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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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SPECIMEN SELECTION METHODOLOGY AND TRACEABILITY
PER ENVIRGNMENTAL CONDITION AND TEST METHOD
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Batch ( BATCH 1 ) ( BATCHZ )

Panel
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& Independent
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Number of
Specimens
Required per
Test Method &
Environment

( 18 SPECIMENS TOTAL )
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Fig. 1

Table 1 &3, 38 544 dig 274

Test Method(s) Mo, of
Test Property ASTM SACMA Replicates
Resin Content D 3529, C 613, D 5300 RM 23 RM 24 3
Volatle Content D3 - 3
Gel Tume D3 RM 19 3
Rasin Flow D 3531 RM 22 i
Fiber Areal Weight D 3776 RM 23, RM 24 3
IR {Infrared Spectroscopy) E1252,E 168 - 3
1(!]1;[\;(“:::;):‘ P;:l]’l.\mmlwp Lagusd M 20 3
D&C (Differential Scanmng Calonmetry) E 13356 RM 25 3

Table 2 A8} B4 @ 87AE

Test Procedure
SACMA RM 10R-94

Physical Property
Cured Ply Thickness

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 (dr\-'s) SACMA RM 18
Glass Transition Temperature (wet") SACMA RM 18
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#19% # 2 4% 2006. 4 BgAge A%, 54 2 A 3
Table 3 $4AFEY ATFAY =l ARgEoloF b wkek FEFAVIVE 29H Y HThd,
No_of Specimens Per Hanson- Koopmans % o] AR&-= 4= Qi) 18} o] WS
Method . Tentfnndmm) ;(]- 0 45]_7_17] T,q] o o]] _\10 Fp] B- b S|S 7:“ 0_1—9_& ° = O] - ul
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0° (warp) Tensile Strength | ASTM D 3039 1xd | 3xd | 3xa | 1x4d _‘%_ Z[: 2 ] ]_I;I_Z[:Z%] éj}%% \i}lx] rﬂ \iﬂx] ‘/] %%O] 7;]—
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07 (warp) Compressive ——_— .
Strenath SACMA SEM 1 1x6 it ixé 1x6 3 XH g%%/‘g
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Table 5 ZAF o g vlago]ol &= EA

Test Property

Resin Content

Volatile Content

Gel Time

Resin Flow

Fiber Areal Weight

IR (Infrared Spectroscopy)

HPLC (High Performance Liquid Chromatography)
DSC (Differential Scanning Calorimetry)
Cured Ply Thickness

Fiber Volume

Resin Volume

Void Content

Cured Neat Resin Density

Glass Transition Temperature (dry)
Glass Transition Temperature (wet)

0° (warp) Tensile Strength

0° (warp) Tensile Modulus

90° (fill) Tensile Strength

90° (fill) Tensile Modulus

0° (warp) Compressive Strength
0° (warp) Compressive Modulus

90° (fill) Compressive Strength

90° (fill) Compressive Modulus

In-Plane Shear Strength
In-Plane Shear Modulus
Short-Beam Shear
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Toble 6 21} S40] A ARTEH 2TAY 4.1 $TEAE w
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Method Test Condition 3[1‘2;7\]33 ZAe 7] iﬂ Z{]ZJ,’Z]»OH fq—ﬂ}- E]‘Ook'é‘]»q- E_E-Q] 7
Test Reference RTD" ETW o n - _ N
14 EX O olga]= 1o Zaz
0° (wanp) Tensile Strength 'ASTM D3039-95 3 3 G 2234 SA4E 918141 Table 29F 22 ol A A
0° (warp) Tensile Modulu; and Strength ASTM D3039-95 4 4 3]s -5‘}111’ A3} guve] B8 A EXo A FAY A
90° (fill) Tensile Strength ASTM D 3039 4 4 o= = =
90° (fill) Tensile Modulvs and Strem_tlf ASTM D 3039 4 4 o] =2 T °]’T/}'-
07 (warp) Compressive Strength SACMA SRM | 8 8 ola] s A1 S 9‘: R = 21 A A R L= B R
0" (warp) Compressive Modulus SACMA SRM | 4 4 ~ ] % : B ] = H © ]i }]/]— ] ﬂ ﬂ } }\E —LT‘J
90° (fill) Compressive Strensth* SACMA SRM 1 8 8 9»]'6]]7\1 T }}?_1 . A}%O] =2l }\]Qﬂ- 7]—0]—‘?‘]_ 1 T 7‘5‘, ]»-‘—_j
iO”P(lﬁll) (Sflﬂmplsetjsl\'eﬂMmh11u;4 Z(:%pz_,; SSRI;/;L j j _/’\_ ;g = _,»’\_ 9\)\ o U% w ]\] o 74] 2 o= /‘Ji é'k?:"j_]' _,»’\_ g)\‘:]_
1-Plane Shear strength )i 3
In-Plane Shear Modulus and Strength ASTMD 5379 4 4 e UYe R AlgES 1 A 857 3ekA ¢l dekS vk 7]
Short-Beam Shear ASTM D 2344 8 - - - - - - -
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el qa - . A7k AR FEAGA FEAQ, B AHow AYe A7
a E 3 Al -
Teble 7 P S8 A9 TRARecommenciions 0) - ghegm e, 44 sk Bekol melmel el 7k e @
ehod e Bl wmEHATE A THE HAs AAE Qojof gk,
Test Reference RTD"" | ETD""
° - _
0° (warp) Tensile Strengh ASTM D 3030 02 olglgt AANIIF AT A9, HA4g 71A AZApel o e
Oegv,m‘p) TeusileI\-Iodullu:,audStrcngrh ASTM D 3039 037 A4 ]_(annua| inspection aUdIt)7]' ANE T3] 34 3
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[) Ewgm% Compressive Sn‘e;lglth Sia: ‘;Eé: % 35 A A FAF ] = gzt HxE e g9o =
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Table 8 Ar|<-ThF AL A
Al g7 CTD RTD ETD ETW
ADE A3k 0.1449 0.2941 0.2902 0.2301
AD* 0.1408 0.3367 0.3323 0.2614
OSL 0.7963 0.4469 0.4545 0.5816

Table 9 0°ZA BB TAA A (DS ksi)

AU | CTD RTD ETD ETW | E&elelH
Bt 258 280 274 274 274
EEARE 10.506 16.829 15.540 14,511 16.316
AxAF 4.06% 6% 5.66% 5.29% 5.94%
sample 5~ 6 18 18 9 51
Ka 3.1935 2.9610 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 A& A&7k (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 - -

WHZE EAke] Zfol7t h=AE EAEY] $18te] SR
75 (Equality of variance test)S 5~ 3} o). F-test Alg 23}
F-statistic> 0.7576 ] =2 Feigca?] 2.9616 E.T} 2o}x] Batch
kel Bakel AR th2A gria 7hg /i shue] Jdo
= F@ste] FF3HeE dlelH 7t Fig. 201 =24 ¥l
| BEFAFEOSLE 2 Aol W FateEe] e

Zolry. AHEatA TalAA, OSLS FH Ak A 27 A A
= 2¥d A oﬂ 74]454 %k“P—l HAdgoz Ay<&
3 TreF OSLo] 0.05

oSL& E% 0.05 EE} i‘ji Zﬁ%ﬂii 7 5 AT
BARA Ao o2 AF9 0°07FAIF Aol tial] 53

H FZHInterim) Alg o] AAIS-&5ko] ZF szl sl Table
9ol e} 9tk Ka, Kb 27t A-, B-A718]-8-3hol] tigt =
2}gk7)E(one-sided tolerance limits)e]®], o] k& AF8-31o] ﬁ%

i]'% 13]011:494 ‘Sﬁ]aﬁ“ﬁ Anormalj’]' Bnurmalol 0-101 E]'
Zh Aol sl 22 WHoE e Buoma whlA B2
o dg3sl= B-basis A= AAIE S-S AA3ATH(Table 10).
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