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Mechanical Characteristics of Carbon/Epoxy Composite for
Aircraft Control System

C.R.Joe* - H. S. Kim** and K. S. Kim*#**

ABSTRACT

A design development test for carbon/epoxy composite laminates for an aircraft flight control system is
performed. The design development test includes moisture absorbing test, tensile, compressive, bearing
and lap shear tests. The moisture absorbing behavior for different fiber orientation angles is investigated
and the changes in mechanical characteristics are compared. In the in-plane tensile test, the effect of
damages such as scratches and impacts is studied. The bearing test is performed for different fastening
types. The resulting design allowable stress and environmental load enhancement factor are used for the
structural analysis and certification tests for the flight control system.
= B

S

GE71 vlB2FAA ] A F2IM L 98 TR EA BEAl AFel] A HANENE S FPsiich A
1,0 ) 5

17, 45, vlold, A{AEA DS FPsdch FEFTANEE FI3)
=2

N
=
g
a3 g‘b
o
i

y o
M
Dﬂld'
N
2
ok

1. A& AEx e FAolth 1A F2EE 71H AA 7

T £5 dH9 FAH] A& A APHor 9o

FHAEA ARAE EdAss 52 v 9 & Fe Ae wI[1] ng2FEAA Byola
U3 Z1AH Edor st d37] 72E A% AE 230 59 e 2 3 AAY 2% 8%
gte] F8 FEoR AMHL Sich @A A7 9=y FEd HEHEE, 3719 1} FRER PRHn
FARIME 22 228 HE 9AE AA 13 7 UGR2][FEVE ERAE FE HAE ddE A
ZE7A EFAE A gsle] d4slsle GAl) A 4 874, A 2 28EY Fol A3 Ax Al

* SRRLNAT AARAT Y
» FPFARET 7IALA TS el
e (BUEEEY $FYTATE VRN



20 R A

AR REA MRS

u|x|& o] ¥t=A] meislo]of dch.[3][4] 7HE/ ol
A Bz Ee FENS delde $5T 484
EAE Hol 1 - 3 B 9 FHFsM] A
£ 7)A(matrix)e] ¥xE 2 sjaha 42| wstet
Bage] AW A, Ad JA4 dEe Astz
A8l Z=A 37t @AE] Jdeht] o &elth[5] ég%‘
Z ANgo 9o F3 ARREHExAE fAskeE
YAAog of2go] WEr) ojYdd YHE sﬂéo}ﬂ
A3l A8 FRAEA AFE F/MA FHxAY
°§3“~9‘ dtg A7l ol gledl, AlHAIE TAldA
WHAsE 48 7248 3t
sl Aotk B Aol ASTMoe] AA]
491 Algya) 71el B8l AAE ohdE Al
HE AHgslel BEgAs F gl digh AASEA
g7 s3] 71 A 4 (environmental load enhance-
ment factor) & E""%},&D} A G dolajs B34
= Bz ] gEdMe] AHHBR e 9o

g $4E& Fol *}523 SHATH

<

e
, g
% e
3
fr
g
on
ol
oly
=4
1&3

ﬁn%(ﬂﬂﬁm
N
{
2
S

2. AR AR

¥ A@e Fig 1(a)l Eh% ECRES S 7
KTX-10] A1e5%E Haola 1 E

L
LA

é(a) Korean primary trainer KTX~1 %

{b) Brake Pedal {c) Control Stick

Fig. 1. Development of residual thermal stress in a laminate
after curing

Table 1. Specimen types and tests

Type Fiber stacking Thickness Tests
tension
1 [(+- 45) (0/90)]as 2.88mm |compressing
bearing
tension

1.38mm {compressing

lap shear
[(£45) (0 (45) (0): (£45)) ‘
3 + [ (£45); (0) (+45) ] 2.96mm | bearing
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Fig. 2. Moisture content as a function of time
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(a) Type 1 specimen {b) Type 2 specimen

Fig. 3. Tension specimens

(a) undamaged face (b) typel 9] front face

(c) type2 3] rear face (d) typel 9] rear face

Fig. 4. Microscopic photographs( x 33} of tension impact
specimen
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A0, Ae =SB —H8E TN |47} Table 3. Tession strength and Modulus
Strength Modulus
Type| Env.| Damage |No. (S, MPa) (Er, GPa)
undamaged | 4 782.35 74.13
(_semprero:r2niz | hole [10| 401.24 68.68
1400 e Type RTD scratch | 5 347.99 68.04
1200+ ﬁ 1 impact | 5 319.09 30.68
1000 . undamaged | 5 676.25 49.39
£ 8004 - ETW hole 4 414.03 68.69
E a0 ] undamaged | 5 | 12309 89.79
% 4004 ] RTD hole 10 630.52 99.75
200-] . Type scratch | 5 514.78 113.81
o 1 2 impact | 4 508.56 101.12
0.00 0.01 0.02 0.03 0.04 undamaged | 4 600.32 104.94
Straln mm/mm W —Ge 15 esaza 118.42

(a) Stress-strain curve for tension test

(1) typel undamaged specimen

(3) typel hole specimen

(b) Tension specimen after fracture

Fig. 5. Result of tension test

Tensile test for type 1

ZE

Tenstio srenon [ Mos)

(a) Tension strength for typel

In-plane tensile test for type 2

Tenade stengh [Mpa)

(b) Tension strength for type2

Fig. 6. Reusult of tension strength for tension test
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(a) Type 1 specimen (b) Type 2 specimen

(a) Test jig, bottom (b) Test jig, top (c) Guide cylinder

(d) Compression test jig, assembled

Fig. 7. Compression test jig and system

Fig. 8. Compression specimens
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Table 4. Compression strength and modulus

lamin No. Strength Modulus

ae | P | BAY|  1Se MPa) [Ec, GPa]
Type| RTD | 5 505.55 0.43
1 | ETW | 5 308.89 0.37
Type! RTD | § 600.32 2.02
2 | ETW| 5 236.07 1.52
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Fig. 9. Compression test resuits

Table 5. Fastener properties for bearing test

Length Strength

Fasteners | Part Number (mm) (N
Protr-|single| MS24694-599 223 103.425
uded double] MS24694-598 18.2 103.425
Count4single| NAS1304-8H 26.6 103.425
ersunk|doublg NAS1304-5H 223 103.425

Fig. 10. Compressive specimen after fracture
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Fig. 12. Bearing specimens
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Fig. 13. Bearing test results

Table 6. Bearing strength for various fastener types

OETW
aRTD
Scrateh
Single Protruded 2
p T
) 100 200 300 400 500 €00 M0 800
Bearing strength [Mpal
(a) Bearing strength for typel
Double Protruded |
Singte Protrud
Scralch QETW
2RTD
Singte Protruded 2

Bearing strength {Mpa]

(b) Bearing strength for type3

Fastening No. Strength
Spec. | Env. (damage) [EA]| [Ss MPa)
Protruded 5 756.08

. Protruded
RTD Single (scratch) 5 746.94
Type Countersunk | 4 764.46
1 Double| Countersunk { 5 699.60
. Protruded 5 354.93
ETW| > 8" | Countersunk | 5 443.86
Double| Countersunk { 5 376.09
Protruded 5 655.67

Single | Protruded
RTD 5 647.26

Type (scratch)
3 Double| Protruded 5 674.55
Single | Protruded 5 454.62

ETW

Double| Protruded 4 327.38

Fig. 14. Reusult of bearing strength for bearing test
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Table 7. Single lap shear strength

Laminat Envi t No.[EA Steensth
aminate nvironmen 0.[EA] (S.. MPa]
Tyoe 2 RTD 5 2431

ype ETW 5 8.86
8+ 4
¢ 7 / ;
2 o // ‘
8 7
-l 2 /.'
0 ,// ,
1
00 0.2 0.4 Y Y
Chaplacsment mm

(a) Load~displacement curve

(b) Lap shear specimen afler fraclure

Fig. 16. Result of single lap shear test
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Table 8. Environment load enhancement factor

Fiber Environment load enhancement factor
stacking tension compression
Type | 1.16 1.64
Type 2 2.05 2.54
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