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Abstract Performing sufficient reliability testing on schedule and within cost constraints can be very
challenging. Accordingly, reliability testing should be carried out by including a detailed reliability test
budget prior to the commencement of a project. This paper presents a method for applying a reliability
test based on a zero failure test of a weapon system. First, a case analysis was conducted after presenting
a procedure for determining the number of reliability test samples based on the zero failure test of the
weapon system. The influence of the number of reliability test samples according to the failure rate
value was analyzed, and then, the number of reliability test samples according to the failure rate value
range was presented. The results of this paper can be used by stakeholders as evidence to reflect the
budget for reliability testing when establishing a system for engineering development, and they are

expected to reduce operation and support costs by designing a robust weapon system.

Keywords : Reliability Testing, Reliability, Test Samples, Zero Failure Test, Failure Rate

1. M2 grEshen] ABst] S A4 BdolA AEA A
2 ok ek, Al AL AREA, BAH Akt
Aol ol 241 sl Foldl /10 B2k & o Ao LW ABE Sk 2] 3 ol
TE 5S4 4 e SEOITHIL AL BB ES A=A ARG 99 AW B 9 AR $E A
4 ARE JNHeE BEE ool olRolA7] el HsHe o] A dlie] BT FHE BN e
H1go] o] LA Supe] gick. AR} 2= olol A= Al oAk Abdlel Aok

=, vl AelAe] BAS WA Al st St ARl mRIHe 300958 Sgste] avbhel
L Aolek. wWebA, A48 AL A=l a7 e A AY 4TS Sustel Hof gt o) A

*Corresponding Author : Yang-Woo Seo(LIG Nex1)

email: yangwoo.seo2@lignex1.com

Received March 22, 2023 Revised April 24, 2023
Accepted May 12, 2023 Published May 31, 2023

355



El
L L

fill‘

W71 stel=R Al A24W A5E, 2023

o2 $8718E U ARHIL FYNL 5 gov], 3
H] Qg W PAaS AANZD 5 ok B8 Fe B
2 Ju Ago] B v L APl IFS F 5 ek
AEY FHoR ARZUEAE F7HNZL 5 Ak,
ol $F/| L 24 Aol HHHY FTFL

U]tk Fig. 12 571618 & A=4do] 58% ol
AR FF= mAle BAE 23E AASL Aot
B]. T3 FAEE F8 s metvEo] d=go]
HAEE B EIL THAL

Reliability Directly Impacts over
58% of Life Cycle Costs
100%
O MaintLabor
90% -+ ':.:n | E Repair Material
80% + 2 | | X O Init Train
70% - 8_ < m Other
[ 0 Spares
M% T % = X H Misc
50% + 0 —— "
0% - X | g mPoL
= 0 |@Documents
@ O
| g = ‘gu e
2% + = % 5 o Hinstallaton Checkout
10% -+ ES B O Fabrication
O
<
0% +
Data Source: DA ILS Symposium, 5-7 Nov £7, Life Cycle and O&S Costs
by J. Emahiser/ADUSD(L)

Fig. 1. Life Cycle Cost Distribution[3]
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Where, R denotes unknown reliability, C denotes
confidence level, N denotes total number of test

samples, k denotes number of failed item
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Where, E. denotes activation energy for the
process, k denotes 8.62 x 107 eV/K(Boltzmann
constant), Tred denotes absolute Kelvin
temperature at field, Trex denotes absolute

Kelvin temperature at test
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Table 1. Activation Energy Values for Different Failure

Mechanisms
Activation
Failure Mechanism Energy,
Ea(eV)
Gate oxide defect 0.3~0.5
Bulk silicon defects 0.3~0.5
Silicon junction defect 0.6~0.8
Metalization defect 0.5
Au-Al inter-metallic growth 1.05
Electro-migration 0.6~0.9
Metal corrosion 0.45~0.7
Assembly defects 0.5~0.7
Bond related 1.0
Wafer fabrication(chemical contamination) 0.8~1.1
Wafer fabrication(silicon/crystal defects) 0.5~0.6
Dielectric breakdown, field > 0.04 micron thick 0.3
Dielectric breakdown, field<0.04 micron thick 0.7
Adhesive tack: bonding-debonding 0.65~1.0

2.3 MEM A AR £

A AR 95 AA A R 27,
QAR ARsHe Zole. A=A A
A 712k B9 FolAl AR o] Thstel
et 5 NSk A= Fold Y A2t
% olsb wAgste Alely V12 wEg

St Al¥e SESH gk 2 =2 Al

AME EXE MO
58

& %

‘ Select weapon system for reliability test

1

‘ Ascertain target of weapon system reliability value ‘

i

‘ Set reliability assessment metric ‘

i

‘ Calculate reliability prediction value ‘

v

‘ Set criteria for items to reliability test ‘

v

‘ Select criteria for items to reliability test ‘

¥

‘ Determine the confidence level ‘

¥

‘ Determine test conditions ‘

1

‘ Calculate acceleration factor ‘

1

‘ Determine the number of failures allowed ‘

i

‘ Calculate the number of samples ‘

Fig. 2. Procedure for calculating the
number of reliability test samples
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Table 2. Failure Rate of OO0 Weapon System

Components F'ailure Raéte MTBF
(failures/10°hr) (hr)

A Assembly 1.92 520,833
B Assembly 0.20 5,000,000
C Assembly 2.02 495,050
D Assembly 0.61 1,639,344
E Assembly 2.57 389,105
F Assembly 3.49 286,533
G Assembly 30.00 33,333
H Assembly 0.50 2,000,000
1 Assembly 22.78 43,898
J Assembly 8.31 120,337
K Assembly 1.24 806,452
L Assembly 4.40 227,273
M Assembly 11.73 85,251
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Table 3. Selection of Items related to Reliability Test

Severity Domestic Ess.en.tial System
Assembly Code Develop- MISSI-OH Abort
ment Function
A 2 v a v
B 2 v v v
C 2 v a v
D 2 v v v
E 2 v a
F 2 v v
G 2 A v v
H 3 v
1 2 v v
] 2 v s
K 3 v
L 3 v s
M 3 v
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60, 70, 80 ¥ 90%= ASFATH19I.
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Table 4. Estimated Acceleration Factor using Arrhenius

Model
B Boltzmann | Operating Testing Accelera-
( \1/) constant Tempera- Tempera- tion
€ (eV/K) ture(K) ture(K) Factor
0.9 8.62x10” 298.16 348.16 152.7719456

Eq. (5)° Ea = 0.9¢V, k = 8.62 x 107eV/K, B4
Z79] AL Trag = 273 + 25 = 298.16K, 713
9] BHLE Tres = 273 + 75 = 348.16KE -85}
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Table 5. Reliability Test Quantity by Assembly

Testing The Numbers of Samples
Assem- Ea Time to the Confidence Level
bly (eV)
(o) | 6o% | 70% | 80% | 90%
720 5 6 8 11
1,440 3 3 4 6
A 0.
? 2,160 2 2 3 4
4,320 1 1 2 2
720| 42 55 74 105
1,440 | 21 28 37 53
B 0.
? 2,160 14 19 25 35
4,320 7 10 13 18
720 5 6 8 11
1,440 3 3 4 6
C 0.
? 2,160 2 2 3 4
4,320 1 1 2 2
720| 14 18 24 35
1,440 7 9 12 18
D 0.9
2,160 5 6 8 12
4,320 3 3 4 6
720 1 1 1 1
1,440 1 1 1 1
G 0.9
2,160 1 1 1 1
4,320 1 1 1 1
25 1FE Yol ME g =M
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4

~ 20 % 2001308 & dAsitt AlEaes
60%, FHZAY 282 25T, 7I&E2A9] *1%.4%5
75 CTolA E, = 0.9eVE A&, AFAEL 1E, 29, 3
g 9 622 dAsto] 4% Y= Table 63 2t

-

Table 6. Reliability Test Quantity to Scope of Failure
Rate(Ea = 0.9eV)

Failure . The Numbers of Samples
Rate Ea Testing to the Confidence Level
. Time

(failures/ (eV)
10%hr) (hr) 60% | 70% | 80% | 90%
720 17 22 30 42

0<0.5 0.9 1,440 9 11 15 21

- ’ 2,160| 6 8 10 14
4320 3 4 5 7

720 9 11 15 21

0601 09 1440] 5 6 8 11
2,160 3 4 5 7

4,320 2 2 3 4
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720 2 3 3 5 4320] 1 2 2 3
1440 1 2 2 720 4 5 7
25 | 09 : : 2
2,160| 1 1 1 2 1.440| 2 2 3 4
6~10 0.7
4320] 1 1 1 1 2,160| 1 2 2 3
720 1 2 2 3 4320] 1 1 1 2
1440 1 1 1 1 720 2 2 3 4
6~10 0.9
2,160 1 1 1 1 1440 1 1 2 2
11~20 0.7
4320] 1 1 1 1 2,160| 1 1 1 2
720 1 1 1 1 4320] 1 1 1 1
1440 | 1 1 1 1 20| 2 2
11~20 0.9 7 5 5
2,160| 1 1 1 1 more 07 1440 1 1 2 2
4,320 1 1 1 1 than 20 ’ 2,160 1 1 1 1
7200 1 1 1 1 4320] 1 1 1 1
more 0.9 1,440 1 1 1 1
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Table 7. Reliability Test Quantity to Scope of Failure
Rate(Ea = 0.7eV)

Failure . The Numbers of Samples
Rate Ea Testing to the Confidence Level
. Time
(failures/ (eV)
10°ho) (hr) 60% | 70% | 80% | 90%
720 51 67 90 128
1,440 | 26 34 45 64
0<0.5 0.7
2,160 17 23 30 43
4,320 9 12 15 22
720| 26 34 45 64
1,440 1 1 2 2
06~1 | 07 3 l 313
2,160 9 12 15 22
4320 5 6 8 11
720 6 7 9 13
2~5 0.7 1,440 3 4 5 7
2,160 2 3 3

AT AJd7]7o] AFdelA H Fa3%t 73929l
IFE gl HE AR $F9 FFES 25 °
o w, A= 9 2448 olu A ghe 245t Al
4 A A= 5 AP S AEeE EE 60%
% 90%, AR 825 25T, 7IERA AldL
L 75CIA E. = 0.9eVE #&, AlFARES o7l1g, 1

Table 8. Reliability Test Quantity to Scope of Testing
Time(Ea = 0.9eV)

Failure
Rate Ea

(failures/ (eV)

10°hr)

Confidence Testing The Numbers
Level Time of Samples

(%) (hr) (ea)

4,320
8,760
13,080
17,520
4,320
8,760
13,080
17,520
4,320
8,760
13,080
17,520

0.6~1 0.9 4,320
8,760
13,080
17,520
4,320
8,760
13,080
more 17,520
than 5 | %7 4320
8,760
13,080
17,520
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