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Accelerated Life Test Design of Bladder Type Accumulator Assembly
for Helicopter
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Department of Mechanical System Engineering, Kumoh National Institute of Technology
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Abstract The importance of reliability in the development of weapons systems and reliability tests has been
emphasized recently. Therefore, this study evaluated a reliability test design method of a bladder type accumulator
and proposed a process for reliability test design.

To design the reliability test of the accumulator, the main failure modes and failure mechanisms were investigated,
and the main stress factors were analyzed to select the appropriate acceleration model. A steady - state reliability test
was designed according to the number of samples, and the reliability level and accelerated life test time were
calculated according to the acceleration factor computed using the selected acceleration model.

Keywords : Accelerated Life Test, Accumulator, Failure Mode Effect & Analysis, Fault Tree Analysis, Reliability
Test, Risk Priority Number
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Fig. 1. Accumulator components and installation
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Table 1. Top five parts of accumulator prediction

failure rate
Name Failure Rate MTBF(H)
Bladder 10.76728 92,874
Union 1.42986 699,369
Poppet 1.42986 2,000,000
Plate 1.42986 2,000,000
Valve 0.61280 2,000,000
2.3 IHEE Y FE EM(FMEA)
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Table 2. FMEA Results of RPN failure modes

RPN rank | Failure mode | Failure parts Failure effects RPN
1 Broken Bladder The function of preventing internal leakage of nitrogen gas in the accumulator is lost. 70
2 Broken Housing The function to store hydraulic oil in the accumulator is lost. 42
3 Broken Fluid port The function to store hydraulic oil in the accumulator is lost. 42
4 Leaking Bladder The function of preventing internal leakage of nitrogen gas in the accumulator is lost. 40
5 Seized Bladder The function of preventing internal leakage of nitrogen gas in the accumulator is lost. 40
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Table 3. Results of Accumulator 2Stage QFD Level 1

Failure site Bladder Fluid Housing
port
) Failure mode Broken | Leaking | Seized | Worn Cont.amm- Cracked/ Broken | Broken Cracked/ Ag.ed./
Failure cause ation Fractured Fractured Deteriorated
RPN 70 40 40 40 40 40 42 42 24 24
RPN scale 1.0 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.3 0.3
Temperature ® 0]
Vibration O ) @)
High pressure o A A
Dust o o
Mechanical shock O O o A ) ) ) @)
Score 18 10 3 10 3
RPN score 18.0 5.7 3.4 4.0 1.7 5.7 3.0 42 2.4 1.0
Table 4. Results of Accumulator 2Stage QFD Level 2
Test Items . .
Failure mechanism Gas Discharge Pressure Vibration High
leakage flow rate resistance temperature
Parts Failure mode RPN Score
Broken 18.0 ¢ ¢ ®
Leaking 5.7 A O
Seized 34 A e
Bladder
Worn 4.0 A o O
Contamination 1.7 0]
Cracked/Fractured 5.7 )
Fluid port Broken 3.0 A
Broken 42 (0] A O
Housing Cracked/Fractured 2.4 o
Aged/Deteriorated 1.0 o
Test score 67.1 22.9 73.2 279 218.6
Test rank 3 5 2 4 1
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Table 5. Characteristic value of deterioration failure
mechanism
Activation Shape Boltzmann
energy parameter constant
0.06745 eV 5.2463 8.6173<107° eV/K
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Table 6. Test time according to the number of reliability test samples and confidence level

2
Number of samples Confidence level t > Xi-a,2(k+1) ]ﬁ Test time(H)
2en e ln(a)” !
0.6 4.190 41903
0.7 5.021 50211
! 0.8 6.086 60856
0.9 7.715 77150
0.6 2.648 26475
0.7 3.172 31724
2 0.8 3.845 38450
0.9 4.874 48745
0.6 2.024 20239
0.7 2.425 24252
: 0.8 2.939 29393
0.9 3.726 37263
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Table 7. Accelerate factor according to temperature
change

Temperature 50C | 60C | 70C | 80C | 90C | 100C

Accelerate factor 126 | 1.34| 143 1.51
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