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Method and Application of Identifying Items for the Reliability Test
Using Quality Function Deployment Methodology
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Abstract Weapon systems should be tested to verify the reliability of target values affecting combat
readiness. The reliability test should be performed for the item selected using the Failure Mode, Effects
& Criticality Analysis (FMECA) results of the 'core components', depot maintenance requirements, and
the risk of component discontinuation as the key factors. There is currently no detailed procedure or
methodology for selecting these core components and the absence of such a standardized procedure
causes various problems. In this paper, we propose a methodology for calculating composite values by
using quality function deployment (QFD) and normalization to arrive at a detailed procedure for the
selection of reasonable and objective core components. Through QFD, each key factor is given a set of
correction values for the selection of core components. With normalization, we outlined a detailed
procedure to reduce the distortions caused by scale differences between key factors. To verify the
procedure, we ranked 16 components of the actual weapon system and interviewed eight experts for
"their' rankings for comparison. The results of the comparison showed that the top three items were
found consistent and lower ranked items were also approximated. With our calculation method, the
procedure to select reliable test item(s) can be formulated in detail. Furthermore, with this standardized
procedure, decision-making will have increased effectiveness.
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Fig. 1. The procedure of research
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Fig. 2. Conceptual diagram of QFD
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Fig. 3. Explanation of QFD (Applied HoQ model)
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Table 1. Requirements prioritization rating

Requirements Rating
FMECA 0.68
Discontinued 0.21

Depot Maintenance 0.11
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Table 2. Engineering characteristic
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Table 3. Relationship between requirements and
engineering characteristics

Requirements EC1 | EC2 | EC3 | EC4 | EC5 | EC6 | EC7
FMECA 5 5 1
Discontinued 1 5 5 3 1
Depot Maintenance 1 3 5 3
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QFD@E 7|&E5A40] dviy F83IAE HojEoh
[AAR 7154 19 AEEA J5e aTARNE
FTREE Folo] 7} 7154 H Vs ATt o
olAf EAT AT 71654 7HY] AdA et
ZF QAR ARl FREE Fol Ve B4 F
[T g ALKt A& £0] ECQ2@E)9 7154 5
8%+ FMECAY Adid S8 % 0.68% FMECASt 1L
AE 119 #A A 539 F9 @FY A Fek
0.213 @33 14E 71 T4 d4 139 52 o
o] 0.68x5 + 0.21x1 = 3.619] #& 7HXIt}. o]zgt
AARE WHESHHE Table 49 22 43E 22 4= itk

P
T

Table 4. Importance of engineering characteristics

Description EC1 | EC2 | EC3 | EC4 | EC5 | EC6 | EC7
EC1 Severity Classification Importance 3.40 | 3.61 | 1.73 | 1.16 | 0.33 | 1.18 | 0.54
EC2 Failure Rate
EC3 Proportion of Active Parts
7|sEM 7to| At
EC4 Cost for Response in Discontinued Parts 225 | ==0° | o= 1' (® How correlatlon)
EC5 Time for Supply Parts
EC6 Proportion of Depot Maintenance in the Lower
Components 5
EC7 Proportion of Imports O
O
2 O o 2 O > ® e O
2.2.3 QFAEM Jls £49 2
(@ How to What Relationship) EC1 EC2 EC3 EC4 EC5 EC6 EC7
B A EX Alo
QF D} ATARG 71E54 Aele] BAE U Fig. 4. Engineering characteristics correlation matrix
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@ : Strong correlation (5 points)
@® : Normal correlation (3 points)
O : Weak correlation (1 point)
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Table 5. Correlation Matrix

EC1 EC2 EC3 EC4 EC5 EC6 EC7

EC1 - 1 - - 1 -

EC2 - 1 - 1 - -

EC3 1 1 5 3 - 1

EC4 - - 5 1 3 _

EC5 - 1 3 1 3 5

EC6 1 - - 3 1

EC7 - 1 - 5 1
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Table 6. Engineering characteristics correlation

EC1
2.91

EC2
2.06

EC4
12.52

EC6
8.41

EC3
14.34

EC5
16.20

EC7
4.56

Correlation

Correlation

Engineering
Characteristic

(Hows)

EC1 | EC2 | EC3 | EC4 | EC5 | EC6 | EC7

Customer
Requirements

Importance

)
FMECA
Dis continued
[Depot Maintenance

0.68 5 5

=|w|~| Totals "What

S|3|&| Importance”

3.40
291

361
2.06

1.73
14.34

1.16
12.52

0.33
16.20

1.18
8.41

0.54
4.56

Totals "How Importance™
1 Totals "Correlation”(%)

Fig. 5. Result of QFD
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Table 7. Original input data

Original Data EC1 EC2 EC3 EC4 ECS ECE EC7
A 4.00 23349 0.15 214,208 6 03 82
Es tB 2.00 836 0.07 32,245 2 1.0 0
E¢ tC 3.00 983 0.05 19,286 2 - (1]
D 4.00 25.20 - 219,000 10 10 0
E 4.00 53.31 0.09 17.700 2 1.0 0
3 200 274 - 26548 2 10 0
G 4.00 42.16 0.04 15,364 2 10 (1]
H 4.00 67.20 0.16 74,700 3 - 0
Equipment J 4.00 2869 0.03 21,400 2 (1]
E t K 4.00 98.21 0.06 18279 2 0
L 4.00 3341 0.08 14,481 2 0
E it M 4.00 150.41 0.07 62,626 2 (1]
N 4.00 115.04 0.06 65494 2 0
o 4.00 81.11 0.02 82,119 2 (1]
E¢ tP 400 151.07 005 65039 2 1]
Q 4.00 183.59 0.11 33,948 2 0
Original Data
250,000
°
200,000
150,000
100,000
0 oM ¥ oo

EC1 EC2 EC3 EC4 EC5 EC6 EC7

Fig. 6. Original input data
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Table 8. Input data normalization

Normalization EC1 EC2 EC3 EC4 ECS EC6 EC7
A 0.46 2.28 1.89 243 52 0.15 .87
E: it B - 248 - 1.07 0.05 0.47 .3 1.47 26
Equipment C - 01 105 | - 041 0.67 3¢ 0.72 26
j D 4 - 082 |- 147 2.51 147 26
E .46 - 0.4 0.59 0.70 147 .26
F - 4 - A 47 0.56 47 26
G X - 5 .56 0.73 .. AT .26
H - 1 .18 0.21 09 7 26
J T 89 0.84 7 26
Equipment K. 2 22 0.69 7 26
i .70 133 0.75 7. .26
Equipment M .05 0.00 .0; 7. .26
N . 52 04 .08 7 26
[e] 01 70 .3 . 26
Egquipment P .06 .31 .08 N# .26
Q .54 02 0.44 N7 .26
Normalization
50
40 o
30
[}
20
[ ]
1.0
00 X ‘ pat X
-1.0 L 2
-20
o
-3.0

EC1 EC2 EC3

Fig. 7. Input data normalization
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Table 9. Input data scaling [0, 1]

Scaling [0,1] EC1 EC2 EC3 EC4 EC5 EC6 EC7
Equipment it A 0.61 091 0.87 0.92 0.82 0.46 0.98
B8 008 0.26 0.51 0.39 0.40 081 0.44
[ 0.27 0.26 0.40 0.34 0.40 0.33 0.44
Es t D 0.61 0.31 0.19 0.92 0.97 081 0.44
E 061 040 064 033 0.40 0381 044
E 008 024 019 036 0.40 0281 044
Ei it G 0.61 0.36 0.36 0.32 0.40 0.81 0.44
Ei it H 0.61 045 0.80 0.55 052 0.33 044
J 0.61 032 0289 035 0.40 033 044
K 0.61 0.57 045 0.33 0.40 0.33 044
L 0.61 033 0.58 032 0.40 033 044
[ Ecuipment M 0.61 074 0.50 050 040 033 044
i N 0.61 0.63 0.49 0.52 0.40 0.33 044
o 061 0.50 0.33 0.59 040 033 0.44
P 0.61 0.74 042 0.51 0.40 0.33 044
Q 061 082 074 039 0.40 033 044
Scaling [0,1]
10 o °
09 °
08 °
0.7
0.6 —
05 X k X
04 .
03 °
0.2
01 °
0.0
EC1 EC2 EC3 EC4 EC5 EC6 EC7
Fig. 8. Input data scaling [0, 1]
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= Totals “How Importance” of EC; (Table 4)
= Totals “Correlation” of EC; (Table 6)
= Target equipment scaled data of EC; (Table 9)
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Table 10. Critical item results of QFD and survey

Result of
Ttem Result of QFD Developer Survey
Score Rank Score Rank
A 59.08 1 7.6 1
B 32.30 13 3.0 12
C 25.85 15 2.6 15
D 40.73 5 6.3 6
E 41.13 4 6.9 3
F 23.79 16 1.4 16
G 33.78 10 2.9 14
H 46.84 2 7.5 2
J 27.17 14 3.0 12
K 32.69 12 4.5 7
L 34.09 9 4.5 7
M 37.79 6 6.6 5
N 36.87 7 3.8 9
O 33.03 11 3.4 11
P 36.06 8 3.6 10
Q 42.61 3 6.9 3
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