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Customer-oriented Innovation Development for Green Product
Research

Student : Wen-Chieh Chen Advisors : Dr. Jiung-Ming Huang
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Institute of Innovation Technology and Information Management
National Chin-Yi University of Technology
ABSTRACT

In recent years, the advance in internet and the rapid growth of economics in the
developing countries have accelerated the globalization of marketing. Generally, the
market’s winner is the one who can provide products to the worldwide consumers in
the appropriate time. However, new products should not only be creative, unique and
quickly provided but also satisfactory in environmental safety. This research proposes
a product development process that considers the idea of green environment safety
integrating environment efficiency and green design principle.

The proposed process starts with customers-need investigation by experts from
related areas. The results are analyzed by Analytic Hierarchy Process (AHP) as well
as Green Quality Function Deployment (GQFD), to find better strategy in green
design, which subsequently creates an eco-efficiency factor checklist from TRIZ 39
engineering parameters and gets the correspondence table fulfilling the customers’
quality demands. Both of the eco-efficiency factor and green design principle were
combined with TRIZ principle and provide new product concept and innovative
design. Next, the correspondence table linking the green demands with the customers’
desire are evaluated to finalize the green engineering parameters satisfied.

Then the Sub-Field analysis is made to analyze the product characteristic in the
current markets. The finalized green engineering parameters are then input into the
TRIZ contradiction matrix & inventive principles to determine any improvement on
the Su-Field diagram. Finally the defect Su-Field diagrams are improved by
introducing the green innovative concept. A case study of designing innovative
products is based on the developed green innovative concept tests the contributions in

the proposed methodology.
Keywords : green design, AHP, GQFD, TRIZ, green innovation method
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2003 Darrel Mann

FFFBEES XFRAITL AR

VR AT R AR - BB AREE HY ¥
2003 kuo

¢ A RRE RS A Eait o

B ALCPZ A H AL 2 iFL %I A R4 &
2006 kobayashi

PomEl 20 A R LRI
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24 %d kI

A&EBRFERLPEMPE FDF R bAoA 4 A4 P B E

=

AfFdA R F RSP E L FASL GXYDELET LRE RARE D
A HRSIBEIP O BAABEFLE TR TR o AR P Y A
ERBIUEASDEL TREIRFDELICRIE > A SBF DMLY
(Carolien H. & Han B., 1996 ) -

Werner (1993) 35 @ % d & &k 3t~ fii2 i3k 3+ (Eco-design) & 7
% 3+ (Design of environment ) » H % & & #-Ip 5 L enF|F S » FIA 4 ST
VR o Y A Send G Y WIRE 6 S TR S P 7 R
B AT PR R R R A RETaE R FTHL R
B o I3 e Ea % E (L D.Demimonde. & F. Pop., 1997) -

Wik d A ST g ¢ Y. Zhang (1999) % 4 B4 216R (Reuse, Recycle,
Reduction , Redesign, Re-process, Re-concept) 4 » #-% ¢ Tk ik ¥ &% & » I 4

FA bW o EREPEETIREE D HD DA S B K PORR A 4T

R 4. HFi
2. EAFR™ 5. EATKF
3. WEmR 6. Earprh
g (2002) »0 T & ARy - FRI AFKF L0 ARKFRH

B R B R ERE R AR EY G PRPE A ST HAY P R

A,

ﬁﬁtf‘?’iﬂuﬁ’»]{ﬁﬁﬁ"ﬁﬂ;% FUR D r-'CF.E,l°1E‘—mb1Fﬁ-rrléq+ ’ f’%hﬁ

EALE (2004) fef 7w LA KA &0 B9 {17 TRIZHM0 B 4] A7

Rp > ZREE R EEAXTFELR § (WBCSD) #idt I enmkgirag =~ BEL

\\\?{r

FlF o MR P RILDLIFTHE P 6] B A SRIATR F 5T 0 &
Bk - BFF AT L
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L R H SRR R R 5. @7 { FTehF R > E PR AK

2. ROUF &R R ER o o
3. G F Pt 6. itk A gt e
4. FHF RAFEHT wITiE e 7. tesi A FSACIRIRGPRIRE o

Rk d wI S m At b B S AR K BOR 212003F 2 ROHS (The
restriction of the use of certain hazardous substances in electrical and electronic
equipment) 5 4 &2 WEEE (Waste electronics and electrical equipment) 5 4 % &
WREASEN T SUG]F ié%gv‘ FATA S TR TR R T UL A
DFRE L E RN Aot L RT R R F] G BRS80S TR 1

(4%3) o 220054# & ;% £ $E B A 54 &P &gy 9 EuP (Directive of

eco-design requirements of energy-using products ) 4 4« F i = B %4 R R

-~

PHASURRF I ES I ASWURE AR FERL GEH 4] -
% 3WEEE ip4 w it bl & &
A %08 SRR Y% -l IR Recovery -k #
Re-use/Recycling -k #
CAUAFRFLE 75% 80%
TEHRERE 50% 70%
IT 28 AKG 65% 75%
WEERA 65% 75%
R R A 80% #
TERETFLE 50% 70%
RESRFPBEEHFKG 50% 70%
FRHEA WA WA AR
EEEa 50% 70%
PR 75% 80%
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L 47

Ho T HERFA A SRR APMAT L 0 12

SRIFTR Y N KM

&

Fig4

Fir3

1997

e

e
Tl

IV F:‘jt']id; ’.’é};f% > %’;;‘—}é_r%'{s‘,’: g TJ{%"‘L"E’_%E’:}%
2R A0 BB B Rde 60 c01SO14000 % 5 Tk F T
T L RS ER ARG A o ¥R SR

FARAD P SR P R DR A

2003

ATRIZI A S e & F ¢ £ R HH B §
(WBCSD) # # 2 T 7c Fl 3 #5 & B i
Fodeon B3RS N RHPRFP RAL R RS

Ef'q'fﬂ’_% ﬁi‘r’ihﬂ 'EE o)

2006

A R4 G, RBFSI A SR

2007

=B
+
(&

M R ERAORE DA AR A
WP ZRORFL DY S0P S

§ R g -
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d RFWRERS 2

aAFRFERL 0T HEOF L% 1eE RS R FE BIMEE R R
B BER (QFD) = 2 £U8AE 2 3 R L e & %
FEREOPELFERGIFEREETH DA T L DR S
fF ke ik (HkEZ 2 1991) QFDJI* S s B B
AR FEAFR S RRFAR AR ERY CRAST BPADELY D 2N GEE
KPR (F 24 0 1997)

Bossert (1991) B35 QFD= j2 » ¥ f2pb > P22 = - 24| & > %ﬁt“ﬁ%ﬁﬁiéﬁ%
R BN R BrE- AR O T R A g e £
o T iR EE Gl f R B R B R R R IE o
BRE G Foeris & (F44 45> 2002 )

AERERRES 2E A ARBEFT L G EFRRE TR Y
rHP PR %S i BB (GQFD) GQFD™ 44 2 % ¢ § R %4
SRR B 24 5 s ¢ 2 & (Liu, C.C. & Chen,J. L., 2001 )-Jiang
(2003) % A e d SHW BR S 2> BEE* AR BEDEFET BAFE
AR o MRIEE B8 B N SR

M (2007) % AR STRARE S 20 02 baBREL B2

SEWGERZ2EES NS AERFF R 20 F FIFRE S ATRIZL
BBt GEP AL EAPEHF T TSl s 5 ES B AR
% B o Francisp| -y r»ck eh- BER F2 2 »PQFD? » #3717 - Bz &

%k %QFD (ECQFD) ATehfird| g o BB e gtk iv 2 =B 2 2 £ 5
@ SQFD#-1k 8 »x F :}F] i s =2dhe A BELEM-CREEM-TRA & X £
TEAERB RGN GERH A RERF DM (Francis., 2009) » ¥ & ¥ & "% i«

F"?B);?FI%FE?‘?FIS\' A > -&r@?)’:'l-i-fr :
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EM , Emvironmensl

Marics
(EM - TR) Matrix
EM-CE)
Matrix =
HOW)
Akso Al Matrix

R

/ﬁm

B 3 ECQFD #-%] (Francis., 2009)

H. Wenzel (1997) & % rifitfs o 47 5 Ad R T - 2K %4 A 4
%’ﬁ“r} FE S EF s & B (Green quality function deployment » GQFD) & s

ek GQFD A Fis it BB &1 % d R 2 Wb A L > g %
A ST ER KA A S DL RRE s R W
B S KR AT B BB AT R F R R 2 BB R R
SR S 1 ARRRhE Fo R R § Fehg R TR B ERER
MEHEZEAFHE T ORE A I T WA RR AL ASEETE R e
BA AR £ QFD LS HMAEE F REH S 12T £ AR A S K
et e (oW 4)o @ A5 5 EABE KT GQFD & ¢ S Fisi BB A 5

RIRTZ ARBEAT T o

Correlation
ST matrix
orrelation
matrix Project Features
Projeet Features Stuft | protoce | DB o
= ity 2
2.2 |
5o <3
g E . . 5] g — Fanction Z E
. 2| Relationship £ & Environmental . . . 1ES
g g . e 2 . ; Relationship Matrix| £ =
El= Matrix 8 considerations - 5
g o = 2 ’ =g
& 2 = o
s e — =
= :II'““ E_-_
Spectfications and Specifications and
Target Target

Bl 4 %4 i BB (H Wenzel, etc. 2003)
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—{‘5&

A FTRE * Y GQFD edp B A7 1

R B E¥ FihF
F1* QFD&F i BB AL F £°¢ R F R L
Strasser &
2003 1Mz R I RN AI ROV FE 0 BT
Wimmer
FA e E s 1427 R EARR o
MRS A AAER N - 284 ESalagl Rk 3
2003 Kuo %ﬂG@D&J&?%ﬁ%%%%’%ﬁﬁﬁé§ﬁ
Ba > GBI ERSESd RIBHEL -
FEQFDETRIZ i3 & F- 4 F7% 3- » * e i
2008 5 2 AE
LEDRe P HjirernfB 28 > = # e 3 LED e
VUGFD & F e B S @ 2t MATE S P
2009 Bl
'z 25 -1MLEDX 2 B 5 6] o
Bk d K HE QFD;}?#&EZ EE>2E > 5d R
2010 ER AN % ~GQFD% ¢ S F i B2 REAEL T 1

TR N RIFLERE L DLFTASEF -
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26 TRIZ 3 & %3 £IFRTR 2
TRIZIEZ#E P b AL P AL 222 - o v Ed RRETDFR 7

f? % &-%» (Genrich S.Altshuler, 1926 ~ 1998 ) #73& 1 » 1 & §_ % >t £ M 4
A0 Altshuller (1996) 5 A 45 {oF § 42iB40F 2 % 32 2 % £ ¥ chd {1 ik
DR A hF - PP HLRTORE SR P AGWHEP AL G 8 LG R
FOORCARAGRY RAL TV R T IEARAE > AR ARE o 5d ~ 4740
FREEAUFY MR Lo 3530 1 A2 S8 40P RIL o frd gAEL

F (4etiddrs ~= ) 0 B 1 AREF R FORfEAL AT L A hilRER B AL 4o @5 Ao o
- TRIZ TN

_ R R AL R -—
(ARIZ > # < =& §# : Algorithm to Solve an Inventive Problem )

,—%g -,‘,Q;ET F — 3 —rE'f_ 3[7- ’?’}i— -
. F . B R
——_ (Scientific Effects) (COHtradlCthﬂ Matrix ) ( (Substance Field Resources) >

aV.ii. O 1 \ |
\( Contradlctlon)/ | ‘s‘

| | // s Y
__(Rules of Evolution) /‘

40’}\ L= ) N
| Y 4 S A
T ERARRER “5 ~(40 Inventive pr|nc|ples) g <Substance Field Analysw\
N ;,;,W(‘I’ggell Final E‘ES}JJQ - Modelmg) ///

B 5TRIZ % fui‘a‘iﬁ ( Ahshiller, 1996 ; Domb, 1997 )

EREBTRIZ k59 > 5 gL % (Contradiction Matrix, or Matrix) & % i 2
Hehtiw o d < 2B JIHIFH Ko #BF 35 B I 0R AL RS U 4T g
ARIE T (TR N 0 2 A2 AR R Ao e i3 7438 38 R 4 (Ahshiller, 1996 ;
Domb, 1997 )

G FAE ke~ e & fe ¥ 391 1 42 58 (Engineering Parameter) - %
W & e en1 4% 48k (Improving Engineering Parameter ) ~ # w & fcF £ & 1
e %% (Worsening Engineering Parameter) ; H ¥ &1 47 %87, = 1521B &2 & >

Ffple bt A A AR ST f o X FEERSES 14 OE R R
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(Inventive Principle) 2 j2/4-4 4 3L (F< s > 2006) » 4r£6 #77 :

# 6 A5 FAEL AR F P 2R (Domb, 1997)

RGBT ena 48 Sk 4R A
iR =
(Tension/
(Speed) (Force)
Pressure)
gricd ena Az Sk 9 10 11
9 | i# A& (Speed) - 13,28,15,19 | 06,18,38,40
10 | 4 (Force) 13,28,15,12 | - 18,21,11

11 | 3% 4 [J& 4 (Tension/Pressure) 06,35,36 36,35,21 -

[E5] 'ﬁ'flﬁ“ﬁt%\» A A BT PRI T Rd TRIZY F -4 47 B ok pE
#H PRI R PREREE AN T A2 Bk B iR
AL 3 A L2 (B G GRS R R kR F il XA S AT
I

o i ser L e h b » T- A TR Y RFEz 2 Wbl (2 A4 AIFTIEA

(F4 - 2011) » 4-B6 77T ¢

\ I%EH%%?«
/' _>
/ \M -7
( $2 e — — —{
\_/ N

Bl 6 F-H 4R (FH KR H¥s > 2011)
BB L % R AIFTS G o0 Liu & Chen (2002) 4% 48 B oA HH B 1
¢ (WBCSD) #7% i B »x 5 = B FZ 2 TRIZY ch1 g Sde s # 1 i & an
B AR FE S/ N L T G LT LS P NEP RIS Rt

CCDRERIRE » v PLEARAZFEF DF S ERE AL DR o
20




Chang & Chen (2004) p]i2 i Liu & Chen#73 &1 ek & £]573 2 (04 7)
e FEEAOBIRR A EY A SETRIZE P RILGAFFE R A f > G j B4

A &g k3t o Jones, E. & Harrison, D (2000) ™ f&41F & & & > f1* & 4|

Y

to k45 b w PR R X R IR B S TR GRS R I F el ek 4
Tt A2 Sl e 485 LB E F T TRIZTASLIATL AP -

% TTRIZ39 B 1 2 ¥ B B »c 5 = B )% $ R % (Chang, 2004 )

T BRWEESE
TRIZE TiHEEM —
1 |Weaight of Moving Object
2 | Waight of Mon-MMoving Object
3 |Length of Moving Chject
4 |Length of Mon-BMoving Cbject
5 |Area of Moving Object
6 |Area of Mon-Moving Object
7 |Viohome of Moving Object
Volme of Mon-Moving Chjact
Spead z C
10 |Force )
11 | Tension Prassurs
12 |Shape .
13 | Stability of Object . -
14 | Strength . 8 -
15 |Darability of Moving Ohject - 0
16 |Darability of Mon-Moving Chject 8 i
17 | Temperafure
18 |Brizhmess i
19 |Energy Spent by Moving Oibyject

-

=
L]
W
L]

3) 4 (3 (5) (@

20 |Energy Spent by Non-Moving Object
21 |Power
22 |'Waste of Enargy 3
23 |'Waste of Substance . .
24 |Loss of Information
25 | Waste of Time -
24 | Amonnt of Substance . .
27 |Relighility 5 Q
Accuracy of Measurement ) 8
Accuracy of Manufacture 8
Harmiul Factors Acting on Clject
Harmful Side Effects
Manufacurability . » -
Ezseof ke
Fiepair Ability ) -
Adaptability = .
Complexity of Device ) o g
Complexity of Control o i
Level of Automation
Productivity » C S
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% 8TRIZ R1377 i2 B * *+ A& S-A137chtp WA= §

# SR 2 SRR

2 LQFD TRIZru v 3 2 » A3t ic L 4 5
1998 Terninko

Z o HH (TR E Lkt o

KIRIZZ 2 H N B e %d Rt B3 2Ty
2000 Jones & Harrison

Yo Bt Pl AIFTEEARY o

RTRIZS (29 g L2 ) > 4 X % d X3 en®
2002 Chen %% 1R ARIETAE B F R e AT

BB Y E o

FHTRIZAOB glFT2 R R 2 H R DE &
2003 AL

FHEP A TSI B REASRF AR ST o

BTRIZAIFTZ R R 528 R FaE 2§ * 30 %
2003 Fl &=

§RFBIATER ) RRE B AFEFLE o

M- RFEEFTA SAIFTIRAR S SINPDE & )
2007 L gF/EN ATA SR RTI AR B TRIZA|ATS 2 B * T A
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1. K =xmi47:2 (AHP): +’Q;}7§}¢;§J&§ g B REA S L FehE s L k%
PERA D REHS F RIRFIRE LB R G LR o TR
T E o RE%S FTREER (GQFD) it g R E o

2. B¢ mFa BRIEE (GQFD): LM% & § F& B s 714 M 1%
MG BERA P 1a% RE%d R RAPM GRMEELL » 2
B EFREBER L NI AR 21 RF R (T B AlETMA
w R iy o

3. Hd QIATRARBIFL S B2 14ef REH LK 2 el F Y
TRIZ A FAELdr @ RIL-RP| P EAL 7 RE B K2 & FLIATIEL
B 1o 35 18 F-3-4~ 17 (Substance-field analysis ) » 4% 1 & i ch & &R 3 HE4A -

b, %3 RPPFE BB LABEL RES R ASAITE 0 5 BH - B
K3 3D 2 H2 7 R 3 Wi (Prototype) £l ¥ FEin A & d 4 3K
Bl R IT S % 2 EEe 2 TAIFTE B IR o
31 ki irix

ARG Uk EATE KT A SR T TR R 37 RS

BRI L R B R A SR EGE Y R A X E 5 LR

FRE AR ER o E AR B FHERATR Y R T RS T R AT 0 d AR

BHAIRIL NG A TR R AREFLARZFORAEL R ix

A AR LS TRAAATPFEF RORL A RELAE< > Fo Laks

R L RASF A SRR A KT AN B TR RE B A vl

ErERAEE B REY - RPB TR L ks BT E ROUEE D L

H e (7 ey FIRAR > L BI8HT T -

¥

sl

P
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| Am—smuasg |

C.R<0.1 NO -

| REAERBHEEFH |

B 8AHP & {7 % 25 2]
31l ki

AP MR SR O R AT 1 R e 8 B A S

R F P A RS A F B A E I ER > A5 - @&%ﬁfﬁ 0 %ai;;Saaty&ﬁﬁ;

o APELHASRIE S TAS SRS RTLEE BAE BRI R

Be A T magl  Kamih > ¥ER:
-~ E-RBEkBOE-FEEX YRR

Sk REP R ERSLT T
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fORE R BER R e BAS N - K ARPEPPI R F o K G

H
)
3
_Lﬁ
=
It
& i
y(

IR ER S B R STF P AT R Sk AR
2 g THREEF ~GQFD% ¢ S FH R ER P o

FHEN R R B R % RN

46 8 % FREARE

B 9 AHP A& x % 1 ]
312 ¥ K3

AELUELD G ROFERES AE A ASRF PR FF LA E
BRI B2 F(2000) FA RS A EBERLS AR 9 e
BRI B - S S H ARSI 2 WA SN A
PREREDI R R AN AE L FRRTEF S B RE L
45 20% B3 ERAPT REER AR R ER] S X UR L A
Pz AHP R sa 47 ¢ 5 R BB E o kW iR £ %~ GQFD &
TR BRI G L -
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% 9

[
A
g
1+

b

Av\é\F‘ ~

Rd it o 70 14
(rEFTASTRIEZ EAAAFN R SAEL TR - =273
£ BE - B2 H) R
A3 R
(MASRMW > 7o LA Y R 2R AR 5

5 A

R A - e Pos e
(BREMA R AL DERIT ) U2 T T F &P T < JL TR
AR LR AR A ) ER
Ve oL e R Y
(&m ~ ¥ ~ {3PRFR) Fraeeya e
% B d4E

AREHEEAEL R RS RIA > PREELE HELE CHELE T

EZ8HEELE > FZRA LPRLIN35T 9 fFRE Y F AT BA

FCRR O DREA2 468 il o & % BATA L hd Ko A 1097

# 10 é]@'»é\ﬂffrlégjlph Z fiﬁﬁziﬁuﬂq

ARG ROTRAEREFE LR

A

@ %5 (Equally)

ERE G AT FER - 2 3
ek

@7 5 (Moderately )

ERE R e B %
E &

@75 (Strongly)
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FREAEF R A FEE- 2K
g &
@i%35: (Very strongly )
FESERF e HIFE -
BHELR
@35 (Extremely)
BARHRR B2 ¢ B TEITRER

FALK R BIRA - ¥ Rz (1989)
313 k& &R LN

AR BB RS TS FRAR AR ZEERE AP RBERER Y R
e (1989) #ridiemrE 2k o B A G Z BH AL
1 22 S RaEd

F-krEd Nl -BREE-EFFIAE REFREEATLEL P
o RE A R FZZ RO HERRA XTI PHEL At BT
i S AR O N e (3.1) #on
] o

N (3.1)

1/a1n e 7
2. P EFHEESFeE
S RELET S TT R LR BB L o ¥ B F
FReEfRZz H ke 28 Lg% -2 ELAL - BnXnid- REELRE
ArhsErd b B X8 e L frB AR % 2 5840 (3.2) ~ (3.3) #7 ¢
A-X=}-X (3.2)
(A—ADX=0 (3.3)
FEAER LM R LA AR R det(A—AD) =0 FANERE T RFE
MASNBEAE A 0 B P X FAE R S dnax
3. - KRBk
- KPP TR DA R TR F BB EALY O TRSSThE AR -
Tl TR BB AR HE R R FRE S R A
H|

R

PR RET G 0T - Bt $ (CR) amt g R

(1) - #{rdp1% (Consistency index ; C.l.) @ H 2>3%4e (3.4) #77 o
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Ci=lm D
n-1 (3.4)

H ’n?}ﬁ]&q% ‘ﬁgﬁ maxﬁ*pI"" ﬂg%iéikbﬁ’i%ﬁiij}%gifﬁ°
(2) %“E#4p1% (Randomindex ; R.I.) @&+ %ﬁd #11E#® -

% 11 “:iiﬁ‘&#ﬂ*ﬂ R.ILE$PE £

R FlE Rk 1 2 3 4 5 6 7 8

R.IE 0.000.00 058090112124 |132|1.41

eFkg#)|) 9 | 10 | 11 | 12 | 13 | 14 | 15

R.IE 1.45 | 1.49 | 1.51 | 1.48 | 1.56 | 1.57 | 1.58
FoR KR BIRA - ¥ B2 (1989)

(3) - It (Consistency ratio; C.R.) @ H 2384 (3.5) #17 °

R.I. (3.5)
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ERCIERY, e SUE TR f”l TE BT R BT RIELT D Ko
QFD S Fipic B> 27 ML 7 i s 127 £ 21" BR G E

AP NEABLADIRT RRP 0 RASKTERG PP IERE FEXGER
(#8% 4 > 1997)

F 3 (2007) #-@ g i B R ch® - 51423 Renh B Y 4o b B
FASTRBEE RESI ASRFOMBAERY YEXHE? c LAY GRTA
SRFARY R - HBLIITARLESTE RE T a1 8T o T RE " QFD
S~ 0E 0 Td BRE - FHUMEA > AMSMAL SRR (94) YR (34)
ME (1A) 2 BFE% 4ot 12 997 o

T RESAFT BEB G - BEEECEEET G RERE Y
dOB% I A OR R E 12 R PP > B R alcd & Ry~ o &
-~ 5 FE A - BME GEc ok 13- £ 14977 B PR BER S 2R
B4c® 10 77 > A5 - 14 REZd FRER(FF 1l Engm)
Flgrpt 7 KRB % R RA M - E T AL AAME FRBEER Y
Bofe A mde  pINHE R BEL L AR N T L F - ARG
K RPBE -4 BAEL SHE RE BB cF A A M MEL > 1A

i

ARBIFEE L SHRBE T B E I R TIORE A W E A L ST

m‘,&‘}ﬁ‘g‘_ R m"&;%j\»}ﬁ ’F{ é1 @“’4’\’]"?12‘ #r i8] ('Q‘-"% 15) ’ j’:fﬁfﬁ

R RA B R FF B ST ER RERFYE S » Fo % d fIAT
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2137 5 g RA RS BB E TSR
6 hj

h; = Z Vji 9 =56 1.
i=1 =177

h; = B B #c i i

v, = B RE]=12,,m

v 1=1,2, ..,

B 4 enfd B e T

6

£ erfd B I"'ﬁﬁ:'ﬁ\?—r :

B4 enfd B G licde T

% 14° > I RREERB T B E
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i

ADRTINCES e

i=1 =1t
¢ = TIEL
1= BIREE T
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%157 > g B B
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n
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W= C TRIZ 3 % 48 4 01~13

1 2 3 4 5 6 7 8 9 10 | 11 12 | 13
Undesired >
o o [i1] o~
Result |2 oy s | 5 5
PR L R o~ RPN (=21 (=S |-~ e @ 10
(COnﬂlCt) <) c Ola c 5|t E =] o © 7] ie)
© @ o o> i £ c o (] (6]
E c E cC =0 = — = ¥
e Sl < 8| g ] s 58 a S
© |6 °o|s G o|E c ® & < >
Feature ExlE x| 8°s[CnlEx|ELl B | o | 8 o | £
o (= B =] oO-|o [i:] = w O
ta Ghange saesls5|5een|ealcalSe 8|55 2|8
2o E|loc|loEl<of< |0 Elw | L | F| w]| ®
1 Weight of moving 15,8, 29,17 29,2, 2,8, | 8,10,(10,36 10,14, 1,35,
object 29,34 38,34 40,28 15,38| 18,37| 37.40| 35,40| 19,39
2 Weight of non- 10,1, 35,30, 5,35, 8,10,|13,29, 13,10, 26,39,
moving object 29,35 132 14,2 19,35| 10,18 29,14 1.40
3 Length of moving | 8,15, 15,17 717, 134,117,710} 1.8, | 1,8, | 1.8
object 29,34 4 4,35 8 4 35 |10,29/15,34
4 Length of non- 35,28) 17,7, 35,8, 08 10| 1:14|13.14)39,37/
moving obiect 40,29 10,40 2,14 ' 35 15,7 35
5 Area of moving 2,17, 14,15, 7,14, 29,30/19,30,{10,15) 5,34, 11,2,
object 29,4 18,4 17,4 4,34 | 35,2 | 36,28| 29,4 | 13,39
6 Area of non-moving 30,2, 26,7, 1,18, 10,15 238
object : 14,18 9,39 35,36/ 36,37 ’
- Volume of moving | 2,26, 1,7, 1,7, 29,4,[15,35) 6,35,| 1,15,|28,10,
biect 29,40 4,35 4,17 38,34 36,37 36,37| 29.4 | 1.39
objec
Volume of non- 35,10, 35,8, 2,18, 434,28,
8 moving object 19,14] 1914] 2,14 a7 [24.35(7.2,39 35 40
2,28, 13,14, 29,30, 7,29, 13,28/ 6,18,]35,15) 28,33,
9 |Speed 13,38 8 34 34 15,19| 38,40 18,34| 1,18
8,1, [18,13{17,19 19,104 1,18, 15,9, | 2,36, | 13,28, 18,21,)10,35 35,10,
10 [Force 37,18| 1,28 | 9,36 | 2210| 15 |36,37|12,37|18, 37 15,12 11 |40,34] 21
. 10,36 13,29,/35,10) 35,1,[10,15/ 10,15/ 6,35, 6,35, | 36,35 35,4, 35,33
11 [Tension, pressure |3740] 10.18| 36 |14.16|36.25| 35.37] 10 |3524| 26 | 21 15,10| 2,40
12 lsh 8,10,|15,10{29,34 (13,14} 5,34, 14,4,| 7,2, |35,15/35,1034,15) 331,
ape 29.40| 26,3| 5.4 | 10,7 4,10 15,22| 35 |234,18|37,40| 10,14 18,4
i . 21,3526,39) 13,15 2,11, 28,10{34,28/33,15)10,35) 2,35, | 22,1,
13 |Stability of object |39 140( 1,28] 37 | 13'| 3° |19.39]35.40] 28 18 21,16| 40 | 18,4
14 |Strength 1,8, |40,26) 1,15,|15,14) 3,34,| 9,40,[10,15) 9,14,| 8,13,]10,18) 10,3,]10,30) 13,17
g 40,15| 27,1| 8,35 | 28,26| 40,29| 28 | 14,7 | 17,15| 26,14| 3,14 | 18.40| 35,40 35
15 Durability of moving| 19,5, 2,19, 3,17, 10,2, 3,35, 19,2, 19,3,|14,26) 13,3,
object 34,31 9 19 19,30 5 | 16 | 27 |28,25| 35
16 Durability of non- 6,27, 1,10, 35,34 39,3,
moving object 19,16 35 38 35,23
36,22/22,35) 15,19 15,19 3,35, 34,39) 35,6, | 2,28, [35,10,35,39) 14,22) 1,35,
17 |Temperature 638| 32 | 9 | 9 |39.18/3538(4018] 4 |36,30| 3,21 | 19.2]19.32] a2
. 19,1 | 2,35, 19,32) 19,32 2,13, 10,13)26,19) 32,3,
18 |Brightness 32 | 32| 16 26 10 19| 6 3230 27
19 Energy spentby  |12,18, — 15,19, 35,13, 8,15,]16,26)23,14 12,2,|19,13
moving ClbjEC1 28,31 . 25 18 35 | 21,2] 25 29 |17.,24
Energy spent by 19,9 27.4
20 g : o 36,37 b
non-moving object 6,27 29,15
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&= TRIZ 3 &% % 14~26

14 |15 |16 |17 |18 | 19 | 20 |21 |22 | 23 | 24 | 25 | 26
Undesired o 3 | <
Result s e " >|5 %
H [=] 0 0 0 = -—
(Conflict) E |E€35| 4 Bl s |2 |E|a
5 |52 € S2|So s |3 s | E
ol 2| 48 |aglact @« lE|T |eg
> |>9o| & 1] ola w | = £ |l < 5]
£ |= = L o |9 = o e] = o] -
Feature slE<52 2|c|z238 5|22 ]||e|5S
c |RSIRE|l S| £ |IPEIPE| 2| 5|2 w | 2|33
to Change g [SeiS3|E|o|23lec| B |2 |8|2|8 |Es
» O8I0 E|R |oaWEWE|ac|(=T|2T | 3|2 <3
Weight of moving |[28,27) 5,34, 6,20,| 19,1,]35,12 12,36) 6, 2, | 5,35, (10,24/10,35) 3,26,
1 object 18,40| 31,35 438| 32 [34;31 18,31/ 34,19| 331 | 35 20,28 18,31
Weight of non- 28,2, 2,27,128,19,19,32 18,19)15,19)18,19] 5,8, |10,15)10,20) 19,6,
2 moving object 10,27 19,6 | 32,22| 35 28,1 | 18,22| 28,15] 13,30| 35 | 35,26 18,26
Length of moving | 8,35, 10,15, 8,35, 7,2, | 4,29, 15,2,
3 |object 29,34 19 19 | 32 | 24 135 [ 35,39] 23,10 124 29 2239
Length of non- 15,14/ 1,40, 3,35, 10,28 30,29
4 mouing obiec{ 28,26 35 33.18h 3,25 128/ 6,28 24,35 24,26 14
Area of moving 3,15, 2,15, 15,32} 19,10)15,17/10,35 29,30,
> |object 40,14 63 16 | 19,13 19:32 32,18| 30,26| 2,39 | 3026 26.4| 6 13
Area of non-moving 2,10,)35,39 17,7,]10,14, 10,35 2, 18,
5 |object 40 19,30| 38 17.32] '3[ 18,39/ 30-16| 4,18 | 40,4
Volume of moving | 9,14, 34,39) 2,13, 35,6,| 7,15, 36,39 2, 6, 129,30
7 | object 15,7 [6:35: 9 1018 10 | 35 13,18 13,16/ 34,10| % 22| 34,10 7
8 Volume of non- 9,14, 35,34/ 35, 6, 9.8 10,39 35164 oo 4
moving_objec[ 17,15 38 4 ' 35,34 32,18|
83, | 3,19, 28,30, 10,13] 8,15, 19,35} 14,20/ 10,13 18,19)
9 |[Speed 26,14| 35,5 32| 19 |3538 38,2 | 19,35 28,38| 13- 2 29,38
35,10, 35,10 19,17 1,16, 19,35/ 8,35, 10,37 14,29)
10 |Force 14,27| 192 21 10 | 36,37| 18,37] 1415| 40,5 36 |18,36
: 9,18,| 19,3, 35,39 14,24 10,35) 2,36, (10,36 37,36,10,14)
11 [Tension, pressure | 349 27 19.2 10,37 14 | 25 | 337 4| 3
30,14/ 14,26 22,14)13,15] 2.6, 4,6, 35,29 14,10,
12 |Shape 10,40| 9,25 19.32| 32 |34.14 2| 4|3 34.17|36.22
= ; 17,9,]13,27) 39,3,| 35,1, 32,3, 27.4,132,35) 14,2, 2, 14, 15,32
13 |Stability of object | '45”| 10,35] 35.23| "32 '| 27,15| 13:19) 20/18| 27.31| 39,6 [ 30,40 35.27| 35
27,3, 30,10, 19,35/ 10,26 35,28 29,3,|29,10
14 |Strength 26 40 |3519| o | 35 |as28] 35 |3140 28,10 27
1 Durability of moving| 27,3, 19,35 2,19,| 28,6, 19,10 2827{ ., (20,1043, 35,
5 object 10 39 | 4,35|35,18 35,38 3,18 28,18| 10,40
16 Durability of non- 19,18 16 2718 . [28:20]3, 35,
moving objec[ 36,40 18,38| 10,16) 31
10,30)19,13) 19,18/ 32,30, 19,15) 2,14,121,17f21,36 35,28) 3,17,
17 |Temperature 22,40| 39 |36,40 21,16 3,17 17,25 35,38] 29,31 21,18 30,39
18 |Brightness as,19| %49 s ] il b B e EER RN BN R
19 Energy spent by 5,19, |28,35) 19,24 2,15, 6,19,[12,22f 35,24 35,38/ 34,23
moving object 9,35 | 6,18 314| 19 37,18|15,24| 18,5 19,18| 16,18|
20 Energy spent by g5 19,2, 28,27/ 3,35,
non-moving object 35.32 18,31 3t
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e D TRIZA § 4L 427~39

27 |28 | 29 | 30 | 31 32 |33 |34 |3 |36 |37 |38 | 39
Undesired 2 5
@ = —
Result _| ol23| 5|2 |5 g
Conflict “El_Ele2 o | B |® > ° |° S
( )}0305%‘33 51E |22z |12 |22
g|2o38lss|s|g|2 |82 |8 [3_]|5|23
Feature 3 ggg;égg s|12 | 5|8 |e8=28 5|3
to Change s |88|8c|55| §| 5 |5¢ £|8|53|55/ 3|8
C |<EB<E[Ig| I | =03 x| < |[Ov|lOo| = | o
1 Weight of moving |3, 11,|28,27)28,35)22,21)22,35)27,28) 35,3,| 2,27, 29,5.|26,30) 28,29 26,35 35,3,
object 1,27 | 35,26) 26,18| 18,27] 31,39 1,36 | 2,24 | 28,11| 15.8 | 36,34 26,32| 18,19] 24,37
» |Weight of non- 10,28 18,26) 10,1, | 2, 19,|35,22) 28, 1,| 6,13,| 2,27,|19,15) 1,10,|25,28) 2, 26,| 1, 28,
moving object 8,3 | 28 |3517|2237|139| 9 |1,32]|28,11| 29 |26,39|17,15| 35 | 15,35
3 |Length of moving |10,14)28,32)10,28) 1,15, 4745|129 1520/ 1, 28,|14,15) 1, 10, 35,1, 17,24] 14,4,
object 20.40| 4 |[2937|17.24|1715| 17 | 354 | 10 | 1,16 | 26,24| 26,24 26,16| 28,29
Length of non- 15,29)32,28) 2, 32 15, 17 30,14,
4 moving object 28| 3 | 10|18 27 |225] 3 |1.35|1.26] 26 7.26
5 |Area of moving 00, 9|26:281 5 45 [22:33] 1722, 13,1, [15,17)15,13) |14, 1,] 2,36, |14,30{ 10,26
object 9] a23] 232 281 18,39| 26,24| 13,16 10,1 |15 39 13 | 26,18| 28,23] 34,2
Area of non-moving|az3s)26,28) 2,29, | 27,2, | 22, 1, 1,18,| 2,35, 10,15,
5 | object 40,4 | 32,3]18,3639,35| 40 |40 19 16.4| 16 |15.1§ 3673048| 23 | 477
7 |Volume of moving |44, 1,|25,26/25,28)22,21) 17,2, | 29, 1,]15,13) w, [ 2J 06, 1/29.26{35.341 10,6,
object 40,11 28 | 2,16 |27,35| 40,1 | 40 |30,12 : ' 4 |16,24] 2,34
8 Volume of non- 2,35, [3510{34,39/30,18) . 1 3,912 35,37,
moving object 16 25 |19,27| 354 d 26 10,2
11,35)28,32) 10,28) 1,28, | 2,24, |35,13) 32,28 34,2, [15,10] 10,28 3,34,
9 |Speed 27.28| 1,24 | 32.25| 35,23| 35.21| 8.1 |13.12]2827| 26 | 4.34 | 27,16/ 70 1§
10 |Force 3,35, |35,10{28,29) 1,35, 13,3,|15,37) 1,28, 15, 1,[15,17) 26,35 36,37 3,28,

13,21| 23,24 37,36 40,18| 36,24 18,1] 3.25 | 11 | 18,20] 10,18 10,19] 2 35| 35,37

10,13 6, 28, 22,22, 33,1, 35, 19, 1,| 2, 36, 10,14
19,35 25 | 335 37 |27,18 16 | 11| 2 | 35 | 35| 37 [35 243537

11 |Tension, pressure

10,40,)28,32132,30,| 22,1, 1,32,132,15) 2, 13,| 1, 15,| 16,29 15,13 15, 1, 17,26
12 |Shape 16| 1 | 40 |2,35[3% V1728 26 | 1 | 20 | 1.28] 39 | 32 |34.10

& - 35,24)35,40 32,35) 2,35, |35,30 2,35, | 35,22) 1,8, | 23,35
13 |Stability of object 13 | 18 |35 18]27,39|3% 19 30 |10,16| 34,2 22,26/ 39.23| 35 | 403
3,27, 18,35/15,354 11,3,132,40,/27,11} 15, 3,| 2, 13,| 27, 3, 29,35
14 [Strength 11.3| 746 | 3.27) 37,1 | 222]1032| 282] 3 | 32 | 28 |15 40 5 [10.14
45 [Durability of moving] 11, 2, s |327.|2215021.30027, 1, 129.10f1,35] 104,|19.20) 135,17
object 13 16,40| 33.28| 16.22| 4 |1227 27 | 13 |29,15| 39,35| & 19 14,19|
Durability of non- |34 2710, 26| 17.1 25,34 10,20
i moving object 640 | 24 4033 2 |35.19 1 | 1 | 2 635| 1 [1638
19,35)32,19 22,33)22,35 4,10,| 2,18,| 2.17.| 3,27,| 26,2.| 15.28)

17 [Temperature 310| 24 | 24 |'352] 224 |26:2726.27 "5 "27 | 16 '|35,31| 19,16] 35
; 11,15 35,1919,35) 28,26/ 15,17 15, 1,| 6, 32, 2,26,|2, 25,

18 |Brightness a2 | 332|115, 1935 39| 28,26] 19 |13.16] 1,19] 13 |®2 1 10 | 16
Energy spentby  [1921) 3,1, 1,35,| 2, 35,/ 28,26 1,15,15,17] 2, 29, 12,28,

19 | moving object 1127] 32 | - |627| 6 | 30 |'%33 17,28 13,16| 27,2835 3§ 32.2| ‘35
oo |ENergy spentby 40,36, 10,2,(19.22) . 19,35 i

non-moving object | 23 2237| 18 | " 16,25 '

LEX
*p FI&p Clarke, D. W, TRIZ: Through the Eyes of an American TRIZ
Specialist, Ideation International Inc., Southfield, MI, 1997.
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W47 : TRIZ40 % P R 01~14

S5

3R

e

Segmentation

a. Divide an object into independent parts. b. Make an object sectional. (for
easy assembly and disassembly). c. Increase the degree of an object's

segmentation.

Extraction

a. Extract (remove or separate) the “disturbing” part or property from an

object. b. Extract the only necessary part or property.

Local Quality

a. Transition from homogeneous to heterogeneous structure of an object or
outside environment (action). b. Different parts of an object should carry
out different functions. c. Each part of an object should be placed in

conditions that are most favorable for its operation.

Asymmetry

a. Replace symmetrical form(s) with asymmetrical form(s). b. If an object

is already asymmetrical, increase its degree of asymmetry.

Combining (Integrating)

a. Consolidate in space homogeneous objects or objects destined for
contiguous operation. b. Consolidate in time homogeneous or contiguous

operation.

Universality

An object can perform several different function; therefore, other elements

can be removed.

Nesting

a One object is placed inside another, that object is placed inside a third

one, and so on... b One object passes through a cavity in another object.

Counterweight

a. Compensate for the weight of an object by combining it with another
object that provides a lifting force. b. Compensate for the weight of an
object with aerodynamic or hydrodynamic forces influenced by the outside

environment.

Prior Counteraction

Preload counter-tension to an object to compensate excessive and

undesirable stress."

10

Prior Action

a. Perform required changes to an object completely or partially in
advance. b. Place objects in advance so that they can go into action

immediately from the most convenient location.

11

Cushion in Advance

Compensate for the relatively low reliability of an object with emergency

measures prepared in advance.

12

Equipotentiality

Change the conditions of the work in such a way that it will not require

lifting or lowering an object.

13

Inversion

a. Instead of the direct action dictated by a problem, implement an opposite
action (i.e., cooling instead of heating). b. Make the moveable part of an

object, or outside environment, stationary - and the stationary part

89




moveable. c. Turn an object upside-down.

14

Spheroidality

a. Replace linear parts with curved parts, flat surfaces with spherical
surfaces, and cube shapes with ball shapes. b. Use rollers, balls, spirals. c.

Pre-place linear motion with rotational motion; utilize centrifugal force.

'ﬁ‘ %

-
7

: TRIZ 40 8 P & 32 15~26

S5 2R a5
a. Characteristics of an object, or outside environment, must be altered to
provide optimal performance at each stage of an operation. b. If an object
15 Dynamicity - . . y . . .
is immobile, make it mobile. Make it interchangeable. c. Divide an object
into elements capable of changing their position relative to each other.
Partial, Overdone, or If it is difficult to obtain 100% of a desired effect, achieve more or less of
16
Excessive Action the desired effect.
a. Transition one-dimensional movement, or placement, of objects into
two-dimensional; two-dimensional to three-dimensional, etc. b. Utilize
Moving to a New
17 multi-level composition of objects. c. Incline an object, or place it on its
Dimension
side. d. Utilize the opposite side of a given surface. e. Project optical lines
onto neighboring areas, or onto the reverse side, of an object.
a. Utilize oscillation. b. If oscillation exists, increase its frequency to
ultrasonic. c. Use the frequency of resonance. d. Replace mechanical
18 Mechanical Vibration Ny, o o o
vibrations with piezo-vibrations. e. Use ultrasonic vibrations in
conjunction with an electro magnetic field.
a. Replace a continuous action with a periodic one (impulse). b. If the
19 Periodic Action action is already periodic, change its frequency. c. Use pauses between
impulses to provide additional action.
o a. Carry out an action without a break. All parts of the object should
Continuity of Useful ) ) ) )
20 constantly operate at full capacity. b. Remove idle and intermediate
Action
motion. c. Replace 'back-and-forth motion with a rotating one.
21 Rushing Through Perform harmful or hazardous operations at very high speed.
a. Utilize a harmful factor or harmful effect of an environment to obtain a
Convert Harm into positive effect. b. Remove a harmful factor by combining it with another
22
Benefit harmful factor. c. Increase the amount of harmful action until it ceases to
be harmful.
23 Feedback a. Introduce feedback. b. If feedback already exists, reverse it.

90




a. Use an intermediary object to transfer or carry out an action. b.

24 Mediator ) . )
Temporarily connect an object to another one that is easy to remove.
a. Make the object advice itself and carry out supplementary and repair
25 Self-Service ) )
operations. b. Make use of waste material and energy.
a. Use a simple or inexpensive copy instead of an object which is complex,
expensive, fragile or inconvenient to use. b. Replace an object or system of
26 Copying objects by an optical copy or image. A scale can be used to reduce or

enlarge the image. c. If visible optical copies are used, replace them with

infrared or ultraviolet copies.

e~ 1 TRIZ 40 % B R 32 27~40

£ 2R f& ¥
An Inexpensive
Short-life Object Instead | Replace an expensive object by a collection of inexpensive ones,
27
of an Expensive Durable | compromising other properties (longevity, for instance).
One
a. Replace a mechanical system by an optical, acoustical or odor system. b.
Replacement of a Use an electrical, magnetic or electromagnetic field for interaction with the
28 : - - A . :
Mechanical System object. c. Replace fields. d. Use a field in conjunction with ferromagnetic
particles.
Use a Pneumatic or Replace solid parts of an object with gas or liquid. These parts can use air
29
Hydraulic Construction | or water for inflation or use air or hydrostatic cushions.
a. Replace customary construction with flexible membranes and thin films.
Flexible Film or Thin . | . . o .
30 b. Isolate an object from the outside environment with a thin film or fine
Membranes
membrane.
a. Make an object porous or use additional porous elements (inserts,
31 Use of Porous Material | covers, etc.). b. If an object is already porous, fill the porous in advance
with some substance.
a. Change the color of an object or its surroundings. b. Change the
translucency of an object or its surroundings. c. Use color additives to
32 Changing the Color . ] .
observe difficult to see objects or processes. d. If such additives are already
used, employ luminescent traces or tracer elements.
] Make objects interact with a primary object of the same material, or a
33 Homogeneity
material similar in behavior.
o a. After it has completed its function or become useless, reject or modify
Rejecting and ) ) )
34 (e.g., discard, dissolve or evaporate) an element of an object. b. Restore

Regenerating Parts

directly any used-up part of an object.
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Transformation of ) ) )
) ] Change the aggregate state of an object, the concentration of density, the
35 Physical or Chemical o
degree of flexibility or the temperature.
States of an Object
Implement an effect developed during the phase transition of a substance.
36 Phase Transition For instance, during the change of volume or during liberation or
absorption of heat.
a. Use expansion or contraction of a material by heat. b. Use various
37 Thermal Expansion ] o o ]
materials with different coefficients of heat expansion.
a. Replace normal air with enriched air. b. Replace enriched air with
38 Use Strong Oxidizers oxygen. c. In oxygen or in air, treat a material with ionizing radiation. d.
Use ionized oxygen.
a. Replace the normal environment with an inert one. b. Carry out a
39 Inert Environment .
process in a vacuum.
40 Composite Materials Replace a homogeneous material with a composite.
X

*p FI&p Clarke, D. W, TRIZ: Through the Eyes of an American TRIZ
Specialist, Ideation International Inc., Southfield, MI, 1997.
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