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A Study on the Application of DFMEA for Safety Design
of Weapon System
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Abstract : In this paper, we proposed the DFMEA Implementation Method for safety design of Weapon
System. First, we presented the process for DFMEA. And then, the case analysis of OOO missile was
performed in accordance with the process presented. After defining the system requirements of OOO missile,
failure definition scoring criteria was set. In order to clarify the definition of failure, the failure was classified
into safety, reliability, maintainability and others. After performing the function analysis, the relationship
matrix analysis was performed to identify the failure mode according to the function without omission. After
clarifying the failure classification, mode of failure, cause of failure and effect were analyzed to calculate the
severity, occurrence and detection values. After the action priority was judged, the recommended action
according to the failure classification was identified for the determined action priority. The results of this

study can be used as a relevant basis for the design reflection and resource re—allocation of stakeholders.
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2. DFMEA System/parts operating with
High poor performance, Customer 7
very dissatisfied.

2.1 DFMEA 7H&. System/parts operable, but
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= A = =)

DFMEA= A Z7] @Al Alkste] ofitew inoperable convenience item.
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AEe] QA mHEEo  3Hlo]  fo|FhH, performance of convenience
Top—down ¥+ Bottom—up 202 FAgh}, ftem Is poor.

i i Ver Inappropriate finish/noise items,
A7 BE Rl s A osof LO“}; defect noticed by most 4
aul, o] 2o WA A andos &9 SuSOmers.

= a0 o - Inappropriate finish/noise items,
sfoF k. DEMEA®= A4 194+ o 3= Minor |defect noticed by average of 3
AR giEiA ZF mHREe AlZte WA E customers.
_ _ _ Inappropriate finish/noise items,
1 AT 2 =X Z3A] = = 3 . L .
A SRS FAste T T8ES s I\\Zierf(})]r defect noticed by discriminating 2
o AnzANGS AQeren anoltt customers,
None |No discernible defect. 1
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FREZL oL glo] sk 9w 108 el Probability of Percentage | p i
= S5k 010 w10 Hols fail CNF/1,000 | of possible | .
stal, 98 gls "W 184S Fosin ailure Feillies ng

Very High: 5316 greater than 10
<Table 1> Severity Classification[12] Failure is Lin
almost inevitable 316 1in 3 9
Effect Criteria Iii'ﬁk High: 134 lin 8 8
- g Repeated failures 46 1in 20 7
Hazardous Affects safety or environment -
without 1o noncompliance in regulations, 10 Moderate: 12.4 L in 80 6
. Failure mode occur without Occasional 2.7 1 in 400 5
warning . .
notice. failures 0.46 1 in 2,000 4
Hazardous AffeCtS Safej[y or .enVironme.nt LOW: 0063 1 il'l 15,000 3
with or noncompliance in regulations, 9 Relatively -
. there is a warning about the few failures 0.0068 |1 in 150,000, 2
warning .
occurrence of the failure mode.
- Remote: 0.00058 less than 1 1
Very High System/par.ts 1n0p§rable due to 8 Failure is unlikely ' in 1,500,000
loss of main function.
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<Table 3> Detection Evaluation Criteria[12]
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‘ Classify failure ‘

Determine Potential Causes of
Failure

v !

Seffing to Failure Definition &
Scoring Criteria

. !

‘ Define System Requirements ‘

Rate Occurrence ‘

Rank ‘ Accomplish Function Analysis ‘ ‘ Determine F;quﬁgal Effects of ‘
Detection Likelihood of detection . 1 i
N . - . Determine Current Design
Absolute |It is not detected or can not be 10 ‘ Identify Potential Failure Modes ‘ controls
Uncertainty |detected. I
Very The probability Of detection iS 9 ‘ Rate Severity ‘ ‘ Rate Detection ‘
Remote |very rare. !
The probability of detection is ‘ Calculate RPN Value ‘
Remote rare 8 |
Very The probability of detection is 7
Low very low. Value of Severity = 9 N_O_’ Determine Action Priority ‘
Low The probability of detection is 6 by applying 5,0, D
low.
Moderate The probability of detection is 5 Determine Recommendsd
moderate. Actions
Moderately |The probability of detection is 4 v
ngh moderately h1gh ‘ Execute Design Change Activity ‘
High The probability of detection is 3 v
h1gh ‘ Recalculate RPN Value ‘ End
Very The probability of detection is 9
High very high. [Figure 1] Proposed Process of DFMEA
Almost |The probability of detection is 1
Certain  |very clear.
16 ¢ A2 STAREE el
3. DEMEA 43 #x} AlzEle] @ tALRo] 7]E s of 91L H71EA

3.1 DFMEA 43 &z} A¢t

EA5 o2 DFMEAE 43 A] RPN #S A=
sl g3k Qi) sFARE, RPN #ite 2= A

Hked o] M9lE G4 E  glt) oA Dk, V)&
DFMEAC| A AARME S 918 Az AS A
Al B AR A Q] AANE o] o] FolAaL gL Q=
Aol 9 AFFES Wedste] g g, 1 &
T, 71554 oo A wiEE A 4 9 dF
$-491(AP; Action Priority)el o3k AAHY
&

0] 7Fs3 DEMEA 222 29 13} ko] AA]

(SOW; Statement of Work)E &3l o3t

k.

29t ¢+ Aol W #7|=(FDSC; Failure

Definition Scoring Criteria)S A 3lt},

BALSIZ RN R0z THHES 2
HolA =% Gk AR E AGATE A 2Ee] A
S AT L A8 F flE Ao WAt AL
JulgT YL B B9 Ay oAFow
98 1 7 EE Pole] QAFE op|gEA0
Wgle] o AFAY. 14 Ad BRe 2

FAA L b AAE 917 DEMEA 4&-oll 33 A5+ 49



t}.[14]

2y 7

57
1Ho
HO
&

T

= A7

Y= Bt

1

=

il

e
A

e

K

o

W w5 RAA A T

of AA i

%
mjp

R

3

I

RPN& I_’%}E’_E = o]_f,Zoﬂ ‘1]./_\-_:[ TL}Q} ‘g‘l

]

AT O(Occurrence)

S(Severity),

g,

tl Eq. (1) o] 24H=

Sl =]
uo

=
=

D(Detection)

(1)

SX0XD

RPN

ofy

Hlo

Jo

ulJ

)4

Al A#A 238 R(Reliability), A4

M(Maintainability),

=
T

il

~

]

(Le= +

o
=]

9 s

2~
A

A

(e}
uEE

S(Safety)

€

+o]

O(Others) & 53]

©
L

7|ef a7

=i}
=

e

g

bol, L A 9
4

S

of weh B4 £EE AA

Rt o

at7]ol =

G R

Fo

<0

7F 9 o]

AN A7k

g 9

2hi, ery A

o

o] 5oy Agn) el vl

!

]

sh, AP7F ‘H'9 E5l diste] A

APE A&

A|(Detection) &

o el
= H

50 A2l Vo]



H
&~
i
=
i
iﬂ
BN
24
S
>
otk
o
i)
o2l
o
o

A3 24 oke 1 B we} AAuke o
58 S99 1 ATE Beale] 14EA 2 1
A 253 AAele] LefA BN Bet
& 9= Ane Az

4. DFMEA AHdl 4

4.1 N2" QA A9
w =olA= DFMEA At 24 Bid& 000
FrE 22 AEZ HAEh A28 QAL A
ool 9JolA 000 GEEre] ¥7|%A o] Q- tAle)
Aelste BRI o, & 49 000 FE=g
F71e e Bt A4 874 AAlE 7)Es)

= estth

2 o

N

<Table 4> Requirements of OO0 Missile

No. Requirements

Seeker target capture distance shall be at
1 | least OO km when engaged in O dB
status.

Guided control algorithm calculation shall
receive target and flight information,

2 . o
calculate a guide command and transmit it
to the driving device.

10 Missile shall be protected from salt or
moisture that may be exposed.

1 When an emergency shutdown order is

received, the warhead shall detonate.
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<Table 5> Management Plan to Failure Category

Failure
M Pl
Catraary anagement Plan
Design for Safety
Check with Support Equipment
Safety .
— Operating Procedure
Training Procedure
Design for Reliability
e Design for Quality
Reliability | _ g4 In Test
Check with Test Equipment
Design for Maintainability
e Visual Check
Maintainabilit . .
antainablity | Preventive Maintenance
Corrective Maintenance
Other DeS}gn for Human .factors. N
— Design for Economic Feasibility
events
— Others
4.3 71524 439
000 frete] tat 7154 S 598 Avks
a8 29} Zh 000 FRE] A9 715e gAo

2 71 a9lelE Aol WAL dele g, B, 34,

5, E, A9 2 B o

Interception

‘ Control Launch

Data Link Detection Propulsion

l { Explosion ‘ Power ] 1 Protection

[Figure 2] Function Analysis of OO0 Missile
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<Table 7> DFMEA of OO0 Missile

Design FMEA

o =
. 78] . o] . :
. Potential % | 22| potential | § | Potential |29 O g 8. 2 | Recommended
Ttem/Function . S |3 E g SgE s | "R|2¢8 .
Failure Mode | 2. |% g | Cause = Effect |2 @ g g | Z2 < é' Action
< Qe 5 &2 = 8 %
N—

1. Seeker target
capture distance Seeker Missile 1. Reliabilit
& ability to Unable to capture target h ) AoMity
cope win  [iarge S s | &ile | 7| fneen | 0| 3 (el W etng
electromagnetic fault :
interference

. Guided .

2. Guided control ! Missile 1. Redundancy
algorithm chgr?ttr)lcﬁ to guided 7 R cdcgsltizc(;l 5 function D 5 175 H design
calculation fault disabled 2. BIT check

Power Missile
3. Power supply ;Junablle to power 7 R supply 3 function D 3 63 L BIT check
pply fault disabled
Unable to keep
safety status in Detonation Unable to

4. W?rlfgead‘ case of sustaining] 8 R device 3 maintain D 3 72 L Check

satekeeping of missile safe fault safe state Test Equipment
state
Unable to i

5. Antenna h Missile
communication Egmmﬂgate of 7 R Ar};ir?tna 3 function D 3 63 L BIT check
distance transmitter disabled

Unable to keep Missile

6. Missile restraint |safety status in 3 R restraint 3 Un?gibnlfai:? D 5 45 M Check
and release case of accidental device safe state Test Equipment

ignition of missile fault

7. Booster Unable to Unable to .
insensitivit insensitive 7 M Booster 5 maintain P 5 175 H Preventive

4 fault Maintenance
characteristics booster safe state
. Unable to Driving Missile
8. ,C’-}P%ﬁ(laard;/iséoaty operate of driving 7 R device 3 function D 3 63 L BIT check
device fault disabled
Unable to Thermal Missile .
9. Thermal battery operate of 7 M battery 4 function P 5 140 H Preventive
operating time thermal battery fault disabled Maintenance
‘e Launch Missile
10. Mrlgtsélcetion gfn?'r?ilsesiltg protect| 4 M tube 2 function D 5 40 L Visual check
P fault disabled
Unable to
operate command| Command Unable to
11. Emergency receiver when an . maintain
detonation emergency 7 R reéelj}/ter 3 emergency D 3 63 L BIT check
shutdown order status
is received
User Missile
12. Users Unable to control : h
: o 9 S operation 2 function D 3 54 L BIT check
operations of missile launch error disabled
l{ﬁa%r;ﬂitfé%nﬂa User Unable to Reflecting the
13. Check of missile missile when 9 S check 3 maintain D 3 81 L design of missile
; i error safe state simulator
checking missile
. Launch signal User Unable to Reflecting the
14. Training of transmitted to 9 S trainin 2 maintain D 3 54 L design of missile
missile missile when errorg safe state simt?lator
training missile
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<Table 8> Action Priority for DFMEA[15]
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<Table 9> Determination of Action by Case
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