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The Study on Improvement about Vibration Absorption Plate Spring
for Rotorcraft
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Abstract A rotorcraft is not free from the effects of vibration because it generates lift using the blade
rotation which is a source of vibration. To reduce the vibrations in a rotorcraft, a vibration-absorbing
device is used in the passenger compartment and cockpit. Among the various vibration-absorbing
devices, the vibration-absorbing plate spring is widely used and installed in the lower part of the cockpit
to reduce the vibration felt by the pilot. This study analyzed the causes of plate spring defects in
rotorcraft and presented suggestions for improvement. To analyze the causes of the defects, structural
and fracture surface analyses were performed, and the cause of the defect was found to be the
deterioration of fatigue life characteristics of the spring material. The final improvement plan was
obtained by analyzing various application cases and the feasibility of using two improved materials to
replace the existing materials. The final improvement proposal is the use of GFRP (Glass Fiber
Reinforced Plastics), and a test was performed to verify this proposal. A fatigue test was conducted using
an excitation tester that simulates the resonance acting on the plate spring structure. This test method
is an S-N fatigue test, and the lifespan was estimated and compared with that of the other materials by
creating a Mean Fatigue Curve. It has been proven from this study that the fatigue strength and lifespan
are increased by more than 1.5 times compared to the existing ones by the improvement of the solid

lubricant material inside the plate spring.
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Fig. 3. Fatigue Failure Location
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Fig. 7. Excitation Tester

AR 9 A2 Fig. 83 Zom, A+ o
+9 gz s AAsHh
- AJEY 1RREo] FFo] fle FET A
- QP& 3.008 HA /A& 7A7S, €4 B
Bolting Z2%-& ARgoto] Azt
- BE A2 Al 78T WM &5 H
- A|Ho| sl WY s 7H 4 e

Fig. 8. Test Fixture

EERES

ATl Algo] FAE Aol Auel
ol S XA G, A7 AGAFIE Ha
100 Hz o14gololo gttt o] 2HIshr] Sfstel, Almie]
AT W2 A7 AGAES S AT,
(Fig. 9) T, X179 B2 9@ 9g] 2724 vl
2 Folg S84 He) WSS 30 G2 Htske] 54
Be e sk (Fig. 10)

732

st : 305.35Hz 2nd:422.1Hz 3rd : 427.72Hz

-> Test specimen not installed

1st: 127.61Hz 2nd : 128.98Hz 3rd : 199.51Hz

-> Test specimen installation
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Fig. 10. Static Strength Analysis Result
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Fig. 11. Mounting Shape
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Table. 1. #1 Summary of Test Result
Natural
Response Target Frequency Crack
R Check Result
Acceleration| Cycles Check (Cycles]
[Cycles]
6g 300,000 50,000 100,000 Pass
9¢g 300,000 50,000 100,000 Pass
12 g 300,000 50,000 100,000 Pass
15¢g 300,000 50,000 100,000 Pass
100,000 or
18 g 300,000 50,000 Anomalies Pass
Occur
100,000 or | 177,426
21 g 165,000 50,000 Anomalies Cycles
Occur Cracking
Table. 2. #2 Summary of Test Result
Natural
Response Target Frequency Crack
. Check Result
Acceleration | Cycles Check (Cycles]
[Cycles]
6g 300,000 50,000 100,000 Pass
9¢g 300,000 50,000 100,000 Pass
12 g 300,000 50,000 100,000 Pass
15¢g 300,000 50,000 100,000 Pass
100,000 or
18 g 300,000 50,000 Anomalies Pass
Occur
100,000 or
21 g 300,000 50,000 Anomalies Pass
Occur
100,000 or 90,017
24 g 90,000 50,000 Anomalies Cycles
Occur Cracking
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Fig. 16. Mean Fatigue Curve
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