{7 Jﬁtl’m

R FL R R d ~%3F3

ARBEAPA R EE TR YBTT
oL OF f %)

El
*E %5
Eﬁ = #
#H T H =

L L

DO sl

- NSC 100-2410-H-009-004-
: 100 # 08 * 01 p x 101 & 07 ®» 31 P
PR AR EI RS F RS ()

|+
o

PR RRE R B F ARG

FZ A W 101=&09* 137p



LR 3

e WA

Boeo4 &

% »efiest & 47 (FMEA: failure mode and effects analysis)
AR AR BT BRI AE o A ~EF i E
BRI LEMAEE O SRS R ELSY - FS
ARG FIEE o - SR b Rd i § kAR R
"% L3 #(RPN: risk priority number)¥t% ;%% i
(failure events)i& 7 A » @ b ' B LAptRTd = 7 53
i H ki k3t E o ¢ 34 4 5 (occurrence) ~ ¥R AR
(detection) ¥ B & - (severity) o %M &3 » B2 seficst
AT AT RZARGFIFAPHELE  RERFT FR
A E AT A iR b e B ip R A FE E R Y T
BORBHEFBTERNPEIETAR2FE 0@ 9 i B
%2 e A 2 F](root cause)) F At 5 HiEHEA VT
Fo T A TR - BRE DS ERAEMCDM: multi-
criteria decision making)#-3] » ¥R 2 ROE R E %
K 5~ 472 (AHP: analytical hierarchy process) ~ % B
mix (GRA: grey relational analysis) ~ 824K F % 4 7/
(DEMATEL: decision making and trial laboratory)® % 1«
SR B RA SN TR PR LT BORAETET
USRS E - A R ER

AOTHN R ERAE S Kt s AMBE AR
AT

Failure mode and effects analysis (FMEA) has been
widely applied to many domains (i.e. aerospace,
military, automobile, electronic, mechanical, and
semiconductor industries) for identifying and/or
eliminating potential deteriorated factors, risks,
and problems. Generally, the conventional FMEA
prioritizes specific failure events based on a so-
called risk priority number (RPN), which is a
multiplicative product of the three risk factors:
occurrence (0), detection (D), and severity (S).
Obviously, the conventional FMEA is deficient in
considering the relative importance among occurrence,
detection and severity and incapable to distinguish
different combinations of three risk factors
resulting in the same RPN value. Hence, linking
specific failure events to corresponding causal
factors becomes very difficult and infeasible in
practice. As a result, a fuzzy MCDM (multi-criteria
decision making) based approach that incorporates AHP



(analytical hierarchy analysis), GRA (grey relational
analysis), and DEMATEL (decision making trial and
evaluation laboratory) is presented to overcome the
above-mentioned shortcomings. An industrial example
regarding the fabrication process for TFT-LCD (thin
film transistor-liquid crystal display) is
demonstrated to validate the proposed approach.
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Conducting Effective Risk Evaluation for Failure M ode and Effects

Analysis: An Examplefor the Fabrication Processof TFT-LCD



Abstract

Failure mode and effects analysis (FMEA) has beieelywapplied to many industries
for identifying and/or eliminating potential deterated factors, risks, and problems.
Generally, the conventional FMEA prioritizes spicifailure events based on a
so-called risk priority number (RPN), which is a ltiplicative product of the three
risk factors: occurrence (O), detection (D), andiesy (S). Obviously, the
conventional FMEA is deficient in considering thepiortance degrees of three risk
factors. Moreover, it is very difficult to distingh various combinations of three risk
factors caused by the same RPN value although hidslien causes might be totally
different. Hence, linking specific failure events torresponding causal factors
becomes quite infeasible in practice. As a resalfuzzy MCDM (multi-criteria
decision making) based FMEA that incorporates ARRalytical Hierarchy Process),
GRA (Grey Relational Analysis), and DEMATEL Qpecision Making Trial and
Evaluation Laboratory) is developed to overcome the above-mentioned&bings.
An industrial example regarding improving the fahtion process for TFT-LCD (thin
film transistor-liquid crystal display) products idemonstrated to validate the
proposed approach.

Keywords: fuzzy FMEA, RPN, AHP, GRA, DEMATEL, TFTaD.



Conclusions

FMEA has been widely used to enhance product titisand process stability over

several decades through ranking a so-called RPNpecific causal factors or failure

events. However, traditional FMEA fails to considlee importance degrees of three

risk factors when applied to different industri&esides, various combinations of

three risk factors are possible to generate theedaRN although their hidden root

causes may be vastly different in practice. In stigly, a hybrid MCDM based fuzzy

FMEA that integrates AHP, GRA, and DEMATEL offersflaxible framework to

overcome frequently-encountered deficiencies in dwmmventional FMEA. The

proposed approach cannot only accommodate the femu® degrees of three risk

factors, but also construct a composite RPN indesedl on three factors concurrently

rather than using a simple mathematical productthEumore, by identifying the

complex interrelationships between resulting “feeluevents” and corresponding

“causal factors”, quality engineers or reliabilgyactitioners are able to visualize and

to understand the urgency of crucial factors mdfectvely and to allocate their

corrective resources more efficiently. To illuserélhe applicability and validity of the

proposed method, an industrial example regarding féibrication process for

TFT-LCD products is demonstrated in this study.



Table 1. A crisp rating scale used for the conwerai FMEA

Rating| Possibility of | Impact Probability of Impact Effect of
“Occurrence” “Detection” (%) “Severity”
1 <1/20,000 Almost 86-100 Almost None
never certain
2 1/20,000 Remote 76-85 Very high \Very minor
3 1/10,000 Very slight 66-75 High Minor
4 1/2,000 Slight 56-65 Moderately Very low
high
5 1/1,000 Low 46-55 Medium Low
6 1/200 Medium 36-45 Low Moderate
7 1/100 Moderately 26-35 Slight High
high
8 1/20 High 16-25 Very slight  Very high
9 1/10 Very high 6-15 Remote| Hazardous with
warning
10 1/2 Almost 0-5 Almost Hazardous
certain impossible| without warning
Table 2. A linguistic rating scale used for progbfiezzy FMEA
TFN Symbol AHP Symbol DEMATEL
(1,1,3) E Equally VL Very low
(2, 3,4) S Slightly L Low
(3, 4.5, 6) M Mbderatelyl ML Moderate low
(4,5.5,7) T Strongly M Moderate
(5, 6.5, 8) G Greatly MH Moderate high
(7, 8,9) A Absolutely] H High
(8, 10, 10) X Extremely VH Very high
Table 3. Random index used by fuzzy AHP
Order of matrix
n 2 3 4 5 6 7 8
RI 0O | 058/090|1.12|1.24|1.32|1.41




Table 4. Simplified symbols denoting the fabricatgrocess of TFT-LCD products

CFs Causal factors (mechanisms) FEs | Failure events (results)

CF1 | Poor gamma curve design FEL Grayscale display defec

CF2 | Different edge and interior delta FE2  Uneven spietcat edges and

corners of LCD
CF3 | Disable conductive material FE3 Flickering display
CF4 | Conductivity reduction owing to| FE4 | No displays
moisture

CF5 | Low LCD resistance FE5| Missing pixels

CF6 | Scratch FE6 | Missing lines

CF7 | Particles remain on LCD internalFE7 | Contrast ratio

CF8 | Poor operations FE8 Crosstalk

CF9 | Too large bias level FE9  Slow LCD response time

CF10| Cell gap setting error FE10Poor high-temperature constant

CF11| Spacer leaking light

Table 5. A ranking comparison of CFs among diffeRRN schemes
CFs (O0,D,S) ConventionalRank | Unweighted| Rank | Weighted| Rank
RPN RPN RPN

CF1 | (VL, ML, MH) 48.75 5 0.54 5 0.571 5
CF2 | (VL L, M) 27.5 8 0.424 9 0.431 8
CF3 | (L, VL, ML) 22.5 10 0.416 10 0.371 10
CF4 (L, VL, M) 27.5 8 0.443 8 0.42 9
CF5 (L, L, MH) 58.5 4 0.519 6 0.525 6
CF6 (VL, L, H) 40 6 0.612 4 0.776 1
CF7 | (VL, M, MH) 59.58 3 0.655 3 0.667 2
CF8 (L, M, M) 90.75 2 0.665 2 0.606 3
CF9 | (ML, ML, M) 111.37 1 0.697 1 0.559 4
CF10| (L, VL, ML) 22.5 10 0.416 10 0.371 10
CF11| (VL, L, MH) 32.5 7 0.466 7 0.509 7




Table 6. A sample of initial interdependence mabexweerCFs andFEs
FE1 | FE2 | FE3| FE4 FES5 FEb FE7 FE8 FE9 FE10

CF1 | M
CF2
CF3 L
CF4 ML
CF5 M

CF6 M
CF7 MH | MH
CF8 VH
CF9
CF10
CF11

ML

Table 7. Final interdependence betw&éis andFEs through fuzzy DEMATEL

FE1l | FE2| FE3 | FE4 | FE5| FE6| FE7 | FE8 | FE9 | FE10
CF1 | 0423 O 0 0 0 0 0 0 0 0
CF2 0 0269 O 0 0 0 0 0 0 0
CF3 0 0192 O 0 0 0 0 0 0 0
CF4 0 0 0.308§ O 0 0 0 0 0 0
CF5 0 0 0385 O 0 0 0 0 0 0
CF6 0 0 0 0.462 O 0 0 0 0 0
CF7 0 0 0 0 0.5 0.5 0 0 0 0
CF8 0 0 0 0 0 0| 0718 O 0 0
CF9 0 0 0 0 0 0 0| 0615 O 0
CF10| O 0 0 0 0 0 0 0| 0231 O
CF11| O 0 0 0 0 0 0 0 0 0.346




Table 8. Conducted priority of failure events

FEs Weights Priority
FE1 0.242 7
FE2 0.187 8
FE3 0.331 6
FE4 0.358 2
FE5 0.3335 4
FE6 0.3335 4
FE7 0.435 1
FE8 0.344 3
FE9 0.086 10
FE10 0.176 9




Fuzzy
AHP

Evaluation of |

RPN

Fuzzy Fuzzy
GRA DEMATEL
Weights | v .| Ranking ,| Prioritization

of 0,5,D of CFs

of FEs

Figure 1. A proposed fuzzy FMEA to construct a RBNTFT-LCD products

Array Process Cell Process Module Process
Glass Substrate TFT substrate Color filter Finish
Clean Yield mapping Inspection
Deposition Clean Clean Backlight
v v v v
Apply resistance Spin coating Spin coating Driver Mounting
¥ v v v
Exposure Rubbing Rubbing Inspection
v v v
Develop Clean Clean Apply Polarizers
v v v v
Etching Apply seal Apply seal End Seal
Striping Lamination Inject LC
L v
Inspection Scribe/ Break
v A
TFT Substrate

Figure 2. Typical manufacturing processes of TFDBDU@oducts
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Figure 3. Triangular fuzzy numbers and membersimgtions used for fuzzy FMEA
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Figure 4. A causal diagram generated between Cé&Ba through fuzzy DEMATEL
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Abstract: A collaborative QFD (quality function deploymetidsed platform is widely applied to
many industries because it is flexible to gatheredie opinions among cross-functional team
members. Besides, it helps product practitiondespmet marketingcustomer requirements” (CRs)
into technical engineering characteristics’ (ECs) when configuring an intangible design concept.
However, the conventional QFD generates the piggriof CRs andECs independently without
considering the inter-dependences and/ or the -idegendences among themselves. In addition,
most existing schemes for selectindesign alternatives’ (DAs) are heavily reliant on experts’
domain experiences and subjective human judgmémtpractice, this may be harmful to the
performance of achieving successful NPD (new prodievelopment) for modern firms. To
overcome the above-mentioned shortcomings, a hyRRD that combines DEMATELDEcision
MAking and Trial Evaluation Laboratory) and GRA Grey Relational Analysis) is presented in this
study. In particular, a real case relevant to dgyelg an underwater digital camera is illustrated
lastly.

Keywords: QFD, NPD, DEMATEL, GRA.



RfL g2 4 74 FE S &R 7

P #:2012/09/13

BEE R

PE LA KBS SRR R 4R

o2

MERT-RS

|

2
2hd oA & B

FE w5 10

[}

-2410-H-009-004-

N

AEFF X RHR T




100 # R EREFm T3 2T 2 % 2

T 3

Pga s

33 Y5 0 100-2410-H-009-004-

e
Ph e S

BRARE Ay R hlgT B2 Wy

£ FE O R
. Pt ek 3 &
4% p RReES gyt | RERF | g |7 T
B (s (B(GFR%E | A IS
pegg) | E2HE) o & ¥ ...
)
LN EN 0 0 100%
O el W N L LY ik 0 0 100% 5
R L
Fitgwm= 0 0 100%
%3 0 0 100%
44 ¢ ?:i'i‘“ = 3K 0 0 100% o
© JEE 0 0 100%
P i g 0 0 100% “
FAS
i AUES 0 0 100% + =
FAL A4 0 0 100%
St A4 |FL 4 1 1 100% X =
(#®#E) EFLs#THR 0 0 100%
% izestim 0 0 100%
2012  Computers
ETET 1 1 100% and' Industrlal
Engineering
(SCI)
Py aEdisaeEs |0 0 100%
T Fa 2011 ' Asia
Pacific
Industrial
23 & h 0
g 1 1 100% Engineering &
Management
ot Systems (APIEMS)
%3 0 0 100% T/4
Y ¢ ;fp:t‘ i+ # 0 0 100% "
© B 0 0 100%
i+ 0 0 100% i+
P As &
i AUE 0 0 100% +
FAL A 0 0 100%
Syl d L4 4 1 1 100%
A =z
TRA) [BiuethE |0 0 100% '
% izesim 0 0 100%




B
EXNPE SO FREY
5 hoyE B s d S
HHEE S ELEREE
N Rk RS
42 H e g R
Yoo I | R E g A
EE G F A

}ljo)

o s

I

I

ToepafpHd AT e TP FE o RGP R

FHE®) L AH WL FERI CBRA

’i X538 P

freks

R E(FFHEEEN)

i/ e

Re|grga g A1 8

Vlgen

B yE2 S0 AR

R LI

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ S (BR) Ak

OO O OO O o (o

FadE k(2485 R




T PR S TR PR R

HRE LR B R R AN AR LT PR ] SR FE Y
E (A $%+¢%WA%~&£‘%W‘%géL HAEELT At ) L F A
ELFPIF LAY FEN AL FRNE B HBEE S F- FEFER o

Dl

Lo g M B8Ry HAR PR AW P R - 58
W=k
(A& 2 (G > 2100 % 5 %)
mEEESE
mES PR
(JH © & 7]
S
2. F g Ak B T A R0 G %
H~ P B E I:H\’??Z\'iv%f?’ [(E/° &
B0 kw05 BE
T HNLE T me _F
Hw (12100 F 5 2)
Journal paper:

Wang, C.H. 5 Chen, J.N. (2012), Using quality function deployment for

collaborative product design and optimal selection of module mix, in press, Computers
& Industrial Engineering.

Conference paper:

C.H. Wang (2011), A Novel Approach to Construct an Intelligent System for Product
Configuration and Prototype Selection, published in APIEMS conference, Bei jing.

3.3 %?W#%\#ﬁ%#T\ gmﬂﬁiﬁ’gﬁﬂﬁfﬁ%iﬁﬁé%ﬁﬁ
E(EALSFTELA2ZLEH B E-BELE-HF BT ) (M

500 % % ")

poavit &% H#-FMEA & QFD % & MCDM % = ;2 > i@ * 3 V-3
L MR R RS R o VT RS B

S b XAPR R R R
‘t » DRAM 2 PCB» 7+

o $EERA 4 & K 3 4o 4 FMEA 01 13 o




