axis also called ( ) axis.

A.yaw B.pitch C.roll

2. The lateral axis also called ( ) axis.

A.roll B.pitch C.yaw

3. The vertical axis also called ( ) axis.

A.roll B.pitch C.yaw

4. CGmeans ( )center of gravity, CL means () center of lift

5. Four forces act upon an aircraft in relation to straight-and-level, unaccelerated flight,

they are ()
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total drag increases rapidly due to the sharp increase of parasite drag. As seen in Figure 31, at
some given airspeed, total drag is at its minimum amount. In figuring the maximum range of
aircraft, the thrust required to overcome drag is at a minimum if drag is at a minimum. The

minimum power and maximum endurance occur at a different point.

F B, JRBE A BEE RV 7 g . A2 W1 RS, HEE T RER R
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1.4.6 Geese flight and team spirit #ARE FiE: KME KT S HIPAREHH

In order to finally reach the other side of their dreams, geese fly together, which can
greatly increase the flight distance; they shout constantly during flight to give encouragement,
confidence and strength to their companions; they take turns leading the flight, and each goose
may become the leader; If a goose lags behind, other geese will stay to accompany them;
during a break, some geese will take the initiative to stand guard... The wild geese fly together
during their long-distance migration, making good use of the "upwash" outside the

aerodynamic "wingtip vortex" and vividly interpreting the great team spirit.

KIEN T BABEBARIOU I, BATAEE AT, TR TR 78 TR
P, S RIELLEE . (ORI IR, A PR AT RE RO Sk
BRIEEINT, 28 BAMER TR PR, 22k fE £ 3 K
0 eee o RMELE KR HE R 45 AFIR TR T 228 b “BRAGR” SM
[ < B, RS AR T R BB A

The reason why geese can maintain formation and complete migrations of thousands of
kilometers together is because they have a common goal and direction. This means for the team

that a clear common goal is the prerequisite for unity and collaboration, and team members

need to work together around this goal to ensure that the team moves in the same direction.
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Wild geese fly in a V-shaped formation when migrating long distances. This arrangement
reduces air resistance, allowing each goose to take advantage of the updraft generated by the
flapping wings of the previous goose, thereby saving physical energy. This reveals that
collaboration among team members can improve overall efficiency, and each person's efforts

can not only help themselves, but also benefit other team members.
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HREAM AT — R K MERAIT @S B AL 1 BT, AT B R BE o 325 7 P BA RS 52 1] 114
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During flight, the leading goose will bear the greatest air resistance and expend the
greatest effort. Therefore, the geese rotate positions regularly, giving different members the
opportunity to act as the leader. This means the sharing of responsibilities and pressures in the
team, emphasizing that leaders should be rotated appropriately to give each member the

opportunity to play a leadership role and develop the overall leadership of the team.

AT RE T, UK RIS AR S S K2 T, FTEsk 0ok R, K
JEAI 2 e s B, AR R A2 78 BHE . X ERE B SRS 710
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Wild geese will encourage each other by calling to maintain team cohesion and morale
during flight. This is reflected in team work, which is to enhance trust and support among team
members through positive communication and feedback, and to maintain a positive attitude

even in the face of challenges.

KA AT il Y A A LSl DR AL R BESR T A <o IR ELAE T B AT
W IE I IR T AOVA B A S5, 1Y 98 P BA R 5 2 TR RS AR AT S RE, RIS T s B il th g
TRIFARAR A RS
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If a goose falls behind due to illness or injury, other geese will accompany it and help it
until it is able to rejoin the group or regain health. This behavior reflects the spirit of mutual
help and care in the team, emphasizing that team members should support each other in

difficult times and overcome difficulties together.

GnIRA KHMERA AR Bz i B, AR KM FR AR IR B E, B2 e REhs RN
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With the development of society and the refinement of social division of labor, close
cooperation and division of labor among people have become increasingly important. Modern
society's demand for talents is getting higher and higher. Not only must they have rich
knowledge, superb skills, and a dedicated spirit, but they must also have a team spirit. Only

with a good team spirit can they be invincible in the future competition.
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Figure 37 Wild Geese in Wedge Formation
37 KEEHBARIT
1.5 Weight £h

Gravity is the pulling force that tends to draw all bodies to the center of the earth. The CG
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In most modern aircraft, except high-speed swept wing designs, these free directional
oscillations usually die out automatically in very few cycles unless the air continues to be gusty
or turbulent. Those aircraft with continuing Dutch roll tendencies are usually equipped with
gyro-stabilized yaw dampers. Manufacturers try to reach a midpoint between too much and too
little directional stability. Because it is more desirable for the aircraft to have “spiral

instability” than Dutch roll tendencies, most aircraft are designed with that characteristic.

BRI A S A EE CALLASN, KA B R A =R Ik i sl il & 5 A 2 A
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6.2.1 Air Disaster Caused by Two Wrong Plugs ¥ifE 7i%: AN EEEENELSH
Bz XM

On the morning of June 6, 1994, a Tupolev-154M aircraft (registration number: B2610) of
China Northwest Airlines was on flight WH2303 from Xi'an to Guangzhou. There are 5 flight
crew, 9 crew members and 146 passengers. Shortly after takeoff, due to serious mechanical
failure, the plane disintegrated midair 49 kilometers away from Xianyang Airport. None of the

160 people survived.

199446 H 6 H L4, EFEILIZ A F 11— 22756 E-154M B GEA5 -
B2610) # KPHZ2 %] M WH2303 fi¥EFss. Hp iri 5 A, {9 N, KR 146
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— AT,

On the day of the incident, the crew and weather conditions were in compliance with
flight standards. 24 seconds after the plane took off from the ground, the aircraft body swayed
abnormally to a large extent. The crew immediately reported to the ground that the aircraft was
swinging and making abnormal noises. The ground did not know the specific situation that
occurred on board, and instructed the crew to continue ascending to strive for a greater safety
margin. The crew kept climbing at a speed of 400 kilometers per hour and strived for altitude.

At this time, the body swayed left and right, and the amplitude increased to 30°. The crew
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reported to the ground that neither person could stabilize their posture. The crew briefly
connected the autopilot, but after it was connected, the aircraft drifted more seriously and was
quickly disconnected. After that, the oscillation amplitude of the aircraft continued to increase,
and finally stalled and entered a tail spin, falling rapidly. After that, the airspeed of the falling
aircraft increased rapidly, and it disintegrated in the air at an altitude of 2,800 meters under the

action of strong aerodynamic pressure.

FREK, A RAOBFE UThHHE. WILE WEG 24 8, HUEKE R H D
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Later analysis from the flight recorder data and the wreckage collected at the accident site
revealed that the plug that controls the ailerons of the autopilot mount was plugged into the
rudder socket, and the plug that controlled the rudder was plugged into the aileron socket. The
aircraft's yaw damper not only failed to suppress the Dutch roll, but instead became the cause
of aggravating the Dutch roll. This was the direct cause of the plane losing control in the air

and crashing.

FJa AT IE A Bl A S A R IR AT AT A B, B Bl B 22 3 SR 4
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The underlying reasons for this flight accident mainly include: 1) The design of the Tu-
154 aircraft lacked effective error prevention measures. 2) The employees’ sense of
responsibility and safety awareness are lacking. Although the plugs can be plugged into each
other, the plugs and sockets of the rudder and aileron are of different colors. When plugged in
correctly, the plug and socket should be the same color. This error should have been checked.
3) The quality assurance system is not perfect, and the maintenance personnel and shift
supervisor failed to complete self-inspection, re-inspection and full-time inspection (three
inspections). 4) Management is chaotic, the supervisor on duty neglects his duties, maintenance

personnel operate in violation of regulations, and emergency response instructions are blocked.
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The lessons learned from this air crash are profound. The professionalism of employees is
the support for the safe and healthy development of the industry. Paying attention to details and
professionalism should be the basic qualities of maintenance personnel. Error-proof design is
an effective measure to prevent human error. In addition, more efforts should be made to

analyze human errors.
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6.3 Spiral Instability $2HEIRSATEE

Spiral instability exists when the static directional stability of the aircraft is very strong as
compared to the effect of its dihedral in maintaining lateral equilibrium. When the lateral
equilibrium of the aircraft is disturbed by a gust of air and a sideslip is introduced, the strong
directional stability tends to yaw the nose into the resultant relative wind while the
comparatively weak dihedral lags in restoring the lateral balance. Due to this yaw, the wing on
the outside of the turning moment travels forward faster than the inside wing and, as a
consequence, its lift becomes greater. This produces an overbanking tendency which, if not
corrected by the pilot, results in the bank angle becoming steeper and steeper. At the same time,
the strong directional stability that yaws the aircraft into the relative wind is actually forcing
the nose to a lower pitch attitude. A slow downward spiral begins which, if not counteracted by
the pilot, gradually increases into a steep spiral dive. Usually the rate of divergence in the spiral

motion is so gradual the pilot can control the tendency without any difficulty.
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The 260 feet that a pilot might feel is left over has long since evaporated as the aircraft
hydroplaned the first 300—500 feet when the brakes locked. This is an example of a true story,
but one which only changes from year to year because of new participants and aircraft with

different N-numbers.
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In this example, the pilot actually made many bad decisions. Bad decisions, when
combined, have a synergy greater than the individual errors. Therefore, the corrective actions

become larger and larger until correction is almost impossible.
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4.4  Air Disaster Caused by Severe Overload $hRIFIE: ™ EBIHSBNTH

Accident: On May 18, 2004, Azerbaijan Airlines rented an I1-76TD transport aircraft of
Silk Road Airlines (registration number 4K-AZ27, 19 years old) to fly from Shanxi Taiyuan
Wausu International Airport via Urumgqi. Cargo flights from DI Wopu International Airport to
Heydar Aliyev International Airport in Baku, Azerbaijan. The plane accelerated slowly during
the takeoff and rollout phase at Urumgqi Airport. It was barely able to pull up near the end of the
runway. The landing gear even damaged two sets of runway entry lights. After reluctantly
taking off, the flight attitude was extremely awkward and it was difficult to climb. After
climbing to an altitude of 36 meters, it was no longer able to climb. Due to the low flying
altitude, the wing struck trees and telephone poles, causing damage to the leading edge of the
wing. After struggling to fly for about 2 minutes, the plane finally crashed into a depression 10
kilometers west of the runway and only 30-40 meters away from a farmer's residential area,

then exploded and caught fire. The accident killed all seven people on board.
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Causes of the accident: (1) Neglect of safety rules and severe overloading. After the
investigation, it was found that the 4K-AZ27 cargo aircraft declared a cargo weight of 44 tons,
and the actual load exceeded 70 tons, far exceeding the rated load of the IL-76TD aircraft (40
tons), and even exceeding 50% of the aircraft's maximum load capacity (50 tons). It is a serious
overloading behavior that ignores air transportation safety regulations. (2) The engine is old
and its performance has seriously declined. Two of the aircraft's four D-30KP turbofan engines
have passed their end-of-life date, and the other two are also close to their end-of-life date,
which has greatly reduced the power of the aircraft. In addition, the departure airport has a high
altitude and high temperature. , the engine performance is further affected. (3) Impact of bad
weather. At that time, there were level 7 winds, strong sandstorms and wind shear in Urumqj,

which were also the objective reasons for the plane crash.
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Enlightenment from the accident: Establish a comprehensive safety concept, adhere to

safety and quality first, overcome carelessness, and prevent violations and reckless actions.

FHURR: WOLem e, BiFZes— RES —, kAR, BibkEmi
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Figure 144 CRASH OF AN ILYUSHIN II-76TD IN URUMQI: 7 KILLED
144 SE&K5 IL-76TD =H# (7 3E)

5 Performance Speeds 4F{EiRE

True airspeed (TAS)—the speed of the aircraft in relation VISUAL COURSE / #iR

to the air mass in which it is flying.

HAHE (TAS) —— KBl WAT AN TR iz 30
L.

Indicated airspeed (IAS)—the speed of the aircraft as

observed on the ASI. It is the airspeed without correction for

indicator, position (or installation), or compressibility errors.

TR (R, 1AS) —(ET K (ASD I RIT . 8828 M AEAEAX
R P E (PHEERRME) SRR
Calibrated airspeed (CAS)—the ASI reading corrected for position (or installation) and

instrument errors. (CAS is equal to TAS at sea level in standard atmosphere.) The color coding

for various design speeds marked on ASIs may be IAS or CAS.
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Equivalent airspeed (EAS)—the ASI reading corrected for position (or installation), for

instrument error, and for adiabatic compressible flow for the particular altitude. (EAS is equal

to CAS at sea level in standard atmosphere.)
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Vs, —the calibrated power-off stalling speed or the minimum steady flight speed at which
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Abstract

Addressing the challenges of outdated textbook knowledge and fragmented internet information within the
aviation domain, this paper proposes a dual-source aerodynamics and flight principles knowledge Q&A system
based on GraphRAG. This system integrates the authoritative rigor of textbooks with the timeliness of internet
information. A knowledge graph is constructed from self-compiled textbooks, supplemented by an internet
timeliness knowledge anchoring mechanism, forming a cohesive dual-source knowledge framework. A domain-
enhanced GraphRAG strategy is designed to significantly improve the accuracy and comprehensiveness of retrieved
results. A knowledge fusion mechanism is implemented to facilitate multi-source knowledge conflict. By fine-tuning
the DeepSeek, the system generates systematic, authoritative answers tailored to users' query. The prototype
system shows that it outperforms traditional aviation Q&A systems, with an average improvement of 24.8%. The
proposed architecture enables migration to other domains by replacing domain knowledge sources.

CCS CONCEPTS
General and reference ~ Document types ~ Reference works
Keywords

Knowledge, GraphRAG, Aerodynamics and Flight Principles (AFP), Q&A system, Retrieval

1 INTRODUCTION

Knowledge of Aerodynamics and Flight Principles (AFP) is characterized by its strong theoretical foundation and
high timeliness. Fundamental concepts and mathematical models are predominantly classical content, whereas
regulations like airworthiness standards and operational procedures require real-time updates. Existing
knowledge systems exhibit significant limitations: textbook knowledge bases suffer from long update cycles
(averaging >3 years), while internet information is highly fragmented [1] (72.5% of content lacks authoritative
verification). Q&A in the aviation domain often involves complex knowledge structures and rigorous reasoning logic.
Large Language Models (LLMs), when lacking sufficient domain knowledge support, are prone to hallucination,

leading to significant knowledge gaps between students' theoretical learning and practical operations.

* Corresponding author.
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The recently proposed Graph Retrieval Augmented Generation (GraphRAG) technique [2] addresses this by
combining knowledge graphs (KGs) with generative models. It leverages the structural information of KGs to
provide more precise and rich context for generative models, thereby improving their performance and addressing
issues of model stability and efficiency. GraphRAG offers a promising solution for intelligent Q&A systems. While
GraphRAG shows potential in general domains, it exhibits clear limitations when applied to specialized teaching
scenarios due to its lack of inherent knowledge logic modeling capabilities. Domain-specific development based on
GraphRAG is necessary [3, 4]. Although some aviation Q&A systems exist [5], they often over-rely on structured
databases, resulting in weak natural language understanding and limited intelligence.

To address these challenges, this paper proposes and develops a dual-source AFP knowledge Q&A system based on
GraphRAG. The system uses textbook knowledge as its backbone to ensure theoretical authority and incorporates
internet knowledge to inject timeliness. The system architecture is shown in Figure 1. Guided by domain experts
and utilizing self-compiled textbooks, we construct KGs and knowledge base (KB) for AFP. When a user poses a
query, the system employs GraphRAG guided by KGs to retrieve relevant knowledge from both the proprietary
knowledge base and LLMs/internet sources. The retrieved knowledge is then filtered according to predefined
strategies to present the user with systematic, authoritative knowledge tailored to their specific requirements,
ensuring controllability over the source, process, and outcome of the generated content.

7 4

Figure 1. The dual-source AFP knowledge Q&A system architecture.

2 CONSTRUCTION OF THE DUAL-SOURCE KNOWLEDGE SYSTEM

2.1 Construction of Textbook-Based Knowledge Graph and Knowledge Base

Constructing a domain KG and KB from textbooks is a multimodal information processing task, typically involving
subtasks such as multimodal named entity recognition, multimodal entity relationship extraction, and multimodal
event extraction [6, 7]. With the rise of LLMs, information extraction can be achieved more flexibly and efficiently
by leveraging their ability to respond to specific instructions. Due to the current lack of annotated datasets
specifically for aviation KG construction tasks, this paper employs few-shot learning by providing a small number
of example samples to assist LLMs in solving entity relationship extraction problems in textbook text.

The construction of the AFP KG and KB is based on the original textbooks of "JIANMING FEIJI FEIXING YUANLI" [8]
and "HANGKONG GAILUN" [9]. Considering the characteristics of textbooks and applications, the primary tasks are
identifying entities within the textbooks and extracting relationships between them. Entity recognition involves
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identifying entities with specific meanings in the text and correctly classifying them into predefined entity types.

Entities identifiable from textbook mainly include: Chapter, Section, Sub-heading, Basic Concept, Chart, Formula,
Case, QR code, etc. Relationships between entities can be categorized as: (1) Hierarchical Relationships: Chapter —

contains — Section — contains — Sub-heading — contains — Concept. (2) Knowledge Relationships: Concept —
derives — Formula, Concept — illustrates — Chart, Formula — applies to — Case, Concept — demonstrates — QR
code. (3) Instructional Relationships: Concept — explained by — Case, etc.

Due to the lack of annotated datasets for aviation KG construction tasks, predefined prompt templates were used
to help quickly locate and extract required information, reducing the time and effort of manual annotation and
accelerating the KG construction process. Furthermore, for highly rigorous fields like aviation, prompt templates
essentially create a "safe channel" between "human cognition” and "machine computation,” mitigating risks
associated with purely Al-generated content. Prompt templates help ensure consistency in the format and structure
of extracted information, which is crucial for subsequent steps like data cleaning and integration. The prompt
template serves as the core bridge connecting unstructured text with structured KGs. It constrains LLM output
behavior through "standardized instructions,” transforming natural language understanding tasks into controllable
data generation tasks, significantly improving the efficiency and quality of KG construction.

After identifying entities and extracting relationships from textbook, multimodal entity alignment and term
ambiguity fusion are crucial. Entities and relationships are mapped into a continuous vector space, preserving the
structural information of the graph. The data is integrated, deduplicated, aligned, and processed for consistency to
form a unified, structured, high-quality knowledge system. A database for storing and querying high-dimensional
vectors is designed, storing the vectorized knowledge to form the AFP Knowledge Base. Efficient indexing strategies
are implemented to improve query efficiency. To address the challenges encountered in constructing the KGs and
ensure knowledge quality, domain experts will periodically review the KG to verify coverage of entity/relationship
types against the textbook knowledge and perform spot checks on automatically extracted results.

2.2 Internet Knowledge Anchoring

To overcome the limitations of proprietary knowledge, such as update lag and insufficient breadth, internet
knowledge is introduced into the Q&A system to enhance the depth and breadth of answers and support richer,
more dynamic learning experiences. This paper designs an Internet Knowledge Anchoring mechanism. It identifies
key knowledge points within the proprietary knowledge base and automatically locates relevant high-quality
information resources on the internet, "anchoring” them to corresponding knowledge content nodes. This
constructs a "dual-source knowledge channel" where proprietary and internet knowledge operate in parallel.
Through systematic credibility grading, precise positioning, and dynamic updating mechanisms, this achieves the
organic integration of internet knowledge with textbook knowledge, providing timeliness assurance for the aviation
knowledge Q&A system while ensuring authority and reliability. The quantitative evaluation metrics for credible
site grading are adopted, as shown in Table 1.

Table 1. Quantitative evaluation metrics for credible sites.

Level Representative Sites Authority Score  Update Requirement
T1 Government faa.gov, caac.gov.cn, easa.europa.eu 0.90-0.95 Daily monitoring

T2 Manufacturer boeing.com, airbus.com 0.85-0.89 Update every 3 days
T3 Academic aiaa.org, sae.org, icas.org 0.75-0.84 Weekly update

T4 Forum/Community  pprune.org, flightglobal.com 0.35-0.74 Monthly review
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3 DESIGN OF DOMAIN-ENHANCED GRAPHRAG RETRIEVAL ENGINE

To effectively utilize the constructed dual-source knowledge system, and to enhance the system's understanding
and generation capabilities in the professional domain, this paper proposes a Domain-Enhanced GraphRAG
Retrieval Engine. It models semantic associations and collaborative retrieval across sources through graph
structures [10], thereby building a knowledge service system with strong generalization and high precision.

3.1 Query Routing Design

Query routing design is a key component for achieving efficient retrieval in the retrieve engine. Its core objective is
to accurately direct query requests to the most appropriate knowledge source based on user query intent,
improving retrieval efficiency and result quality. Query routing begins with user query intent analysis. Natural
language processing techniques are applied to perform lexical, syntactic, and semantic analysis on the query
statement to extract key features. For instance, queries rich in professional domain terminology are preliminarily
judged to lean towards deep knowledge in the proprietary knowledge base, while queries involving broad
information or requiring high timeliness are more suited for internet knowledge sources.

To achieve precise routing, this paper constructs a Query Routing Decision Strategy. This strategy comprehensively
considers query features, knowledge source, and historical retrieval data. Query features include query length,
keyword type, semantic complexity, etc. Knowledge source characteristics encompass coverage, update frequency,
authority, etc. The primary strategy for selecting the appropriate knowledge source is outlined in Table 2.

Table 2. Query strategies for different problem types.

Problem Feature Recommended Strategy  Processing Method
Basic Concept (e.g., "Bernoulli's Principle")  Local Priority Direct query to textbook KB
Deep Reasoning (e.g., "Payload reduction Local Primacy Textbook knowledge + Formula Engine
calculation for plateau airports")
Timeliness Requirement (e.g., "2024 External Expansion Trigger internet search
Airworthiness Standards")
Cross-Domain Problem Hybrid Retrieval Textbook foundation + External latest

Considering the differences in information timeliness, authority, and completeness among different knowledge
sources, a dynamic weight allocation mechanism is introduced to balance the contribution of content from the
proprietary knowledge base and the internet.

3.2 Knowledge Graph-Guided Retrieval

In constructing a GraphRAG system, the KG serves not only as a vital source for information retrieval but also as a
key tool for enabling multi-hop reasoning and context modeling. To improve retrieval efficiency within the
knowledge system, this paper proposes a KG-Guided Retrieval mechanism. By combining KG information with

semantic understanding, it enables more precise knowledge node localization and content recall.

3.2.1 Node localization.

Aims to quickly and accurately locate relevant nodes in the KG based on the user query, the combining semantic
similarity assessment with knowledge source weighting is adopted, through the following specific steps:

1. Node Semantic Encoding: Use Sentence-BERT to generate semantic embeddings for labels and descriptions of all
KG nodes, forming a node vector set.
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2. Query Vectorization: Convert the user input into a semantic vector of uniform dimension.
3. Semantic Matching Calculation: Compute the cosine similarity between the query vector and each node vector to
obtain preliminary relevance scores.
4. Knowledge Source Weight Factor: Introduce a weight wg based on the authority and accuracy of the node's source.
Proprietary nodes have higher weights (e.g., ws = 0.8), internet nodes lower (e.g., ws; = 0.8).
5. Aggregate Scoring Function:
Score; = a-cos(q, ;) + (1 — @) - w; (1)
Where a is a hyperparameter balancing semantic similarity and source weight.

6. Top-K Node Recommendation: Select the top K nodes based on the aggregate score as candidates.

3.2.2 Adaptive retrieval radius.

After node localization, the retrieval radius around the located node needs to be determined. The radius size directly
impacts result comprehensiveness and accuracy. Too small risks missing relevant information; too large introduces
noise. An adaptive retrieval radius mechanism is introduced: for specific queries, retrieve only the node and its
direct neighbors; for broader queries, expand the radius to second or third-order neighbors.

3.3 Subgraph Aggregation

In GraphRAG systems, KGs support multi-hop reasoning but direct retrieval in large graphs can cause redundancy
or noise. This paper employs a Subgraph Aggregation mechanism to extract the most relevant subgraph for the
current query and structure it to support high-quality content generation and reasoning.

3.3.1 Instructional path-based relation pruning.

Some KG relationships exist but do not form the main logical path in instruction. For educational application
scenarios, this paper designs a novel relation pruning algorithm based on instructional pathways, through the
following specific steps:

1. Identify primary knowledge points involved in the query (e.g., "induced drag").

2. Find the instructional path for this point in the KG (manually annotated or auto-generated via graph traversal).
3. Build a local subgraph centered on this point.

4. Prune edges unrelated to the instructional path, retaining only relationships consistent with the learning
sequence. This reduces complexity and improves logical coherence and pedagogical suitability.

This method significantly reduces the complexity of the graph structure while enhancing the logical coherence and
pedagogical suitability of the generated content. Following subgraph pruning, this paper proposes a multi-
granularity knowledge assembly strategy to further enhance the quality of generated content.

3.3.2 Multi-granularity knowledge assembly strategy.

During knowledge assembly, the system dynamically selects the appropriate knowledge granularity based on query
type and user needs: for foundational concept queries, atomic-level knowledge is prioritized; for principle-related
inquiries, module-level knowledge is integrated; for summarization requests, system-level structures are generated.
These multi-granular knowledge components are logically integrated through a dedicated knowledge assembler to

ensure coherence and completeness of the output.

240



4 MULTI-SOURCE KNOWLEDGE FUSION

Given the dual-source system, knowledge from proprietary and internet sources must be processed simultaneously.
Differences in expression, definition standards, and time dimensions can lead to conflicts or inconsistencies. Multi-
source knowledge fusion is crucial. To enhance system reliability and answer accuracy, this paper employs a fusion
mechanism comprising Conflict Detection and Knowledge Alignment modules.

4.1 Conflict Detection Strategy

This paper designs a multi-layer conflict detection strategy to identify and flag the following three typical types of
conflicts, shown in Table 3.

Table 3. Three canonical conflict types and resolution strategies.

Conflict Type Manifestation Detection & Resolution Strategies
Rule Conflict Differences between textbook definitions 1. Compute semantic distance between definitions
and external regulations using similarity models.
Numerical Inconsistent performance parameter 1. Standardize parameters from multiple sources. 2.
Conflict thresholds or units. Compare threshold distributions statistically. 3. Flag
conflicting values and sources.
Logical Contradictions in procedures 1. Model fault-handling procedures using process
Conflict modeling techniques. 2. Verify logical consistency with

specialized verification tools. 3. Conduct by domain
experts to identify potential conflicts.

4.2 Knowledge Alignment Strategy

Aims to integrate knowledge from different sources into a unified, consistent representation after conflict detection.

4.2.1 Terminology mapping.

Knowledge from diverse sources often employs distinct terminology systems. For instance, textbooks may use
"landing gear retraction/extension system," while online resources might describe similar concepts as "landing
gear operating mechanism.” To address this:

1. Collect extensive terminology from textbooks and web sources.

2. Engage aviation maintenance experts to review and annotate terms.

3. Establish cross-source term mapping relationships During knowledge fusion, terms from web resources are
converted to textbook concepts via this mapping table, achieving unified knowledge representation. The mapping
table requires regular updates to accommodate terminological evolution.

4.2.2 Spatiotemporal normalization.

For knowledge involving temporal/spatial information, unit inconsistencies may exist across sources (e.g., meters
(m) in textbooks vs. feet (ft) in web resources). To address this: establishing standardized units for spatiotemporal
attributes and convert all data to unified units, or preserve original units for traceability and verification.

4.2.3 Dynamic weighted fusion algorithm.

Aims to knowledge fusion, the system performs weighted averaging or weighted voting on multi-source knowledge
according to their assigned weights, yielding the final integrated result as formalized in Equation 2.
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Final Score = a-w, + B-w, + v w; (2)
Where, w,: relevance score based on semantic similarity to query, w,: weight based on source credibility score, w;:
weight for newer knowledge. o + 8 + Y = 1 (coefficients optimized via training data).

5 SYSTEM IMPLEMENTATION

5.1 Technology Stack

A prototype system for aviation education was built using open-source tools and technologies, comprising four core
modules: textbook knowledge parsing, KG and dual-source KB construction, retrieval framework deployment, and
LLMs fine-tuning for AFP knowledge Q&A, with specific implementation techniques detailed in Table 4.

Table 4. System implementation and technology stack.

Core Module Technical Essence Technology Stack
Textbook Knowledge Structuring textbook content Pdfplumber — Text Extraction
Parsing OCR — Chart Extraction
LaTeX — Formulas Extraction
KG & dual-source KB Integrating textbooks & web OpenAl — Entity/Relation/Attribute Extraction
construction resources knowledge Neo4j — KG & KB Storage
Retrieval framework Retrieval Implementation Based- Added Dual-Source collaborative retrieval
deployment on GraphRAG strategy to customize Microsoft's open-source
GraphRAG framework
LLMs fine-tuning LLMs leveraged in aviation- DeepSeek — APF knowledge Q&A

specific applications

5.2 Prototype System

I . -

| -
-

Figure 2. The dual-source AFP knowledge Q&A prototype system

Based on the above technology and software library, a prototype Dual-Source AFP Knowledge Q&A System was
built, shown in Figure 2. It features an intuitive user interface for querying, browsing, and analyzing knowledge.
Users can input keywords, questions, or natural language descriptions. The system leverages the retrieval
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framework and fine-tuned LLM to quickly return relevant results, presented with text and graphics, clearly
indicating knowledge sources. If the results do not meet the user's query, the user may either regenerate the answer
or continue questioning. Negative feedback will automatically trigger source credibility downgrading.

When tested with 500 verification questions, this system achieved Recall@5 scores of 98.1% (basic concepts), 93.5%
(deep reasoning), and 89.7% (timeliness-sensitive queries). This outperformed traditional aviation Q&A systems
(85.3%, 70.8%, 50.5% respectively), with an average improvement of 24.8%.

6 CONCLUSION

This paper proposed and implemented a dual-source AFP knowledge Q&A system based on GraphRAG, focusing on
solving problems of incomplete information coverage, incoherent instructional logic, and multi-source knowledge
conflicts in educational and professional knowledge retrieval and generation. By constructing a dual-source
knowledge system integrating proprietary textbook KBs with open internet resources, and combining KGs with
LLM generation techniques, we presented a practically valuable intelligent Q&A system architecture. The Dual-
Source Architecture successfully balances textbook authority with internet timeliness. The system architecture
features domain portability, enabling rapid adaptation to other domains by replacing textbook knowledge sources
and adjusting credibility grading criteria.
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