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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.
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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)]ss 2.88mm |compressing
bearing
tension
2 [(£45) (0): (£45) (0):(£45)] | 1.38mm |compressing
lap shear
[(£45) (0): (+45) (0)s (45)) .
3 +[(£45); (0) (£45):] 2.96mm bearing
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Fig. 3. Tension specimens
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Fig. 5. Result of tension test
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Strength Modulus
Type{Env.| Damage |No. (S, MPa) (Er, GPa)
undamaged | 4 782.35 74.13
hole 10 401.24 68.68
Type RTD scratch | 5 347.99 68.04
1 impact | 5 319.09 30.68
undamaged | 5 676.25 49.39
ETW hole 4 414.03 68.69
undamaged | 5 1230.9 89.79
RTD hole 10|  630.52 99.75
Type scratch | 5 514.78 113.81
2 impact | 4 508.56 101.12
undamaged | 4 600.32 104.94
ETW hole 5 684.24 118.42
Tensiie test for type 1
Impact O ETW
@ RTD
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Fig. 6. Reusult of tension strength for tension test
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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

ate | P | Al 18 MPa) [Ec, GPa]
Type| RID | 5 505.55 0.43
1 [ETW]| 5 308.89 0.37
Type} RTD | § 600.32 2.02
2 [ETW| 5 236.07 152
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Table 5. Fastener properties for bearing test

Length Strength

Fasteners | Part Number (mm) (kNJmm)
Protr- |single| MS24694-599 223 103.425
uded doublej MS24694-S98 18.2 103.425
Count{single] NAS1304-8H 26.6 103.425
ersunkidoubld NAS1304-5H 223 103.425
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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
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(b) Bearing strength for type3

Type (scratch)

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
Double} Countersunk | 5 699.60
. Protruded 5 354.93
ETW | S8 ook | 5 | 448.86
Double| Countersunk | 5 376.09
Protruded 5 655.67

Single [ Protruded
RTD 5 647.26

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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Fig. 15. Single lap shear test specimen and setup
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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 1.16 1.64
Type 2 2.05 2.54
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