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ABSTRACT

In the case of helicopters, the development of parts technology is rapidly changing, and the complexity is
rapidly increasing. Particularly, the surge of various electric and electronic systems is recognized as a problem that
is directly related to the safety of the helicopter. Due to these problems, there is a growing interest in reliability
evaluation in the face of the problem of confirming and certifying the reliability of parts in the development stage.

In this paper, the analysis of the failure mechanism of the wiper system was carried out, and the priority and
importance of each failure mode were checked by using the results, and major stress factors were derived and the
corresponding acceleration model was selected. Also, the accelerated lifetime test time was calculated according to
the life test time, acceleration status and acceleration level of the steady state by using the selected acceleration
model and characteristic values.
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Table 1. Top five parts of wiper prediction failure rate

Name Failure Rate MTBF(H)
Motor 12.2058 81,928
Pad 9.0996 109,895
Shaft 4.2896 233,123
Gear 4.2896 233,123
Bearing 3.9879 250,760
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Table 2. FMEA results of RPN failure modes

RPN rank Failure mode Failure parts Failure effects RPN

1 Wiper motor breakage Motor Unable to perform task due to wiper system inoperative 84

2 Worm shaft failure Shaft Unable to perform task due to wiper system inoperative 56

3 Link failure Link Unable to perform task due to wiper system inoperative 56
Ball Bearing Breaka, . . . .

4 a ezl;l:)lg l)re g Bearing Unable to perform task due to wiper system inoperative 56

5 Ball Be?;;zg z?reakage Bearing Unable to perform task due to wiper system inoperative 56
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Table 3. Results of accumulator 2Stage QFD level 1

Failure site Motor Shaft Link Ball bearing 6Gear
Failure
Failure mode | Coil broken W) Sl Ry Broken Broken viermigears [Sepurigear
calise broken shaft broken broken broken
RPN 84 56 58 56 56 56 56
RPN scale 1.00 0.67 0.69 0.67 0.67 0.67 0.67
Temperature ®
Vibration O @) @) AN
Humidity O
Dust
Mechanical shock @) A O O A A
Score 15 6 4 3 3 1 2
RPN score 15.00 4.00 2.76 2.00 2.00 0.67 1.33
Table 4. Results of accumulator 2Stage QFD level 2
Test Items i '
Fa”ure mechanism GaS DISCharge PreSSUre Vibration ngh
: leakage | flow rate | resistance temperature
Parts Failure mode RPN Score
Motor Coil broken 15.00 O ®
Warm shaft broken 4.00 O O
Shaft
Rotary 2.76 O O
Link Broken 2.00 O @)
Ball bearing Broken 2.00 O O
Worm gear broken 0.67 A O
Gear
Spur gear broken 1.33 A O
Test score 47.00 24.00 20.00 12.29 149.29
Test rank 2 3 4 5 1
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Table 6. Characteristic value of deterioration failure

mechanism
Activation energy 0.86 eV
Shape parameter 11.24
Sensitivity index 291

according to humidity

Boltzmann constant 8.62x10”° eV/K

>,
oX,
ox
o
e
o|\
&)
O
rlr
o
=
fr
:(,)l:t
X
it
£

el
=
2,
>
fuc)
ol
1
rlo
fo
-
o
ol
o
N
2
)
>
L)
Sy
MN
(o

Ao AldAIrolU Als 7 dEETE
e etk FHs 1Esh] 9% 5 g dAE
S Agdte APl FEE AT ST
& WS AR el g AN 5 24
SHAl ¥k

U TR WY FHE HIEE R
17 Aol ohekdl (n, t) 3ol EA5H, 9
olE wXNA FHRF} NIFE, FHABHAGT 2
AEa7F el wjoll 2 (5)$F ol FholAlw EEE
= ok BTstaa ks AlgAHy S =ES

Table 5. Acceleration stress, model and acceleration factor formula according to failure mode

Brush Bearing Coll

Acceleration . Lo

stress Voltage, Temperature Eccentric load Temperature, Humidity
Acceleration Equation that combines arrhenius model and | Inverse power .

. Eyring model

model inverse power model model

Acceleration Vi, E, 1 1 Fo RH, . E, 1 1
()" s expl—+ (=] (=) ()" e explo o (=)
factor v, k 7, T, F,, RH, k 7, T,
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Table 7. Test time according to the number of reliability test samples and confidence level

2 1
Number of samples Confidence level L“C(“))l]ﬂ Test time(H)
2en - Inla)
0.6 1.212134991 2,849
0.7 1.241933638 2,919
1
0.8 1.274414141 2,995
0.9 1.315664694 3,092
0.6 1.139661477 2,678
0.7 1.167678463 2,744
2
0.8 1.198216958 2,816
0.9 1.237001142 2,907
0.6 1.099292911 2,583
0.7 1.126317492 2,647
3
0.8 1.155774267 2,716
0.9 1.193184655 2,804
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Table 9. Test time according to change of temperature and humidity(H)

Temperature 50 C 60 C 70 C
Confidence level I | g5 9% [ 90% | 95% | 85% | 90 % | 95% | 85% | 90 % | 95 %
, 1 sample 865 762 676 342 301 267 143 126 112
o0 % 3 samples 939 827 734 371 327 290 155 137 121
, 1 sample 784 691 613 310 273 242 129 114 101
0% 3 samples 851 750 666 337 297 263 140 124 110
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