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Abstract The product development of the defense industry field has many properties in each
development domain. On the other hand, developing high-reliability items is the main target. One of the
methods used to develop such highly reliable products is Failure Mode and Effect Analysis (FMEA: Failure
Mode and Effect Analysis). Nevertheless, there are limitations to reducing the fault prevention rate
because FMEA is written by humans. This paper reports a method to improve it. This study examined
13 projects in the naval combat system product development field. Nine projects were used to
accumulate FMEA DB because they were in the past or in progress. Two projects were used to apply
the conventional FMEA form. The limitations to reducing the fault prevention rate were determined. The
improved FMEA form was applied in three aspects to the remaining two projects to solve this problem.

Hence, an improved practical fault prevention rate was obtained.
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We defined D-FMEA arca as development range of naval combat system project

Fig. 1. D-FMEA range in development procedure
of naval combat system products
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Fault Effects Severity
mode of failure Level
caser  Damagedpularea y cannot operate PCB 2
CASE2 Da"(‘fﬁl‘jﬂ:‘"’r}’é;’ea 1. Cannot operate “A” product applied PCB 8
1. Cannot operated “A” product applied PCB
2. Can operate combat system
(reason : we applied two “A” product in combat
Ccase3  Damagedinputarea | systemin order to operate continuously although one s
circuit of PCB of the “A” products is fault)
3. The safety of the operator is not a problem
(reason : safety ground and insulation design are
applied in the periphery associated with PCB)
Fig. 5. example of written severity group data in
FMEA form
Fig. 62 AL 1F dHoleE 2Mdgh Aol
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CASE 32 23 UAZ BA6aIA}F A3t A H oo},
CASE 1, 2 9‘r Zo] YlEA 0] éiﬂ‘i}tﬁ = 5]
2 2401 Zol ot gl A9 B4 Wik Fig 7
2 A& JF del"Hs Z}*é‘f‘z Ao CASE 1, 2
© 742 FUES oA Ausoli=A Bkl o2
& JHolm CASE 3+ sfid 17go] dish & 44 4

J

3% T EIIE} K0114] E9le] R 1 F ol
EQIEO|A] T7go] AEEgi=A] Bele] Hick

chit o)gHo® g o] AEEolop e ElE
o} 94 TAo] A% ZelEe e AR FE3

o] FE7t A%t olf= AE EIAEE F7ISIoF A
S ZUEE SESH 9 o] d& ZRJIETH A 752
SRl XA 71 AAE BAdor sheAl 52 AL
g & 7] wiEelH
Cause of Occurrence
Failure Level
CASE1 1. Damaged pattern in PCB due to wrong manufacture 1
CASE 2 1. Not manufacture In compliance with CAD drawing 1

1. Not manufacture In compliance with CAD drawing

2. Error occurred when revising the PCB Artwork

(Additionally, need to add peer review point before 1
damaged PCB pattern)

CASE 3

Fig. 6. example of written occurrence group data
in conventional FMEA form
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Current Design Management Def::glon
CASEN 1. Can be checked during test 1
CASE2 1. Can be checked during unit(PCB level) test 1
1. Preliminary/Critical Design Review
2. Artwork design review (check from here when
revising Artwork)
CASE 3 | 3. Review the PCB certification 2

4. Unit test of PBA or Associated Assemble level
5. Acceptance test
6. Hardware qualification test

Fig. 7. example of written detection group data
in conventional FMEA form
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Fig. 8. example of written results data in
conventional FMEA form
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Fault Effects Severity
mode of failure Level

1. Cannot operate “A” product applied PCB

2. Can operate combat system

(reason : we applied two “A” product in combat system in order
to operate continuously although one of the “A” products is fault)
3. The safety of the operator is not a problem

Damaged | {reason  safety ground and insulation design are appliedinthe
circuit of periphery associated with PCB) 5
PCB

[Severity Determinants]

1. Cannot operate “A” product (Severity Level : 5)

2. Can operate combat system (Severity Level : 2)
(combat system consist of two “A” product)

3. Safety of the operator is no problem (Severity Level : 1)

Cause of Occurrence
Failure Level

1. Not manufacture In compliance with CAD drawing
2, Error occurred when revising the PCB Artwork
(Additionally, need to add peer review point before damaged PCB pattern)

[Occurrence Determinants]
1. Error occurred when revising the PCB Artwork (Occurrence Level : 2)
(Need to add detection point)

Detection

Current Design Management Level

1. Preliminary/ Critical Design Review

2. Artwork design review (check from here when revising Artwork)

3. Review the PCB certification

4. Unit test of PBA or Associated Assemble level

5.Acceptance test Py
6. Hardware qualification test

[Detection Determinants]

1. Missing the detection action at the artwork design review, pcb certification
review (Detection Level : 2)

Fig. 9. Improved factor — 1 in improved FMEA

form
Responsibility Action Result
Recomrpended R]
beten Completion Detail of Action s 00D
Data IN]
lvatyAsw:d 53]
mmwu’m\(uwummmm [Seveity Aspect: 5— 5)
B in onder to prevent same - i
bors (reason - designed the redwidancy system as
o K products)
[Occurrence Aspect : 2— 1]
- Change the new PCB lum-metsp«rz 1l
Revise Artwork and perform the peer - Change the new PCB
rovivw Revise Artwork nd perform the poer review
Review the cetifationofthe epoired | 240501 | - Reven thecuiheaionaf the mxdlm B
PCB: e test. pesform FIRILIL

charge name
[Detection Aspect: 2 — 1]
Improve quality process about PCB
acceptance (expired data  withina
week aiter receive the PCE cestification)
educate

Deteaion Aspect:2— 1]
Improve quality process shout PCB

- Outsurcing Development :
ullsmnill" company's associated

sc« Development : educate our
company’s associated division

Fig. 10. Improved factor — 2 in improved FMEA
form

q Detection
Current Design Management Level
1. Preliminary/Critical Design Review
2, Artwork design review (check from here when
revising Artwork) — ideal detection point
3. Review the PCB certification 2

4, Unit test of PBA or Assaciated Assemble level
— practical detection point

5, Acceptance test

6, Hardware qualification test

Fig. 11. Improved factor — 3 in improved FMEA
form
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Fig. 12. Improved FMEA effectiveness analysis results in
terms of naval combat system item
development
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Table 1. Raw data of Improved FMEA effectiveness
analysis results each project

. . Prevention Prevention
Project Name DB Quantity Quantity Rate (%)
KOO B1 90 -
KOO B2 36 Accumulate -
AOO 95 past project -
POO 14 DB -
LOO 2nd 16 -
KOO-PIP 21 -
100 68 Accumulate -

ongoing
SO0 88 project DB -
DOOO 53 -
F CMS (F DB) 72 28 38.9%
F M (F DB) 53 21 39.6%
K CMS (K DB) 21 21 100%
K M (K DB) 47 47 100%
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