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Impact Damage Evaluation of Composite Leaf Spring Landing Gear
by Acoustic Emission Technique

Kee-Bhum Lee*, Chang-Won Shul®, Kang-Yong Lee®™ and Jang-Woo Ong***

ABSTRACT

The characteristic study of fracture mode of Glass/Epoxy composite specimen and the evaluation
of impact damage of composite leaf spring drop test for landing gear were performed by using
acoustic emission technique at the development stage of landing gear mechanism for the small
size aircraft in 250kg class.

It was verified that several kinds of AE parameters can be used to classifiy fracture mode.
The initiation of fiber breakage was shown at the sharp ascending point of the cumulative AE
energy curve. The cumulative AE energy signals showed the smooth increase until just before
breakage and the sharp increase just after breakage for 90° tension specimen. The cumulative
AE events was a good parameter for the classification of the delaminated fracture mode in short
beam shear test and specimen was delaminated at the onset of constant emission rate.

The useful parameter for the evaluation of the impact damage of the landing gear structure
was the peak amplitude for AE events. The damage zone was checked from the source location
using AE events at the drop tests with some different heights. AE parameters showed the better
evaluation for the inside damage of composite structure comparing to load, displacement and

strain.
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Table 1.

displacement transducer,

Fig. 1.

1800

Drop test rig

and strain gage

High speed response force transducer,

accelerometer

. Gage Gage factor | Installing] Full
Kinds | No. | Gage Type |or sensitivity| Position | Scale
L/W 1/PCB 201A05] 1mV/lb |Plate left| 5V
Force |L/W 2 ” - o “
Trans. |L/W 3 2 4 Plaet right] ~
L/W 4 % 2 4 2
Disp. Celesco Test rig
Trans. | DT 1|PT 101-50B] 2-15mV/V |1eft edge
7 -
Accel, | Acc.1| PCB 3088 | P30 % | "ot 08 L4, o6y
Test
EA-13-031 structure
SG 1| ~CF-120 2.07 left
SG 2 % % %
Strain | SG 3 2 © 2
Gage | SG 4 ~ v s
SG 5 v 2 right
SG 6 % % %
Hhg- B15AlA, W AolA], TSR AelA H &
28] Alo)x 2] AL Table 13} 7w -2 x| +=

Fig. 29} #2t}.
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Table 2. Properties of composite drop test structure

Properties
Type | B | B | X | X | S | v v
(GPa)|(GPa) {(MPa) |(MPa)|(MPa)

E-Glass

Epoxy 38,683 11062610} 72 | 0.3 1.8
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Table 3. Drop test procedures

Test I{,i:ﬁ(g)gt Dropping Rate Notes
Order | (mm) | (ft/sec) | (m/sec)
1 76 4.0 1.22
2 118 5.0 1.52
3 171 6.0 1.83
4 231 7.0 2.13
5 304 8.0 2.4
6 383 9.0 2.74
7 474 10.0 3.05
3 474 10.0 3.05 with grease
9 573 11.0 3.65 no grease
10 682 12.0 3.65 no grease
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Table 4. Material properties of composite specimen
Propert Test value Test
pery [0°] | [90°7 | Method
Strength(MPa) | 948.33 | 39.2 | ASTM
Tensile |Modulus(GPa) 39.8 11.4 | D3039
Poisson’s Ratio 0.273 —
Short Beam Shear Strength ASTM
(MPa) 7441 ~ | D234
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Table 5. Drop height, time, peak load, displace-
ment and strain data

Table 6, Cumulative damage zone at drop height

Test Damage Zone
(degree)

1 19, 13~14, 18, 22~23
3 |6~7, 9, 13~14, 18~
19, 22~24

4 16~7, 9~10, 13~14,
18~19, 22~24

5 {6~7, 9~10, 13~14,

Note

21~24, 29
6 |6~10, 13~19, 21~
24, 27, 29
7 16~29 enlarged whole zone
8 |6~29 6~8, 17~22 more severe
damage zone
9 16~29 6~8, 15~22, 24, 29
more severe damage zone
10 16~29 severe damage in whole zone
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Drop | Drop | Min. | Peak AEAlS 201 E viEebdoh
Test | Height| Time | Load | Disp, | SG° SG6
order| (mm) | (sec) | (N) | (mm) | bstrain | pstrain | Note Table 7. Distribution of peak amplitude for AE events
1| 78 10,115, -6609] -69.3| -2194 | 3161 Distribution of peak
2 |115.6]0.145| -9426] -85.4 | -2312 | 3255 Test amplitude for events Note
3 |166.6]0.171] -12000 | -97.1 | -2592 | 3751 order | 0 dB | 40dB~69dB labove 70dB
4 1230.6/0.195| -14434 | -101.2 | -3184 | 4765 1 0 10 0
5 1305.7/0.236| -16213 | -113.0 | -3562 | 5520 3 0 3 0
6 1384.2/0.250| -17441 | -123.2 | -3892 | 6062 4 1 5 1
7 1473.7]0.302] 18678 | -139.8 | -4081 | 6959 5 2 6 0
) R B with 6 2 12 5
8 |475.1/0.288| ~11370 | -197.6 | -5142 | 110874 o - 5 = -
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10 685.0|0.364 | ~12793 | ~20L.7 | -4930 | 12125 |0 10 2 183 % |no grease
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