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A Method of Reliability Growth Test Design for One-shot System
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Abstract In this article, we propose a method of reliability growth test design for one-shot systems. First,
the procedure for the reliability growth test design for the one-shot system was presented. Then, the
detailed activities in each step in the procedure were proposed. A case analysis of the reliability growth
test was performed on the OOO one-shot system in accordance with the proposed procedure. Since the
reliability growth test data has the same failure mode, the data type was selected to be sequential with
the mode data containing failure mode among the discrete data. At this time, the reliability growth
model used the most commonly used Standard Gompertz model to perform the test-fix-test. The results
of the reliability growth test for 13 launch tests showed 86.23% reliability which did not meet the
reliability target. So, an alternative analysis was performed to achieve the reliability target through
additional launch tests. If additional launch tests after the 13 launch tests do not fail, additional two
launch tests were required for the alternative analysis, and the reliability value for this case was 91.16%.
If they fail once, additional five launch tests were required, and the reliability value for this case was
90.83%. Furthermore, if additional launch tests fail twice, additional seven launch tests were required,
and the corresponding reliability value was 90.28%. The results of this study can be useful in resource
reallocation when designing reliability growth tests for a one-shot system. Also, it can be used when

establishing the design of reliability growth tests for all one-shot systems.
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Table 1. Reliability Growth Model for Discrete Data

Type

Data Data Type Analysis Model
-Sequential -Crow-AMSAA
-Sequential with Mode -Standard Gompertz

Discrete |Grouped per ‘Lloyd Lipow
Configuration -‘Modified Gompertz
-‘Mixed -Logistic
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2.1.2.2 Standard Gompertz Model
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Table 2. Results of Launch Test for OOO One-shot
System with Failure Mode

I]\dliilljtfgr Result Failure Mode
1 Failure Failure Mode 1
2 Success
3 Failure Failure Mode 2
4 Success
5 Failure Failure Mode 3
6 Failure Failure Mode 2
7 Success
8 Success
9 Success
10 Failure Failure Mode 4
11 Success
12 Success
13 Success
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1
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ab : the initial reliability at T=0
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where :

CL : the confidence level

Sn © the number of successful tests after the

first success following the corrective action
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Table 3. Sum of Failures by Launch Test for OO0
One-shot System
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where :
f; © i-th the probability of failure

n : the launch number
d& E°], Launch Number 109149] A&

10
2

i=1

R=[1—( 10 )] < 100
= [1—(—2‘175’9 )] % 100 = 72.41

Launch Number 139]49] A2
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2

i=1

R=[1—( 13 )] < 100
= [17(—1‘17;?O )] <100 = 86.23
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Table 4. Probability of Reliability for OOO One-shot

Launch Result/ Sum
Nl | Ve | FU| 2 | B3 | B4 | F5 | VT System
1 FM1  |1.000 1.000 )
Launch Sum of Failures Reliability(%)
2 s |1.000 1.000 Number
3 FM2  {0.900{1.000 1.900 1 1.000 0
4 S |0.684|1.000 1.684 2 1.000 50.00
5 FM3  |0.536]0.900]1.000 2,436 2 1‘902 36.67
1. 91
6 FM2  |0.438]1.000|1.000|1.000 3.438 o8 579
5 2.436 51.28
7 S 10.369]1.000{0.900{1.000 3.269 c 3.438 271
8 S 10.319]0.900{0.684[0.900 2.802 7 3269 53.30
9 S 0.280[0.684(0.536|0.684 2.184 8 2.802 64.97
10 FM4  [0.250|0.536/0.438(0.536]1.000| 2.759 9 2.184 75.74
11 S |0.226]0.438[0.369|0.438(1.000| 2.470 10 2.759 72.41
12 S 10.206]0.369(0.319]0.369(0.900| 2.162 11 2.470 77.54
13 s |0.189]0:319]0.280[0.319]0.684| 1.790 12 2.162 81.98
13 1.790 86.23
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Accumulated Required Test ‘%‘ﬂ'ﬂ 5%.]—0] —/J\—B—Q‘]f: 7/1—9—§ —EJ—‘%‘QS’iE]' 18%01] EH‘EE}
N;Zillhliresof Numbeissn/zﬁdltlonal Reliability(%) HEH\]_/\]—%] %5—'1/\1@01]&19] ﬂﬂ/‘é(R)‘% 90.83 %O]T%_
0 15 91.16 Fig. 62 &7} 1Y Aufo] 3t 4218 & 32 &S
i 18 9083 4 9l B4 ATE mAS Jgzol,
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Table 7. Sum of Failures & Reliability for Launch
Table 6. Sum of Failures & Reliability for Launch Test with Additional One Failure
Test with Additional no Failure
Sum Reliab
Sum Reliab No.| Result | F1 | F2 | F3 | F4 | F5 | F6 of F -ility
No. | Result | FI | F2 | F3 | F4 | F5 | "0 | -ility ()
(%) 1 FM1 |1.000 1.000 0
1 FM1 1.000 1.000 0 2 S 1.000] 1.000 | 50.00
2 S 1.000 1.000 | 50.00 3 FM2 |0.900[1.000 1.900 | 36.67
3 FM2 [0.900(1.000 1.900 | 36.67 H
- 1] s Jo.22d0.4380.3690.4381.000 2.470 | 7754
11 S 0.2260.438(0.369(0.438(1.000| 2.470 | 77.54 12 S 0.20610.3690.3190.3690.900 2.162 | 81.98
12 S 0.206{0.3690.319(0.369|0.900| 2.162 | 81.98 13 S 0.1890.3190.2800.3190.684| 1.790 | 86.23
13 S 0.189(0.319{0.280(0.319|0.684| 1.790 | 86.23 14 S 0.175(0.280/0.2500.280/0.536) 1.521 | 89.13
14 S 0.175]0.280/0.250{0.280|0.536| 1.521 | 89.13 15 FM5  [0.162/0.2500.226(0.2500.4381.000| 2.326 | 84.49
15 S 0.1620.250(0.226]0.250|0.438| 1.326 | 91.16 16 S 0.1520.226{0.2060.226/0.369/1.000| 2.178 | 86.39
17 S 0.142(0.206/0.1890.20600.3190.900 1.961 | 88.46
18 S 0.134{0.1890.175/0.1890.2800.684| 1.650 | 90.83

Reliability vs. Time

Relizbility

4.0

Trials

Fig. 5. Reliability Curve for OOO One-shot System
with Additional no Failure
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Table 8. Sum of Failures & Reliability for Launch Test
with Additional Two Failures

Sum Reliab
No. | Result| F1 F2 F3 F4 F5 F6 F7 -ility

of F %

1 FM1 [1.000 1.000 0
2 S 1.000 1.000 50.00
3 FM2 [0.900]1.000 1.900 36.67
11 S 0.226]0.438]0.369/0.438(1.000 2.470 77.54
12 S 0.206]0.369|0.319/0.369{0.900 2.162 81.98
13 S 0.189(0.319]0.280{0.319]0.684 1.790 86.23
14 S ]0.175]0.280/0.250{0.2800.536 1.521 | 89.13
15 FM5 0.162(0.250{0.226{0.250/0.438(1.000 2.326 84.49
16 S ]0.152]0.226/0.206|0.226{0.369|1.000 2.178 | 86.39
17 FM6 0.142|0.206|0.189[0.206/0.319|0.900{1.000| 2.961 [ 82.58
18 S 0.134/0.189]0.175[0.1890.280(0.684|1.000| 2.650 85.28
19 S ]0.127]0.175/0.162]0.175]0.250[0.536/0.900| 2.324 | 87.77
20 S 0.120/0.162]0.152[0.162/0.226/0.438|0.684| 1.944 90.28
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Fig. 7. Reliability Curve for OOO One-shot System
with Additional Two Failure
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