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A Study on Derivation and Application of Front-Loading Factors for

New Product Development : Focus on Automobile Parts Design Stage

Byung Hag Park

Graduate School of Management of Technology

Pukyong National University

Abstract

As the growth of the global automobile industry is getting slow, the electric vehicle
market is expanding due to fuel economy regulations. In addition, the development of
products with autonomous driving technology by digital transformation is rapidly
progressing. Thus, the quick adaption to the development change is required by car
makers and automotive parts.

The purpose of this study is to provide the priority of the front-loading core activities
on the design stage of the automotive parts development process, in order to efficiently &
effectively respond to the demands of the car maker(customer). By prioritization, the
development direction is given in order to improve design completeness within a limited
design period. “Front-loading” is defined as a strategy in order to improve development
performance by finding out and solving design problems on the earlier phases of a product
development process. Two approaches of the front-loading are project—to—project
knowledge transfer and rapid problem solving. For the study, a survey was conducted on
the R&D department in the automobile parts company and analyzed by AHP (Analytic
Hierarchy Process) method.

First, the priority selection process for “Improvements to exiting products” consists of six
core activities of front-loading on the parts design stage, which are required by the car
makers. Second, “New-to-world products” systematically derive new core activities and

select priorities of them. Derivation of core activities defines the design process of the

- Vil -



new product development process as a technology system, and compares and analyzes the
activities through literature on the APQP(Advanced Products Quality Planning),
GE-NPI(General Electric-New Product Introduction), and DFSS(Design for Six Sigma) as
new product development processes, and then the candidates for front-loading activities on
the design stage are derived. Next, after the evaluation criteria were presented in terms of
the TRIZ(theory of solving inventive problem) technology system, According to the
criteria, six core activities from front—loading activities on the design stages are derived
through Pugh Matrix. The priority of the core activities of the front-loading was selected
through AHP.

As a result of the study, the following are the six priority elements of the front-loading
core activity. “Improvements to exiting products” have the order of priority as “Problems
of past project”, “Drawing Review”, “CAE(Computer Aided Engineering)”, “FMEA (Failure
Mode and Effects Analysis)” & “SR(Sourcing of Requirements)”. On the other hand,
“New-to-world products” have the order of priority as “CAE”, “Drawing Review”,
“FMEA”, “TRI1Z”, “DFM(Design for Manufacturing)/ Problems of past project” & “VOC
(Voice of Customer)”. Finally, the findings are expected to provide a valuable guideline for

improving design completeness to “product design researchers”.
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(H) ddizs=ke] APQPSF PSO6) Z 2 A2~
g2 AAE RS Bgete] g Aett R 294 tE=1h
HhA s a1e] APQP ZRA A <28 2-5>9F o] 7|whA, AAGA,
A A, S EZTA, AlHFA
A Aps 2ol A= FEFGA Al
T AEE PSO 69AS <
Report, Asa G252 &F), FATAN, FPSCFirst Production
Shipment Certification, A8t &), Frtx7|e] FAAYE x40
2 gt own FENEARFN FEAAY £V FHASRE F 5L
ATHE =, 2007). 28] 3L F-F4E T2 A== A PSO 6
6etAle] =M= A3, A Pl, P2, M, $iHe] o2 o]Fojx o
<1 2-5>¢F Zo] 7} dAdE &5 s 2.
2

Z
A, ddFEA= 9

e

A e FAAAR FEEn 28

)

15 MEgEe weh aRdor $9%

9} Pilot, ISIR(Initial Sample Inspection

Fed FEAYE 4 =9 3B Piot ewAHd HAE Tol AUn.
AR, PlEA= P1EF% 8 A4, P1 A=A a4 g di
&4 75 A, PLA Ak Agsd, @A Pilot ekl =HEA

6) PSO(Process Sign Off, A2 HL-E7u EAR T2 A2)= HARA 20014
geto] Heiale] REA W 3 A e, 3
T 43 4 25F S #

ZRA ot 20169 33 MASE 6WA EZEA 2ot
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s AL CAPA 22 UPH w42 3, e xke] Line A4k CAPA,

s

g 299 AA BF 44 At Be 299 BA W 2 A

=
WA A QP BE S| ArHAER, 2019).

<29 2-5> dulRtE a9 APQPe PSO #A

MO Prgto Pilot Mass production

IREi(mitial Risk Evaluation) g
AE712 PSOiProcess Sign 0fD) i :
: : ISIR :
AEAA D gk : (InitialiSample Inspection Rep:ort)
: i FPSC
FA4AA = A * (First Production Shigment Certification)

angas | WMTFE AzzEad =A% wdzEd
T A%dA A]ﬂ$F§;J [PL1 | [P2] Q4az[MIAs [

o

IR,
48 7
23 29 g T/CAD
TERE | 3AAd
334
A= ESIR A7 R
£ iz b T il
oS5 F4 a0 | QFAbE I TR ZIA
T A4 ﬂTUJ‘ﬁ’?éQ (T84
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o A= APQP Z 2 A 29 PSO
= 718 GA, AAGA, AFAel s E&Aolal EHAH o E FYsH]
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<I¥ 2-6> @7Ee AHEF 24

OEM | sR D;f;ﬁ“ (MO) [f)rif: PROFO# Méi‘fr Pl P2 Production
' o A——m— e e
1. SR(RFQ) 5 AAAE
S 2. Benchmarking 4.F A
T D AT G (i
LA 2} B = 3 .Multi—disciplinary
3. A% A - CAE" 7. Frototype performance collaboration

3 AUAER AFANE AR AAE 2 APA £

AAGA NN ZEEZYS 9933 A 71x] Mg s 94+ T
2}, AA, SR (Sourcing of Requirements)S 4} xpE 7k 4=3] ¢

dod L TAGE AA R JEsel ANFoRA AGAE e v

H EAdor Aottt ulA, FMEA:= A%<

n-{kl

AlFel EAEE T8

7) AT el = SR, WA, Az A4, AA HE, FMEA, CAE, Al %
Z 7§, ESIR(Engineering Sample Inspection Report, Al && 7 A} B 314])o]
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AlQtstz] 91g &
olt}. oA, CAE(Computer Aided Engineering, AAFe|A)E A7
ATHE g HFE 7Es G&sto AFY AA, Ax TR AAE
A AE ALDS ot Zow FHSH A bl Edn dwA,

Prototype(A 2HE 7S =W &% o] F AARE T3d4 =55 913
< 3} o
e ko

e NARE A FBAAA AA FEA
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< 2-2> 7029 A& F 849 ToE

Eod] g% 82X FL2E 4 <49
1 SR 0.10 8
2 Wl %] v} 7] 0.15 7
3 AR A 0.20 4
4 FMEA 0.30 2
5 AA AE 0.35 1
6 CAE 0.20 4
7 Prototype 0.20 4
8 ESIR 0.30 2
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(2) NPI(New Product Introduction, 21 A% &A]) X2 A~
NPI= A2 Q AFs wtso] A8 faiA /idd ZzAzot
GE(General Electric)] NPI7} &A1t Al € w4 & B GEAFell Al 1990 ol
AA 2719 600 ks wixmpste] el L2 A ~7F NPIolv, tist
A MAmg SAbs REETS H7EA, rAE st A5 AL,
Intel - Sony - HPS] At 2 A E A J(MGPP), 3Me] AH= =

upgle] wesh gelw SEA e 29 9% A4 5 9% 71950 X T
5

I

ol T35 Fol MEd Aoz A olF tidzte
A AAFE T ZrAz2 TAEAY. A Sl As LGS A3

Sol MAvstel Agsm o, AFAA Be HF A YHE

AW

HolF 1 k(o)A -ZAE, 1999; o] &%, 2005; &, 2010).
NPl Z2A 20 2 AAE e Z2A 29 2 714 e EH 9

24 NPl Z2Al29 HE= W @A &5 AldA o dA= 4

7he BAd PeAl= SEor ZTEAL HAFo AA HEoIH AA,
MGPP(Multi-Generation Production Plan, THAIH] A& 7182 A 217 9]
LT5 AER FEete] iR erA B4 A, 7I=H<l 713, HE

A T A Bl A AAES Y Jhestths Aot MGPP
._/I:

NE A%HE APAES AR
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A, Smart Simple Design® 2 A|E9] H ¥ A
Ewsh, 383, A 183 DEMS FAIE At (el &4
GEY NPI Z2ANAE <8 2-7>3 o] 5uAR A7 8, thA

¢

o
HEE A, NRAA AF, AASA AT 29D AN 2 Y AR
=

go] QIrh(o] &3, 2005). 1~ 39HAlE 718w, 47 50 A3 B

71 A, AAdE dAR FES A <FE 2-3>E S9Ale vAdE F2

FEaxs s,

i

<% 2-7> GE-NPI Z2 M £

=

A &A127 A2k g

A oA o 71E4
714 5 A% oA

HET

ml m*

=71 o] &% (2005)
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<& 2-3> GE-NPI 8 &3 84

o5 B0 32 s e
-Design Guide Rule
-A1% Macro/Micro 4 ~Benchmarking
-73 A A} Benchmarking -FA/DFA
-S.T.P &4 -FMEA
-Product Definition . -Pugh Matrix
= /A E /A7) A A | 1Rz
_ = 71£)
qe | K =X/ B7F 74]5 -DOE
e -VOC/QFD 0o -Robust Design
-Kano Model -CAE/FDM
-ACE Matrix -7+o] A%}
—Value Curve -DR Check List
-MGPP -Risk Assessment
-DFM -FGI
—-Risk Assessment -Simulation
-5 8% A7
7 -FDM
-VOC/QFD : j FTRIZ
-7 A A/ Benchmarking (7‘: /j) ~SCM A7
-Kano Mod.el L2 ~Layout 27
e -ACE Matrix -1 Modeling
ul —Value, Curve —eE AHd A
A -Pugh’s Conc.ept —4P Plan
- —Target Costing -SCM Deployment
19 -FCA/DFM A -Postponement
-COPQ/FMEA . -Tolerance Design
-DFSCM/SC Matrix = | -spC
) MKT
-Design Assessment , -Fool Proof
-Product Definition G -6 Al2mf
-Project Evaluation
=4 o] &% (2005) AMAME R AFA A
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(3) DFSS(Design for Six Sigma, 2122 Alz1m} AA) T2 A2~
DFSS+= 271 AFFH AAFZY] $4=E =ol= 2ol AT A=
Alavt FAeEs SR v GEAA JidE WUEod
Creveling(2005)¢] A gt DFSSE 2]z Alavt A5 M2 AlF, AH2
E ZRAR0 27] AAle] FEsy] fF AR A Aol o= A
Hold 2eaas ARstal AENE 57l it wgs FeiM ua9
7IdE Holds MER Aa Alavt S AEE AAs7] A AAAR]
L E ol
Aa Alavke Aol ouiE aga #2b Alavks FA §olRAM BF
HAE Uy, A2 Alawe] ZpF 2 ZFAE g A A&
7bedtts Aot A el ZEA2o7] wiie] ZRAAE S
s}

o] FoR = BE & F& 7hedst Aol vt 7] A& Alav &%

flo

3P(Right Product, Right People, Right Process)E =402 A==,
3P= A2 AlamtE Aoz FXs7] S T8 84Eo|H. Right
Product= 7199 A=fat @Aste] sjdslof shi= Critical to Quality
(CTQE Atz 4" CTQE sMAst7] Hste] &nteE ZIAEE
TZ%3tE= AL 43kt Right Peopled EAal2S 93 2npE ods
XA &ke] BB(Black Belt), GB(Green Belt)9} 28 2~ Aawp w8 3}AHS
E3&lo] A AE7FRE A EFE= A olH, Right Process® 2HIE FAs] 4

ZRAzz ZAd o3 Ao, FA, ¥4, /MAS Fstel CTQE 43t
1

SDI7} 1996 ¥ 1997d ol =< atarl, A= LG1w, A4 15, dabe4t

5, ¥23 5 T4 o8 7]

s
[
o,
>
>,
>,
N
d
=)
il
oy
o,
_OL
s
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Wi JAoEAS 2], 2008). 22~ Al 1wk A

mEgddA e QU Hx Aae gy

N
4
e
fu Lo
i
i)
o
12
o
I
=5
v

< MAIC(Measure
-Analyze-Improve-Control)o|t}. Fo] MAIC X =AM tjale]l DMAIC
(Define—Measure—Analyze-Improve—Control) 7} GEo| A D(#H ¢])E H 43}
Ark <1¥ 2-8>3 o] DMAICE F2 Alx ZofellA] ZAs)2 ZrAzw
AFE-E 31 2 tH(Soderborg, 2004).

<3 2-8> A A A|Ant T2 A XA

D > M > A > I > C >
4] =3 24y AR 4%

AA A BEET of 1,0008 Eue= AS BoEt(Kiemele, 2003).

<2g 2-9> AAF M 7T AARTGE ¥ &

Six Sigma AsYAIH

A 10004 \
ol Na
73 100 DESS A3l A4
H]
10
1 .
a7 47 At e i

=3 Kiemele (2003)
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<29 2-10> DFSS¢ 7]3]

24 kol
=

[
|
I
2l /) \
DFSS 47 I
I
|
!
[
1

z7] EAH Ad - &2 A Bl-&el HA F

2
LU ARG e 59, DS B

1=

1
1
1
:
A A alg Ay e
\
1
1
1

Pre—DFSS :

DFSSe] #4214 g8 wEa7y Holds

A o] tH(Patil et al., 2013). o]d] w}=

Yoz AHgshE AT B duglel Ee
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(7l GE DFSS Z 2 A2~
GEe] DFSS Z=ZAxe <29 2-11>3 o] DMADV(Define—
Measure—Analyze—Design—-Verify)e}  IDOV(Identify—Design—Optimize-
Validate)7} itk DMADV= a4 o] @ Abgrolu ARG 2 54
S A ALA Al F2 AN, IDOVE AF 7RG AO A AlAE A
Al AFg3HtH(Banuelas & Antony, 2004).
DMADV ZzA o] @Al tha 2

M(Measure, =74) A= 7l& QT Apgoly} u7 QF AFgS FA}

BA s34 5]
)

I(Identify, &<1) @Al= 7' &7 Ab&oly uA o7 Ads 24

X
M
o
i
ON
ot
=
b
ot
A
o
>,
[
juii)
olf
q
-3
=
e
o
olN
k1
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V(Verify, #<5) @Al= AA7 434S HSsh= dAlolt. Add
I EdE A=A
AR 2%A o AAGANTH g Al g2 S 53

ga T, AH4 S o B

WAl B sl g, WEE st

K
i
i)
I

5|
N

<2¥ 2-11> GE-DFSS Z=2Z A&

D 27 H9S d9sta, E2 A= Wi A H 5,
4 9
M 7e @t Abgelnpaiz T AM-S AL, BAlEka Al Elele] CTQE 214,
4
A Design Concept3 % 9].
B
D AATF A HFRE AT
A7
v AAE AEC Aleds T8 F2 g4l 4hg] Al 2ulae] qlgHe] A ZA 2 ekt
o= el Tt A5 AL
= O = 1
I 7 QT AbEe L} 1 @ At AbERE AL, WAl sha A slebe] CTQE 14
gal
D CTRE &4 547 2 wslels Al~d-8 AaEy €TQ F4 542 d 982
A u] %)= 50 5kAl A o) E T@.
A, sl A7 AE, o A T s el A sebel g
#HH Fz71 2y gqla= AF.
THANS A

Z2]: Banuelas & Antony (2004)
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(WP =252 DFSS ZZ A~
X252 DFSS L2 A= <ad 2-12>9 2ol DCOV(Define-
Characterize-Optimize—Verify) 4@ A Z 2 A ~E 7} (Soderborg, 2004).
D(Define, A 9}) @7A= =<t ek QAo R o)t

C(Characterize, 543}) WA= EFE3 A"y AR oaf =

i
o
o
T
iz
ofj

AGsE Algsles AEAd 59 54 (Characterization) HXE WA]7]7]
A3k Forol|l o] #rt,

O(Optimize, A 3s}) ©AI= Ao WA Y A4 UAE s &S
o= sHor Ao H&S T fAQY HAAHst= AES
v st7] 9Jal A FEFOE Qg

V(Verify, %) @A= Axdd W7@stAY A4 BAE A% F5F=
ol THoE AGEgFY AES ¢ OAJY A= A=

r]
Fat7] A g FEoR Fosta FAH] At AAsE Aot

<Y 2-12> ¥=x% 3 DFSS T Z A&

D U@ Ao 2T ET 27 AR He

4 2]

C ET R AT R HARE e AT E AHEs = AT B 52 S

. ==

243 | 5

O | AvEel wga i A% BAE 3 $ES Hohlls FHow dansel 48
A3 | & BT OAAY AARE AFE Sab] el 0 RESE 39

v AbEo Wiztel A A FAE 98 FFS Fohlls s OB duda A8
A= = e YAl HA s A3 FEy] Y A AR R o

e ———

Z#]: Soderborg (2004)
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(th ddlA-52F DFSS ZZ A~

A Asats E=2F27E FrEo] AHg w=e ASI HAE"HARY
IRAAS St 1 #ABolA ASI AAEAe] CTO A g4 =
b A o AL ARRL Aol A vt whALe] thtA 7S AE AR
HAAA o5 A Alompe] A &M dAdAbE Akl Al Ao
2010).

A AFs2Fe] DESS Z2A|A~= <19 2-13>3 7o) IDDOV(Identify Project-
Define Customer Requirement-Develop Concept—-Optimize Design-Verify)
5aA 2 M 2otk (Furterer & Cudney, 2012).

I(Identify Project, Z2AE H9o]) GdAl= v =YX A 713 & Ao
sto] Z2AE AES FHea A3 AddyHe] e 3 TS = Ao
< 8.8ttt

D(Define Customer Requirement, & 7AFE 49]) @A = QAR
el M g4 olsiE JHedstal o] & AL 7|Eo®m Wghety] fsi s
oAl

D(Develop Concept, 7§71 @Al= 114 72 93 oA 7% ¢id
MAAAE =&

O(Optimize Design, #A3hH) A= A 1A ALgxA% AAZHA
ofgoll A HAHEow FAIN NS AE 7hed Awd Z=A2E
# 2 s} gkt

V(Verify, %) @Al= A&stes A3 AHl=5 A6 93 des
Alget), <E 2-4>% dulrEAk DESS Z2 A2~ 5919 aAE F2

458 is Ay
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<29 2-13> U A== DFSS T 2 A~

L ] —Er/ﬂ]ﬂ 7185 Hestel TR AE AL YL AT APl Ae

El S
T1

l}~
O_u

DAY | @ Abael chah A 33 olshg AWata o HAF N FEOR AR,

DAY | 27 #52 Se obA7kA G AN A B2,

7N

O |7l AN ARG s AANEOR FAK AL AF HrD
\J Aashe A AHlAE S48 §18 5 S AA

A%
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<E 2-4> UWAEA DFSS 78 522
= 3t

i gdF5ah Bl TlA
-X2AE Hul WA I Desi
Y _agae an AdA g arametersr =
Project -QFD-1II Process
J AR AF (RRAACD PQ .
) arameters
roae | AT 9B A ontimize | —ol ot
2 = imize | — 3
B -Gantt/Pert Charts P °erhe
A4 CWES Concept | —=S/NH]
-DOE/#] uL 3%
-9 B m o
AA -2aA HAs}
43 | -Fd £4 #5
Def; -QFD-1 : A} 712 -8 &4 A7
© 1r.1e -Kano Model -P-Diagrams
Require —aMeTE HA o8 Ak -AlE ol EA4
MEMS L Conjoint A/ 4wl 8.4 ~EAHE A (ANOVA)
BRI
LA 1 .
4] —-Analytic Hierarchy
° -Target Costing -QFD-IV : #4348 ==&
A 2~
: -On-line & &7
-Pugh 7Id == 719 Verify £ R&; °
-Gage
JRE and T gwaz/sanz
Devel -Pugh €% 2 44 7'H Launch 2 Sheet 718
evelo -5 ecet ul=
Pl pra °
Concept _ -9
-FMEA A= A 2
=A<
_ 1 =1
. Process Mapping =1} e B A
_;‘d—}_zqg_] %%,&i }_z;;jl- %,\1
70 - 31

-DFM, DFA, DFS
—7HA A /7EA] & SHVA/VE)

MR

FA/AMN A F-

-7]% Manual

Z . Furterer & Cudney (2012) AAFE 2 AFA FA
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AAFE AL ZZA e JojA APQP ZZ A 2~7F YERAl FHE i<l
ZoEke] AENE oF GACA AMGHAE A = FAEA A5 Eaton?
FAHE&o 33, NPl ZEA A AAGARY oF @Al 7193 vHAR S
Az awlal DFESSe] AAF A z7|dAe] AANA v&e &3st
NE7ZE GF T2 AAF ANE AA Z2A L FoA 27HAY] Fe4S
LA oz HoFa Jqo(WiEd, 2005 ez, 2019; Eaton, APQP,
2014; Kiemele 2003). AAZ AH Z2A 2~ G552 MEAH TG 2
93-S wxE 3 JhAo|th(Takeuchi & Nonaka, 1986; Ulrich &
Pearson, 1993; Verganti, 1997; Thomke, 1998; Thomke & Fujimoto,
2000; Morgan & Liker, 2006; Leon et al., 2013; Tuna & Windisch, 2014;
Imai, 2017; Kulkarni et al., 2017). A1 A% 7 Z2Alx 37 Foll A
7NGA = 7183 AAGA Ess Aslsle A ZEERY Hdolth
ZRERY Aol Hole 20009 st E=diste] Thomke 3 57 o8}
Fujimoto W7} A5o&2 ke =ollA AR&gh gofolrt, AAFE /MY

Ze s BARE 2/WA0N, /FsshE SR ikl A M

P
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S|
=

Imai(2017)e] <3+

o]

AA Al FAEA w9l 80%el FFL wAkm
we) ‘glelwd 2000l ek gy Hel A A4
A% 1249 AEA e 24Y FRE 9stel 97k A9

TR AAl 24 T A TS FREs e, of A 7HA &

o

e

<1¥ 2-14> ZZ2E=2Y EA P4

A 100%
S| - B . = i
&5 Ao gz et FAA s
/’
A AFL 53
I1E A 2442

. [ AAELF S
A 82 3AS
oA ZRAE
A4 Az
o e |
0% xzEZY QA7 TREZG o AFAz AR

%2 Thomke & Fujimoto (2000), 3413 (2009)
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NEdol Aoty AEAe} Be g

o7 AFNL) ZE EAZ A3

AeS B3 AAAQA e FTaAde oy AFZAIRI dtH(Verganti,
1997). Tuna & Windisch(2014)& &% 253} Ao FAEE 34
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uAe) A 54 uAse] Az WY A 4 uA 27 g
= 3} , /\474] 74; x]/qo 3D 1;]74]154 =

o @ giEolth 1Ya B ZeAs AL i LA

ju]
-

BN
o 1o

ﬂ

o
=

1

iy,
rob

Ll
ol

ZEAERREH dgd Aot <2y 2-15>9 ZAi}E HH

b
flo

’

At Z2AERT & Ay THders A HE9 37 ZZAE 220

J

<2¥ 2-15> ZEEEY F4H A4 &~
0.8
0.7
0.6
05
0.4
03

0.2

0.1

0.0

=
NS
=
|m

2A4HE A z=H

SeditmRAE QoM EREE
(n=33) {n=20)
A Tuna & Windisch(2014) #1& % AFA &4

2]
A AU =FE AMEetd Z2E ERQll v E4 92 HEow

g =2 84 2= F5 H2EE AlEdod & 4 vk <& 2-6>+
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A

<% 2-5> AFH

=9

o< 3.8 TNERE

A&l $300,000
9l tH(Thomke & Fujimoto, 2000).

A E# ol A A ZAF Hl L

AT AlEdolA

A 2 A 3

=)

.5 day

2 weeks

{7 1 weeks

A ¥t 6 weeks

2L of

A= 9: 3 months

A E9D: 6 months

1 day

1 weeks

0.5 day

1 weeks

6.3 weeks
$5,000 |3}

3.8 77 months
$ 300,000 o]+

O
il

%7: Thomke & Fujimoto(2000) #j¢lg& 2=

[-UE
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N2 e Ae] WAL TRIZO 87149 A28l Qshg el g7hx o]},
sy 2 e 767k EaEslel Belg T glov 767hK REes

ol 5744 Class® wF et (A&, 2004).

<X 2-6> TRIZ 767}A EF3<e A 71A &7/

Class A F- &

ot
2
o
o
2
o
=

selo] ZUSWA YR Aoz Bt ol
Class 1 = =

Class 2

Class 3 | A|2=Hlo]

Class 4 3

Class 1~4°A AAt= ldFE0o] AR A& Ao = 2
Class 5 | . Y

T AT WA THES AA.
=4 AEF (2004)

Class 1~3°l= 7l Ast a3 daro] lew, Class 1<
oW Axdlo] EHdsm URA §ae FESo] AAH kA

Ao ® X3ek=7E YER T

8) TRIZ+= # Alole] Teoriya Resheniya Izobertatelskih Zadache &&= #-9
2 EASE o2& ujditt TRIZ= #Aleolel Fskxt Azls] d=&9
(Genrich Altshuller)oll 9]3] AT 7] AlZste] AA7A = AT} )4
3 At v}t dxeH = 1946 H-H 1968Lﬂ77}7<] 209 A9 EFHE
st oA FAl AL dEE dElE FEIYeH, edgad UE
oF AIZES o] frAbgh siElo] REEE I Qla “5‘1 B} Zofe] A,
7= dElE 28 o dojya JdS HAsAT
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Azl e WAS olslsty] Aside TlEAl=we Tl His
otof e}, HE Abmels 540 dler sl b e AbeEt
ToE e SA4Ss el 7ML gtk TRIZAIA of| A= 71

olet 543 &AM AEE= shte] SAom HoHM, AME 7T

2-16>¢F #Zo] AAPLS Sy ¢ AE= 3= Engine, Transmission,
Tool(Working unit), Control unit®] 47}4 F+ALAZS zkF1 Qrh. B
71 2288 T)5o] FEE Ao A Product®t Toole] €12 w Enginedt
Tool Atolol F2S A= Transmission, 183l o]E AT = e

& A 2~"o] A =t Bukhman, 2013).

i

N

Control unito] Z3HE] o] A
<9 2-16> AJ2="9 T4

Energy Engine]" Tf"a'.‘s' ’{ Tool HProduct]
source mission
1

(Customer) I] I (Design)

Control

=] Bukhman (2013)
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"}, Pugh Matrix

Pugh Matrix W¥H2 7hg3 a5 Ade™sied F=2 AHEdEY
(Creveling et al., 2003). Pugh Matrix+ A, AF&357] 1, =4,
Tt oteltolE A & v RS 7FAL dvk WA Stuart
Pugh of2] 7FA ofolto] FolA ez Ql A4S Weef & wf o
S AFEE 4 =R 19 AW, Pugh Matrix® 53 =EH &
Aol AL Pugh Matrix AFE2Ee] A& 9 Ado] o] AAE7|,
ol2lgk A& APl s Asto] Abgsk= A o] HpgHA sh

Pugh Matrix ZE2AM A% vl thito] & ofoltjolESo] A Ale]ol A,
Pugh Matrixe] Z2Z A A= 6GA R -4 ),

1A E Frr7|e&S ABsta |

ol

olgl 7]l R BAA} #e Fo AR ol A|E el HE
AbERE 2 1 B5EE kg dof stk Pugh Matrix 239 EldA S
A5 JrhrlE AR g3 2AETL & F o, JrvleS A A
getA &3k Al Pugh Matrix 27¢] efd7do] d#3] Astert.

2AA N = sl ofoltjol & ‘Datum’ &2 A Askal, BE H7lr|Fol

o

el Datum oboltjole] 52 ‘e W@ whel s]& ofolrolo
gt diore wlashs Agehd, Aol & delA 9 71E ofolrolE

Datumo.2 AA3st= o] =}

E& Datum¥} Blulslo] ofgje}

w
L
)
=
o
Ir
o
N
)
N
M
2
=
:Oé
=)
(03
e
o
iul
2
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ANG Fm glom, U 1~53 Atole] F4E i JEyuste AAY
= 9 tH(Pugh, 2009).
(++>: Datum EE}’ E"I ?—j_‘ %—é (——) Datum E]:], E‘] 1}‘{ zé

™

4RANAE 7 otelreld WAREE FAsel FHL AND
of W Y B HAEE W opolUelst A dom 4748 F YA,
o =

47@ o} g 73744?;_1

Y

AFAA W AP B ghge] o] Folxof gk,

SRANAE 7 ololtol 54 2@t EGY cloltleld & 7hsshv,

()]
e
N
iy
(iib)
o2l
o
£
AL
=
iin)
ol
lo,
r
)
it
a }
Jt
_O|L
uly
&
o2l
IS
v
o
0
=
=
oS)
=
~
i

e ofoltolZ AARAY BFE AFAE Foldte] AAHI A4
T 4 Utk ob4 AW sloltiols}t g, WEHAE JEHow A
A FAL ARt FEAX gvn wam dE Aotk o A% e
ge Aol "ast. WANES Ad@T B2 ofolre Y WAL

<¥ 2-7> Pugh Matrix 37} 44

Pugh Matrix Concept
Datum A B C D E F G
Criteria 1
Selection Criteria 2
Criteria Criteria 3
Criteria 4
+
Result -
GAP

Z=3]: Burge, (2009)
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= oFoll A

1l
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fite)

], 1996). AHP

a5

28]

=
=

A

712 R&D Eoke] oW et AL

=
LA

Bk

al g

Mo

=8

__&o

—_—

|

T ‘
-

olth(o] A 2+ ], 2008). AHP

[

7

45, 2019).

Foh(s

o

tadk el F287} b

g

D

ati]

A7} A F & (axioms) = A F},

s

A

=R
A= A4=A (reciprocal)el o

1
.

h 84

3 g-olck, o AbA A}

A

(ZH 9], 2003).

=

—
fite)
Tl

R

+
ol
7

H

A% A of

ZO

ol
N

—~
fite)

™
To

o
Nfo

=2 A (homogeneity)o]th. B nltj

A=

)

AR =

=
=

o ]

1 2ol ofsto] yehdth

9 el A olm] As

H
A (dependency)el]l &

== I~
*“‘*‘L‘_'

T
T o

A A

o

23!

(expectation) .24 Z} 7

oF

Ho

(2012)
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70
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ol2A WAL AR AAZ oALA A}

ki3

o] 2]

214

ol 2ol

3} 2

KeN
=

L AwHow o

_?4

A g

A

S E(z2EH 9, 2003).

%

rvze)

T

2 urol ArEAd ASse

ZHA A "

AS e

o

=09
o =

A A 7HA AF

S|
S

ol

23

tf eto] =o] 21t} (Guangdong et al., 2018).

)

T

o A}

e s
A=F

AzA 257

3fj oF

ol

)
—~
fite)

FCH(Saaty, 1977; Saaty, 1980). Al%& +

3
pul

=9

SR

]

al7]
ryze]
T
o
ﬂ

b,
o)

A Aol

AHP¢]

3} HojodA PrH(EE 9,

€]

3

)

__zo

—_—

ARF Yol

I g A4 o A i T A,
G (Vargas, 1990). WA A%}

=

o

B AA4e A

2003).

190 5

o s

A
L

FAol dg ARE WEo] A AYAA

1
-

3 WA 54

ol 1

il

—

—~
o

AHP A% 23 =9 Aldlo)th(EE £, 2003).

KN
) .

<y 2-17>
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ki
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i
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<AZF1> [

<AF 2> [

As 3> | A7l | | A7 3 |

=4 =dH 9], (2003)

MER o]Rolhel gty FFAT. B Ao Ao NEE 98

NEow A NI a9 AZ0] ki s NIN-1)/23 ) Aoju g

AR 97 AEE Adg 2 19564 Del(Milled Aelst Ag
[e)

“AZEZ 7x27he] WS EFol §lo] EAlel Ml rhestd= Aol

71 %% otk (Miller, 1956; 91241, 2006). 98 HES AL&ate] ZA kS
Fohe HoRE CE 2-8>3 Pol I, AT@, AW, 5L,
AP 5 ST ARG A2he] BAG] thake] thkd PHS
A8F 5 QAW ‘Saaty scale’elehn AAE HFgel 1Y HaHn

(Franek-Kresta, 2014).
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<& 2-8> AHP &A% 7

Kaplan, 2010)

TH Al ufj 7 4= A% ZAA
A gk
(Saaty. 1977) s=zx x=11,2,...,.9} 1:2:3:4:5:6;7:8;,9
aaty,
A5 gk 1;4;9;16;25;35;49;6
— 2 ={1,2,....9}
(Haker-Vargas, 1987) s— 7 x 4;81
A -3k 1iv2:vs:2:v5,
T 1/ ={1,2 ..... 9}
(Haker-Vargas, 1987) X 2 3 V6 V7 V833
71388k 1;2:4;8,16;32;64;12
= r—1 x={1,2 ..... 9}
(Lootsma, 1989) =2 8:256
R . 4 9 . 0 1;1.13,1.29;1.5;1.8;
(Ma-Zheng, 1991) (10— =) " 2.25;3;4.5;9
. 1;1.58:2:2.2:2.58:2
(Ishizaka‘Balkenborg: | s = log,(z+1) x={1,2,....9} gy

81;3;3.17;3.32

Z 2] Franek-Kresta(2014)
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a’} 82 bel oj
be 824 a0 el 1
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S H uh
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@ o R o of N
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2 | o
— 2!
1o N of = Y%
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& F o Ko of ~
2 o
P =
o WE Ne o oy Mol
N
N N N
== or 9 ) 0 .
IR

2, 4, 6, 8& Z7F 19 3, 3% 5, 59 7, 7% 99| FIAEE

Z<ef 9], (2003)
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GE]

Qo3
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e

[e]
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Q19
ETRLEY)
anl an2

Q91

A
A7 a; = 1/aﬁ, a; =1

ZHA A H o

)

(S

1
U

7} 2] (weight)

)

1’ ..

wi/wj (i, j

i

AN a,=
a; ot wisk wjrkelel= o

ol2 L MEME (priority vector)#i R E7 %

=7 =

e

A
p

.]

9. =

—_
%)

(2)

M)

wifw; @, 5= 1,

B

(3
(4)

©m)

Eaij'wjzn‘w,; G, 7=1, -

el
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wl/wQ wl/wQ wl/UJ3 wl/wn
w2/w1 w2/w2 w2/w3 wQ/wn

A= )

wn/ wl wn/ w2 wn/ wS wn/ w7

e}
-
o] ¥}7]%]2 ‘Expert

N B4 AR AHES AFeH7] Aste] BHd oAYES o|njahi

o)

A A4 A 3% (Consistency Index: CDe} ¥4 H]-&(Consistency Ratio: CR)=

O:

FahzEl, Qe ulgol .1V elw A delde) dege e

Aoz WAtk d - A%, 2015). A MECRS AN AE

(CDS Y471 %(RI, Random Index) 28] Z40] 7bsal, ofghol 548
_/r‘_

ATHETE <], 2003).

T ==

()\max_n)
AdAA AF=(CD = W (8)
A7 W &(CR) = %xmo% )
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2. 4% A+

b AAE NE Z2A2 #FE APAT

AEA el FEE 714 LA UAY Ao BAME 181
%

dad 2TE Badd 2HA4e] Fsta v oldd @

AtHPage, 1993; st9¥-¥F&4 2001). AAF 7ol ek F 7kA A
FES B F du@AR, 2018). A, A4
uiel = ste] glel A A 9w 24 FEAR dde %At
$349S o 5 A 54, Aode AAFY £9F77k Aot et

ol
o]

Product Life Cycle Management®] T8/d¢] §2F ¥ &S & 5 Ut
o} Risk M

i
=
(123
[
i
o
[>
o
>
N
s

w3k 20153@ o] & Knowledge Management

HEH Adel Zrsged, ot FUF 49 R BFAYo] B Ao

A4 pelol o Bedel W FAZ B S AT B ATAE
=

FWes 71d @40 nAYg S7E g ow

S
A e 24 FHAEY A3 A4, a0 B S Y wst
Zasth AEA FEQAE o2 B AAF AN S5 94
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(1) APQP Z =2 A2
W13(GM, Ford, Chrysler)7} A&2F 3% F4S f8iA s 439
At FFGAd A& FHAAT Alzdolr] Wi F%
APQP Az 9 7]&& mehob skt Lind(2005)+ APQPE #2 #E&
AefARE Aejes ZRAAY Bk olyet AAFE i A& ¢ =
Az e Wy Eoldtal AxF o, £ Aol ofyet el A
= | 918 Z2 A 2~o]t}. Carbone(2005) APQP7}F
Ao BE FALL Y8 FaEolof sk Atalghal Ao, AL
HAoNA EAE HASL Aol Ak vlgdH] Al APQP] Al

A g e @AM ddd = o &F(2007) = AAE AT A

)

o
2,
o
off
ol
N

Mittal et al.(2012)& F47]9] APQP 5@AIE 2 &3ttt @Al 2 g3k
g E ¥4 Fish-Bone, FMEA, #IAEAN 5 A&

(2013)2 1S026262¢9 APQP9 f=8E ¥ ES Hlaste] 7zt oA E
Aldets Y ZEAAE Adeddh wEP(2015)2 ALk &AM
e Z2Az0 HEste] At BE EAHES Abd Z=de] whed s
TAARNA Y} FA5 ALt 453120192 AsARE NS A F A

YAAED TUHY AR, SN, SIDYAEE ALl Agtatg
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<E o-
2-13> APQP M8 AT

L
= Gl
Nd = o7
Hn = < .
NG s i T o™ }
T < o i Hi k <
== ‘NL S OL oy =) =0 ‘mmo
A o o ~ I A
o s ur O g e T iy -
of o oo - B < o T Y o
~ TR M Nd 5! o ong. do M o Alﬂ o . = Uu
a| X T | ® o = T | *T | : e
o| X E ) N 3 e = & N M < =) S | B
= < @ 5o P o T g ﬂni_ = = mE s
M Nroa zy oF N < ° 55 . O 2 X -
B 2o T o s 4 o0 Hp M 5 TR 4 N i
7 wog | 4% fo R 45 | =2 | 5
oy ™ Hmo " T e T o8 P w X
g e - o | 4K S B i A o | T
o = = SN = T o L ol o % o o
3 = He B =m | & F mx | ©F
= K & | He gw | W )
Ts P WA = x| " TR W 2 3 | m
& n, = = N T X 1o° =
T2 S || e N w 3= g Cie ©
A i | O O S TE | e Ho
” ~ & N L of o o ~ o X
< Mo 7% @) ) ~ =~ D
N /| N 2 E do w i
= o O ° e
X X X S &
e R
8
£ &
O o o " m
- ERI-TR I A 8
{ < o =
T To) B D
N Q To) P H Bo &
S S - = 2
N o o N s =
(&N (@) — (a0} &
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(2) NPI Z2 A~
NPI= AFAL Al F43 714 A9 g J7EA15 98 AAF
Mk 2 A 2ot thE Al NPl Z2 M ~= GE9 NPI7F 9l
Parnaby(1995)+= NPI =94 Mgt £31 5 FHIL EF H|2Y s Z2A~

SEES AYsdon, M 289e A IF 70%, ALIE 30%2 T

st AdA AL 7 F e ZRAE wjUAES dAaF 6z 5e]
A& Bl eteltt Viale(1998)2 Aol weA MYsh= shte] a4
FHeEE Axdom ZaAxe dgxdor ¢ uE
Wk A|2dd JEYAE 87830t ol 3 22 #H(1999)S GE9
NPIE &7Hstdvh. 42 18370 EaE= Holadrh tiEA<Q A2 Team
Co-Location, Target Costing, Prodct Definition, MGPP7} Sl
Shina(2002)& NPI Z=2 A 2o A AA F#Ho] AHS HAssta AF
HAst7t 7hsst, FEAAN A b AAA WRolth Haque &
James—Moore(2004)= NPIe| A Leans 7Fs3sA 3l 8 Wiy =45
fofstar, @e] AlA 2 7Hx s Fste] NPIe| 264 s Attt
Wellings(2005)+= Afolel A==2w o uFAsA A E 7|53 F24S
dolx NPl Z2Al&d  BAZ AAGAC  did Za4dE& =3oh
Attridge & Williams(2007)& Z2n|9d A5 2ke] NPl Z2 M2~ & AA
A5 @AM E84 HE3 "UAd A
APHS gof gkt AQtskth. A EH(2010)> NPI Z 24|20 DFESS WHES

ol\

42 Az FFHEA 24

AEAA AAFE AT A T FAEAE ANAdskaat sk Jabidi et al.
(2016)2 &= AAF A NPIol &3k Zloz ojd AH 9 A& 71,
TR E/AAS HAANIE Z2A2E At Snehvrat & Dutta
(2018)= EFEFAER NPIZ ZaAs, 72 2 Avds fAgze] 4%
28-S 7z Ph NPl Z2 42~ AgATE <HE 2-14>9 o] Aalstar).
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<E 2-14> NPl A& A+

LR A -2} AT 82 QoF
NPI T2 M9 AYETE gHFo=z &8
1995 | Parnaby ) °
st=4d A<, QFD, DFA, CAD.
ARuWE A" YEYI= AR 55
1998 | Viale AME&3HA Ao or s}, ¢ wE AEAA S
A= A& Arge] Ha
Ee] NPIA7 ket-InA}aL, Simlici
1999 Rty GE9] . H, Market-InA} a2, Simlicity, Cost
Reduction, Risk Assessment.
/}_;_!74 %}HL:_; 7‘?:1_791% HAsela HAo A=
2002 | Shina 1_ 3 HAigtstal HA o AF
7N k3t
2004 Haque & Leans NPIo| A &3s}o] WGujA| A9t 71434,
James—Moore QFD, DFx.
DI} AFoAE sz TS Y
2005 | Wellings G )R °
A AAGA 7 23
9007 Attridge & IFAEA AARS ZRAzAA YgAE
Williams Hss =93 A5l A2 Bt 2.
E¢] NPI ZEA| 0] DFSSE H 23 2%
2010 | @ GE<] ] 2= o] SS 3f o
A S A wekA| Al
2HAZ NPl Z2A4 A~ BEZAdS 7Ha, o]
2016 | Jabidi et al. o nes
FALSE Al AW 2 FY .
E}EF RS 2 NPI metaroutine 271,
2018 | Snehvrat & Dutta °

ceped Aol £X9 FUAY PE,
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(3) DFSS Z 2 A2

DFESS®= %7] AAFE utzstr] 93 AAGAAA 64 2n FHAFES
At gtr st = AA A ZEA 2ol

1A E(2000)e A EE71E93 LGe DFSS ©HA, 2= g
A8 g G e A tia] etk 173 (2003)> DFSS &9 9]

2A 2 AAEokel CTQ(Critical to Quality, #d54)E =&st+ A48
Aestete] =&3sk . A3 A(2005)+= DESSelA VOCZHE CTQE
AAAeZ EF37] 918 BHES AteAth o] 4w (2006) AlAF
N Al i A, ZeAE i PR e R Esto] A A o4
A& s d3sk= Lean DFSS Al A&kl t}. Shahin(2008)< 4 SDI¢F Ford
Atdl Aw 3 DFSS w& 23S Zxsidnh #2011 dtiabsAke]
DFSS7F Asoz AZsl7] e Al 7k4 wiez Hsor dvn
sttt A= T3 B Gdo] Fasta Al AFNTe 27IEAIQ]
AANE GAC A&std &B3F Frh AlA= DESS FWES A
FAoE Atedtt. AAF(2011)= APQP$ DFSSE dAg F4REFS
2 & AtstA . $A4F(2012)2 [SO 26262 AE/NY Z2A 28 &84
oz g o R 937 H3le] ISO 26262 A E/NYE L2 M 29} AAH
DFSSe] DMADV 485 Altetdtt. Hd-$-(2017)= Absak ITAA Eokl
=4 2 AP E FHE7] 98t DESSe] DIDOVE ISO/TS 16949
I[SO 262629 Z2ZA e AHES AastHtt mx 2oz Nurcahyanie
(2020)+= 200613 ~201817}+#] Google Scholar, Deep Dyve R Mendeley 744
M-S ARESte] 1079 w3 48t v 22 AE8S WiH. DESSY
37HA =ABAZ A, AR JAEHY (0TS A=FA Al 3)Abe] A &4l

_|_4
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gradlolse] AR HgATHE Qolth BA, &uA Tl et &)
Agol AFS viAr BIHA W wurd DFSSE Agaor @,

=
A Wstshs BE #4e 782 7 e w40l dofof I

N
2
_;::i
[

Zolth, 1E]a FRsE AF MAE wed 27k4 DFSSe| ARgo=
AAE 54 a9 s olof st A HES A BE Al2~gle] A
wojof 3w, EAl= MATA HelA DFSSE A3t Zlolth. DESS
AYPAFE <FE 2-15>9 o] Ayttt

<& 2-15> DFSS A3 A+

AR A7 A& 2o
2000 | .\ s A Ee7)e9, DMADY, 3382 e 7]
2002 | ' °° A 2%, LG, DMADV, A% 719k =23,
DFESS =9o] 7| g2 M~ 22 1g]a g
2003 | mEHF ’ B | it -
g5 h AT AAAE.
Al A AE Z 2 AARo <
2005 | 17 b 1912 gEA Z2As AR CTQ
g3k 342 4% =5
AAE AL A ZAE JHEAS HZe=
2006 | o5 B Al A FAH AYEAS A3
4 A R&DAEFS =3 Lean DFSS A A].
, 24 SDI= IDOV EE RDIDOV,
2008 | Shahin
Ford: IDOV.
5 = 3 J 32 7] ) 25
0011 | urzer ?ﬂl:/ﬂxl'ox]'%] DFS_S7]' AEHdo=z AHAE7
gk Ak, A5 2= IDDOV.
Al 2~ & dAstes FHARF
2011 | 4% AP_QP ] o DESS _711 st E =
23 Aot DFSSE ZRAE xpgdoz HE.
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AGAYe AP 299 AP Aastatr] 9§ Aok FA &4
st=(QLF, Quality Loss Function)© Ydubdg oz A ZFAGoNA AE 9
FAAAL & AS Aot 3814 dom 5o A AR S
ok &8 A= ddetr g AAldd A Ao AsE5EAAA S Hx gkl
gt & &5 AAs= Aottt getuly AAo o AAMTY HA
27108 Fetoy A5 WEo] ofr wEE whek AE|7E ofld o
3l g2 AAZS 433 A ¥t} P-Diagram (Parameter—-Diagram)< & 4-6F+=
oA Vs Fdsta dy TAS HigsteE W ¢S v F 7 e
ole = wol= Aoz TAFTH FMEASH Control Plang Ab&3}o]
Al gtetal A slof 3 7, 8 xd, FAAJ] AZFEEE gl
ALE3FE ol Wtk BEAFREM(ANOVA, analysis of variance)<
FAEA F 7] ol v Hes dlastazt 3 uw Ho o] #AF
TG ZF Jae] H@aro] Aolo o ARl Ho 1P AR vl E FE
HEoj FREEE ol &3ste /MRS st R ol SA A2 /3
gzl 29 = FAMd 9o d] 1920t A 1930 d el 2dA wrEo )
<E 4-2> AADAY 582 A7
T8 APQP NPI DFSS
_Jvoc
A o] A . Design Guide Rule | M g RAREE
X ;ﬁ Benchmarking  ----{Benchmarking 4 TRIZ
= FMEA  ----1 FMEA --<1FMEA
TRIZ i
Robust Design i .
w73} %9 /A 254, (DR Check List | | xobust Design
);I]—)‘-“ A ] = > ! DOE/3| BT
pe 7_" 7] ?1 =N (CAE) ':"‘1“ CAE Froes, CAE
A A= | PER 7~~~ | DFM,DFA.DFS
TRIZ ki

_86_



CGE 4-2>t 7} ZzAlze] AAWA BFLz0N FARES 1FYs

Fid e AEstd JidAAe AAEAAR R Feasot
APQPell A= oAl 7kA] & as, NPIAE 9 74 d5aes adn
DFSSlM = dw 72 T858 Z58ss AAS AR, WAvHA,

FMEA, 27 ZE, CAE, #AA &4 == AzE 183 A4, Robust

Design 183 TRIZ %°] 9t}
3) o ATA
GA 3ME AAGA BFeAE ZEERQY ‘XA ZTREZY I
‘A& FAE ZE2ERY’oR FERISL EFosE AFAASAH
Do]’

<Y 4-3>9 o] AAGA Esaie oF 7HA ot A A ZEER
9

A AR IR TR

<Y 4-3> AAGA 584 ATA

Front-Loading APQP GE-NFPI DFSS A+
Guide Rule
Benchmarking
Past Benchmarking Benchmarking _
} DFM/ 7] AHFA
soAE 7 A AEA) DFM DFM
Al Aot
A A= SR voC voC voc
Present | SH AL DR Check List | DOE ENAR
Robust Design | Robust Design Robust Design
FMEA FMEA FMEA FMEA
A& Fi CAE CAE CAE CAE
wAlslg | U
TRIZ TRIZ TRIZ
10) ‘X2 Z2ERY’ &% QA F Benchmarking, DFM, VOC, A7 AE, Robust Design”}

[l

FERY &F584= FMEA, CAE, TRIZ7} .




AAGA dE s g3 2o AA, Benchmarkinge =4 9] 7] 0]

o vl A4S ES s we vl
A5 Zotrh. =4, JAAF L A/DEM(Design For Manufacturing, #|Z2E
g AADe FAGAA HEEHe Ails AE ArAS A

A GAgA Agste] MAsteE HoR AERAVE Y gEvgE

-

HolA F sttt AlA, VOC(Voice of Customer, 1742 Ag])= 7 0]
ZIgel Eules 2EE ARUANAS FA-Hste weolth. dlA, Design
Review(dAl A E)e= FHALTARS 5271 95 Hrhsta A48
et AdS ARbely] fgh s oz AAC diE FASEHIL AA
ol ZAtolth, thAl A, Robust Design(F71 AANES FSo d&gS HA

SAAE AF) H5e olna sz AFAL BFL BITH JAA,

4

Inventive Problem, E ¢

AR wPEAL AL A AAH P

(4) B2} 7=

GA 4ol AAGA ZREEZY S5 84 oG A oA A gE
LA2E EEF7] A% U V=S Aot <Oy 4-2>9 AF AL
AAGA A" A AAGA Z2AAE 7]EA 2" #BAHY Engine,

Transmission, Tool 28] 1 Control Y 7}A FA3F 2, v 7F4] #4824

_88_



o J5g ARt <1y 4-4>9 2o Ao FEL o
o= UE F vk £4e FEAR FNS BUG B ATHHRD
3]

ol & HFolsto] Aol ETH(RRA 9], 2005). £ Fol B 7L

AFIDE vt OZ 7|EA 2" v 7HA] A 84 dig S4 3
& A (Effectiveness), &84 (Efficiency), < % (Capability), oA

(Easiness) .= A At U] 7H#]¢] &4 FPox ZRERY HAAG
GE5QAE <F 4-3>F o] Pugh Matrix Yoz H7pstt}, HF7)F 750
%= Datum AlAlE 7ol 71271 5= a4 QALRRS g o= ahqlnh
Pugh Matrix® AH&3t7] i, B3 ofoltol & Aed & Jde= S

7FA AL g

<3d 4-4 712" FAHALLEE AA

A2
Z]=A] A~H Ao
s Innovation .
Engine Converts Energy . Effectiveness
Design
Trans— ; . Efficiency
mission Transmits Energy Processing (Speed)
Performs the Main Function of v Capability
Temnil System V ol (Advancement)
Control Guides & Controls the Parameters Control Easiness

12) 4 385 Z A (Effectiveness), & &4 (Efficiency), < #(Capability) -&°]A
(Easiness), A&A(Accuracy), 2 A4 (Suitability) 67142 2739 HGendren &
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