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Material Qualification, Equivalency, and Acceptance Test for Aerospace Composite
Materials

Ho-Sung Lee

ABSTRACT

The civilian and military agencies require the use of statistic-based allowable to design aerospace vehicles
with composite materials. In order to comply this regulation, it is necessary to establish relatively large
amount of database, which increases test costs and time. Recently NASA/FAA developed the new method
which can satisfy the regulation with smaller test matrix through AGATE(Advanced General "Aviation Transport
Experiments) program. Especially the concept of material equivalency is very useful when the material has been
certified in previous program, and it allows the engineer to use the database with the addition of small test
matrix. This paper summarizes the material equivalency and acceptance test methodology so that composite
material database can be shared and improve the credibility of the material quality. As a demonstration, the
material design allowable of the high temperature carbon/epoxy composite developed domestically was
determined with this methodology.
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AABE AETEE ALk o] 7]&& NASA, Boeing
5 AYA, 221 FAAdA FEste] o AR1F dlolEd
o|AE FRILEN EFARALHY QAFo| Ex HEE I
g = A= ELHY PHoIdl]. FAAYX= NASA9 HE
7HEd 7098 =g, o] Whde] sid A 7IE[d)d] A
ks AS AR ofg Mg 18 NASA9 FAA7}
TE5o=2 35 & AGATE(Advanced General Aviation
Transport Experiments) program®| AulE vigto gz, B3lxjg o]

54 doledolAE Fadhe M2 PO ujdugr|sol

FAEAH2),
B =Be AGATE Z2Iold AN A2 554 A%
o 52 AP BAAE skl jel SFYTARI) S
T 4 =S sgch el FFEFEoR AMSHT
RSl yRe ojul $FAYTUATIA 5 we Az
olmE, B g AT i AR AR A4S
AEA A5 Ba glo] STHUL BAS AST 4 et
Az F5Y TIPS ASstEe Y2 P FHo| AW
Z(Original qualification)®l A&} FHl s B4 F5A
2 7HEtE BAs] 9% AHolth  42hAH(Acceptance
testing)® £ 54 Wk £= Zelmdla ZE(onolMe U
5P AU we S4S wAsy] dd AAE Buue) %
Holch. Sl ST Ut SFYF AL AR) 2T
SHAY PHE HeUTHE AR 54 dolgHolAs 34T
4 lomE, YREHY AYel St g uge WYY 4
o gEe] 2R AFo] FHsskA F Holc.
8 A= AANSE BHY PH BT % o=
Sjell A A 350°F B3 BavelBA] BUARY A5 E
& Aadtel )R 2NN aTse AETHe) e
A Ae %o APom MABIEYe] AEE 4 Utk AL
BojFglth,

2. AFAH

Azol Was AW At Az Aade] S ua

t2ct ohF9] 3bE AZ7t AAo] A%, B-basis +E
A &g FAHSteH AR 4= Qo wrek shute] 3
F A27F S48 A-basis & #optt JrH4) 7]& &
Z ArEo] o|gEl= AlHY = gofEEZ(Robust Sampling)
Q7} A #E(Reduced Sampling)Ql7} 3= FEHMHO|

getach & 719 AEY 71e2 A-basis 3847 B-basis
3 8ae Aetted 2T f-3okAR GdiEie] durze
2 o g3, I dAEEE Asdct

A5 Az T4 Wte| FHE WGl st A
4 o FAFIIAA AFsjor gtk 2 Al@a, AIE B
9, AFAIE H(batch)ol A AZE HEdEFS F Y =9
d Az gF71oA GolAHok it

SPECIMEN SELECTION METHODOLOGY AND TRACEABILITY

PER ENVIRONMENTAL CONDRTION AND TEST METHOD
Material
Batch
Panel
Manufacturing
& independent
Cure Process
Number of
Specimens
Required per
Test Method &
Environment
( 18 SPECIMENS TOTAL )
Fig. 1 ZAFEe] AHAF.
Table 1 E7], 23 4] i@ 27AY
Test Method(s) No. of
Test Property ASTM SACMA Replicates
Resin Content D 3529, € 613, D 5300 RM 23, RM 24 3
Volatile Content D 3530 --- 3
Gel Time D 3532 RM 19 3
Resin Flow D 3531 RM 22 3
Fiber Areal Weight D3776 RM 23, RM 24 3
1R (Infrared Spectroscopy) E 1252, E 168 --- 3
HPLC (High Performance Liquid
Chromatograph)? - RM 20 3
DSC (Differential Scanning Calorimetry) E 1356 RM 25 3

Table 2 B3HE 4] gt 27AH

Physical Property Test Procedure
Cured Ply Thick SACMA RM 10R-94
Fiber Volume ASTM D 3171} or D 2584
Resin Volume ASTM D 3171 or D 2584°
Void Content ASTM D 2734°
Cured Neat Resin Density ASTM D 792
Glass Transition Temperature (dry®) SACMA RM 18
Glass Transition Temperature (wet") SACMA RM 18
dlE& &9, B-basis®] hot-wet ZHY u] in-plane shear

strength A E-2 3709] batcholA Z4ZF 6704 HAE AjHo
3=t Fig. 1.2 24AFE(Reduced Sampling)e] AA|8-&3k
g AREsy] 8 AR sdat AlHAdEe] ol SEE HEF
Ql WS I/ Zolk. o] Wb FAAE EAof Ha=zo|y,
AAS GG A, A8 AR Alad Tqo Zzya R
o} 34 Wskyg AbZol] AHgHC)

=dds 54 U H3lT EAJS Table 13} Table 20 Lt}
e Algo] fgEjojol ot A@WH2  ASTM(American
Society for Testing and Materials) ©|.t SACMA(Suppliers of
Advanced Composite Materials Association)7#4-& A3t

Eauiy YRR A9 aFEE Aldo] Table 33
Table 40 A|A|= 3}

Table 33} Table 49] AjHe= (R x WHT AHPE U
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Table 3 2AEE] A T7AY

No. of Specimens Per
Method Test Couditiox:

Test Reference CTD! | RTD? | ETW® | ETD*
0° (warp) Tensile Strength | ASTM D 3039 1x4 3x4 3x4 ix4
0° (warp) Tensile Modulus,

Strength and Poisson’s ASTM D 3039 Ix2 1 3x2§3x2] 1x2
Ratio
90° (fill) Tensile Strength ASTM D 3039 1x4 3x4 } 3x4 1x4
907 (filly Tensile Modulus
and Strength ASTM D 3039 Ix2 | 3x2 3.>12 i1x2
0° (warp) Compressive
Strength SACMA SRM 1 1x6 ]| 3x6 3x6 1x6
0" (warp) Compressive SACMA SRM | 1x2 | 3x2 | 3x2 | 1x2
| Modulus
90° (fill} Compressive
Strength SACMA SRM 1 ixs6 3x6 | 3x6 1x6
___ﬂ‘o o
20" (W) Compressive SACMASRM1 | 1x2 {3x2 | 3x2 | 1x2
In-Plane Shear Strength ASTM D 5379 1x4 § 3x4 | 3x4 ]| 1x4
IN-PLANE SHEAR
MODULUS AND ASTM D 5379 Ix2 | 3x2 | 3x2 1x2
STRENGTH
Short-Beam Shear ASTM D 2344 - 3x6 ~ -
Table 4 SPELS] QTAY
No. of Specimens Per
Method ‘ Test Sondxum; -
Test Reference CID' | RTD" | ETW | ETD
0° (warp) Tensile Strength ASTM D 3039 Ix? | 5x7 [ 5x7 [ tx7
0° (warp) Tensile Modulus, {3030 | 104 | Sx4 | 554 | x4
and Poisson’s Ratio

90° (filf) Tensile Strength ASTM D 3639 Ix7 [ Sx7 | §5x7 | Ix7
90° (fill) Tensile Moduh
oo (D Tensile Modalusand. | \sTnD 3039 | 1x4 | %4 | 5x4 | 1x4
0° (warp) Compressive Strength | SACMASRM 1 | i1x11 | Sx1t Jsxil[ix1l

0 (waip) Compressive SACMASRM1! | ix4 | 5x4 | sx4 | 1x4

Modulus

90° (fill) C ive § h | SACMASRMI jix11|Sx11}sxIt|1Ixil
90° (£ilt) Compressive Modulus | SACMASRM 1 | 1x4 [5x4 [5x4 | 1x4
In-Plane Shear h ASTM D 5379 1x7 [ 5x7 [ 5x7 | 1x7
IS“‘;f:f“f Shear Modulusand | \oTMD 3379 | 1x4 | 5x4 | 5x4 | 1x4
Short-Beam Shear ASTM D 2344 - Sx11 - -

AMEF A SRS BAHLE AES] $lsiA oW
ZYUE AT AANE 2Rk W3] 4 224
ofg, A, 28 FHFREEY £AMR HYgE PPl H
olof st=d, ol AAEL 7127 He EAdo] o] EXE
% st O3] A =Hojd 5 e ATE wAgd 2.5
S SholSREI AU WA AHHolof shzv] Treb Bapo
42Z&(0OSL, Observed significance level)o] 0.05Rtt I &, g}o]
EEE ¥ol B-basisihed AASHEY Algsojof ditt. ojm
o gkeF OSLo] 0.05Krt zbAY Zoid, A&7 FAFLus
Hel9] HR2oleh: /PEE FA stojof gt whek HpAdel
digh o] Aol 0.052ct £ OSLE Zohd, AFEE Yol
AASEEE Adsti=rl AHgdct. Tk 7 OSLo| 0.05%
o AAYG 2ohe, 1 chgol deyFRESL A vk
ojzlo] 0.05Hct § & OSL2| 734011 ol2uy, dePgs

o

I Hol }%EMOk 3o, whek o] OSLo| 0.05Rct zHAY
Zohd, Az o3t w242 (Nonparametric) 59| 2

% ol shizRy e EEo| okl oz AEAL E
22717} 200140l MimsH B HASSGE At

=d AMgEolor vk vy BEIZZE 29RTE AT,
Hanson- Koopmans o] A2 4 ok 22y o] ¥
e wEA7) 2o ZEUFE B-basis AASLZoR Ay
& 7 fith o HEpd PSS iy Wz]e] WEo] &
& ok AHgEr)

3. 254
al7] gfeh e dela,

of Fofjrle= HE F54HE 59
AT MA7I1ES AR YHAF(Original qualification)o]
X $Z3HNormalizing)st B A o] AREEL ojar
Az EEsH B4 vasop sh=dl, & sf9] dolg Z&
EZIehe HE $Ydor gcth dolE EZEE FFEIRE

olFo YHAE T AR B4 EASHA EUHE, 1
o5 ZAlsjoFgit.

HHRAFANM BEZIA] F2 EAHL YRR EAL
BEESA g viasiol doh. ol A4 ulX= 4R
B3 8.8(fiber volume fraction)e] @3] TWEEHAAT, ojn
gt mEls 5:719] Adao] wet AAsE E4E AYIA B
37l =T ol EAE sty At 5AH &

A& AHgshe Aol BAE AlESE Bl old 548 uiA
A7 A AE T FA(cured-ply thickness), A-G-EH oL g
U 7)FEE(void content)®] A= AolE mdly] A A
OIE} .‘?'_% 38+2] 9] Whengineering judgement)©.2 49 7|
ol2iF E49 Fa4g wuEjol stv, B4
14 *]?8% BA® 4z Qoy a2y iR E 7|22 RS
B8 BAA ANEE JEoR 3o dE EW, ZAn B4
A, Bt HaFF BErF aE 4L Hate] gl
th. Table Sof HAG 7|3 A A7 AHgEoor & &
ol Bgof e} glct.

E54E FHste MR SolMH, FEHH wdo|
83k s gk e 2xoA ®@ 9 71AF B4
BAA 554 RolA @boH, 1 AE7 3L 9A
U 55AE 7 1A Yok FEE] Mol o B4 &
—9-**3’# EYX9 J=g 2AlEjof gty HE AAp=el 3

, ETW(Elevated Temperature Wet) 27wl 3ol AA

*I°ﬂ oA He B4l B8 Fad A FAR AW
Azolct.
oM HBHE 712 MAGach)rtold W

(variability)7} RoJujsftial 7pAE|QL oigt A& sHsslch
827t WAty Z2eshchn oAz W MIL-HDBK- 17-1F, 84.2
o] WS AHgTT,

31 MESSH X8

Mg T54 AL thEol Fpolt Agsfol gt ¢



4 SEL:

HEEAMHE e

Table 5 BAH2o=2 ulwEojo} 3h= 54

Te_s_t Property

Resin Content
Volatile Content
Gel Time
Resin Flow
Fiber Areal Weipght
IR (Infrared Spectroscopy)
HPLC (High Perfc Liquud Chr graphy)
DSC (Differential Scanning Calonmetry)
Cured Ply Thickness
Fiber Volume
Resm Volume
Void Content
Cured Neat Resin Density
Glass Transition Temp (dry)
Glass Transition Temp (wet)
0° (warp) Tensile oth
0° (warp) Tensile Modul
90° (fill) Tensile Strenpth

90° (fill) Tensile Modulus

0° (warp) Compressi gth
0° (warp) Compressive Modulus
90° (fill) Compressive Strength
90” {fill) Compressive Modulus
In-Plane Shear Strength
In-Plane Shear Modul
Short-Beam Shear

@ FU AZBHS AEAE AW AR LT A

25 O Fadq AZY A

(b) SUT RS o AZAL 15UE THTL BEG
Be gl A=Y S

© £ ARE HE A=A 28 B o BE
348 Agstel A2Y 4

O ZAZAD B 0 48 AZFHA el Aot Qs
A3

© 919 F$7t 382 A

Yo AFe WHEL Thao] Aol gtk

® =ZE Fa Ze|zga 48 4 AR ARFHLS wEt
glojof gt

® 7]1edd ARG AFEE A= *l*‘@% A st A
EHE T ABAe veldE B Fa% dAES

FelloF gk A A= *I’\Ec‘l—l 74 dgAdle

e AFE AAHEG AY AR A2 4ol H
AE 5= ke FE7E glojok it

© AgE Az AL t}&9 CFR(Code of Federal
Regulation)[4]9} A& Zgsfok ot
- §23.603 (a) and (b)
- §23.605 (a) and (b)

rlo

AR 5549 ZE FLolH, 715dd dRAR AR A
8 EAS Usilie A dlojeoj2rt Sflslo] glojok Jitt

Az F5EMA 22 de, T8 e AhEe A

A= wste §32 g2 2.

(a) AH9 W3t (o], AS4ollA] T300 fiber=22] ¥}y

(b) s=219] #2} (o], 3501-6004] ETKB resin 29| W3}

(c) YB3 ZZW = fabric weave style (<], 8-harness $A}2]
olx W W3l

(d) B =7], Tow size of fabric (of, 6Kolj4 3KZ2] H3H

Aasithn 4ZEE ARAR R 54 Esel g o

=% 2.

(@ ANEsHY 33 g8 2= AT 29 .
28

dq& 59 73} (vacuum only)oll A 2 EZdo]n
Astz o] wste Zgdich APRH <8 E= AT
sz9l ot Ao A Y,

2| kol -JUP E—v—ibﬂ%w HEHo A EHote o
WeE Qg o {8t

(c) 7tE& e 22 s

(d) Zg)=Z 1 7 Z(tackiness)

Algolu Hrte ®iste] AHmo uet dekick. AE 5
majma|1 AEst FvlehE R wFol o A ehdo.
2 ke F3E #uldie|Evt 7| 3EHE ST
FEAolRE, Tg7h Wobx|Al dot. MIL-HDBK- 17-1Ff 4
FElo] Qlrl siAlnh Sug A9, BaY muoz g 3
RE 7t $4M A= 3o AEETAL wske} o] WstE
84 BrlsjoF &t
ARFFAT ARE HASVIZ AT 3¢, 170 A=
4% ?V”V‘qh FAUAEE, 2 AR *]‘%ﬂ'ﬂi |
g 71A ARAES 2 HE A AR 3 ¥
ol iz} TEdo] °“‘11 FHE Az 5549 AN¥EE 8
g %= Sl
A2 54l FYHULT SR AR P
14| ©] E (laminate),
HE 5% B4E

".J > oﬁ Jll‘ﬂ

3740l 2
H Z (subcomponent) 50|
RAE Ui Y=

=]

@E(clement),

ebd golehz

. 7t REo| a4 EHe AR ThE SHS 2HF
4 otk ole@ oMol AEe AvtHom Txd AP
A9 ez REAA FEAACE Atk

a7l dmsel Y A= EE4 FEL HUz

(honeycomb)olut E(foam)5-9] F7HAet elme|1e) s
e Zxshid ASEA o

32 M=2SSY 23

2 FANEE 554 WraAE 2t sh] fs 24"
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Table 6 2o} B4 tigt ARFE4 A7

No. of Specimens per
Method Test Condition

Test Reference ’TD W
0° (warp) Tensile Strenpth ASTM D3039-95 4 4
0° (warp) Teusile Modulus and Strenoth ASTM D3039-95 4 4
90° (it} Tensile ASTMD 3039 4 4
90° (fll) Tensile Modulus and Strength” ASTMD 3039 4 4
0° (warp) Compressive Strength SACMA SRM | 8 3
(P (warp) Compressive Modulus SACMA SRM 1 4 4
90° (5ll) C: ive Sirength’ SACMA SRM | [ 3
90° (i) C ive Modubus' SACMA SRM 4 4
In-Plane Shear Strength ASTMD 5319 4 4
In-Plane Shear Modulus and Strength ASTMD 5379 4 4
Short-Beam Shear ASTM D 2344 3 -

Table 7 tojit EAo) digt £ A @ (Recommendations only)

Method No. of Specimens
Test Refercace RTD"" | ETD"’
0° (warp) Tensile Strength ASTM D 3039 02 -
0° (warp) Tensile Modulus and Strength | ASTM D 3039 3
90° (£ill) Tensile Strength’ ASTM D 3039 02
90° {fill) Tensile Modulus and Strength’ [ ASTM D 3039 3 -
0° (warp) Comgressive Strength SACMA SRM 1 - 3-5
o (warp) Compressive Modul SACMA SRM 1 3 -
90° {fill) Compressive Strength’ SACMA SRM 1 - 3.5
90° (A1) Compressive Modulus” SACMA SRM ! 3
Short-Beam Shear ASTMD 2344 3-§

Aolt) GAFE S54 :a7}

TP = Y UE YHES

L

MIL-HDBK-17-1Follq 3t& 4= Slck A2 584 AdLe &

ol sid7t HAK(panel-to-panel variability)2] S3-
saiEofof gt Al MY Holz F o EYY F
W 857 (cure cycle)oll Al Aojzjol Fhr}. v .

ANe 54 F9Hs T]tsl— Aol Askd A AT

o Ao
)

o]

EHNEE AFAEY B9k 5Y3] Table 2, Table 32 wh
£t} o] AgES ZHE‘ eAE AES= AR Yd9E
gt xﬁﬂﬂ FdsitE e FH37] % ARolth Table 69)

].
= YA =Y B-basis ’S?%l &]-8-gkol Jo}fa HE e 5
a}

B9 A AR ol
St Hao) AFR4T e} sl

4. S2AY

8 A| 8 (Acceptance testing)> A ESIFAAN, EE Y4
SAWE APl SYPsict o] AEE Z=HY ZE(lot)
o Fa ¥shy, deHoz AL W EHYEL ol
9ish SqEct o714 AT Uk S 5o T2 E
APeNE FHOR e ANR/THTEAMNE ALsi= 230
7t "k =z AHReceiving inspection)] AL Az} A
AEH olwt WMsE Fgetx] ot YR AEye
¥ Q1= (original qualification)o] A1-8¥ ZI Zdsot &7,
Ee A= §54 FHEUE A$ AR 554 Al A

3 23 F@ Helojof .

e A

4.1 TEAIE 2

FEAIE 212 7| ApAe] what chofsich. 2Eo A
& EEsieta EAlS el Table 29} ZHe £Zof|A] 4]
2 3, 3k el 814 B4 A¢ FA A

olera ZRar}

oY AEE ARFTFAU 7IA AR E= E EFo

F A Tk ARgol L A7 FokstEA fEtEss

A" & 9o ol AFE dAHez AHFF 4 ik
vk veR] AIEEL O a7 T BHtE BEA7)
e RS E5E wF FESA sP=jof ok 7H A
A7 A7 FEA A FEAHQ, B Aoz gL Ar}
st sithy, dAshe 5ol ZEjzgaq vt He @

Aol =EHths AL $HY HFS At dojok tﬂq‘
ol2igh MAAIIIt AT AL, A, A AZR sk
% 7+A AKannual inspection audit)7} ZHE =xte} ZA g

£ 2] A3 o] oixot ok

FEAEIA 343, B AU wAE 42T dae
goul, Table 700 Lo} ol AYEY BE AYNIEL @
g BHFA AN Poid 4 k.

AZ/FAFAAE Lol Holk BHF £UsE £28 3

o5t iAot BARZO RHOR BE ma Iy S(roll)
2 Bo| Erp: AL HUBHR £NY Ao 2a]Y
uEg Aol olgid ANTRHL Wuz zImyz Fow
ol dlayup)d W HARY 952 YAML old o]
e FYAE Tz Skl JLHAES E

slob k. Zeel UwA Feiet ao] HE $U 2zl

" ZE ooy i

A NEE Bl zelzdla § <o o BFUL
Mgl WdeAT, st Ses, g us 2
STk TEL R ARE 7 ARIE BeY Bohe wEA
RE HEY WP S5 olRojAo} Bk,

5. A= dAE& 2%

Az ALY FAHLE AEsioiol e I 4y
£ MIL-HDBK- 17-1F9} 8%l A48} to} Qo 2 goj
Me e Y 48 BoFr) sty (F)aFslolutolA
AAeE B3 E(CUI45NS/SKYS)S] B-basis A& A5 83t
= 233gch 2 AEE 350F Sh4R/o024 Bixgas
A o= Sikorsky FEAtlN AL EulFel Ak A
AAQ Al¥ Matrixi= Table 32) NASA/FAAS] AGATE
Methodology[119] S22 RS mtebd $3ysigot. 23437
EZE XTgt(Normalized value)e] dloje) Fgtol sl ojety
(Outliers)& aofsiudl, dlojel& FEt & ojgyo] A3
HEREE ¢+ AU
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Table 8 Auja-chy A gt

e CTD RTD ETD ETW
ADEARE | 0.1449 0.2941 0.2902 02301
AD* 0.1408 0.3367 03323 0.2614
OSL 0.7963 0.4469 0.4545 0.5816

Table 9 0°Q1FA Y olel o] BAH B4 (B9 ksi)

AR CTD RTD ETD " ETW | B3idlolE
Bt 258 280 274 274 274
B&EHz} 10.506 16.829 15.540 14511 16.316
HaA 4.06% 6% 5.66% 5.29% 5.94%

sample 4~ 6 18 18 9 51
Ka 3.1935 29610 2.9610 3.0873
Kb 2.0424 1.7749 1.7749 1.9238
Anormal 0.8272 0.8398 0.8398 0.8329
Bnormal 0.8895 0.9040 0.9040 0.8959
Table 10 B-basis AR AA 387 (F9):ksi)
B-basis value
TEST CTD RTD ETD ETW
0° Tensile Strength 230 253 248 245
90° Tensile Strength 5 6 3 5
0° Compressive Strength 191 182 176 172
90° Compressive Strength 37 35
In-Plane Shear Strength 16 16 11 14
Short Beam Shear - 15

SRR Bl Aol A G oie] SR
ZZ(Equality of variance test)S =331t} F-test A|H AT}
F-statistic2 0.7576 0|22 chim]‘l 2.9616 Rt} Zto}a Batch
2b9] Btol MR thER| ehthn AT sy Mo
2 FYelol L golu7h Fig 2o EHH 9

TEFFEOSLYE T Aol izt AExel zgtrol
Ao}, cg s} D&iRbE, OSLE 24§ AFRES AA
71Z7F Bl E2 Ao A4k gurE FHdigtos o

9o FATE ek HEE AFwch BeF OSLol 005
Heh Ache Bio] 23HYE Ut FRIE o]TA)
e ALRG%LFAYANAEAE = k. 283 go
W, Syuel AFEES gl Age A Qg
A 2L Table 8o 8= Q=d|, 4712 RANA Abzd
OSLE R&E 0.05 Ec} 282 HFEEE 713 4 9 ct

FAEA Aol d2A gre) 0°¢FAE Aol s 3
o %7Hinterim) AlS] AABS o) 7 WAZA) ha) Table
9o U} ek Ka, Kbtz 717t A-, B-AASI8 70 et <52
ZF51A| 8(one-sided tolerance limits)o]™, o] Z+S ARRslo] wE
3=l dlolH 9] HASEA, Awma®t Broma©] HO1H T}

ZH Aol dis] 22 o2 AL Bum oA BHEZRA
o &3l B-basis A2 A 84S A5t cHTable 10).

2 e =

PROBABILITY
OF SURVIVAL

°
5

0.20

.00 —— v 3
200.00 220.00 240.00 260.00 280.00 300.00 320.00 340.00

0" ABAT(ksi)

Fig. 2 0°QAAIY Fte] 3% dlolg TA.

6.4 &

EEMEE SUIS6] B =241 sigwtel ste] A
A s ggho] Ql=lojor £2gTOoT ARG 4 Qrh &
=RAAE FYoA AgEa 9 B3Nz EHL TS
sto] B8-S Azsly NREAS A8 WY 2Poz
B2 AFE 290 "ed 9, ESA W 2wy wEe
Adisiact. 2 gL vl NASA/FAAO“H ZEoa sfurs)
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