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2 QJR|A0] Al2=El(Dynamic Positioning System)2] $13/32} 212|124 H7}oll FMEA(Failure Mode and Effect Analysis)
g3t glovt, s ZRAES} 717l B4R Qs thedt 22 SIS 71RIT) 1) SCADA(Supervisory Control
and Data Acquisition) A|l25-& &3 FHEE 14 vlo[gle] dPe e JFkoR gk eakgo whe=et AlA g
o2 3 AREE dolEE Xl gleng Bebzlstal AFE 4 fitk webAl, EMEAY] Al 7] W5l e
(Severity), TAIHIE(Occurrence), AZEHE(Detection)] 7k 7} Aol A3}, 2) WE7FE] T2 dtd)
Mo oJEF A Y QAES As 7] ofdt. 3) 938 84E Aol ARl Fawe 1HA] go}
AFHE HEsHA BEER] a4 M2 OE IR d&l U 98 $48 g 7 S daigel
FAEE W8] ofH), olet FAES B3I 7|E] FMEAS] 7S #0|7] $J3), Fuzzy-FMEAE AlIQletaL, A8t
/e ZRAES FAH $IX|Ao] Al2=¥le] FMEA #A]el| A-8319itt. £ =2 DP FMEA, DP FMEA 1% Al@A](DP
FMEA Proving Trials)ol] YEPH AE7} #|2S 9z Rdlg F&3te] FMEA Y &-$-41<5=2/(RPN; Risk Priority Number)ol|
AP 8aEe] A9l F8438 I Akl WL diYf Z2AES] T4 A0} Al2Fle] 7|4 9 g A
o H-g3to] 7] FMEAS} v|watoitt.

i ot FO

F19)=. : Fuzzy-FMEA, 58 $IX|A0], 9159419, DP, RPN, FRPN

Abstract

Failure Mode and Effects Analysis (FMEA) has been used by Dynamic Positioning (DP) system for risk and reli-
ability analysis, However, there are limitations associated with its implementation in offshore project. 1) since the
failure data measured from the SCADA system is missing or unreliable, assessments of Severity, Occurrence,
Detection are based on expert's knowledge; 2) it is not easy for experts to precisely evaluate the three risk
factors, The risk factors are often expressed in a linguistic way, 3) the relative importance among three risk fac-
tors are rarely even considered. To solve these problems and improve the effectiveness of the traditional FMEA,
we suggest a Fuzzy-FMEA method for risk and failure mode analysis in Dynamic Positioning System of offshore,
The information gathered from DP FMEA report and DP FMEA Proving Trials is expressed using fuzzy linguistic
terms, The proposed method is applied to an offshore Dynamic Positioning system, and the results are compared
with traditional FMEA,
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AalA 2k grot Fas) el wet s duE STkskaL gtk s Adule] Fa S 7]
& 7 54 $IAIA A 25l (Dynamic Positioning System)©] Tk, 743 52l (ack-up) B AlF
(anchoring) 2 $J%] Alo1& & 7%, 2ol tigh Alefo] glom zJazte] 71 whHe| &7
a0 w2k Ao Shto] ol A AUSIAIE HIAAAe] Blolck, 1961 AelELlo} 2}
=2} 3| A oF 928m Moho fAlA Cuss 1(Continental, Union, Shell & Superior Oil
Consortium) &7} 2 ¥H4 180m Wi2ellA] $IXE 2edel| oJeii S8 o2 Aofst Z1e AlR
o7 BAAC FAQA|A|o] Ak ShellAloA W3l Eureka$ ot} Eureka & X4/AnES
300% 3 4= glom BAMAISAIA Gl meten)2lal BElE ofEE 1] Aloj7]e} EEg}o]o]
(taut wire)E BAISt] YIXE Alofdt 4 At 1990 o] U the] sFZHEL A
ke S| A oA 2Hlo] A=), o] AZalel wigE A B Ak whEo] dHAlo
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olzd] HFo A AF Bl Ams A= 5 Wl §i7] w

: FHAA ] Al2Ele H3m
Wele] Wamg A1 Bk Q) Bk Azte] Ang
S5 2o o} Thedl Ao} ZAKIAR, Aol 9
2] a4 wdlol ZhHE|(Kalman Filten)E o]&3ke] Auke] 9%
(position), =2 (heading)E ZA3}aL ). F3l FHIole o|53}
(Redundancy) 7ido] SAbgol| we} 37] ode] AXE = Bla
S HcH1sl, hEEel BHQAAe] AUEE PRS(Posiion
Reference System), PME(Position Monitoring System), HPR(Hydro
Acoustic Position Reference), EE&}o|of(taut wire), 223}, 0]
A o] k.

FMEAT F2A[Alo] Al2gle] 9334 F7iet AlEe H7tol
LA ARSECE, FMEAE gl R oA Altste] SR
ANZz"o| nAE FES ZARRE AR (bottom-up approach) 2.
2 FAE A XAo] Al2Ele] FMEAT 17 13} o] o}
oA 92 FZxslEr

IARE=(failure  mode)x=  F-E(component),  SHEAIE]
(sub-system), Bex= Al2Flo] 7RA= MY 7hsgt 715 A ARER
o}, A 9IAAo] Al2E o] AR B AR 2 (material fa-
tigue), ¥3Hdeterioration), W& (deformation), @+3l(blockage), 7
HE2Hmisalignment), “F(leakage), A3 (overfill), H3l(clog) T
o] it} AU (Failure cause)& IS Uo7 AHog Ao
ok FHARA A2 o] 171 A5 A (incorrect ma-
terial), SHEH(poor welding), F-2l(corrosion), ZHEF
(assembly  error),  WAQANcalibration  error), I3
(overstressing), #F&(overheating), Z2HQ Foperator error) 5°]
At AR EEL BE 89 AKvisual inspection), 223} 2
Ev 24 (oil analysis)Z 22 CMS(condition monitoring sys-
temE AZSEC YK (failure effect) AR E0] AdlZ A
SJeit, AN wRTFe FAHEI Y doss
of cooling pump), AZEAP = loss of electricity production), 3L
L3kAl(high temperature), =G| (tip), FF2(oss of air
pressure) 5°] ST},

FMEAE 19 29| 37 Haje} o] Aldl W9 Ao|, 7} H&
I AR digk R Sl Tejal ERlE agEE A
E £o= gty dRbHo s FMEA IR Es A, WAy
=, ARNEE Wla Hed 2 e 010 38 7R
STE Az W GERs mAH 394 Risk Priority
Number, RPN} A W] Fo2 A ()7} o] et

RPN= 8% OX D 1

FMEAZ} AlE)d 3 agmesgzle] -85k =l ARt 134
Wel 2lE= Hrh a7 B o] Aok Algto] EAgt 1)
ZAE Gnspector), Z1FAA (vibration sensors), SCADA(Supervisory
Control and Data Acquisition) AJZ~8l Follx Aoz 14 dlofg
o] di= & T 2 AKX Y FoR Bebdsiar AlsEd
Stk 2) Arbee] Az, dARlE, AENse) digh Jrpt o
oz EAslo] Ske A% AWLIENS Pdsk) B of
th 3) d¥HH”l FMEAYIME Al WgE BT FUs o858 7}

Fuzzy-FMEAZ 088 SMQIXIRI0 AlARIO| DY

| Dynamic Positioning System |
. -

|DP Contr‘nlSvsleml | Thluste: System |
+ +

Power System |

3

Power Distribution Positioning Thruster Control
management system (cables, control system units

system routing, etc.) {DP computer)
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Communication routing
network
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Flectrical Engine auxiliary environmental units, and
generators systems (fuel, sensor systems auxiliaries

lub. oil, cooling

- water,
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Failure modes Failure modes

T 1L LR SHAARIMO AlA-S ASTE
Fig. 1. Hierarchical structure of a typical dynamic positioning
system

| Establish the system limits |

]

Technical presentation of the
component/subsystem
|
Identify the possible failure
modes for each

compaonent,/subsystem '
T Identify and make record

in FMEA worksheet

Go through the identified
— failure modes for each
component/subsystem

Determine effects of failure
and find severity ranking

Next : YES
Failure Critical Determine causes of failure
Mode Consequences? and find cccurrence ranking

Find detection ranking

[ NO
L ¥ES More Failure
Modes?
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T NO
| FMEASession Finished |

%2 2. FMEA SEL
Fig. 2. Flow chart of FMEA
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Ithal 798l R, ¥ Alole] Al S8 agwA] e+
AR 0’ A7 R AEHIEd] Al 7S = 5
Aol k. 4) AR v AT s FUS e
we 7 7S AU SeeE ddsy] ofH

olgel FAEE S8kl 7|E] FMEAS] E7HE =ol7] fldl,
=R oAE Fuzzy-FMEAS AQVela 3o Z2AES] 9%
o] A|zHlle] FMEAS] 2-8319ict. 2ol B =tolla 285k
Fuzzy-FMEA WHoll tiek 725 Awsidict. 37golM & o o
4 FAEAAA o] Al2gle] FA33 AY vlolHE YR, 4%
oA ket HhHT 7] WPHS vkt

¢

o

2 rle

2. Fuzzy-FMEA 712 o =&

A= ARG FHAR] QIAE 8 Bl dsksle W
ook, £ w=tollAl= FMEAS] A[le] 33S FAlskslal A4,
HANE dEse] AuiEel BAE 1EEle] A E
Agelstzl S 2™ 39 Fuzzy-FMEAE ARGSCHS] #HA|st
(fuzzification) &= AZ1E, BRI 70T o] o] HEE 2)(4) 2
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&2 AR BRGE SElsitt 7R Hule evalua-
tion)& R =S} YRS HA] IFTHEN 712 A2l &
7b A2 gehs dAlolnt ofegh 1A FAA R A
o] Who = Ash= Zlo] & tf HeleirHo-12l.

H7 F2 Y2 AR TR AR RS
of AFPIeE 2] g e R A 29 A AT
A(fuzzy production rule)?t 2 (3)9] FA  FAH(centroid
Technique) ©]-83)= FRPNS Aok},

IF S is FS" and O, is FS" and D, is FS"

THEN'Y, is FO, @

S [[Trsie}o

i=1

i{ﬁFSJ(%)} N

i=1(j=1

FRPN= RPNXw= RPNX

AN, S, O, D= 242 i HA R ee] Az, AR,
AEREE W, FS, FO= HA g Uit & =2
FRPNS A7) 18] MathWorks AFe] Matlab 2012b¢] Fuzzy
ToolboxE AME8IGIOH, HA Je] A&dhr= 2 (99 wimf
2 gk

f(xsa,b,c) =max(min( Jg:s , i:i )70) 4

2 = 4 ~@E DP Al2Hle] IR Hileds 24
7] 91k W AMSEHIaL, FMECACIM ARS3RE Qlo] wg= X
1~3%} o] Aofgle,

by expert Fuzzy inference process Fuzzy inputs
- Occurrence
Input membership e 2
unitih Fuzzification Severity
Detection
Qutput membership
function Rule evaluation
/' Fuzzy output

| Rules I/ I Defuzzification |—~Pri0rit~,rweight

a7 3 3Rk TN Y slAEE| 7 2ME
Fig. 3. Flow chart of 3D reconstruction and building

H 1. DP FMEAQ| AlZtz tH4 Xo|
Table 1, The scale rating table for Severity

L Fuzzy o
Linguistic Criteria in
; Symbol | Number | Rank o .
variables S(Severity)
fxia,b,c)
Effect is not
Very Low | VL (0 0 3) 1 |obvious and can be
ignored
Failures cause a
Low L (135) 3 . .
minor impact,
A minor impact on
Medium M 357 6 the vessel
positioning
176 | WAS - ZAMM - MME - NS - 0|0

Loss of ability to

High H L
vessel positioning

(579 8

Major damage to

Very High VL
R the system

(7 10 10) 10

H 2. DP FMEAQ| 248 o HO
Table 2. The scale rating table for Occurrence

. L Fuzzy L
Linguistic Criteria in
- Symbol | Number | Rank
variables O(Occurrence)
flziab.c)
Very Low VL (00 3) 1~2 0~5%
Low L (135) 3~4 5~10%
Medium M 357 | 57 10~15%
High H G579 | 89 15~20%
Very High| VL | (7 10 100 | 10 20%~

H 3. DP FMEAQ| ZHEHIT H4 FO|
Table 3. The scale rating table for Detection

. . Fuzzy .
Linguistic Criteria in
- Symbol | Number | Rank .
variables D(Detection)
f(@5a,b,¢)
Effect is not
Very Low VL 0 0 3) 1~2 |obvious and can be
ignored
Failures cause a
Low L 135) 3~4 . .
minor impact,
A minor impact on
Medium M 357 5~7 the vessel
positioning
Loss of ability to
High H | 679 | sv9 .
vessel positioning
Major d. t
Very High| vi |7 10 100 10 ajor damage 1o
the system

3. SEAUX|MA|IAR 1 X A|0|E]
FHAA|A o] AlzEle] FMEA F& e 1) Agaarlzs)
(electrical power system), 2) 27| Ao Al2E(thruster control
system), 3) FAYA|A| O] A|2=E(DP control system), 4) PRSA]Z
El(Position Reference and Sensor systems), 5) AHPA|2<Ell(Fire in
vital DP compartments), 6) EDS & F&G, 7) 45z o7 & 2
22}l Ae]-FA](Stand-by DG start and online within 45 seconds)
o|c}, FMEA IAREE F238F T 7AKsingle failure)d} 1 J&F
< o= st i Al2FI9l 29 4] =d4(drillship) DP
Class 3 RFARHS WE3I5], DNV 417 521 DYNPOS AUTRO,
DYNPOS ER, POSMOOR ATAZ #58hc}, =24de 672 e
F37)(Azimuth thruster), 37019] AIZE, 7+ A2 27)19] 24
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H 4, DP FMEA &3AE
Table 4, DP FMEA worksheet

Component/ Failure Mode ) . S,0,D
. Failure Effects . RPN
function Failure Mode Failure Cause Detection Ranking
Module does not have diagnostics but one of
. the outputs is set by the program and con-
AGP (Advanced Loss of 24VDC ex- P N Yy . P . S . No outputs set, CPU pro-
DI/DO Module nected to one of the digital inputs, If this input
Generator ternal power to mod- |, . grammed to respond by (6,3,6) 108
K faulted is not read as set, an alarm will be generated |7~ | : )
Protection) ule inhibiting alarms and trips.
on the HMI, Note also that no module channel
LEDs will be illuminated,
Unresponsive HMI display. No LED indication |Trips will be latched on. It
AGP (Advanced K )
DI/DO Module Input channel fault - [on channel when pushbutton pressed. Module |will not be possible to re-
Generator ; ) ) ) (3,8,6) 144
R faulted Alarm Fault Reset does not have diagnostics. close tripped tie or gen- [
Protection)
erator breakers,
Increased risk of blackout
AGP (Advanced .
DI/DO Module Output channel fault . . due to the longer time the
Generator § . None, Module does not have diagnostics. . (5 6 6) 108
R faulted Start Next Diesel on-line generators may be ”
Protection)
on overload,
Loss of communica-
R The Available signal will be inhibited and the .
tion between . . . . SIPROTEC detects loss of
. ) Fault signal will become active, This can be o i
Transformer Loss of trans- transformer temper- . communication, Can still be
. seen from the status lamps on the control sec-
Temperature former temper- ature monitor R R . opened remotely on loss of [(3,6,3) 54
T . . tion door and will also by signals to the VMS, ] 7
Monitoring Device |ature signal and SIPROTEC or bro-| . . T : . comms with RTD
If the SIPROTEC display is still active, it may
ken temperature mon-|, o . box,
it indicate the specific fault condition,
itor
o Loss of communica-
125VDC PS - i lectronic fail
0ons, electronic rail-
Battery Monitoring |Not monitorin, ! Alarm at the HMI Loss of battery monitorin
.ry s s ure, loss of input Ty g (6,3,3) 54
Device
power
Zero current on ammeter in
VSS (Vessel Only door metering (ammeter) at the 11kV
X X . R ) . one or more phases
Services CT open Wire Break section is affected, Protection functions are not . (1,3,3) 9
. when current is known to s
Switchboard) affected. L
be flowing in feeder.
ESD shutdown signal perma-
ESD shutdown re- |[ESD shutdown relay o . . .
- . Periodic Testing ofESD function, nent on the SIPROTEC pro- |(1,3,1) 3
lay failure failure . >
tection relay.
Fail £ (multiple) The feeder remains
ailure of (multiple
THRUSTER POWER|Thruster UPS Loss . p L o avaialble, The breaker will
components within Fault Indication to VMS Fault indication from .
AND CONTROL of Consumer pow- o . recieve power to close or  [(1,8,6) 48
the UPS, Fault on the|power feed monitoring at Switchboard HM. ) ()
INFRASTRUCTURE |er open the feeder through the
power feed
SWBD UPS,
= A=y 5 - Iz
FR7Ib At B =Rl AR aREE # 49 2o 4. Fuzzy—FMEA X Zn}
A=d

1 7)) tis] RPNZ FRPN #E H]mah},

PoRT
Y SWED
ORILINO MOOHPOOL

RS

CENTRE
wrswep |57

5180
Y WED

ad 4. =gl Hi™yat FT7| 714

Fig. 4. Power distribution and thruster configuration in drillship

Fuzzy-FMEAZ 0|23 SHIXIRI0 A|AHO| TERH

F 47 B w=irelr] aefsior T4 9IA|Alo] AlEle] RPNGHS
HolZETh AGP A|2Hle] DI/DO BE 1gRTe] A9 o 1%
A21S 7AAEE B8k RPN k108 717 AL & 4 it} wigt
7] &% HuUdea wigey] BRUEE FE g 4 el
T2 FUsk RPN gt 548 717 A& 218 4 glr)

B =70] Puzzy-FMEAE 118 59} 2] &€ s, O, D] s
Ay SR HAShE AL, [F-THEN #7] q12]ef] wiet v]5 s}t &2

= T T

R
ro

3:0

S JHAE U QAR B =N vheold sxRE il
2 RPN#} FRPN 7k ®ists Jepd 1% oo 54& 31T

ALk, HAFE 2l N7ZIE 3~7 BRAEIE 2~59] HejoA T
2] wkedo] 2 A& I 4 9t

I 5 FAFEAZEES o] 83t 71sA| k] Aifolt), AGP Al
2Hle] DI/DO RE| gt wARE RPNS AR, Alzter)
SR AN} Zol A9 A7) =] WAL 64.80
S 717 173l ‘Output channel fault Start Next Diesel o]
AP FHE R e & & ok Toss of trans-
former temperature signal'®t Not monitoring'®] IAE= RPN

M2 =& |
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A% % gtk

H 5. RPN FRPNCQ| Zu} H|w

Table 5. The result comparison of RPN, FRPN

AR, kst ol WA} Yok B9 715}
Al RFIEAL 27,00 7F 3L Toss of communica-
tions, electronic failure, loss of input powerol] <=7} Al
o molFs & ¢ otk IBEE V& FMEA7} FY3 7}
ZF22 71 A Fuzy-FMEAS B3] R ES0] FRE 4 &

Failure Mode Failure Cause RPN| w FRPN
. Loss of 24VDC external =
DI/DO Module faulted | % © externd 108] 0.50 54.00
power to module . .
. Input chz | fault - -
DI/DO Module faulted |0t CHannet fau 144] 0.85 122,40
Alarm Fault Reset . :
Output ct 1 fault
DI/DO Module faulted |- P mam.le a 108| 0.60 64.80
Start Next Diesel . .
Loss of communication
" ¢ transf . between transformer
oss of transformer tem-
. - temperature monitor and 541 0.40 21.60
rature signe
perature signa SIPROTEC or broken
temperature monitor
Loss of communications,
Not monitoring electronic failure, loss of 54| 0.50 27.00
input power
CT open Wire Break 9| 0.14 1.26
ESD shutdown relay ESD shutdown relay fail-
- i ’ 3l 0.14]  0.42
failure ure
Failure of (multiple)
Thruster UPS Loss of |components within the . 5 5
Consumer power UPS. Fault on the power| 48[ 0.85 4.80
feed
Membership function plot
L L M H H
1F A /
0.8} / \ / \ /A
=% /’ \ / \
= / \ / /
] / \/ \ /
2 06} / \ / / 1
: VAR /
7] / \/
: / ) \ /
k] / [\ \ /
g 04f ) /\ \ ) 1
g / /o /
3 / / \ \
o /s “/ \\ \ /
L / / \ ]
o2 [\ \/
/ “/ \ \
/ / \ \
0 / / \
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0 1 2 3 4 5 6 7 8 10
S, O, D value
g — =o =,
178 | s - MM - HAE - HEH - olch

Surface view of Defuzzification

O value 0 o S value

32 5. 42840 HXEEAIAYO| CHx| Zat
Fig. 5. Membership function and defuzzification of fuzzy
Inference System

Difference surface view (RPN — FRPN) (when D= 10)

O wvalue

S value

12l 6, RPN} FRPNQ| Zt H3)
Fig. 6. The difference between RPN and FRPN

5. 8

rhu

9l 35 oL

B ere PViA SRSl J1EAE ANEe) ngrss
ko] ARl FowE dAdstazt stk HAFERY 29
7VEA]2 Whdeh FRPN2 543 RPN gh& 788 & o2 3l
sholrh, Rl YF9AEsle] A Faw ek A
SAlA Fagt AAe] H F Sty B Ao AMESH
Fuzzy-FMEAY} 945 A1EA(DP FMEA proving trials) W88 &
3t B AlSH(sea trials) oM Q3 IAREE BEF= A

£ 13 ofgolnt,

References

11 IMO MSC/Circ. 645, “Guidelines for vessel with Dynamic
positioning system,” 1994,



http://dx.doi,org/10.5391/JKIIS,2015.25,2,174

(2]
(31

4]

(ol

(71

8

9l

[10]

[11]

[12]

ABS, “Guide for Dynamic Positioning Systems,” 2013,

DNV SHIP Pt.6 Ch.7, “Dynamic Positioning Systems,”
2004,

IMO MSC/Circ, 645, “Guidelines for vessel with Dynamic
positioning system,” 1994,

Roghayeh Khasha, Mohammad Mehdi Sepehri, Toktam
Khatibi, “A Fuzzy FMEA Approach to Prioritizing Surgical
Cancellation Factors,” International Journal of Hospital
Research, vol.2, no.1, pp.17-24, 2013,

Kumru M, Kumru PY., ‘Fuzzy FMEA application to im-
prove purchasing process in a public hospital,” Applied
Soft Computing, vol.13, no.1, pp. 721-733, 2013.

Xu K, Tang IC, Xie M, Ho SL, Zhu ML,, “Fuzzy assess-
ment of FMEA for engine systems,” Reliability Engineering
& System Safety, vol.75, no.1, pp.17-29, 2002.

Bradley, J.R. & Guerrero, H.H., “An Alternative FMEA
Method for Simple and Accurate Ranking of Failure
Modes,” Journal of Decision Sciences, vol 42, no.3, 2011,
Tay, KM, & Lim, CP., “Enhancing the Failure Mode and
Effect Analysis methodology with fuzzy inference techni-
ques,” Journal of Intelligent and Fuzzy Systems, vol.21,
pp.135-146, 2010,

Sawhney R., Subburaman, K., Sonntag, C. Rao, P.RV. &
Capizzi, C., “A modified FMEA approach to enhance reli-
ability of lean systems,” International Journal of Quality &
Reliability Management, vol.27, no,7, pp.832-855, 2010,
and Senthilkumar, K M.,
“Continuous  Quality Improvement in Investment Castings:
An Experimental Study using a Modified FMEA Approach
Called FEAROM,” Eur, J. Sci. Res., vol.74, no.2, pp.
308-325, 2012,

Kmenta, S, Ishii, K, ‘“Scenario-based FMEA: A cost per-
spective,”  ASME  Design Technical
Conferences, 2012,

Selvan T.A., Jegadheesan, C,

Engineering

dih

YN IPN IR |

HHZA=(Gyeongdong Baek)
2008\ - Ao Eka ot
A7)} FsAL
= 20124 : Fk L skl
A7) 88 Bales
20123~ A : -2 AEF AT

IRk AgAIE] FAZIH, System Engineering
. gdbaek@dsme, co. kr

E-mail

ZdLI(Sungshin Kim)

19861 : ATkl 7] 5es FehAt

1996 : Georgia Inst. of Technology,
A7VSAFE g B SAL

1998~ A - Frkelal Z7 e ng

#ARol :Intelligent System, Intelligent Robot, Fault Diagnosis
and Prediction

: +82-51-510-2374

¢ sskim@pusan, ac.kr

Phone
E-mail

XM (Seong—Pyo Cheon)

2001 : Frkgk A7)88kt F3HAAL

2009\ : Fxksl 7)Est Fshabal

20101 ~&AA): (A 73 el Zemh2L
A4

BAR} IS, AR, BRI AES
E-mail  : spcheon@gntp.or kr

ME2(Heung Won Suh)
1985\ : Qlskietl =A¥eta) st
1991« ek oishel EdhAL
19919~ AY : (FHU A8
AJH71E R&D B

1

HiREol 124 CAD, Ae ARE B, Algdlold, sARES A7)

E-mail : hwsuh@dsme, co kr

O|ci&(Dae Hyung Lee)
2002 1 ZA7)eAL
2000 geloigkar tjgked
zAs|gzEa) Al
1986 ~EA : (FHU- 248
SIS 1 2y

)

S AR

WiREol ARl d&R AT, PLM, AlXF Ao, A4d/719]
Al=E], ARbA| EE St

E-mail . dhlee8@dsme, co kr

Fuzzy-FMEAS 0|83 SMAXIMO] AJAHI| TERQY M9l =& | 179



