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Investigation on Strength Recovery after Repairing Impact
Damaged Aircraft Composite Laminate
Changduk Kong*, Hyunbum Park*, Kyungsun Lee* and Sangjun Shin**

ABSTRACT

Development of a small scale aircraft has been carried out for the BASA(Bilateral
Aviation Safety Agreement) program in Korea. This aircraft adopted all the composite
structures for environmental friendly by low fuel consumption due to its lightness
behavior. However the composite structure has s disadvantage which is very weak
against impact due to foreign object damages. Therefore the aim of this study is
focusing on the damage evaluation and repair techniques of the aircraft composite
structure. The damages of composite laminates including the carbon/epoxy UD
laminate and the carbon/epoxy fabric face sheets-honeycomb core sandwich laminate
were simulated by a drop weight type impact test equipment and the damaged
specimen were repaired using the external patch repair method after removing
damaged area. The compressive strength test and analysis results after repairing the
impact damaged specimens were compared with the compressive strength test and
analysis results of undamaged specimens and impact damaged specimens. Finally, the
strength recovery capability by repairing were investigated.
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Fig. 1. Dimension of specimen

Fig. 2. Configuration of specimen

Table 1. Mechanical properties of UD, Fabric
carbon/epoxy prepreg and core

Mechanical properties of UD prepreg

Longitudinal modulus[GPal] 124
Transverse modulus[GPal 9
Shear modulus[GPal] 4
Longitudinal compressive strengthlMPal] 1447
Transverse compressive strength[MPal 198
Mechanical properties of Fabric prepreg
Longitudinal modulus[GPal] 56
Transverse modulus[GPa] 54
Shear modulus[GPal] 4
Longitudinal compressive strength{MPal] 708
Transverse compressive strength[MPal 702
Mechanical properties of core
Longitudinal modulus[MPal] 152
Transverse modulus[GPal 70
Longitudinal compressive strengthlkPal 2868
Transverse compressive strengthlkPal 1496
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Fig. 3. Impact tested specimen

Table 2. Strength reduction ratio of impact
damaged specimen (UD)
Room Elevated
temperature dry temperature wet
Max. Strength Max. Strength
Load reduction Load reduction
[kN] [%] [kN] [%]
No 215.80 - 205.01 5
damage
4 211.50 2 192.06 1
5J 208.73 4 179.11 17
6J 176.73 19 148.90 31
7J 146.58 32 129.48 40
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Table 3. Strength reduction ratio of impact ., §Xx| 2= diot
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Fig. 5. External patch repair method

Fig. 6. Removal of impact damaged area

Fig. 7. Insertion of honeycomb core plug
in removed area

Fig. 8. Application of adhesive on
honeycomb core plug

Fig. 9. Application of external patch
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Table 4. Strength recovery of UD laminate 7
Spec|men Strain gage location | 25mm
+ v
No After After repair 25mm
damage | impact6J] P Impact location
Test 1 | 215.80 176.73 196.53 -
Load| Test 2 | 217.46 178.09 200.63
[kN] | Test 3 | 209.04 171.20 188.52
Average | 214.10 175.34 195.22
Strength
reduction[%] 18.10 881
Strength Fig. 10. Strain gage location of specimen
- - 1.1
recovery[%] o119
Table 5. Strength recovery of sandwich
specimen
No After
Af i
damage | impact[3J] ter repair
Test 1 | 30.06 19.02 26.92
Load| Test 2 | 30.01 18.99 26.57
[kN] | Test 3 | 30.75 19.45 27.06
Average| 30.28 19.15 26.85
Strength
reduction[%] 36.75 1.32 Fig. 11. FEM modeling of repaired
Strength B B 88,68 sandwich structure
recovery[%]
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Table 6. Comparison between test and
analysis results

ub
laminate

FEM
analysis

Sandwich structure

FEM

Test )
analysis

Stress Test

[MPa]

84.7 87.8 160.3 165.0
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