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Material factors: metals, ceramics, composites, and Polymers.
Structural failure modes in services: corrosion, creep, fatigue
Jet engine fundamentals

Powerplant investigations

Application: case studies

o a0k~ w0 Dd e

Lab investigation

pe - SRFEIAS

xif‘%?jtlﬁ']uﬁ”;’\\wij F =t F \\_,.ﬁ*:jiﬁflj , E[Jl_:b,[—"]]:[ﬁ—‘\—- I8 ﬁ}%} I8 ‘ﬂi’i?}\'\': Ko
[ S e Rl e o (*a»xﬁ?ﬁ’vl[%%ﬁiﬁmﬁf) o SR RIBRETE I SR
SBETRIERE * Y 2 R (e e wlﬂﬁaw* [ RIS AR

f# o F‘y & Eﬁﬂ IIE‘FI* W‘ i I}JJ:LH[[ » RN FL?E% ' EE—}V_‘]“PIJ ° ,&Iﬁ}%\“ [
Bl [SHERTH B R h Y i -

&~ SR

ORI VR (TR R R [ R S LI A
EIRARAI ) W BT ALY SO URRRAIR - R TR )
EE R s AN T RN F e S i aE e
PR R IR R DO R SCSIRIN ISR i T oK A T B
4 EELHT AR Y (- RSO S OEE %ﬁ'ﬁ“ﬁ IR e

F']{a, F[H pq_f:epq FEE %ﬁ%@#/ (i CRASH SITE ﬁﬁ—fi = JE R FREL % o
T EFBIHEH 5 R IR S T (SRR B -
» SR (SCSH

¢ *Fﬂ%ﬁg”?w & SCSI HLRH VAR B 2 JERE IR 7 A - SCS)
A LIVAIAR TS TR LR L rf@@rw%weﬁ \
g»sr?]g arr']‘;{aﬁ‘/ﬁlrﬁﬁ‘@ﬂﬁii fwb:};q;%*g\ e RS ﬁe %[ SCS ﬁf—gﬁﬁ'?@%"féﬁ»

FAAGBLY ST PYA SRk PESLRE ] M. Steve Preteska 42t 1 (51 » #1
S B HIHy Ti?ﬁ&ﬁ& 4 %% Embry-Riddle Aeronautical University Jﬂﬂiir ?E’glfj‘a

o B R IR P11 Ry - T-38 S0 b e i
TET‘KE'EE‘ [ES«HE[I 1 F-117 ~ F-16 » T-38 3™ 201 g1 /%‘E =E *'#gfdli %E}F%Z%a\'
B ) B 1T SR T S S RO S S R BIPR L

2



YR Y i

F=9t 3 Y SCSI = iD%ﬁﬁﬁﬂﬁw’P&jjwwavg% CSI %] 1% !9 Crash
Site » I'] {HE %@F gm‘i%ﬂﬁiéf. Fﬂ VE| o SCSI i %@Jiﬁ'jﬂ? ii%ﬁiréji Al pasE e

1. Aircraft Accident Investigation (AAI)

2. Advanced Aircraft Accident Investigation (AAAI)

3. Photography for Aircraft Accident Investigators (PAAI)
4. Helicopter Accident Investigation (HAI)

5. Jet Engine Accident Investigation (JEAI)

6. Aircraft Accident Preparedness (AAP)
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14. Introduction to Crew/Cabin Resource Management (CRM)
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ﬂﬁ LR - VBT EER ﬁi? LAY PRI (yield strength) i ¥

ﬁ“{ﬁf ﬁéi?ﬁ 1787 (plastic deformation) « {{I[FEF VL 4]y » APRI* e 7 e il

R R FIR I PR Ffjmﬁ'ﬁﬁaé TIER@T o sEFEE o B2 T

ffﬂe o EE W R ] Jgjfjijaggpi Y FIG o F ;fgf»@ ?FEF@T (i 1
IR Ti?ﬁ%@ » HUR PR R ) (2 R

ﬁ*@? i =PRI e S

_4

—E
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& FPPHRIR B B3 4 R 1 Y2 e s s g
B FUH — ) o PRI T LRI 53 15 (HIES - 5T FEFe-Lg
< Y » R e P £ HUR B SR e e T 8 ) -
Wﬁﬁ*fWE@nJ@w@MﬂWﬁwatW@ﬁ%wﬁm%@@@ﬁ’ﬂ%
AL » SR RS - PR R RRS - 2 57
F FRRI I 5+ S FoF TR 8 -

% EPVRFRIRTR 74 (AT e R gl S PTEOER © PR T R o

FITVHIER IR 2 o (ORI Iy IR s B = e g )0 ] 5P

#E TR £ T RO S ST BLR 2 R S S R < 3

FARER IR B2 ISR O R o e g 2

ﬁ?@ #yffm SLERS.V TR E U = R Gsingle crystal) £ 3R il Y
F R G SRR o [ SRR TR R

(5] 5 ff B
(i R FE . (/R

s} (1) (1) (1m)
- FBTEREE DR ER
R
e o M

[ = RS B ﬁ[ﬁﬁ@(ereep)?ﬂ?ﬁ@ﬁhﬁﬁ(%ﬁ@?ﬁﬁ Féﬂ%%ﬁ’:qg\‘)
I 2% (fatigue)

%‘%I’ﬁ"’?ﬁﬁﬁl%ﬁJ“’”@%% [ (E! (SRR PR VO Rg  ARR]) ’jﬁ EESEN G
V= BRI A i 2 RAREY SR < gL R T R R0 7O = ol RIS
ERPPR| I (R E gl e B A ] (stress)ﬂlﬁﬁfgw(cycles)’ﬁ PR PR EE -
SJESVI ( S-N diagram > Jii = )F A > [REDL SR It TS RN > SR

g

ST~ 7 SN ISP RTE A S ISR A 8 o H L RS I gy o PRRI



ISR RO AR R D fﬂﬁf’ﬁi&f%jf?@%ﬁjﬂi (fatigue limit or endurance
mit) s o > S B A s N 5 6 55 e g o g
SN I RIS 1= 7 S I e © AU AP B
I e o FERI T % 2 o Sl L

PV 78 SN lias LRSI T 2R 5 & (O = g ~ 8T~ 5 HIR i E P
IG5 iﬁ_l’f—IFiEJ e SN IR e o AT
RSOV 2 SR (SSRGS R T R - (0l e
T RAST S o SRR - 4R R S T
7] (fatigue strength) <t £ 54 o

! Endurance limit

5 B 8 &
—

Stress (ksi)

=
(]
1

10..

I I T T
10° 10’ 10 10" 10°
Number of cycles

WA = S TPEPRLY R IEIRED L S I SN (R0 vs. )

£ Fuﬁﬂt “rqﬂj (E R ’gﬂjj{yﬁ: e J]EHJT‘[‘Ld_.J “#ﬁﬁﬁfﬁﬁ;i@

pwm[nﬁgujaﬁgﬁ%@k@wﬁgwp PR gl SR > R R
EHSHIPL-5 (low cycle fatigue-LCF » % bLIH = )IHIE o Pl S5 ST
i ;f;fﬁ(ﬁb(prAR% 70)%11\3 3% gﬁ?ﬁi&k 13 EIQIEU:@W’E I PTE S R
e = VEARE T ENTHE‘E‘*JFF (UPPIESE b S ) b = folaidity (F (P g ~ i
nﬁvﬁ&ﬂ%biﬁ #ﬂ%ﬁ:ﬂﬁj SIS I H (life-limited parts list) » & PF=" I ik ﬁ ARG
H > PR o BRI SR IR — < ARSI R ™ HIPRER et eI

BT - 47 & ER Il P R 5 R [ TR 2
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l«——— Low cycle -] High cycle —
Finite life =] Infinite
i |' I life

140 T

120'53‘1:#
100 e
2 90 n
-
o 80 B
g_‘ 70 .\'
2 60
o . | J
as
% 50 L i‘.,,—..:f
kS

40

30

10 100 102 10° 104 10° 108 107 108
Mumber of stress cycles, N
[ = E”’F’J@ SR 1% S-N R (0 E’LFJ 7£<y Il IR B o cycle fatigue

il 5{4255 (™ 7Y

3. W l[ fii(corrosion fatigue)
75 T FER PR (RO S (O > S T TR O A (R
At > TP [EPPRP S5~ FRIE o gl o ARl E R
E’WV%ﬁVﬁW%J@%i@ e~ 4SRRI 2 D ]
TR [l ~ AR EPE] ‘P’A fHI =R [ R ATR néﬁpﬁlﬁr_ @Eﬁ'f

4. ;?'f&’ﬁ@(hot corrosion)
FVP < PRI (sulfidation) - e S (RIS i (aggressive attack) i ST
j%u S FPAS I j%u TFE S 5GEH, (Turbine Guide Vanes)EiEﬁ'Eﬁslﬂji'ﬁéH (rotor blades) - EI
BFPI I 14 (Combustion: Chamber) P! ikl 5 BRI o (o i 48 (> -
A (Sulfide) 1 5 78 5 1S BP0 BRGE (= 4) 5 A5 e 4
(Na2SO4)~ FETHIFET 3E - 5T o I3 Sl ok 50 5 B iy
BB S PR IV - R DU L B -

SRR I PR AR T o
il 2V et (coating) - I IRRERTRIZ= G A -
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ﬁagei&aﬁdﬁﬁm T Blade 41,872 hrs uncer 11mmdn.m hs platform Hot coercaion on Blbas -

P R A

5. éﬁ?ﬁﬁ&*ﬁ};ﬁ(stall)Eﬁ'ﬁ(surge)
3[” i FVR L SR I 2 50 5 M S PR (compressor) FEigh i | 54y
ST ] F R T AR SN A B G

stall(Fo4h) » SFFEFL G IR 5 25 2 (AOA) vk + 1 A BB T (R G R
AU o TSRS Kt T PR B O S RS IR R e e
(FOD) ~ Sy it + i i 50 fly (SR il ] L (mismatch between N1 and
N2)7Frfs « BRI R S p i Do = RS - PR RS A

PR R ’E%WFF #<(compressor surge) pﬂ'ﬁgﬁiﬁf;{j;@ S ESEREN

PSRRI TN o0 P IR Ly ESR A
Yy R R~ g BB b SR EDEHEN D B TR SRRtk

RS
i %ﬁ@éﬂig& /I *J#ff (775 & Affr“tﬁ(fan) [‘FJ [WVEYESHEES(HP » LP compressor)
bfg |EE’EP§[HIFA(HP K LP turbine) {7 %ﬁfw]ﬁiﬁ ﬁérefﬁ”fg fEil Efﬁﬁ%fﬁlﬁgﬁgﬁ%
rl S SRRV e ] 53 A i ATt S AR R I ]
ORI R SO N R ERTS HETR) i < P endurance test) >
um#% %ﬁﬁ@#@@ Y@~ FOD ~ ") i Sl i
@/p!# E‘y /ﬁ PRI R - IR, SRS It ERES S ”’Fﬁ’(contain) ;
ﬁgﬂﬁfﬁz}% il 7H“T IVI:{TJ e lﬁ%éﬁgﬁfﬁ“*i?g By S -5 E I"E'::Fﬁ’ 0 EFIH SR
FOEY AR A) 5 A TSty IR, By 95 9 Rty
S R - (U TR S
VPR S I gy L R bR S R DRSS o P AR A
ﬁiﬂﬁ‘ﬁﬁb(vp FAR33.94-Blade containment and rotor unbalance tests)foi> 3}1 AN
PRI S R ity P IRRE 23 A > RIPFIRE R i oo~ g [ S ERS 9t B
[y & ﬁl AISV SRS ~ 0 M %Jﬂi*ﬁ’ﬁwﬁ =ik (rotor disc) (] T [pi IF FF
o SR ERSER R e Pl e NPLEERER R Y (FAR25.903(d)(1))
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PR S oA A BT i > e TR 91 BLEE t sl SRS
P L e 1"? "F‘jUH STTL B SR 7 R R TR
T AR I A TSR - g
LR ERS SR E‘J%&ﬁ%ﬁ@% PJ PR e o o i e Fﬁif SRl
YTt e (shielding » Y4855 5 &Fﬂrvﬁ$%@w$%%ﬁ)®JWmTﬁ
(redundancy - YT IRESE SRR BT R ) ~ YRR e B S [ (YT
(i 1@;&{%%plﬂﬁﬂéﬁ1ﬁ)'*&'w 7R E[—r[ﬁ[ﬁiﬁﬂ 2L FAA JE A AC
20-128A-Design considerations for minimizing hazards caused by uncontained turbine

engine and auxiliary power unit rotor failure » v [F= 1 F| Ky

[ 0 PR P (i) sy e sy 1)

~ {F | RO G «Jlﬂﬁﬁlﬂﬁﬁ%@lgﬂ%éﬁgﬁﬁﬁi?ﬂwlﬂﬁiﬂ:’Fﬁ'%ﬁﬁf’:Eﬁ%%‘?
SLERS =T s R o (SRR PRI AL SRR T o i v R
ﬁ%ﬁ”iﬁwWﬂNMVﬁﬂi” PIARBEAR A A [ SHEIRGE e
H ﬂW%y SR PRI £ (7 2 W#wg@? h R o =
THVRURN o o Y ARG b (SR o R 5T Lk
iﬁ?‘)%ﬁ@@ﬁé}ﬂ’?ﬁqfﬁé BRSO L UR RS o (R R
*ﬁiﬁ]ﬁj’@@@%ﬁ%@ﬁﬁ%ﬁk@ o W (TR SR g
PR - STEHRBSIERL Y E 4R A ARG AR b AR o
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ERRIGEPIIT B S wﬁw [EESASES il
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R AR (ORI > §%0 F@;@g_ BT

1. 4% MAGNITUDE

2. ’ﬁj[ﬁ CHARACTERIASTIC
3. 7] "’r'TJ DISTRIBUTION

LLL

W SRt B4 5 F | SRARE S A AT I e b SR
ETIBSE AR K AE S~ VTR SR M BT - )i

' RS FH ] GPS gy AT S RIS o (o) P B ~ < i
ﬁq bﬁ*?ﬁg@gﬁ&wﬁ?ﬂﬁj@@ ﬁrrﬁ*ﬁ% ﬁi&klfpﬂ‘?['bﬂﬁljﬂﬁfﬁ[‘wﬂﬂI | =
3@‘ ﬂj%ﬁéj pusEd o

FUSCHUBAIN » 1A E5 7 I R ST A5 Q) B7(3) #1%(4) TR
BP0 2 E(5) 0B LRI AR (e R
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25 I R R A E Gk B
= i 45°,/90° 0° =
H ey 0°,/45° 90° i
. =R N
liy G/ 130°,70° 180 K
Fem SLERGL R B BB R Pk A
(MCE S o S LR L R L T I g

Lo e ff B 43 B (impact force)
fITAEESL | (S0 BB i BB Sy TRy 2100 B 2k T poRy
AT ~ I 2 H G (mount) RS (R S HESRIEFVBS 91 B[O i & AR
PRI BT SRS RN £ & TIPSR S S NI o gpin g -

Wﬁ#ﬁﬁawﬁ$»ﬁﬁ@wrmﬁ$wﬁaﬁgﬁ’ﬁﬁﬁﬁﬁﬁﬁwﬂﬁ
= SRR ) S REORL IR ) B PO R
W@@m*?@i DA = ¢ IR G
2. I R BT o RS (rom)
P IHILY AR o R SRS R - R gy
DB 17 0 21571 0 B S OB - SS90 B S S ) 5 R Y A
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FBH(HIGH RPM)

(S#H5H LOW RPM

5 SZHH(NO RPM)

Relatively minor damage

Relatively minor damage

Relatively minor damage

Uniform pattern of damage

Non-uniform damage,
likely to be localised at
impact area

Non-uniform damage,
likely to be localised at
impact area

Will probably coast down
normally if undamaged

Will probably coast down
normally if undamaged

May show extensive
ingestion of foreign
material — check bleed ports

Very little ingestion

No ingestion, openings
may be packed

ESiEESFEE | and components
(compressor) | Compressor rotors usually Compressor rotors remain | Compressor rotors remain
remain with the engine with the engine with the engine
Little or no blade/stator
) No blade/stator No blade/stator
interference, may show . . ) .
_ i interference or peening interference or peening
minor peening
May show slight rotor / May show slight
stator bending, will be rotor/stator bending, No bending
uniform probably non-uniform
May show slight machinin Little or no gouging, ma
y_ ) g . 9 May show gouging gotging, May
and tip discoloration show
e Shafts unlikely to fal_l in _
(shaft) torsion unless a rotating unit | Shafts may bend Shafts may bend
stops suddenly
il = May show no damage May show no damage May show true
(bearing) patterns patterns brinnelling
Discs usually remain with Discs usually remain with
3{%]3%’??9 engine Discs usually remain with | engine
(turbine) Discs fractured at impact engine Turbine rotor blades may

may show oxidation

make tip impact marks

A GRERS S EO SRR A 2 (R )

3. Ypffe 2{EHE B A (impact angle)
P BB o TR P E S o - R R E R S B [y
P ) BRI R ) SEES AR B < RGN RO EI R S R
QY I T BRI « F LT PRI % WS » T
RGBT o TR A S8 R IR R Rk NSRS
G 1 b5y SRV RSIE MR, o Joh i RRLITIE AR > = SRR B

21




[R5 PP SRR R

—‘fgﬁfz&l Fh Fl J%E[EJ%%@ o

VAT I BT

gj}g_ FI H@JI/ , j%J\

iR (HIGH RPM)

(i LOW RPM

5 SEH(NO RPM)

Major damage throughout

Major damage localized
at impact area

Major damage localized at
impact area

Generally uniform damage

Generally non-uniform
damage

Generally non-uniform
damage

Very little ingestion of
foreign material

Very little ingestion of
foreign material, may be
clumped

No ingestion, material may
be packed into openings

Compressor rotors may

Compressor rotors

Compressor rotors stay

probably stay with the )
separate from the body with the body
JE- Ry I AL bOdy
ESRTF .
Extensive rotor / stator
(compressor) | .
interference, may show
metallization
Rotor blades uniformly bent | Rotor blades / stators
_ Rotor blades / stators bent /
/ broken / sheared opposite bent / broken .
N : . broken non-uniformly
direction of rotation non-uniformly
Stator bending in direction
of rotation
Machining in compressor — | Gouging more likely that | )
. - . Little or no gouging, may
may show blade tip machining, no tip S
_ ) _ _ show rotor tip imprints
discoloration discoloration
(g -
(shaft) May fracture or shatter May fracture or shatter May show true brinelling
Will probably show torsional
gl p= failure. Splines may show | Shafts may fail in Shafts may fail in bending
(bearing) | twisting. Check direction bending or compression | or compression
of twisting is consistent
Discs may separate from i i
N, . . Discs usually remain .
1@3%?% engine. Discs may bend ) ) i Turbine rotor blades may
! with engine. Discs may .
(turbine) | and/or chunk or stretch. cause blade tip imprints

(Parts recovered)

fracture or bend

AZ LR SRR (e

4. Y Z[ Sz BARE 3% FrBE o [(thrust output)
1 R < [V 1 G S i (R g b Qi R LTS 0 A - B
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YEQI = G &

Engine Thrust Output at Impact

¢ Engine Thrust Output at Impact
(Low Thrust - High Angle Impact) (Low Thrust - Low Angle Impact)
« Compressor + Turbine = Compressor » Turbine
— Non-uniform bending _ Shaft bent. not sheared — Blades not bent or uneven  — Blades not bent or
(z') — Blades noll bent or ~ Blade imprint on case uneven
— Spacers show imprint of uneven bending — Little case damage — Tip imprints on
tips _ Little machinin — Little FOD |ngest|on shroud
— Case bent or shattered g ¥ ARa i — Disk rub
— Rotors Unstacked . — Little or no shaft
— Little or no FOD damage
ingestion
RN -~
AR
h“ |/
2, . 7 _ 7 £, =7 7 _
(@)t £ B ~ (S (b) {5 4B ~ gt

Engine Thrust Output at Impact

Engine Thrust Output at Impact
(High Thrust - High Angle Impact)

(High Thrust - Low Angle Impact)
« Compressor + Turbine + Compressor + Turbine
— Blades severely bent — Shaft may shear — Blades broken to small - Blades bent
and broken — Blades bent or broken fragments — Shaft bent; Not sheared
— Stators torn out _ ngh Speed rub - Scoring and F’eening

— High speed shroud rub
— Christmas tree effect

_ Disk failure — Considerable FOD — FOD may reach turbine
~ Shaft sheared d gg:: tEgtl.lre from h
— FOD limited to i
compressor jammed blades _‘
Oy =L~ it () S F R e, I e

B éﬁgﬁfﬁ&*%mﬁ%ﬁgﬁﬁ*ﬁ P I =0

OV 2T AR SEERAFRRLRL Ay E P SR

I?&%&%Eﬁg‘éﬁﬁ i RS A [ "’@*‘%ﬁflﬁ’ PETRL K B 5 o il B 1 1
S5 o IR A 1 r~F R AN GEIRNEE SRETS e SE R L e =1

%Eﬂﬁ S T A [ IR G e Y SR PR v v PR YR R 5 (bench

mark) » - KUY DA A T ORI R Y D E s — e e e

R o SRR SR o BT SR 1 1 -
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A @5@%&%&%&@%%%@@%&%@%% mark) g {5t pr

6. KL ERAH IRy R B £ 0 F
POL R LS S LR [ SR E'lﬁlg' Erelh o RS i@?‘fﬁhﬁlﬂﬁgﬁ‘?f ERMEER
E'IF/\I’FH’FJSJ THEVR AR - 02 o T ORE ~ B 5 & SR I VIR PR
JEHF"[AE%‘?F‘FEEE s 2N B E'[ﬂriﬁg’il&? EAE I SR :xﬁ%ﬁifl
EoRE ”4!’*‘”‘*’?& R 22 [ I S RSP U A3 [ VR R A
ﬁ“%’ﬁip&fﬂiﬁ SRR o »aﬁ‘i“ﬂ"‘%\*ﬁ*{ ATRL A H A B
Byprieid &V AFENE =GR [ e

18 (IN-FLIGHT FIRE) B %8 (POST-IMPACT FIRE)

Intense heat, may exceed 3000F Less intense heat, typically 1600-2000F

Smoke and soot follow airflow (note: smoke
and soot will not adhere to surfaces at over Smoke and soot go upwards or with prevailing wind
700F)

Smoke and soot patterns are consistent Smoke and soot patterns are not consistent across
across adjacent surfaces when reassembled adjacent surfaces when reassembled

Pieces of metal crumpled at impact, when
opened out, may show smoke or soot on
inside surfaces

Pieces of metal crumpled at impact, when opened out,
should not show smoke or soot on inside surfaces

Molten metal follows airstream and may
adhere to leading edges of components
downstream

Molten metal goes downwards and may puddle on
cooler surfaces

Heat softened metal (aluminium) may
‘broomstraw’ on impact

May find burned wreckage outside the
post-impact fire area

Smoke and soot may show outlines from foreign
objects (leaves, twigs, other aircraft wreckage)

FP s GRS A E A F R B e B YR
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Fire Evidence

Evidence In-Flizht Ground
Fire Temperatures Above 3000°F 1400-2100=F
Flowr Pattern Anrstream Random
Soot Pattern/Shadow Airstream Random
Eeconstruction Pattern Contimuous Random
Scratches On Soot Under Soot
Idetal Drops Aurstream Gravity
Parts Qutside Ground Scars Bummed/Sooted Clean
Crumpled Parts (Inside) Burned/Sooted Clean
Protected Pari= Burned'Sooted Clean
Fracture Edges Clean Burned'Sooted

] T > BRERS K A TR o SO

NSRS 2 R B

P2 A o R TR S R S T I LA NI S [y ey
BId o o VR AN R = R A B RS S

(MECFAA L AREHEE T T 1317 R AR S  [EF) 8.7%3E
(EAIIE] 60.49% * FY5=ct (RETANEITHISE AR » AR i 5 ¢ 785%RLE
PRUFE ISR ISP T -

P EEIASEEG e SRR NP E }iﬁjﬁiiﬁhi};qh&@% =EV RV ol o
P"LH?“ T AN R A MH} [ s paEiadAR Ut (UPSEGED 16G 2 Aw) - bl- £
%ﬁ#{'@fﬁﬁ[%ﬁﬁﬁwﬁﬁf s ?ﬁ?’ﬁ& faes il lIESE T AINIANSN NG &2 S

IS 17 3% (CRFS-Crashworthiness resistance fuel system) I H4&h 1948 &= >
NACA(NASA Fjij=})% CAAFAA Fi}) FTSF I ™ 1.0 2 BN o g ~ i
RETEF N &SRR > NACA EIJ-TE':FFui’g Eﬁi;ﬁ? = i 3£I|;-F|iﬁu}ﬂij ; “IF‘“ﬁ%
s (RS TR PR o ST 1950 B F[tTCFRS%E;FIEJ i -
o AEIRHAO Y A MIL-T-27322( 1 updated % BIJS) i 7 N R
R~ FUERITRE PR > AR TS R [ o ST 2O 1970 # e
E E[%f%f&iﬁ | CFRS -

S B 7 IJf BBS 1970~1976 Foffl M55 » 0 BIRSLERT = Bt 2 |0 /A 7
B L RN E IS DAY 7%V~ EVS S [ NE R ged S Bl
RITTE CRFS i # 3l 3 FA i i -
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ISR P RS RSSERET CFRS e ~NFH R 2 - FAA KT 1990 & §f1
J¥f CFRS s * FAR27 % FAR29 -1 £ %1% NPRM90-24 4% 1994 & 174 7 17
£ FAR27.952 K FAR29.952 » foisfs Vit HI%&A VT B E lﬁﬁllﬁﬁw‘“\%ﬁj
[ e

Y CRFS e L8 i 1985 & > FAA S At 121 52 ANPRM 85-7 > B
2 G S R 2 B AR (FARZ3) 1 CRFS [ERIPVTL » U7 (1989
) it ANPRMBSO-11 SR 4 3 (FAR25)"J[%£ CFRS .+ 1 F 3% » 1990 i)
R ANPRM 85-7 o v N RS R I AL
AR FIFERPET PR - [ i A 1 pi_FAA Al 1999 4 mmg
7 LG e CRFS 17 b o BT O ey W AL T 174 B8

g s R (PRI o T R B s CRS i~

T BT E S IS PO (57 5 B0 S {[QJF‘“T;:F' éF |4 & E}ﬁg[;‘ﬁﬁ
Bl B2 SR FAR29.952 HY FAR27.952 150 pf\f@[@ﬁ ERR I o P
7R RIRREET YIS B R » i G A AR Rk SR
@@Wﬁwﬁﬁf@f%éﬁb% R [ e e &i@%V%%ﬁ@bw
;yﬁg%ﬁﬂﬂiﬁ?ﬁl [f B SR R R g B R o) T R R
PUBYIR T FAR23 % FAR2S 1 IR EIR o ]I RIS S
L Ry T RS TP T LR RIS
FAA ks s LB SRR T 1 BB IR BB -
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