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Qualification of Composite Materials for Small Aircraft

Jang-Won Suh* - Jong-Hyuk Park** - Jong-Hee Lee**

ABSTRACT

Since the time, cost and lack of regulatory information and guidance, one of the largest
regulatory obstacles for an airframe manufacturer of polymer based advanced composite materials in
certified aircraft applications, is to generate design allowables that will satisfy Airworthiness
Regulations. In the past two decades, the design allowables used in military aircraft had been
generated and applied in Korea, however the qualification of composite materials used in
certifying airframe structure was not accomplished for design and demonstration of compliance to
applicable airworthiness regulation. It is the intend of this paper that provide the basis of

composite material qualification for small aircraft certification to the airworthiness regulation.

Key Words: Composite material, Korean Airworthiness Standards, Material

qualification, Prepreg, composite aircraft structure certification process
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3.3.1 Uncured Prepreg properties test
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Table 1. Recommended physical and chemical
property tests to be performed by the
material vendor

Test Method(s No. of Replicates
No. Test Property ASTM SACMA per Batch
D 3529,C 613, . P >,

1 | Resin Content D $300.D 3171 SRM 23, SRM 24 6

2 | Volatile Content D 3530 --- 6

3 | Gel Time D 3532 SRM 19 6

4 | Resin Flow D 3531 SRM 22 6

5 | Fiber Areal Weight D3776 SRM 23, SRM 24 6

6 | IR (Infrared Spectroscopy) E1252. E168 3

a HPLC (High Performance N
Liquid Chromatography)* SEM20 :

g | DSC (Difereatial E 1356 SRM 25 3
Scanning Calorimetry)

*MIL-HDBK-17-1E€] 5.5.1 ¥ 5.5.29] MF-dx} 3=z

O°F o]3} o]ojok .
AnToe seke] SAE AmFAA9) A
Setg 9% reradlE Awar] sske A}

]

oo 1o

Table 2. Cured lamina physical property tests

No. of Replicates

Physical Property Test Procedure per Batch
Fiber Volume ASTM D 3171 or D 2584° See note 3
Resin Conteat ASTM D 3171! or D 2584° See note 3
Void Content ASTM D 2734* See note 3
Cured Neat Resin Density ASTM D 792 See note 5
Glass Transition Temperature (dnb) SACMA SRM 18 3
Glass Transition Temperature (\x‘e:’) SACMA SRM 18 3

A5 Note &2 FuEd [1] #F=x

3.3.3 Specimen manufacturing
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55 SPECIMENS TOTAL

Fig. 2 Robust Sampling

Table 3. Robust sampling requirements for
cured lamina main properties

No. of Specimens Per
Method Test Coadition

Figure No. Test Reference | CTD' | RTD® | ETW' | ETD*
0 (warp) Tensile Modulus, .

9T or 10 [ o eions Ratio | ASTMD303 | 5x11| 5x11 | Sx11|5x11
90° (fill) Tensile Modulus .

1+ 10 Strengtt ASTMD3030 | 5x11|5x11|5x11|sx11
® (e v

12 0" (warp) Compressive SACMASRM1 | 5x11 | 5x11 | Sx11|sx11
Strength
™ —

13 0 (warp) Compressive SACMASRM1 | 5x11 [ 5x11 | 5x11 |sx11
Modulus

n -

1 90° () Compressive SACMASRM1 | 5x11 | Sx11 | Sx11|5x11

Strength
n -

15+ 90° (&ill) Compressive SACMASRM1 | Sx11 | Sx11 | Sx11|5x11
Modulus

16* ?‘P’“' Shear Modulus and | yervips3r0 | 5x11 | Sx11 | Sx11 | 5511
£ mglh

17 Short-Beam Shear ASTM D 2344 Sx11

#A5- Note 82 Fn&Ed [1] =

® Reduced Sampling (for B Basis)

Material
Batch

Panel
Manufacturing
& Independent
Cure Process

Number of
Specimens
Required per
Test Method &
Environment

SPECIMEN SELECTION METHODOLOGY AND TRACEABILITY

PER ENVIRONMENTAL CONDITION AND TEST METHOD

( 18 SPECIMENS TOTAL

Fig. 3 Reduced Sampling

( BATCH Y ) ( BATCH 7 ) ( BATEH 3 )
PANEL 1 PANELZ PANEL 3 PANEL 4 PANEL §| PANEL &
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Table 4. Reduced sampling requirements for
cured lamina main properties

No. of Specimens Per
Method Test Condition
Figure Reference ! R s ‘
No. Test CTD' |RTD" | ETW’ | ETD®
0° (warp) Tensile Modulus, | ASTM D 3039 N N N .
9or 10* Strength and Poisson's Ratio 3x6 | 3x6 | 3x6 | 3x6
o . 203
1 :t‘)d(si':lzlr)n'i;:mle Modulus ASTM D 3039 1x6 | 3x6 | 3x6 | 3x6
® o ] .
n g (warp) Compressive SACMASRM 1 3x6 | 3x6 | 326 | 3x6
trength
® o ;
13+ 0° (warp) Compressive SACMASEM1 | s oo ol 306 | 3x6
Modulus
o .
14 90° (fill) Compressive SACMASRM 1 3x6 | 3x6 | 3x6 3x6
Strength
0 - -
15% 90° (fill) Compressive SACMASRM 1 3x6 | 3x6 | 3x6 | 3x6
Modulus
16* ]sn-Plane Shear Modulus and | ASTM D 5379 3x6 | 3x6 | 3x6 | 3x6
§ h’!ﬂgﬂl
17 Shor-Beam Shear ASTMD 2344 - |3x6

A5 Note W]&& Hu&3l [1] =

Fig. 29} Fig.3—°—
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3.35 Fluid Sensitivity Screening.
e 55 o9 & Al g Wzt
% H7b= Jet fuel (JP-4), Hydraulic Fluid,
Solvent (MEK) & Thst Aol digte] 35
ojop g}, Hagk AS, WUHFA(De-icing
fluid) ¢} 2& & FAEd dstd= AdS
S aatolof g},
o A4 3 CRACIdI
stof, mlE= =S A Aste] wzeh A
5= al

nJ-lU

4 E
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RID 2 EID 27elM Add d#g =E94

e gee] APAnet vmart,

3.3.6 Design-allowable generation process

ZNAA AE T2 BEE dojge] A
g7t s, v dA= A4 VAA = éil
of hetel BAH A7 sleAE WS A

2l

Table 5. Material qualification program for fluid

resistance
Test Temperature Number of
Fhuid Type Test Method (°F) Exposurel Replicates™
JetFuel (JP4) | ASTMD 5379j 180 Seenote 4 3
Hydraulic Fluid | ASTMD 5379° 180 Seenote 4 3
Solveat ASTMD 537¢° Ambieat See note § 5
#A - Note &2 Faed [1] #=

% Aate] Folrt,
3.3.6 Design-allowable generation process
ZIAA g Z2az dddE dolee A
g7t gaFY, ug dAE 72+ 7AE BEAA
of tiste] FAA HA FHE&AE BN E AT
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