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# # 5487757620 : MAJOR TECHNOPRENEURSHIP AND INNOVATION MANAGEMENT

KEYWORDS: MANUFACTURING / PROCESS INNOVATION / TRIZ / KNOWLEDGE MANAGEMENT
JAKRAPONG KARNJANASOMWONG: 5D MODEL: ALGORITHM OF MANUFACTURING PROCESS
INNOVATION. ADVISOR: ASSOC. PROF. NATCHA THAWESAENGSKULTHAI, Ph.D., CO-ADVISOR:
ASSOC. PROF. MONGKOLCHAI WIRIYAPINIT, Ph.D., 200 pp.

This research aims to explore and study process of innovation development in examined factory
in electronics industry in Thailand. Studying and identifying factors which influence to process innovation
development, developing process innovation algorithm model which will be applied in manufacturing
process including testing with pilot projects as to determine the acceptability of deploying in manufacturing
process. Qualitative research was done by questionnaire and deep interview with examined factory
managements, experts and engineers 30 persons who involve in problem solving and process innovation
in order to obtain the initial information respect to developing of process innovation in manufacturing
process of examined factory. Algorithm of manufacturing process innovation was designed and tested with
pilot projects, model refinement was done in order to accommodate the unique requirements of examined
factory. Algorithm acceptability also assessed including developing system of project management and

knowledge management.

According to research results, we found that 5D model is able to apply to manufacturing process
for analyzing the business opportunity and factory problem solving in dimension of incremental
improvement and innovation approach. TRIZ is the essential tool to create the ‘Out of the Box” solution.
The integration between TRIZ and Six Sigma tools enhance the business opportunity discovery, project
charter can be specifically defined, and search for solution can be done in different dimensions. The
knowledge can be used for setting control system and knowledge management. Developing of dynamic
model of process innovation development algorithm will be extremely essential since the model will be
adopt itself to fit to the change of product, technology and process. From research results, we found that
there are the factors which affect to manufacture process innovation. They are organizational culture,
leadership, project management, innovation tools, and knowledge management. Important average score
were assigned by examiners per following: leadership (4.57/5), knowledge management (4.56/5), project
management (4.47/5), problem solving and innovation tool (4.41/5), and organizational culture (4.29/5). In
current situation, each factor have the average score as following: leadership (3.43/5), knowledge
management (2.86/5), project management (3.07/5), problem solving and innovation tool (3.20/5), and
organizational culture (3.51/5). After developing 5D algorithm, project management system and knowledge
management system then there is the positive impact to the current score which significantly improve
innovation algorithm score from (2.77/5) to (3.27/5) and knowledge management average score significantly

improve from (2.86/5) to (3.79/5)

Field of Study: Technopreneurship and Innovation Student's Signature

Management Advisor's Signature

Academic Year: 2016 Co-Advisor's Signature



AnANISUUIZAA

TINAVBNTIVYDUNTEANWIAINTAIUM NG NUseanSUsEAMITIALS

%

WAL NIIVVBUNTEAN F09ANENTI158 A9.01597 nIkasanalve 8131589U3nw

<9 9

INNANUSUAN 599ANENTI1ANTE AT.19AATY A3ULATRD 819159NUSnwINeTnuSTI 9

[
& o

lagrenennuiuasUszaunisaininmua1g1989ien139nIAne 1 dnus Manianu

ANUNEITUNTasINinnTsy N13dansanus warssideuisideliungidene A
wemnga wazdeaaziattunisliaunuiugiiegnsainianenaenszevlIaIvedng

avivivienfinug §IdevensiureunseAuinuensdn 2 vinw Wuedsgen a lena 1

LAz YD TEANANITLAMYBIYIIUMEANNAITNEE G INa ALY

Ve

waNINUAITuADIVNTIVVRUNTEANNTTUNITADUINEINUSNYIL Taun

EAENI19158 ATIIATUS atiuddsdlvd Usesiunssunis §iemansiansed as.

g eXe

3118 lagena fiiermans1a1sd as. ysnld lanedimu uag as.aans aunes

NITUNIINEUBNUMINEaY Nldngandas naduliaudunssunisaeu waznganli

Touugiiene NlauAgaien1suiulsuas wilvingrdnusllinnuauysaluingadu

Y a Y a

T30V UNTEAMKUINIT HLTIqua IAInTnnviny Anganlvinisdunivel ney

kY Y

v a & 4 & ¢ = L a U o a a ¢ o &
LUUARUNU LLagﬁLWﬂquﬂ@LVUWLUUUigifJ%uLLagllﬂmﬁ’]Uﬂm@ﬂqﬁf\]ﬂwqjﬂﬂqUWUﬁﬂUuu

ey

o

o w A a o

gavneilvensnureunseAneg NBsdmsUMAlad Ay A AuATILE Nyauay

q 9

23A A3587 wag W1edTING NYINANIA YA N Aeediswmde TuAwugi Tinis
atvayuegAgaineIduunasn YeuaaiauTINuNINunladduiewmasienyy
\Wan13AnwveEITe nasnduiaeuinsnnvinunlassuukasillaleeuunildiuse

nsanAnwluastilvesimidnsigauidnveunnainla



NN

UNARBOATIVVIY oo eeeeseee oo 9
UNARYDATVE VDN eoroeeeerseeeesseeess s 3
AN TTUUTEN N oo 2
BTTUR e %Y
R3]0 110 N OO )]
BT TUBYTUR I coeeeeieeeeesseeessessssssssssssssssssssssssss s hy
T IR s o B 1
1.1 AT ULUAEANUEN AV e 1
1.2 TAQUIEAIRUDINITITY oot 4
1.3 UBULURNTTIVY coveorveeeeeeeeeee oo 5
14 DO UIAUDINVTIVY oo s 5
1.5 F1RAARIITIEIUNITITE 1o 6
1.6 UTELIUUTIATIATNDEIITU oo sees s eees e eee s 8
UTTL 2 1TV UTI T ITIEUNTT eereeeers e s ses s eers e eees s sees e e e 11
2.1 MuMAeTeeiUNTa I TINTTHILUNTEUILNTHRR oo 11
2.1.1 MITHAR (MANUFACEUNING) ..o 12

2.1.2 WIANTTU (INNOVALION) ... 18

21,3 WABBIIE TRIZe oo eese e es s 35

2.1.8 Lean WAY SIX SIGMA .iiiiiiiieieiieeeieieete ettt sttt ettt ne e 39

215 mﬁfﬂm’im’mi (Knowledge Management).......ccccceieinieinieieieeeeeenns a1

2.1.6 NMFIANITLATINT (Project ManagemMENL) .........oovvwooveeeeeoeeeeeceeeeeeeeeeeeeeeseeeeens 44

2.1.7 Tuwaniseausumalulad (TAM: Technology Acceptance Model).............. 45



i

UNT 3 T U Tt oo 46
3. A T TN TV oo e ee e e e ee e ee e se 48
3.1.1 msfAnwnszuIuMsiauuInnssulunszuIunsHan 289lssumIDgns ..... 48

3.1.2 WABSTOYATIAVNNITITY 1o 48

3.1.3 L3098 0T UNITITE oo 48

3.2 AT THUBINTTIVY oot e e s e eeeesaeeeeeee e eereeenes a8
3.3 nguitnang fe819 NMSNUTEYE UaENITHATIEATOUR oo 51
3.4 N3RS NTINAR N TWAU I TANTIN 1o 53
3.5 MsdratoyalowuvesesinslaelFUUUABURM oo 55
UNTE & BANITITY POUT L oo 76
4.1 A58ALUUDANDIENYBINITASIUIANTTHIUATEUIUATINAR oo 77
4.2 N159aadldana3SuTUIATINISEUMUY AOUT 1 oo 78
4.3 MSENTIIMINUAAIUIINIAINTNAIIINAITNARDILTOANDTOU coevrvveeeeereeeeeerree 86
UNT 5 BANTTITY POUT 2o 88
5.1 NM5UFUU599ane35u0IN AT IRNTIHIUNTEUIUNITHER oo 88
5.2 115809188 an o33 TUIATINSAULUY AOUT 2 oo 119
Unfi 6 MINaLIsEUUTEsa93UNSISane3su UL Ul S9SN e 129
6.1 ANTHAIUITEUUNTTVANITIATINNT e ees e ee e es e eseseeserees 129
6.2 MTRAUITEUUNITIANTTADVINT covrerrnenrnreemenneressmsseesessmssse s 135
6.3 NMSANTINANUAATAUNSIINNTNAFDITOANDITTU ALNITHOUTUTEUY eoveeeeens 143
6.4 nsvausuwALUlad (TAM: Technology Acceptance Model) ........coovvvoovvvvcoeeeeen.d 146
6.5 ANEAINIUNITHBEDATININTE (COmMmMErcialization) ... ..o, 151

UMY 7 AFUHANTITURABTOUUBUUEY oo esssssscsssssssssssnscssnenees 155



Wi

7.1 AFULAEDAUT AN ITIVY s 155
7.2 TORAUBIUE oo 162
VI ITONIB oo 165
ANARLAN N WUUEIATSEIUTMS T8 WOLIINT oo 176
ANARIIN ¥ FIBENLATARANYALE VDI JUTINT T8I UATIAINT o 180
AIANUIN A A5 TRIZ 40 Inventive PrinCiples ... 182
NANUIN 1 A9 TRIZ 39 Engineering Parameters. ... 189
AARUIN A NTWATYIAETTUUINIVBITAYADT ..o 196
AARLIN 2 MIUTBUTEUNTE LN TUAETUREUNTASUTANTI. 198

[

UTETADEUINETIIUT 1o 200



A15197 3-1
AN197 3-2
A15197 3-3
A15197 3-4

AN 3-5

ANS9N 3-6

AN 3-7

AN5199 5-1

miwﬁ 5-2
9]']5']\‘1‘17{ 5-3
9]']5']\‘1‘17{ 5-4
151971 5-5

AN519N 5-6

UV MR

WUINNLUNITAUTUITUITY s a7
AIDYINNUITYRAZAMANTIUL s 55
MUUFBUN DO e 56
NANTUTHIUA A TALEAREDVDIITEINIRY o 58

AzLuuAMUEAYvoIusaz Uadeninadensassuinnssulunszsuiuns

AanduiusiazaiedAgyszninatadeNinason1sas 1w Inng sl ... 68

Azwuuanuzagiuvesiazdadeninasenisasisuinnssuly

AL TGUTUN TR e+ e e s e s e s e e e e e s s s seeseseeeee 69

M319a5U T nuazlon1ar0InTEUIUNITNER ATUAIILEINITAVDS

NTLUTUATTHAR . eereeeeisiesssessse e ssssssseessssssi e 91
M3eagUlymuaslon aveansEuIUNIIHERN ATUAMATN . oooooccccrreeeeen 92
M15°9a3U UM ualoN1aU0INTEUIUNITNGR ATUAUNU covvvveeeennnn 93
M1319a3UTMuarlon1aueINTEUIUNITNGR AUUSEAVBAIN oo 94
wdnN5v0 TRIZ Al suAdaym TISEUFIOEN coeeeerrrn 95

AudlumMsUssgndldvdannisves TRIZ suanuaunsalunssuiuns

15991 5-7 AudluNIUsEgNAlEnanNITYes TRIZ ATUAITAARUYLATIHER oo 97

157991 5-8 Audlumsyszgnaldnannisves TRIZ sunisiadsednsnines

M15199 5-9

AL TGU TN TTHBB oot es e e e e s s e s e et e s s s et es s nasseses 99

Anunlun1sUszgndAldnann1sves TRIZ MunisiaiuiuazUSuUennIn 100

M159% 5-10 Audlunsuszgnaldnannisves TRIZ srumsiauiwasUSuls

NTZUIUATTHAR EUOTITIH oo eee e ee e ee e es s esereeesnens 101



M19197 5-11

M15197 5-12

M15197 5-13
M19197 5-14
M19197 5-15

miwﬁ 5-16

M50 5-17

miwﬁ 5-18
miwﬁ 5-19
miwﬁ 5-20
AN5971 6-1

AN 6-2

AN 6-3
AN 6-4
AN59N 7-1

ANS9N 7-2

AITNUAAIANNDVDINTIEMANNITI8S TRIZ TunsuAtgnszuaunis

AR LE R N0 1o i N

NANNI3YY TRIZ wugihdgmsunsiauiwazysuluauaunsaly

NTZUTUNTTNAR ettt
NANNITY TRIZ UUgI@MTUNITARAUUATINER oo
waNN15Y89 TRIZ wupthdm¥unmsifiaseansninveenszuiunmsaan ..
N5V TRIZ wugidnsunswauuasUSUUTIAMAMN o

WaNN15v83 TRIZ wugddmsunisimuiuasUsuusenssuiunsuanly

AMNT U e

M319a5U T Muazlon1ar0InTEUIUNITNER AUAIILEINITAVDS

ATEUTUATTHAR oo
M58 T LarlonaveINTEUIUNTNEN ATUAAIN .oovrrceecrrrnneen
M39a5U T uaylonaveInTEUIUNIINEN ATUAUNY ...coovvccvcerecenne
mwasulgmuaylonaveinszuiunngn AUUTEANEA M .o
MTIUUNAIISTIEN YV TTINUFIOIN

NANTISIUTIULTIBUTZIIN NOULAZUEIINNITHAILIGANDIOULALIZUY

FANITAVIUT e
AzLUUUEIUNSERUSUIATULAE SEUUTHAL oo
NFIATIEN AUNULaEils (Cost-Benefit ANalysis)...........cmmeccrrrrrersenn
ALLUUUATE VA NNDULAZIARINTTRRUN oo

AZLUUUAFLEDUNYINNITANY NOULAZADINITWAIUY cereeeeeeeoee



Al 1-1
ATl 1-2
Al 2-1
AT 3-1
Al 3-2
Al 3-3
ﬂ']Wﬁ 4-1

AW 5-1

AN 5-2
mwﬁ 5-3

ﬂ’]‘W‘]?II 5-4

AT 5-5

m‘wﬁ 5-6

AT 5-7

AN 6-1
m‘wﬁ 6-2
mwﬁ 6-3

AR 6-4

fsUysUn

BIAAVIHITANUBINITITY cevveerrrrmicesrerseesnss s 5
A TI RS IIITUITY oo 10
Aa A v ) v ) a
N B MALIURIIUNTATNUIANTTUIUNTEUIUNITNER oo 11
N15338 U998 NANaRDNTTUIUNIITNITAS19IUTANTTUTUNTEUIUNISHAR ... 53
ANandUNUSTENINeadeNiinanon15as 9L TN SUIUNSEUIUNTNAR ... 67
ANNITNAFDUANULNE (Cronbach’s AIPNE) ... 67
AN UUBINITAS1IUIANTTUTUNTEUIUNITHER e 77

o o < [y 1%
ﬂsaumsmmumaamswwmL‘Uumiwwawaﬂm'il,m‘qumwaa TRIZ wae

N90DNVBITYMIUBINTEUIUNITNEN oo 89
ANNALUNTUTEENALINANNISY8 TRIZ MUANNEINITOLUNTEUIUNITHER.. 96
ANURlUNMIUsEEnAldnannIses TRIZ AUNITARAUNUATIHER .ccocovrrrnneen 98

AnudlumMsUssyndldvannisves TRIZ sunisiiadseansnnes

AITZUIUNTTHEB oot e e et e e s s e e s s e e s e s s s e e s e s e e s s 99

AnudlumMsUssgndldvdannisves TRIZ sunisiiadseansnines

AITZUIUNTTHEB e e e e e e e e e s e e s s s e e e s s e e e s s neseses 100

AnudlumMsUssgndldvdannisves TRIZ sunsiamikaziuuss

NTEUTUNITHARN MU IITI oo 102

nsunlguleedsnisues TRIZ Tussuunaing

(Dynamic TRIZ solution mModel) .......cceieiiieeieeeeeee e 119
IPUVVINTIANTIATING (Knowledge Management Platform)................ 131
FTUVTOINITIANTTLATIANT FULUU 5D oo 132
3¥UUT0INITIANTIATINT Dynamic TRIZ Solution Model............ccoo........ 133

SEUVVDINITIANITIATING FIRTUUBITEUU oo 133



BN

AW 6-5  SEUUYBINITIANISIATING FEUURARILINY oo 134
AW 6-6  SEULYBINSINNSIATING STULUFTUNALAYARTIVEBY oo 134
AW 6-7  @TUAIIRBINTVOINTANTTUUTANSATING o 138
AW 6-8  HsN51MAYBINTEUILNTTAMITANING 139
AW 69 5EUUTANIANLFVOTTINMIIBEN 140
AW 610 5EUUTAMIANUFUATTATU oo 140
AW 6-11 5EUUdAnIALE MITIUUNNENAIIISTARIEY o 141
AW 6-12 5EUUTANIAILE AGUATING FULUU 5D oo 141
AW 6-13 szuudamsmnug uazieSosilodud (Search ENGINE) oo 142
Al 6-14 FEUUIANITAIINS BAZAITUY (CONLENTS)..ovvvrrrrrrrvccrrrrressennecerrrssessnneeeen 142
Al 6-15 mspensuwmelulad (TAM: Technology Acceptance Model) ..o 147
AP 6-16 MFIATIEN Funumaziils (Cost-Benefit ANalysis) ... 153
AW 71 AzuuntaSondnABULAEIEINTHAL oo 159
Al 72 azuuniladugosfivinnsfng AoULaEHEINNTRALY e 159
AW 73 maAsuaniuzves Yademdn 1A3ealon1saisuIANTIN 160
AW 7-0 - mMaBsuaniuzves Yademdn MsgAnIANLE 160
AW 75 MaAsuaniuzes Yadugen MIWAUITANOTIN o 161
AWl 7-6 - mMaAsuaniuzves Yaduen mIulsliuanuiideusglusiyana......... 161

d‘ ‘NI o 1 v o U } %
AN 7-7  msiddsuaniuzvee Ualsgay ATINAIUTINTBUNTININIUNTIIANTIAIING ... 162

NN 7-8  MswlAsudnuEYes Uadudey miﬁwmﬁzwmﬁmmimmi ..................... 162



U 1

UNun

1.1 anuduauazanudidyveastym

anmvedlanfindlutdagduinlvssuuiasysiavesiinaeldens Tueenieslaiinis

Ufusegnmingy  lenginailidunnasuein1sninnienainssuuagiaseuiean

A ]

w3 Yadeddgniinasenisudsdunaslausylovigeganiegsianennuianu  welulag
wasuinnssy  n1smaganisasuanwssmedudmuendnveauleuiemsgaannssy
Y043n1AT FrazatuayunisadeuinnssuwaznMsuasranulrsiieiuauain oy

waluladime  dwdAyfensamulunisiawauiediaussanmlunisiussaninuiiay

o o A

waluladlnduaznisunsnszarevesruslluesdns adeddyasatvayudssnalneli

o

a

ﬁmmﬁ’nw{hLLasLLﬁdasﬁ’ulé‘Lunuﬁnmﬁa msﬂ%’uﬂgﬂasaw%mwmaqmimﬁmmzmiu’%ms
Aawpt 1980 L’fluﬁumwaﬂizﬂaumﬂaqLmﬂ:@ﬁﬁuagjﬁ'umiamumawmﬂigmmmzmi
| a v I3 A ao o v & a a A & A
dewondu Usewalneidugiunisudandidgvieiusosud n3esdiaansellnd 9ngYu
ansgouwsn wazglsy Tullaglu Usswelngldsuusinaduannusendlnalfes wssnadu
VIUAUNUAIAIN FU eauy dude uaz Bulatide wssnadumenumalulad uas
a Ay v & 1% a ¢ 1 a a v o P
\AsugNINldesAnuaIn AAlus geens 1nmd Fu wae liviu Usemelnganunsadzaing
wazUsuUTIRaUsEnaunstussesenlalauMsiininyerousu - MIawusulasas
WugIUnNEsaune  n1siawinssdieiulusyavulouty  n1sensEAuAMNEINNTINNTT
Wanleanu ANINNTTANY) maﬁﬁ%’ﬂuizﬁuqmﬁﬂm msamu’[,uﬁmﬁ’umﬁ%’a WS
nszulumMNTeuasimudmsuifuasosdnsgsnatudsena  nsagindiunsinele
¥ =3 [} a [~ 3 a ¥
PnMsldussnulundnlugaamnisunisadnuaznisusenau TiussAnsgsiansen
Wouled AuTwiamInetrans walulad MTunde NISWAILIYDIIANTAITANYINLA
ANNEAYTUNTUTUNANgRTIne UADINUAIINABINITVDIQAAMNTTULINTY  Inedad

v A d'

gouNdAgAe NsAYAaINTINALgILIY  MIaWuAUNTITELaE R liieme

v 9

gounasmumsfnymanalulad  lassasiiugiunisssuuasaumalagniaudes 1l

AMLENsaRzatvayuesuiuisednnieadng  BadinUssnealveazdunmas

[y

dAnresUTIINMAlUAuNTHERLa alulad uAn1TaNeNeneIRAINITENINgRIANTE

o

[y

3 J PN Y By aAY o [ 1 = 1 [d
Uy ‘LlIEJ‘U']EJG]N3]‘VlE)fz]ﬂll'1ﬁu‘UﬁL}UﬂEJQ?J?J@"UWﬂGWI’]I‘ﬁLZJUiiQOQLﬁj’]‘WlIWEJE]EJ'NL‘ngﬂﬁiill 710

JoyaniuAsugnavessenalng  yarwewdndusinandlulssnalainni 11 8w



[

auumkardnnldug@unt  INNTIATIEVTILUNALEAATMNTINNGY  Yae191n
gRavNTINLaE MIrAnliduutannnd fesay 40 maiinaussoamlufifves wannm
AuAm Videduyuintulsinalnemsaensiadne M TuN LAz R va HAR T
asmesUsema (OECD 2013) ussnaduanlaniintiuazmsidsundasweanalilad
ot anndwilinsiadwuamddyvestadonisutsiunsgsiagnlimualasgieds

Pranaiiuninsasuulamindunuiugunm msdaey wagnmevaLesiagnAn

v o [ a

pudwiu  dwnsunswastulsenalnenuinauamiduladeduduusniiddyiagn  wagld
Uadeiluiugulunisvesmsivungnsmansvesnisndniiennueg seanasdugaves
53 lwvagimsandunugnlvinnudifyanas  wsewnin  msudalulssmalneaslyl
Wit uiunMnaalulssmedu Buks wazleauiudnsdeoly Aauiwesimuinis
TRLI IR nsuanTIUsEmegaamnssuLazUsEimaAgnanssunlUszauiunis
WasuuUasegaideddgluiifives  Audein1svesgnAngudoutuianunan ey
a Aa a (Y el & a IS ¥ [
NUINT 2935 InveNanfueifiduas maudeulUaeunalulad uagnsidiuuwdeduves

AwslulanAde MsfavpeuausdenIsUdsuLUaY gnsMmEnsNITNENLaY TRUSTTINDIANT

Y

U =

Fosdinmsuuiasuiieliiaesusyaufumiudesnsfiudeuly nui esdnsazdesaiunis
nsenindan1sdnnisuinnssuegaiuse@viam  wazdesjadunisimunyaansividaug
ANNANNTD MIRTINTs dAunigvesnsuatunegsnalulanvedamadeng aAns
nsyvtnferudAasinnssulunsteanulaiseulunsudesdu mvidils wagnise
sm TuszuuAEgRavesgIUnIS (Knowledge-Based Economy) tile3uilefuanuimne
i osdnsfesjutiufsnmauimsiansnnuiaduiugiuveaiansauuasmslfivieuluns
utedy anuidnlasgnsindsienssuiunsvesanud msassenud nmadeud Hudsdiddny
og198sean  Luistulaevluianudifudunsndundnvesantunsing  unvinedely
Uszinelneasiduienisadsnnuduasinsuusluliiveeavnssy nsdnnisaauidu
gnsenaniiadyiilmiinedoduluirmih afuaurazhomde dhogramsniy
UszwelvelinAnanulaiuseulumsudedu lussuuesegialutagiu enudiduunasinde
Y0 TNTINTedoading ST NsHAN fﬁ"ummiﬁluqmﬂLma'wmeﬂ,um%aézi']al,ﬁaiﬁlﬁﬂ
msadeuinnssutiuan nsUMTIINIInsEUIUMstoEaiussAvBamagiliiAans
darUANNITENINENNTNIUATEIBVRY UMINYTTY @NAVNTIH WARNITIRY WU A1S
afunnailindadeliduiudumgnsmanslussezonandutadoddgliszay

Nadsa (Phusavat and Kanchana 2007, Prajogo et al. 2007, Worasinchai et al. 2008)

gaamnssuasaumalugaavnssuninisasydulnednmiag  wasasvioufsnimees



LY o 1

walulagsyaugs (High Technology) Dudruiiddyegribeen Jusiungvsmans
dmsuanuanunsanenalulaguegsia  Insussendldmaluladansaunelunssuiums
yagshailefiunannmuaraseguaiiy TmtinsUsgndldtu ssuulssnudeludd s
MIUANNTEUIUNTHER MIUTEALNUTBAARUNLYES NMIBBNLUUNANANI S2UUMIHER
uag MInan Fakin1sumsiamavislénisdsaou (Supply Chain Management) finns
Usggndldszuuansaummsgaunsvanglulsemagaamnssuy avigewsnn fmsudou
siuszuulneldsruuamsaunaluosdsuiousinsoonuuy mawam n1sudn uay MIUIVIg
Fanvirslenisdaeu Feiansgnuduuinlaensee Msanfuny NMsUsUUTIRMAIM N3
AALAIMINGR  WaEmMIUITMsIanIsudnns  MsUssendldssuuansaumelunimsidly
Usswalnedalifianudaau wawmsziguinsdddlianuddydussuuasaunalunis
Usegndld wagdlifiununisamuiiasdsegndldssuuansaumalusunaniieliifisuifeaiu

Uszineigaannisy (Kini 2002)

nawaunsaisuianssulunssuiunsudn Wudsddgfiavdne Waudneninueanis

Ya o =€

wiaturasgaavnssunmsnanlussnalneliilonmdlulanveslamaindanniy {33839
YSINTUIARSBINTRRIUISaNaTsuTasnTsasuinnssulunseuIun1sHan Fadu

d‘ A ¥ o } % L Ll 1 L
Lﬂi@ﬂﬂ@Iuﬂ’ﬁﬁiNu%@ﬂi’iMLLﬁSﬂiﬁx‘iﬂ']']lIbL@L“UiElUﬂLuﬂﬁiLLGZNSUU“Uaﬂqmﬂ’mﬂ’iiuﬁlu‘digmﬁ

[

Tne alilansauwIAAAEtAIILNTIFURIT

1) Asguaunsmsasswinnssulunssuaunsnsnantulssnusiegs Tulsswmalne 4
NLUINN1T08149}S

2) ezlsdededeiifivasensyurunisnisadrsuianssuvesnssuiunisuanlulseey
s Tulseinelne

3) MSHAIIALLUUDANESNYBIN1sHALIWInnssulunsE LN sNaalulssUAI8E1
Tudszndlne vlaseisls

4) NIVNAFBUALLUUDANDISLVBINSHAUILINNTIHIUASEUINNSHAR LIS
seg19 Tulsewnelne vilaegndls

5) m3th “funuudanessuvesmaiannuianssulunszuiunsnan” welugnisldau

239 vihleegals



1.2 IngUseaeAvan1sivy

Dunmsimuduwuudane3fy  wWisldWauiwesUiuugnisasiuianssulunszuiunis

(%
a

HARYRAls U089 AUTEAEA NLarUsEANSHAgean Aukuudanasauilavyieliieans
TuasAnsasnsanmseanvaslyminieisnsndlaluann1sUo L tAAN AT 19ETIALL
Waduayu  yhlllanwvainvangveaniseenveslaym  8IANITaNNNTaasidantuIng
uityimngauluussgndldliluusiasdaanan

(% A

TrgUsrasAveen1sinidufe

1) Wied59  was@inw  nszuaunsnisadsuienssulunszuaunisnisuanlulssu
fage Tuuseinelne

2) iednwuazszyadeiifinasionszuiunsnisaiisuinnssuveanssuiunswaniy
15997uM79E19 TuUsewdlne

3) feRaunduLuuSanesiuvesn sauwIRnssulunszurunsanlulssuieg
Tudszndlng

4) \fienedeudunuusanessuvesnmsiauwinnssulunssuiunsnaniulssny
fmeg1e Usewdlne laglassnisuiges

5 wefinwnisin “AunuudaneIBuvesnsimuwinnssulunszuIunsan” ielud

A1519914959 (Commercialization)



1.3 YBULIANITIY

aa g v o a
‘nqﬂgvnﬂﬂﬁmﬂdﬂ1iﬁi1ﬂu3ﬂﬂiiiﬂuﬂizvauﬂ1iwaﬂ

Manufacturing > NIATNUUIARA
UIANITH
Innovation
\ 4
: NITNAR
Project Six Sigma N
Management & -Capability
-Cost
Knowledge -EfflCl.ency
Management -Quality

A9 1-1 BIAANINENVRINITITY

(%
= =

1) lunsideiliivevnvesnsinwiaseunguivesdnnnuindn 5 @wnfe  N1SKER

[

(Manufacturing) u3nnssu (Innovation) Nsiaueanasoulagldransves TRIZ, Six Sigma,
Lean, M59AN15lATaNTS (Project Management) Uag n159ANT5AMS  (Knowledge

Management)

1
[y

2) TunsidetidumsfinwinisufiAnisndsves Tulssnusedna lssu Baansetind Tu

Usznelng
3) muﬁusﬁaa&amﬁ%’a NLASINITUNTD4

4) maiudeyan1side nwuuasuay §u3ms {ilisdvig Ins Msuade nvegeu 39

LAEWAILT LaglaunyiingIvsiunisas1euinnssulunszuiunsuan

1.4 9991MAVDIN15IY

a

1) MnmsAnwndeyanfegiiiiauemaivimnuindinislidvdannisves TRIZ Ty

9 Y
L 6 1

Tunsimunusuugmdndusiognsunsvate agdlsinunisldndnnisves TRIZ Tu

v a o w

nsunlalagvidugdadidnde wudssyndldlunisnisasainnssulunssuiunisudn



2) MsAnwNTayanRYYINEAUeMAINNITIANIZATBIBINWLaEA ¥ INgyiy

3) msAnwlun1sifeilaseuaqunisinaunuudanessuunldlulssnuditegaviiuy

1.5 A1ANAAMUN TIN5

1)

5)

WINNTIUNNTEUIUNNS (Process Innovation) visngds UjdRnisguuuulue n1s

Uszgnaldnunseuiunsiiedemalinalnniegsia nseuiun1sn1sudunnis nswae

v
a a

= a 0§ Y a v ea a a =~ Ao
W3N5UTMT v liAanaansd Usednsnn Uszandua niswalsznaun1sinau
1Y) ace . Y Aao v o ) & ad g v
dane3su (Algorithm) nszuunsuAlgndasutuneutaau uasnsulduen
1 a o w ] 1 d' o/ ¥ Ql'd-qy a
JOLAZISENAIAUNITYINIUANY WafnanmAsAumLazun ATy 1@sunns
indula IngdmdnusraintiedenIisnmsvsetuneunsalivaunell aunsens
O v N a = N ] v v v ea
fatunauaavineg Indnmenalunisesuiedimaveulesseninadadenuasnaans
1o amihdueewdslulduidymannsaldiudgmmly - sausnmis@eulisunsy
AOUNILADS

TRIZ Juwwimansuidgnideaiasss Andulae davigaes 91nn1sinsen
ansunsvalanvaneniluatulainuituIniensuitdymdulnguuuskuniueu
Tunsgurunismsuilam davigiaesliazuisnishie msdaudaslgmianzlndu
Yyl uaildiesestioves TRIZ lumsnimeesnveslymlaeiil antiu
aawlasnseenvaslgmilanemlulmdunisesnveslaymiane (Li et al. 2011)

[

Six Sigma JusguunlasuAd

o

ngiimsseRugaitefvuauamslumsuuuge
AMAMYDINAATUINLAZNTEUIUNT AL TUNITADUAUDINBAIINABINITVDIGNAN
uazlddeyanidunisdaaula Six Sigma faumeneiiazussaienisuiulgeeng
soiiles Tunnszduuazdesnsmssuiioninyaannsynie ysedu fednduszuud
atuayuuAusT By duLazsyzem Woannsgaulan andunumkEnuay a¥eHa
MlslasnsimmuiazysuusenseuIuns (Cheng 2013)

Lean Wuszuuvesnisannugalailunszuiunisndn  Iaglilinansenusiendn

AN WIARYBIEUISUINYUNBIVDINAMIATUNER T UNWAZNITUINNT Tgfiansan



fwdlinsndnue  namfediduvesnsufuaTiuasuiaglnlududilusias

q

TunaunIwan duneuiignindianuinlafiazdne Tunisfiegvilidulszaunadise

(% a =

Ao INUsEdarANUTINTaaINNHekasNTEAY fulznswenlewilviie

A7} q

Y

nsUsulgeladnvaneauan - vigazinadlaveantnay  anusiuileseninele
Anuaendy  wazn1siseuvetesAns  Uaduddgiagvilinisunduunuszendly
warUszaunadiiafe  nslinisAnwminauiesdvae  nstisunsatuayuain

INuazd1un19Mine19es taznsusuldsuinusssuednns (Worley and Doolen

ey

2014)

[y

N159AN15lATINTS (Project Management)  AsALHUMUNIDNINTIUNNSNBaY

(%
o v [y [ o

aviagligdoudunsandunulutegiy  Teedinmsiuanagnsnieisnisid
ANULANA1ENLUIINNITUTIMTIUYTE Ipgdn1saEun1sUguRnisiy
wavdeadutunsusgistnuniounsiuuavsneinsfiagldidy  yrains a0
w30l uasKadnsNNaUsEasAluliarduney  LielAnnTsusIingUsvasan
muuabiniglinseuiuiuyseana ypainsuaziial Wlavaanisianislasinishie
nslinnensegeiliusednsnnmnasnyisiailasinis nsmuauialeglunseu
MINLNY LarUTTRRIngUITasARNIN sUUsEINa LU vy

N159AN13A9133 (Knowledge Management) N1553uTu @519 dasuideu uaniieu
wazUszenaldnnusluesing Ineiaunssuuan Jeya g ansauwme ielviia
Aus wag Jeyayr ludian nsmusiuanuiniegluesdng Fensednnsearvegludi

=y o v o = B 14 Y ¢ v

yaravisalenans iawlidussuy wslvmnaulussdnsanunsaitntieanuy uas
Y Y VY o a va 1% 1 = a a [y 1 b4 3 a
Waeuwedidugl  suunwfuRnuldegdivsedniam  dusrdwalviosdnsd

ANNANNIA UL Taudedugagn



1.6 Uszlewunaindnaslasu

1) Ysglewdlumsussgnaly

atdvayy winns Jens  Tunisseyladendrdgeineeniinavilinisiamn
winnssulunsguiunsndndszaunadnsa

atuayu winns Jeans Tumsssywmsssdenddglunisussendlddanaisy
Yoamsnawinnssulunsruunsanlulsiardunoueewiiussansna

[ = (% % a o ¥
danassuvasmsimuuinnssulunszuIumMmanausaihlussendld
dmfumsuTulseinn Tunaneduneulunszuiumsnday n1seaniuy
FuAIU N1FPONLUUNTEUIUNMINGR N15UFUUTInTeuIunsHaalulagiu Tu
aa a o ¢ v a Y = = o § wa
fifves nMsindnenmveseAnslunsasufauinnssy Feaeilnavilvll

NISHILANNAINNTAVDINTEUIUMT  LNUTEEVSA I amduvu uag Wiy

ANNNERSTOU

2) Usglovuluniaivnnig

nswyine1ns  (Multi-disciplinary)  1aga3fmIUsIN Mg Ui wagnann1g

YDIATIIUINNTITU NTNAANAUNAUTUNTEUIUNIINITANENOADIARAINNS LD

asveadmuslmiiannidy duswuudanesSuveamsiaunuinnssuly
nszvunsan’ vl ddeuasinluudRladinladsddutuneures
dane3tu

binddeuazinluufiiladnlafsdadudrdgminlvinisinendanessy
Tuussendld agnaliusydnsua
WauelwINNIAaeUUsEavENaTes  N1sUssyndlidanesty  Ineld

1A59NI51UN594

3) MIATUALULUIAAYEY TIM (Technology, Innovation and Management)

- Technology: anwnsniwmaluladansaune  unldlumsativayuianis
mm§ NALNAUNU  AUWUUDAND30UBINITHAILILIANT U lUNTEUIUANS

Wan dlugmsimunuaznisaseuinnssueg1aiussdngam



« Innovation: NMsUIMYINeINTaT1Nassa diaTesdlonazmans Ay
Wouleaeealingsne  asadu dunuudanassuveinsauiuinnssuluy

nszuuNIsEs’ wdsukuulUUssendldiussuud§uRnisnisnanass

« Management: NsuvALiALazATeleT0d N1TIANISTIATINIG N1SIANTT
ANs nsiauwinnssy undaased dWefnwanuduldlunsuszendld
fuszuuUfuRnisudnlugaavnssudiaansetind Wuilveusu wazaunse

T luszuuanszuIunIsHan Neaenulaog1awnsraie

4) MaJufuLUULaLAMAIYDNIITY

o I

- nsdusiuwuuvesanddeiifidnuazianzie nuideldyaiudansian

o w

AULUUDANDTOUVRINTHAILIWIRNTTY  wazAnwdadedidy  suwuy
fane3ouAL I IAINTASNETIALUIANNTUAT M aE AN TATY LNEUTINTS
Fonmsudtlyviivsnzasluusiaznsaliietuuimaluussgndldvinlnda
Uselemironsansludnu nsifiudneninuesesdns Saeiinavitlvidn nns

WINANANNTD NMTAUKTANIN AAAUYU UaE LLAMNINKERS



10

= .
TNH 1 UM

11 anufhunuasardidamaiam 12 fagisaduasniside 13 vawmann1sids

¥} oa o - - m ow - - = 1 Ha
L4 4a11nav8an17 198 1.5 ﬂ']'il‘lﬂ'ﬁﬂ':l"l”'lﬂﬂ“ﬂ'ﬁjﬂﬂ 1.6 ﬂ'l_:n[iﬁl’ﬂl'ﬂﬂ'lﬂj'l'l-.l=1ﬂ5].|

"

ol
UNH 2 ATINUNIUITTENTTH

- o E) -y - -
Z1MQEJUIAATIUNASTIEY 2.1.1 ATTNGEA ez mananlulszmalng 2.1.2 udrnssn 2.1.3 TRIZ 2.1.4

o - ¥ - _ o -
Lean U8z Six Sizma 2.1.5 AMSTAMNTAING 216 MIda A5 TAsans 2.1.7 Tmeanisseuiumea Tulad

-

= o ok e
UNN 3 FEAEIE 08

gy - - - - ] - I a2 o -
3.1 IEMIAUUUATIT Y 3.2 A1973DIn13398 3.3 ﬂEI!I-JI.'ﬂI"l'I'TI-J"IF.I RIDEN ﬂ‘lil.ﬂ'].l".lEIJ‘JJﬂ llﬂ:ﬂ"li'ﬂﬂi‘l:ﬁl

= m , - - 5 : ¥ 5
34073 Ffﬂhl’lﬂil‘il MUNARBATHETYINNTTY 3.5 A1SE1S '.I"II‘IJEIJ_.}EII'.'[EI-I’."IHHJ ENEIw'lﬁ.ﬂ‘ﬁ'ﬁ sl gaun

"

-E. & oo ﬂ]
UNT 4 HAaNT3I0E AR 1

- - ¥ = - W o -
4.1 Alsaanluuaan EI':I_EJJ“JEI amsaTauianssulunssuIunsHEn 4.2 ﬂ‘li'ﬂﬁﬂﬂﬂ1ﬁaﬂﬂaﬁ;”1ﬂ1ﬂi\1ﬂ1i

=1 - - o - £ -
HIT89 AEUY 1 43 ﬂ'l'i?i‘"l‘i‘:lilﬂ'.l"IIJ'FI'FIJ.'I-T'I.I.T.I'II"'I'IT'EIIT.I'IFIﬂ'IT'I]'FIE'IEII‘I.‘I;EIE'IﬂEI'iEJ.I

"

-=. o o ﬂ]
N & HanT5 I8 ABT 2

5.1 mslfledan arsuvsInTEI 1L Tans sy luns UM En

e -5
5.2 manaasalidanas sy luInsamsiisas maudi 2

"

= ar & ar T =i ar ]
Unil 6 MITEUIsEUUmasastumshdanassd 1T v ssnudneda

- - o - ]
6.1 MITAUIT=UUMTIAMS IATIATT £.2 MTHAIITLUATTIA f'I’I'i'F'I‘:I"IIJE

- - Ly - -
6.3 ﬂ"l'iﬂ'l'i:l'{lﬁ“:l']llF'Iﬂl.ﬂu'”ﬂ'l“']ﬂﬂ']'i“ﬁﬂﬂq‘lcfﬂﬂﬂai%u Hazf7aauIus=uy

-

E] S »
uma 7 'EI:E'IJHEFI TFINENIAZURL AU

- - o
7.1 ﬂ'?ﬂll'ﬂ:a.ﬂﬂ TIIAANTI9E 7.2 UalauaLii=

AN 1-2 1AS985199114398



UNa 2

AIINUNIUITIUNIIU

va o

fidomumuenansfiieadesiuanuannsaaiainnsailunssuiunssdn weldly
nseiiunsive Tneudasyldseelud

1) n1sHas (Manufacturing)

2) winN33u (Innovation)

3) TRIZ

4) Lean wag Six Sigma

5) 11330N15A143 (Knowledge Management)

6) A139ANISIATINT (Project Management)

7) luwaniseausuimalulad

T
=1

nquneITeImsaauIanssilun szurunsHan

Manufacturing > NIFATINLULIAR
LUIFNTTH
Innovation
v
=%
Proiect NI1SIHAR
roje -
e Lean & Six Sigma -Capability
-Cost
Knowledge TAM: Technology —Efﬁmfency
Management Acceptance Model -Quality

AN 2-1 nuAnertesiunisaiauinnssulunseuiunisugs
2.1 ngeineadasnunisadisudnnssulunszuunsudn

PNMTNUMIUITIUNTINANYMBIAUNTZUIUMIRRLIUTRnSsHlunISZUIUNISNER

WU wnAafaziaw i dussuukezaunsadnsufiRldegedsdy  dosdsznaude



12

W30slle 35M5 nawdulsznauiufe  WlawnAnueINanSualul NITUIUNTTHRIU
w3osllanldluusazdunou ATRAILITEUUNINEANDTOITUNARAMA L UIRNTIUEINNTD
L ANTULAUNNTUADUVBIAANITOBNUUY  MINAWT  N15NAERY  NISHER  n1sidentd
iwseslleatvayuiAnuinnssulusUwuusie Naenaseaiulymiissyedredaian. N3
Seuiimguuasndnmsasiuinngsy  MsTuIANNARES1INETIA  N1SARNTEIANILAR
a3 vassAnazAndaniewAnidfnanmlunsiulssendlddiunaesljinsuas M3
NAdoUNTITLUININIsNITas U IRnssulagldnisdnnisiassnisiveliulainudnnisy

WaunAuLaansaUssendlduaziinUsylevila nsgeusutayatounduannyaaInsd
a ¥ A o a ¢ & [y Y a = vy a a

Netoniietudasie Wukwinislunisusudgs smunssuunsudaiiolndussdnsam
wazUseansnanTuegsiailios antuaiessuulmianisiivln ganin  egrededulagly
wanN1ssEUieg1adaLiies wiAnaiunskanildeulufn oya A3 lagldvdnnisves

Y o S g v v ' o= a v s

n3an1sAus nnduldanuinnszuuludesenlulasinisinia Fdagunfudiaeinimig
g3fadeenIsMsHaIUTu e udalllasegtlidugn  nsimwndane3Sunneliinnis
UftRegalu dunou denrdos waz@enlesiueg1sdinannis asvilinisimuiuinnssud

dnenmanudululigaas dnsseus inbiAansdulavnsgsiaegedadu

2.1.1  n1suan (Manufacturing)

usanaduanlanAtmiuaz msiasuulasweanaluladegenngwilinisiadisu
anddnestadunisutstunmsgsiagrliruaulesgnads Frananfisnaniinig
Wasuwlandunudy aanm msdsuey uarmInevauswegnAm NNy gvseans
msw%mLﬁuﬁﬂﬂﬁé’mﬁuﬁ‘ﬁLﬁmsﬁuiwdwmiwamLLazmimmm N138248N150DNLUUNAAL N
Unmnanuinrsndlalunsnaiauaznandusiudzdululillfiezeenuuunsndndia
flannsilazegsenlurrsnauiinadeunlasisduasugia gaamnsy uazsmealulad
Fosmsnsiasundasluuundelu 4 fffe nsaruaumsUFTRnIT (Control of Operations)
nsieaulanIsamuMIngn  (Manufacturing  Investment  Decision)  gvfN@ASNISWEN
(Manufacturing Strategy) uazaut1ugy (Skills) Msdsuudasegrssinalulanvedlan
Aniliesdnsgsiadestinsuiufegannifieflaznevaussionsudsiuiidudunaslyl
weUsvauanieu  maauweliledinnd:  arwdesnimegniiigiduuar  ng
LUSEJHLLU@W@QHQ?%Lﬁ&luﬁ’jﬂmmzuaﬂﬂizmﬁ (Ferdows and Skinner 1987, Wainwright

1995, Das et al. 2010, Phusavat and Kanchana 2007) iA314%11118 U815k 9Un19g3Aa



13

Tulanvedlaniital  esnsiinsemindannuddresuianssulunistannuldiuiouluns
wiaty mevimils  wasnisegsen  Tuszuuleswgiavesgiuaul  (Knowledge-Based
Economy) Litesuilefummimed esdnsioujautiufamsuimsianisanudBaduiiug
vosuinnssuuarnsldiuievlunisutedy anudilasgedndefanssuaumsvesanud ns
asreawd madeud (uddiddesnden  mandnaUssmagranvnssunazUssin
gnamnssulviUszauiunindsusasesieliteddy arudesnisvesgniiidudouiuss
FunBnusiuarn1suing 29t invemantasifiduas maisuwameanalulad way
mMsthanudsduresguastulamaiom unmmovaussdenisidsuutas gnsmaninisudn
nazImusIINesdng AesinsuSudsuiieliaenuszanufuausdosnisiuasuly wui
BIANTILADAETUNTNTENUNDINITIANITUINNTINOETUSEANTA M wazApaguiuns
faunypanslidanuy Arwausa meuinnssuesdnsuinnssuassaneuaueitevinli

Y =

Qﬂﬁwwqwaiﬁ]LLazangTuﬁTwLLmNﬁlé’TLU%sJU@J'LLGzN ui’mﬂiiu%ﬁmmﬁﬁ@ﬁuﬁuﬁaa6]L.Law'flu
{]ﬁ]ﬁ'ﬂﬁﬁﬁ@ﬁ%ﬁﬂﬁmﬁmﬂizauNaﬁ%%f\] (Worasinchai et al. 2008, Prajogo et al. 2007,
Rujirawanich et al. 2011) Sebora et al. (2010) Na1331N3UTEUNIINTUIITUTDITIAR
aansoduunldifu 2 dwde msvsuussessaideuaymsaislemdlvvesgsia ng
aauinnsnluianiinisuuuse (ncremental Innovation) 1Hunssnwianmyesgsialy
maniiusialy n1sasrauinnssuuuuinmi (Radical Innovation) azyilviAnaulisey
yagsfe MauimsdanisuinnssudivanvansednedisyansnmduiiugudAyesea
9ET0AVBIBIANT

Tutligtu Sgdnsnamdeiusifidu esdnsdes fanudavgu (Flexibility) Fediaos
dnuazfonsdsundnfusinasUiinu mswandeafiaudangumugnd msdanisuuy
MsliuuIensUTRnIsnguIns (Top-Down) Wudnuumadonuils wuamnafeldy
NnimuagnsmManinsutsiuresgsia Wivane Amuauleuedumsnde deulsuienis
nandnnudann upansuaznineInsiaunsovzdnassatuayuliegiunzan enseans
Msedn My mdedula Feswedlunmnuiszuuldlifiastady anseansnis
NuRukazAnduladmiunsamuszerenlusiy. yaraIns 81A13 wAlulad Seuiann
welulaflvifiasnsoadunmdife  nmshweluladlvsifimnzandranluaegnisuan
uinnssuveameluladlmifiasioudamesnivesnismuauduiasnds NSAIUAY
AN MFITouazfALY B9NUUUTEUY  MIannaINTdngnatn Msdeasseminaumun
drunudesfifusyAnsnmanniu atfuauuiiy Tewdeiu ssuuamnwiiduadeduny s

Hneusulifiungudming msatuayunissisuanudaivd  nsiweuleensmansvainig



14

HANAUNTRaR wazensmansnisinaulasun1suan (Wheelwright 1978, Ferdows and
Skinner 1987, Wainwright 1995) maﬂ%’uﬂwwﬁmmw Fadunseununnfining 3ed
mm‘mmamu@uﬁgaﬂssmuﬂml,f’ﬂsuﬂagm (Problem Solving Process) fiantulussdniuay
n3zUIUMIUSEUTUS  (nteractive  Process)  s¥minesAnsfiuminganudug  msad
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gavinssuiinsdyivlnegwnndy  uazasvieufanmvounaluladssiugs  (High
Technology)  tHuduiiddayediedaean D mungnsmansdniuauainsanis
welulagvesgsia fimsuszendlinaluladasaumelunszuiunsmsgsiaofiundnnm
uarasemAiY TvanIsUssendldty ssuulssnudalud® nnsmuaunszuIuIHER
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sUwuulazinaluladiaennnaariu

Jumeaufl 3 MsUseliuwLIANNAR (Concept Evaluation) tJun1suseiiuuuiainudn
WNEINURAANUNIAL  KID158NIIN1SNAUNTBLNUSLIUNDUNISNAIUNNAR S U LT A Ta

lngvihnsuseiulusuanuaenndesiuingusvasd nagns waensneInsnilogvesenns

v
v A

prumalla  AIUNITRAIALAE  ATUNITRY  UeNINUSMNIAdaULUIAIILNAA  (Concept
Testing) Fulunistiewuiniudnvendndas (Product Concept) lunageuiuguslaai

aainazdugnAthnung wefinwngRnssunisnevausiasniseensumealulad
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JUAOUN 4 NMINAIUWARAUI (Product Development) Funouiiusznoudae 2 Aanssu
wdnAe @unsmann  uasdumalanisnan  lnonadnsvestunounIsNanie AN
Funuvdadusegeiimilouass e luneaeunudululglunisudnasluds
anamngsy Saufinsvaaeundadarisunisldnusazauvasade duduniseaiadu
MINSUEUNAgNS  gnsis  wavmeazdeaieiunisiwaniasieengnatn  Lierdvua

LHUNITARIARALUNUGINARBLY

Tuneun 5 nstrdndusioandnain (Launch and Commercialization) tJutusnau

ANYINYTDINTHAUINAR U Y P99zU32N0UMBAINTTUMANTUNITUILN LU

9

v '
[ [ I

APUAIINTURBUN 4 lUaiunissall Fenanssunanlawn Nanssumsnadaunain (Market
Test)  ieUssillugonmeneusuindndunosngnainass  eilnewmdnsdueilvgdly
nogeuty dulnguiiaglisumsdwe asdve usTiae ielindnsiaiieandnaindl
v o ) a o ¢ a ) ¢ A o Ao o
AnlndiAssiundniagvegeuinniian SnguszasAliiofnwivuinnain asiidAysuLuy
NINBUANBIVBIGNAT dIUNITUINIINIsUIe NGRS Teandnan Useneusmiguiuiliuuay

n1sAnN1sllgyaziindu Luud1seslazn1senkuuszuUlunshnnIuNa

EULLU‘Uﬁ 7 Commercializing Successful Biomedical Technologies Model (Mehta
2008) \{u Roadmap dwsunisiannadnfusilidmsuendanw Biomedical) iilosong
pan w13l Mehta l$szandldluea Stage-Gate ve4 (Cooper 2001) Tunswamne ns
Swifiade wasmswanesediounmnd lneiisiaziBeamsiannie Juneudl 1 nsum
wufn (Discovery) WunsdumuuaanuAnifeafunansae mnﬁm’mmm%’@g@hﬁmﬁu
M3TEANENDY TINvesnAnliuinauidesunisnatn deddauasiaunvesesdns AGER
WBU QNAN ALY NTNUMMUVTRAUAUTRYA an1dunsfinyl andunmsiduuasiam ¢u
fuaun Uszmaa%umauﬁ 1 A9 MSNUMULUIAIINAANITUSNISHAZAITIANIT NITANNTDS
LUIANANYEY  A1SiIvUR  gnsenansnIsiauINaniae n1sAnwianudululalunis
Wamndewy  msfunlema  wadnsildreuuulasisns dewauelasims supeudl 2
nmsanwrudululauaznismegeunuinuAaNaniueg  (Feasibilty and  Concept
Testing) \Jun1s@inwnaafififnenn vavewmain NNEeLUYEWAIN AUNSONRIY
walulad Nsgausunann1s MINeundsremsngdunielya MsivusnuanvuzLay
FIUALDUAVDINANANUY UWHUNITHARNAAAUTAULUU N199uNUlATINISIUNSAdeU N1T
ATIVADU NUINETRTIAY NMIIUUAIUYTEUIN kaLLIAVBILNLLATINAT Uﬁz@maq%umauﬁ

2 fe mMIumuMsAansednass nmsuszliuanudululaveinain Tentanienisnaia
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Uszifiuanudululoniesumeia wadnsilese  ladatauslasiniswionnisanyinduan
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U IN53RasTIUUTELA TUNSWAILIKNAR AN TUADUN 3 NTUENNETMLNEEUNER

q

saaa

(Optimization) {unsesnuuundnsdiiielilandniueififnan lnedideyanniuneuil 2
lnggiufis nseenwuuneAdtintesdu  nsvedeuiudninaaes N15RBNLUUNEAIUAY

o a

Al oAy vssyiast s nsUaenite mavaseufuaduiy Uszgues
fupeudl 3 Ao nsmumumseenuuy MaUssiiudnenmussrdnsusilaun ardenis
yo9gnAn uu nMstussmEEafas mnuvasade Ussdvsna euiBesiusasidmane
nana dumeudl 4 nsiigerl (Demonstration) WWun1snsradeuANUITisasweINsTUILNIS
HARlUsEAURREIMNTIN  MIAEiuNITNAdeUN1eAalnlaueeds FDA (Food and Drug
Administration) n13u@aluids Pilot Scale Wlethwandusilunaaeuduadin n1sinses
Mandaluda Pilot uazkdnfamilunaaousuaadn Uszmaﬁumauﬁ 4 A NINUNIUNTT
poNLUY Manurmudeyadumvagounneaain nismumuenuiismswesdeya tuney
fi 5 mawdn (Production) \unsiiinszdunssandunsudnludagnanvnssy nsuan
919899 1UNTFUIUNITHEAVEY GMP (Good Manufacturing Practice) N157339d8UAIY
esmssvomandusidenisauauamnn Ussguestuseudl 5 #o nisvumun1zeenuuy
Huusepaainevesnsnumuvideussiiundndost msnumueuiismswesdoya 1
yuMUTDYAR IR MINUMLLRUNIAAALATUNLNITNER  Hadnsyosdumeuiiie
MseysiAunuM SRS ioondnain fupoudl 6 nsdNdndusieandnainiarnig
fnmama (Launch and Follow Up) Wumsnauunsnaiaiiiethudndusieengnats
MUNUTBIMNNTTWME  MsAamAuANYeNARA e losnNSNER  sadiediy
atvayunametin nseusulideyagnen nsdminlusunsuluniseusulvianug Useeves

TuppUT 6 Ao NanauTuIINgnALietlUUTuUTmEnussely

NIZUIUNTITNAIUIUINNTIN 5D ( 5D Innovation Development Process) 31nN15ULEUD
¥o1 aigy viuaanalng (2555) warguuuuvessRaLInnssuina nvatsantinidy
nangvinu ﬁﬂi@ﬂﬂqu%umauﬁwﬁmﬁwm%Uﬂﬁﬂmmwﬁmﬁmsﬁlm FsUsznauluse Ulrich and
Eppinger (2011), Cooper (2001), Crawford (2003), Booz, Allen and Hamilton (1982),
Smith (2006), Mehta (2008) Fansvurunswaunsdndueilnlvesusaslunatiudiang

WAL UNUIUNINTIULALSUNTBLAZIANUBANANUIUIT1AZDEN  VDILAAZTUADULDY 21N

[
v ad

fugrungufndenldlunmsiauiuianssy  tasdlduduneundn 5 Juseusiilfe  5D:

Discover, Define, Design, Develop, and Deploy
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nszuauMs 50 Tunnduneuiinisnsivaeu (Gate) USuuuaganunsavigmsedoundu

Tutupaudaldle Tnelisgazdenvasnisanidunisnad

fumouil 1 nmsdunuideutanssu Discover) Wunmusunagnsdmiuuinnssud
eANAUNIT  NITUEIIIlENIALaYN1TAALEDNITOWINNTIY  (Innovation  Opportunity
dentification and Selection) Iag#umanudeanisvidenumanisuesgnanidslallasy
nsnavaues viselam lenalunszuiunistagdu nmsusedinlenaaindadesunisnain
09 weuaziwdltuvewatatusuiag Nsiiarsandateanuaunsalunisiauimalulad
Tuewian ilonouausriognéaznaIninedu uazlassmsuinnssuesasnndasiufianig
nagmdvpIsIRwnTINTEUILNMIIoELUIENaUMY MIrumtevesuinnssy (n Search
of Innovation) M3LERNASINANNARESI9ETIA  (Boosting Creativity) szylanianive
wInN334 (Identify Innovation Opportunity) AMWUATBULYALENAUTANTTUIINAINABINIT

vosnannuazinAlulad (Scope Innovation Opportunity: Need, Market, and Technology)

Supeudl 2 SwuswsuuaiuuulasimsuTanssy (Define)  W@unisimuauauusiLuy
1A59N15UTMN538 (Innovation Project Charter) Inafmuaussanuinnssy arnuadnulul
Whnenagnd Bnsadauinngsy wmhlasims fuanu fvinwlasens gRuszaunisal
Afiunsiasanisuiangsy ssegainissniuns fuwazanuddyvedasinis naLaNA"
Wmne  anuaenifiddlildsunmsnevaues  TotausuusumslunsiRuInnsTY
NansEnunansiusenaUslovitainineslasu suuszina ddluduneud unuwituy
lasansuinnssuashealasunisends nguimsieumssidunsludusioly B3
N3EUIUNTE089 A8UT2NaUMIY N19I9LNELATINITUINNTTL (Plan Innovation Project) N3
Ian15fNaULaElATINIg (Manage Team and Project) N1sitguazaylfuilLuuvedlasanis

UINNI3U (Write and Sign Off Innovation Project Charter)

o

& PN a [y . [ a da
YUHBUN 3 N1TDDNLUULUIAAUINNTTU (De5|gn) LUNITHANILUIANNUANATNAIN

WARSTILNURILIAAANY 9nelU IuneIdenayimul dheesnuuy diedmnssy dends

wavieve Wudu waznieuenUIEaL Jaaeu gndn da1dunsfing @ontuide guas

wastayanfenivaly lnerunszuiuns 3 naundnfie MaAuTIUTINLasInNIsALAR

Y

(ldea Generation) 1angn1simuILNAAWIRNTSH (Concept Development) MsARNTEY

NAGDU LAzlaDNULUIAA (Concept Screening Testing and Selection) Fadunsiouwulfn

1 &

Y9UINNTTU (Innovation Concept) Tnageuriuguslaafinadiazidudmang iefinw

NORNITUNIIROUAUDY Ian1suauTumAlulal wazidentufnianandidgnainsely laed

9 Y
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Ranssugosddl MsmunuwasiansawAaUsznoudie meldenata n1sszyALREINTg
warAIAniwegnd  nswlasanudeinisvesgnaniiludeivuavesuinnssy N3
AAUAAIYDITIARUALAZANYAULTRIUTANTIY  NMTNAIUILWIAIWIRNTINUSENOUME A9
PONLUULWIAALIANTTY NIFAUMILINAAIINANETULAZABUBNBIANT NITAIATIZAULIAA
Wa nsdRnseazAndenuIAnUsTnaURIE M3FANTEIRn  MInadeULaziden

a

WA uarnsUsTliuaAIUInNgTY

Tunoui 4 NMsiwuLInnTsugn1suiuR (Develop) lunsimuwAnuinnssudamu
NsAREENIINTUROUN 31ngMsUuRase Ineiivanesuuuupe dmsunansdausiuinnssuas
o [ a o a A A v = & W oA A a [
W lundndasludanaiavieduuuu (Prototype) Fadusegaiivilouats enatuly
sUuvulsunsumeuitunes  iethlunegeuanudululdlunisndnassludgnamnssy
sudananadeundadaueiinunisidnuuaranulaeads  dmsuuinnssuuinisasluns
Y a ¢ a A 2 = & a aa ] a
W WiAeI989n15UINS (Service Blueprint) galusigastdunion1sawaunIsuinig

uAa1ns gunsal anmwindausine wedilugnisnageu dmsuuinnssunszuiunssdu

'
=

NMSNALIENNNERTITINIUNITEBNULUY  UIBNITBBALUUNITNAGDY  FIAMUANITAEEUlY

a

Tadeveanisnan Anasesdnstunisudniviliuseansamlunisudninanniuindenis lne
a gj dy ¥ o ¥ o [ ¥ . .

Teavdualutuneuliusznoumey  nMsimuatemvuauinnssuaavine  (Define  Final

Specification) ATEFNULUULTINALA (Develop Technique) —ASATNUUULTINWANYA]

(Develop Visual) NsisuIAuLUy (Prototype)

Supouit 5 mahuianssulldviod dendlad (Deploy or Commercialization) 1du
funougatheresnsimuuinnssy Sadunistusunuine Atmualuduseud 4
afiunssiely wazidunswssuanundensunisihuinnssueandnain loun Aanssunis
nadeURn  LilensviadeunseeniukarMsUstiiusenue  Anwivuievenatn g
AUALNLEIATIUTENOUME UHUNIMANA UHUNISUATRNS weumsiy ueun1susms
arandes  Sudumsnanisailgmilenniintu  unudises  uazniseonuuuszuulunis
fnuma  TnsseasBenlutunouiissnaude  mavadoundndug  (Test Product
Usability) nageun1snauiuvesuilan (Test Market by Consumer Response Survey) 115
FansaudeanTanssy (Managing Innovation Risk) 1583195373 (Developing Business

Plan)

nszvIuNMIasamdndusilndidunszuiunsidudeutasiinuugaidesseidlusas

Tuneu w1 kifinszuiunisinannglifiusmdnduniogidomainsaiainnssulugsia
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MnTuneuieniegaumianun ssmuliindunsyuiunsiiunisussnianadeya el
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IntnNsURATDUTUNNSNAUINAN AU LA DINTENUN DIV OUATNADINT MLFARLIUNDU

Y

a

lnglanizdayanienisnainiineivesegruniulussansn nvemdndueilvd  wazdeiii
Juslunszuiunismsimumdadaeiivifie nshfideyanligndeadiunlussuy veiing

ilinisdnaulaianann dewalvindadaeilnidumad Ay Jaya seuvasauna n15seus

<

msdnnisanug iWunguadifgsennudiiavesnisimundnsiueln

9

1 o

Hadowinudaveansyuiumsimunandueivaiiiad diassesedl 1 fuutans
(Innovator Team) Tluduaneau (Cross Functional Team) masiaun@niiunein de
NM5AAT9 HNINWHURARA U Eneran A1eidanssy Anensiu §ﬂﬂgﬁéwawazqﬂﬁwms
drunfdmhududusn Adiassefedl 2 deyaaisaume (nformation) winnssuuas

I 1

Hansdaeilnaiieunanyutesweignd msdnauedslvandauelvd Asiutoyaasaume

9

o w 1

[ = Y o & Y = Y oA | °o w
Jundlslutaeddny garnudusavesuinnssy mateuiegeiaiiiosvesednsinnuddgy
98198y Maiuvfeyaasaumaieiiunisnain anAn Auas udwlaswnduniug saufans
fnsussnduiusteyaimneaulinineesing  N1TIATIERAIINABINTVDIRNANENTTE
HIYILUAINADINITVBIRAINTIANNN TN UAURIlALAeNER Y vIaRIUMSUTUUT
a o a1 a v a 4 UV A a o ea
Wansduanded lon1ainanAnudeInIsuaaNIInaIafignaziay  visedaluiiindnduni
novauedly visedndndnueiualifviiinag s lanaiauaznisieus WunauadiAgylunis
Uszaunadnia Tunisszylendlud desdinisUszarununieluesdns wslimdnauynaudl
anuladeyansaiv ilafiamavesuIen winnssu Msdsvarunulunszuiunsuag s

WlagnAn @1aumARITABAlATUNMTLANILNTUABUVBINTLUIUNTT Fe¥AITTETIN 3 N3

'
a

a1 (teration)  Usepfireenaunsowmadnsluwiavtuneutiuiianudidgyuneiai
Mg UsrasRvesUserusar tusadlinudnau nszuiumsiauIwInngsuasvingn nduluan
vaneseuldudliiludunss  siuficdszguastunauudastuaiunsarhauunuiuldiiioan

o o = o & A § v A o ed
szgzlialumsianngs  ganndeulartaiausiugianudnluieliwdlaiwindund

v A L3

Dpsfirrwauysaiuuuiigavifasdululy wagldfunsoonuuuimunfionsuauasmi
foamsuesgnén Wimnefunaauasdnagnsfivmnzauduuinnssutug - asdnsdosmuse
AuduwaveinszuIumsle  agldmnudumailunisseuimlonialul  Wamnuuuss
unAslyiuazaiisgnéingulmi  Asfinisseisdl 4 afeusniloniounumvssnguay
Aeuen (Collaboration) maNINTA MSWens Jeyauazanuiidndulunsudadueeed

Usgansnmanannaguenlagaineninusiuiledu gdweu gnan udusuls svidesdnduls
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[ A I aad

Aorsalaniuvioudely  dnvzuedliann 4 Tdfe  Ussanveunalulaguaznisnain
SrElIaUALALYTIEVILIANTIN AIUNEINITAVRIALUITIN NTEUASUAUYDIANATNNTD
wdinduleegn  fvhauswiuamsadivdiuuiwewainldlmiausudu  desdnsll
ansoussquinnsnilddesenduniuhomaeveseudulivihausmiy  mafauteede
fussAnsdugfanusminausnwanysaluuy uazvinensidenagndliiuesdnssiuaniy

] a = a v A = Y Y o  a A 61 Y
iﬂﬂuaﬁiﬂﬂiwﬂ'ﬂLﬁ']a']ﬂJ'ﬁﬂLiFJuglﬂ ﬂ']iﬁir]ﬂ‘W‘UﬁllmﬁmﬂmaﬂﬁgiﬂsﬁUTJllﬂu

213 \A3esie TRIZ

TRIZ  TUS¥gvesnisldivauasanisinemans  waznameda  Tunisfinw
wnaAsll madenserusgudussuuiiioussaiamsuityvndedaudeing Wl
mMsviudsumsideuasmisesnuuy  MskaniUdsumnuisEninaanvatsav il
Anunsedlunisussendlduinnnudniasnannisves TRIZ  lunisunlalamnlagldning
‘vimﬂwmmmmﬁmmi‘luumﬂwmﬁm FBansves TRIZ annsalilunisiasulazdans
mafudums TRZ ueesdlemeuinnssufiansnsaussaianudniiuandng aduayuy
mudrnudilawndlv Wuedesdlenldvdnns TRIZ Wuiedesilefazuszgndltlunis
szauaueaivIfuMIIAT sty Tassadslumssiassguuuuvesdam Hinsesilefld
dnsunutusuuaessiudionmisoenuastiom msa%ﬁqLLmﬁmImJﬁy’ﬂL%q@mmwLLaz
Uinaldumsuitigvn TRIZ - aansoussaiawnmsiuendns  adfuayuanuianudile
wmeaiisaslnl ueiesdlofianunsaszyetadauieiiundnnisuagngnsaiisasse
TRIZ lesdnsianuannsafiaemmseanveansuitamiuandrsdnsudymids
weadaflen  iuedesdiolumsadundnlmiiadnunmwesiing  duaduliiae
dswndouivmzanluesdng  lunsafoumdslv  wiwddumetygn  wesgulmily
DIANT (Lepeshev et al. 2013, Li et al. 2011, Xie and Li 2009) Savransky (2001) AN
uyweTAinigads daseuu Tagaiagidusssumiuasaindunniionouaussanusioans

win9ziidedninannguitsssuyfi  uwaluisegnwesnaaiAn1sssurinannsausul s

AIBNTSHAY A L3 YEa N1snseyimantlvinlg svuuldasgusuuian Technique gnitmunay

N [ a

wnenevausIMaAailsiduninUselovd Falunmsudssuingavludundndos wmeadiad
ANYMELATTIHR RS TLanEUTRRINEMLALTASEWI0EETE Ul SUnd SEUU
watla (Technical System) nsEUfduiusAuseniInssuvgaslnelinginssuvesssuuany

ag i linuaudRvesszuuUieuly TunauresszuuunaiauUszuingavlndu
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AR SnulunsaztunouveIIaNsend Technological Process anaunisujufnig
P ) = N oo R} v v <Y v & 4 A dago o  w

estuneugvsedudeududuiuduneuils TRIZ Wuasesdlenlidnenn dwiunis
ai9assd uay WaulueeAnsgsna laen1sysannsen seuumsinseiamnveslaym
NsMNNeeNUBItaTAREIMImMATiALAZNIEAN  LaguuInafiaunseaiazusTaiadmne
Ao seylgmldegieusdn Wilamsuszanuanusenindndseneulussuuidanaila 1ila
1AT9ATNVRITEUVRENENTY T3 Auduius Hendu vineins wasdandaulussuun

aula vihlvinswdsanuldauysalveaileidu

nsUssendldhwinnuAakasnanmsves  TRIZ - Tumsudledymilagldany
VANVAEYDIDIAANLIIUMAINVAIEIYT Wagvanranemnailn Msiseus TRIZ Tuguiuures
MeUfiAnslassns Wlelasamisdniauds suuuuMenuannsatuisuiisuiiiednw
wwanansuidaglusisanvenuduasilunisteudiumans  TRIZ  Juisnislums
WawmelulaBednisings aunsathurldasuuusiaewen1sianIsnsEuINMs SIu
Foulodlueadnsgsia  wazmsdumdunovesym  msudlededaudamanaiauagma
nmeuan nsdamedgmnagnausdn N1sUTZaIuIUIDITTUU NTIATIYRTEULOEazEen
Faanluguuuuves Tassadns madeules faddu Wvane ninens anmuindenvessyuy
NalnuaINITUTEAUIUAINNTAUITIANNUNNITDITOITNATUDE 1 TRLaY nssu Ly
gnamnssunsnaslutiagt  Heitularlasiaievesedesinsuasnandnsiiaududeon
Juidesq maAsuulasminiatu nsflzegsenludunndeudnunsilifonuiidnenin
masumaUdsuulasegdliidodfauagmsiaunddnl  wénmsuasnquiues TRIZ
wansliiudyaavesenulnivewdndarilaonsidndedaudwainisesniuy - ussqas
nseenvesiiymifinelifausslovingsia afmdshuiiannmsvesdadust madila
Tnssadwesssuudanedin  drwlssneuiiddy  nsvhenudilaiddudulssloviuas
Hedwdulng eddesvikazmsldundnnsves TRIZ awnsardnileidudulnweenluls
Tnedissnuileituiduusslondld TRIZ ldinesnuuu 3mns muwnAnmseenvesdam
Thednenasnazdaau wieghslsfanulussias T fiddnvazanzdodimddauay
aszvanaiaiiuiy (Lepeshev et al. 2013, Li et al. 2011, Hu et al. 2011) N3
Uszendlimann1sves TRIZ (40 Inventive Principles) Tunisululymilugudn1side Tuvas
fnideunseulsisinudnnsves TRIZ snnewdudsiigadlidin TRIZ undnnsiaun
winnssuanaiiannsaldlfegrunsvansuazuduaivayulinside TRIZ Wuedesdlon

anunsalduselevilunisadisanulntuas wandusilud (Li et al. 2011, Jiang et al. 2012)
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ey (Chuan et al. 2013) §19en1sUsEEnd TRIZ Aumsgeuinse Jeyavesszuuldanaila
spuugos Maiduiifendesiailaidundnuarsossgnumu mandwesidunadafifesnis
USuussuagmnafimesfiugas wuirdiduaumnivefiiuandunuuiisarigaiaeslédimue
1 msiensindnnsvesnsuitymidalidnvasvesmsmgmniinesuazvdnnisi
gonndesty wildne 40 wdnnslumsmanuduluidvesmsuidaymideatseasss Tned
Aidevnalundasmansvansauliduusirlunadenndnmsiiulllfaudfuasiuu
Mé’ﬂmiﬁ:ﬁmaﬂzLLuumm]sﬁiamaqqﬁaﬂﬂumiﬂizqﬂmﬁﬂiym andgmldlasunisudle
Aresvmssnunnseuvestlymivallidaiaudeiy ﬁé’amﬂﬁuﬁaw‘hﬂﬁﬂizLﬁuéquuuag
Uszdninavesnisunlalayirdianuduavseld Yang et al. (2011) Anwifis nswSeuiiiey
AndnunizveAdesiie QFD, TRIZ uaz DOE WUIAAMIWANUNNSYINUBENIMNZ MY
dosflevaanunilviAmsnslmdvosmsoonuuunanfaumiduianssy QFD awsaitila
andnldegnetmay TRIZ e5UwuInIsUTIaigalsrasivesgnala uay DOE qeseydl
wMaiinan Sue il A AT A LLUsUT I INNITHAUUAUBE AV
dosflevianuiiavatuayunmssenuuundndusiiiulunuanudesnisvesgniiess

WD ILATALNDUDINTHAUNFI LA
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e
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annsoasassdunAnindidientlotlamls  aunsomvseenvestedaudefivinty Vil
AedsauarwAnaiiassd AmstanwnAalmifrniafaousssfidiiinousy udnnis
99 TRIZ avfuayuuuamell nmadoud TRIZ FedldsroznmuuniininfoudmisenisSeu
U TneasUszavdgmifoaiunsdnaniuiingdey woaliuidulldfonsdudiunis

YOAYMENWUAFNS N1500NLUY NIFLFEUNUFIVIVINTHELTUANNI5V09 TRIZ Yrelunis

WM ITaseassd  nsuuIn TRIZ Whdun1suimslasens duasunisseuiuasUus

a

939 MliAnniseeniuy aiedddni waslausuupnunmeesuindy Tunsvilaseniso

Ny ] 1 Yo ¢ A Y o Y o =
f@engluwdazanvndielinsneferiunisussendldainug vililaseinsidlenia

UsraunadisaunTuuuimninstend TRIZ 138nauftymaadasams ifumaioudiis
UszdnSuags JaesussuusinSeudunguudiuaumnelasanislimaeiu uwda nsszay
aue ieliAnuumsnmsuitymivarvanedlefidannieatueu$idedn dromumenil
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Foarsnalnadeflvnadnsnmmuiuy nsld Internet Tuniseaumianuigfulasan sty
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nswenludlngveinsdlaanseiind (E-Learning) AU TRIZ lAag19as@a (Pogrebnaya et al.

2013, Lepeshev et al. 2013)

ladinslaisn1sves TRIZ Tunsunlamedswainvateidu Karmnjanasomwong and
Thawesaengskulthai (2015) a3uefisnslgisnisues TRIZ Tunisminsesnvestynilu
nsrUILNIHARLATINE A MiaInTaNEuINTu Petkovic et al. (2013) namisnsUszyndld
TRIZ LﬂugmmmmmﬁiuﬂismumiaaﬂLLUULﬁ@lﬁlﬁwﬁmﬁmsﬁﬁaamﬁw Savransky (2000),
Salamatov (2005) wuztinlun1sly dane3duves TRIZ Tunsuideynidaunaiia Huang (2013)
nandansliiEnisues TRIZ $aufu QFD iilesenuuunaninsinignéfesnis Chuan et al,
(2013) nanfaslEIin1sves TRIZ Tumseenwuudmsunisgentise Lee et al. (2013)
nafansteisnsves TRIZ undayyinisufimnisvedsaamnssueImis Petkovic et al.
(2013) nanfansldianisves TRIZ luniseenuuudiulsenauvesiueud  Jafari et al.
(2013) nanfenslasn1sves TRIZ TunsimuInuaIunsavestinide Jiang et al. (2012)
Na189N3LEI5N159049 TRIZ waz Su-Field Tun1sumnsesnvestynils Liu and Chai (2011)
na1fansliisnisves TRZ Wugiwvesesdmnuilunmsudlam waznisdnnis lngesd
ANuIziinsUSuUgslviumanisalegiane Li et al. (2011) naanenisidisnisves TRIZ
Duedesiladoules Usvanuseninessuureaninnssuuedasdng Yeh et al (2011) nanidis
n5lI9N15U99 TRIZ 59uAU QFD Tunisesniuunaniudilyl Wang et al. (2011) nanadis
n5ld38nn3v09 TRIZ Tunseenuuuiaiesdauwasdaia Hu et al. (2011) nanadensldisnns
¥84 TRIZ Tuniseenuuuenueudlugauai Hu and Yeh (2011) nandianisleisnisves TRIZ
lumseanuuuigsdmiugiie  Lin et al. (2011) nanfian1sld3sn15ves TRIZ sanuiuuii
gnsmanslun1sAnidenyiugsiadeeaniariingy Wang and Li (2010) nanafienisidisnis
904 TRIZ Wugruanuilunsdiinwuazniseenveslymidanaila Xu et al. (2010) na1idi
nsl438msves TRIZ luniseenwuuipdesinhdeuludh Su and Lin (2008) nanadanisld
78M15v89 TRIZ wag QFD lunsusuusenisusnisuagiinignanela llevbare et al. (2013)
oSuedimsliitnsves TRIZ dudumdesdiefiiussansamlunsadrenufnadeassd
mMuAdardeainngsy wiffianurmenatsuseniswu Wuisnsifianuenlunsily
Uszgndldase ntumsens IalunisSeuioiw liiunmeausilunisussendld

lfinsaunisynunazlassas1etaau
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2.1.4 Lean uag Six Sigma

Six Sigma \Junwineesesdnsiunsusulgnszuiunsieliifanadnsneendey
Ineuvadu 5 szezfo Define nsnadmune Measure nstivdoyafiugiuiionigauntios
Analyze MsaTIIIavnvesdyyn Improve nsUSuUgensyuaums Control N3

[ ¢ I Ay val 1% & U o P [
mvANwazNIsaunamIel  Wunseuiunsidedddintaiisidulunisinlasainsiiiella
v saa v o o A [ 14 o & A a o [ %
HaaNsNA wazUadeddgnasyililssaunadisane msiinusedyarnnyaainsynseauly
99Ans NMsadetausssulunsiauswiudu (Heavey and Murphy 2012, Ray ans Das
2010, Mehrjerdi 2011, Sharma and Chetiya 2012, Ismyrlis and Moschidis 2013) Corbett
(2011) 85u"8fis Lean Six Sigma .lugmsenansivailunis an Mdn dsgeualunszuiuns
megshakarluraizfeiuanTnIsUiuusnunm duru waz anuianelavesgndn 1a

A8 (Pepper and Spedding 2010, Laureani and Antony 2012)

NsUSUUIHAndaukazatuatuNavean saiiun1siazu  (Montgomery 1991,

Pyzdek 2001) Na1731 wEnnsuazkIARYeY Six Sisma uselevagedlunisussyndld

1Y

WdmSuesnsitluunadnuazauenalunsiluldusslowd drdumsuitam (Define,
Measure, Analyze, Improve and Control) L‘“ﬂwé’ﬂmﬁﬁﬁﬁmaq Six Sigma Aan1SLUIla
awnweIn s liAneuuUsUsIvanas  mseenuuuliriedveglndritmnemniian
uazfirnuuUsunutiosiigrazidunadive dndunandusinnauay wanfusfsiadosnm
lunanfendu  AseenuuunIeaestiunumdAgun  liAaadesaw  (Robust
Process) namfenszuIunIsasianunansesnuntadenieuentes  n1sUssndlenis
sanuuumsvaaedlutissuazdulslevife viliveadeilevas annisnszatevesdoya v
Tnmiwesidilndandmneinnty  asnailunisiaun  uavanduyumskaslagsy
ansnsauszgndldtunseenuuundadaslml wiensuiudgemdndasliity  (Pyzdek
2001) nanfansUiuusansruIumsasdosdinsUfiRseavnvesnisUTuuUsiitelniing
nsrangvesteyanntosas lumauiuaiazillemavesanvgnisiialymdiuiunin ns
T wesammuaznansgnuluadosdefmnzanlunsuansfsosdmuiinan fifeadeiu
awaestgmiiiendes funeunsadnefie ssunszuiumsiiazusuuss seydgmiidesns
uily  szauavesaivnvestapiiululy  Saanvnvesdamudungy  adeladleuans
mNdius  msesnuuumInaassiiuiuliAeABeglndAlmneniiagnuaziin
o v saa

wUsusiutleeiignavilunadive  dndiundnduiinnawes  wdndasindiedesnmluam

Weaiu  nseenluunmeassiunumdfguiniy  nsuAleyniiofinanssonIwnnes

o
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luranegnsanadvilinisnaniiiediosnin (Robust Process) nanfenszuaunisazdiniu
nansznuandadunieuentes n1sUszandldnisesnuuunisneesdlugisiulasinisazdy
Uselevdae villivewdetesas annisnsyanevesteya vnlinnsdmediinlnarndming
ndu  aanalunsiau  waveedununsdalaesin N159BNLUUMIYIAREIATINT
Uszendldfuniseonuuundndudilnl - viemsuiulsmansudiliity  nseenuuunis
naaeadumInaaefififiuls 1 viewnniWiFenimulsdasy Woihilnasiesuusay
Tngfuusdaszazinisufuasy USumuusunsmaassiniedd ndsniimafudeyaud
Touaazgrilaszisheiinmemeaifilessyinduusdasziladuansenusedudsmu nie

a v a

nstUfduiussEnIiwlsBaseranadiling  Tun1509NkUUNIINARADIABINNITIMNY
61950UABY  MINUNUTIAFBIUSENOUMIY  SrygaUszasdueINMAaeIoEstaloy N
fvuansumsina s imeiiaziateiionisin MsnaukwAnfU ka1 ninens Jan
LAz YARATIMUANNITMAGES LHuN1TMAassIzfasgnasueliyaraiiiisafestidile 1
ludeadinismaaes nMsdenn1sUsunsTnes N1susTaieingussasiveInIsneaes N3
ganwuuN1INAaesseaidwenarstaeu IvaneussnnAe Factorial Design, Fractional
Factorial Design, Central Composite Design, Wag Response Surface Methodology
Lﬂ%@dﬁ@%’]ﬂﬁﬁaﬁiﬁwﬂLL"\NGEJJE)%JJaL“U'u avduius (Correlation Analysis) \unis@nwnseiu
yosrMuduTuSBudusEIneuys Aansannsidenlosesaasiauls Regression Analysis
Huuvudassmemarudiiusiudsdassuaziudseu lnodmualimudsdnilgness
Wluwsazrae  nsessanduiusiaznisinsizsinisonnes  senkuudmsudiely
msfnmamauazNansenuvesieya  sezgaldlunsnausunaznsuddam Tunns
Anszeadflilaunsossyavauaskanssnuldagnauuey (uedesotiewiiiy dos
andarnudlanemansfiteasudlymiaulatielunisdndula  (Montgomery 1991,

Pyzdek 2001)

Naslund (2013) §1481 Lean wae Six Sigma tlunuimnsiimangauiuesinsiinisuan
Unasnn fnsidsuuastios sevaussiernudiesmsvesgnilidudeu tufe Lean
uag Six Sigma lsimmsﬁumﬁﬂsﬁa;qLﬁumaui’mmﬁu wszldifeuanudes Antony et al.
(2012) nand Tuduwnedeuvesssivlutlagtuiiesdnsliinsinsesinazususlmdniu

annnsilasunlasimidunamanslaviungl e9ansazantonIalunisuaati
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2.1.5 ms{fﬂmimwi (Knowledge Management)

msthnmsdnnsesdmusluvssendldegdlinaduuiunvesnisasiaasnis

i A a Y A ] A N A v A Y a
ﬂqﬂmaﬂﬂqqmﬁﬂﬁuﬂﬂawLﬂﬂjﬂ@ﬂﬂﬁ?ﬂi'ﬂﬂ@ﬂqﬂﬂﬂqqﬂﬂﬁ%@]ai@iu L‘WEﬂ‘WLﬂﬂﬂa‘lﬂsﬂaﬂﬂqﬁ

v (3

aisasAkazimuefmINiegallos  ndke  HukavUIsEdiuatuayunisd

Y L3

Fevirtsy  danniswasguilusdazihedunuimdidy  mstiamuSnweiiin nsasiauss

nszdulindnauldusuiunssuiunisdanisesrauslundasduney Julauns0ae
advayunsianisesdauslaenadugiinisieunda as9fuansainauneg

pues LieliAntusAvdenanuduyana My Tumdunsufdinmsuas ms
Toisa¥a mswngegamngan msilassadeiugumsasaunaiin mslidoya 91ians
My msdeasesaiiusavinauay  1duisinsivavesesdanusludyanaiiiieades
Jusadusenszaurilinfanissiuliedusganssio3asulunszuiunmsveanisinnisesd

a3 Saussinesdnsifidwddyegranntunisinnisesdaus nafnssunifidwadvayuy

=] 1 Y A = gj 1 v a a 1 &
Ao Aanulussla anuliilewels nseandusatoianan zdnalnensmanisinavedaen

AMYUS
Y

N3EUIUNITINNITOIAAIUNTUTENDUMIY

[y o

1) MssyRIAnUINdAdmMIUeIAnT  d0nReITULHUENGANENSOIANS

o

noUsraAssazdulayIrare1 aarnunatuayunsindulavesynainsluesdns

2)  msasnesRayi  esAnsresjutulunisriuniuesdanuidegiuindAgy

wazauilugd WeliiAn nsgaduanui nistinusludesen daudas Ussendld Tviin

ANIAFDDIANT

3)  msfuinweranui ssdanuilagiuiaresdannuiividedinsiuinm
LiluasAnsluguuuuves Jausssuesins nTeuiumsgsna lassaineeedns ieliiinnis
9 I3 % Sy Y o v ov = Y Y & v A
W asAnuinandfesaansadifslddie danudasadieannisanaenuasidudeyaiil

AN TANUYNABY

v 6 (%

4 nswandsusasiludssendld nstiufduiusnisdeeunieluesing n1si
nsdeans enlesiuyanavsean tuuenasing  Mslasudwugthanddeiviy sl
mUsnw nsthesdanusluvssendldluesinsvilalas msimundndueilvd lenianis

Seuiaddud nsundymilnl dandrilagiinaviliifinauaeaisassdrayaainslueeding
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AnuslaeUseny  (Tacit Knowledge) Humuwandgyanntumsasieuinnssy  lu

[ £%
[ 1 tY

Jumeuusnitu  msrunulazaauuAnlmiquiidandudalild  amnusleUIensuazns
derinilufypainsiifeadesdaiunumid iy wawSaildutelineiaunadnii
mudEaldiETuge nsIansAuslaeUsesetamnganyiinm sty meinggd
ANUEANEY ANUFTALRY (Explicit Knowledge) uay Anulagdienenasusynaudinmeniy
WielhAnUszAvEnageaninmsssuesdnstidudAnmnlunshlimsinnisesdnmives
lasamsuszaunadife  msfifuimadusuuuuialivianuddyiunsatvayuliyaaing
ahaunAnveimsdinnisesdamd nsilszuuansaumaiviuasislunaifudeyasiiegaglisl
Usglerilaednldgnihlulflnean@nluesdns  egdlsfimussuvansaumeuaziuifnedng
Huszuudmivesdminiveslassmsfimnzauuaglasiainsesesdnsidutledvatuayui
ylinsdanisesderudirauaduin  warlinaSoudluesdnsedwiaidouarddy

(Alwis and Hartmann 2008, Hanisch et al. 2009, Lee et al. 2016, Sony 2012)

Y} Y oA a a = v oo o o Y P

nsdan1sauiegaiussaviamduladddglunisiamnuinnssuuazal iz
anuselliedlunsiaun anuslagusens (Tacit Knowledge) Hunumddgyannluusag
Tunau TuTunauLINYY MIfunUkazaswnAn vl qiulidndudalila anudlaeusens
waznsdsuludaiyaansiiieteddliunumndidy  wazdadldudglumsiilinisais
wundlllunisuddgmidianudnsalasauie  msdnnisanuslnedsengegiamnyan
lnsunlelgmaneginnutiangu laemluuad ausdaau (Explicit Knowledge) way

= v Y v v A Y a a a < =

AuslagUseny AeausenaudiniefiuiielminusydnSuagegaiduniseniiazieneanain

[ a [ C% 1 o (% [ L (3 o
- MsvImsesdnsadelvil nsidmsdanisesranuivedasinisiuldluesdng nmsihly
Uszgnaldineriunisiiununadsslevdlviuesdnsgsnalumuiitanssann guiagdodli
Anusuedunlunisdanisesianuiwasiaunesdins  taenislianudAyedisaiate
wardosasiovhegaluzusssu (Alwis and Hartmann 2008, Hanisch et al. 2009, wspade
TWegida  2554) 9AAUsHuNUIMNd AgunsesruuATYgialulagdy mMIuims
wiinaundeug  (Knowledge Worker) tdudiuiiddgyunnlussuunisdnnismiegsialy
T2t anuusnseiidAgreminnunlisasninnuesianuifednynzianizveesd
AuslagUsens (Tacit Knowledge) Fadupiuifieglusiiunna sglurlioy guilds wwife
Anuddn Wanunsoagdeaseenundunienistd mslddedaudamanatia wagnannishn
wulminudlunmsvhouduiivveadnnuesdanueg - awathdnuazuveminauesd

anuduhnuieliifaUssdvsuagsaasiuduiinliduedned  sadanuslaeldiugiued
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ANUIVRY TRIZ L“ﬂumsaﬁuauumiﬁwmLLazmsi’f@miﬂ’;’mMﬂ LUUINaIUIEADU NS
IANTRIAANUTNGITUNITINENSAANTAWIAGOUNNGIN NMTTANITITUULNOUARIHAYDS
Iz P & P = P v A 2 ) a
BIRANNS BIAAINIVBAATOWD TRIZ NMTUBINNTINYBINTIAATONWR ¥aNNIT Uavngud)
999 TRIZ wnUszendldlunisdnnsesianuiandulsslesegaunndmivesdnsgsnaly
AFINNTHATHRIUIMILALLLag N ML Mdegalused@nsnm  wazasemnulalSeu
N9NIWUIU (Liu and Chai 2011, Zhao and Huang 2009) Alwis and Hartmann (2008),
Hanisch et al. (2009) nd1vd1 ANulagU3ene (Tacit Knowledge) Sunumddgyunluus
azduneureinsaseadlud Tudumeulsnidy  n1sAunULazasswUAn vl Uuldd
duialadlaluszaunas AnuslagUSeneuasnsdanuludyaainsiifeitesdediunumii
ddny wazdadidugiglunsiilinisujufnisianudnialasituime msdanisanuilay
Usengegramungawvilinisunlelymieqdenutangy  Toemliuds  Anuidaau
(Explicit Knowledge) way AuilngUsenenamauiuieliinUssaninagsan Wunisenn
a ) a a | = a ' ~ a a a v
Mzueneananiy mnuilagUsenelinsaenendgvilouinasivssavnagiludaindey
Pladdumens msweneiudmin viliAauunAalmigdmsunssuiums way wansiouel
wagnsuilulgvnluwmeniienuangy  ssuuaswgiatulagiuinisldesdanuiun
' ° = A ) oA I v o w =
HeglunsiauannIuses sgvsieilies unumvetssanuitiannudAynlunsdy
ninensuardunsngndudalilaluesding ssdanuivedlasinisiianugenleatunisuins
L3 LY} 1 o o 6 ¥ L3 = 1 LY ] =
asnnsaselul nsdnsdnnisesdausvedtasenisiuldluesdnstenndslinaiiosdy
Uagdu divimmelufenisiildussendldineddunisiiununaUselevilvivesinsgsialu
A msaseddid dwusssuesdnsildudAgunlunisvilinisdanisesnninuives
lassmsUszaunad s nsnduimsdususuuialinnuddydunisadvayuliyaains
a519uwIRneINNTIANITRIRANS Mslissuuasaumenviuaielunisinudeyaniagaglid
Usglerilaedldgnihlulflneau@nluesdns  egdlsfimussuvansaumenaziuifnegng
I~ o v I3 v r-:l' [ ] 6 o % [ I~ [ v r-:l' o
Juszuu dmsvesranuivedasainmsnduiusivlasiasiavesesdns Wutfeatuayuivi
Tinsdansesdanuiiussaunadnss nsasiassddawindeunilussdns dudsd gy
(wpady JFerdila 2554) ndnte Awnedeulumsinudidudyndeatalenali
Alsdadulnyen HaiusanluniseanauiukagNITIMRUINNTY . wiunseendds Vil
WNAUSTEINIANITUIGE  UINAINAINIT  AIRaRNaN YRy NAANLAA AL LARAINY
pasuaaalunIvha - danudnlunuannsiidwsiusasnmslinuaduanudeiu vu
v 4 . a v 4 3 YV @ [ Ql' o w a 1
nsndn19dauayn (Intellectual Capital) WAZAUNINGDIAAMUFLUUNINGINTVAIAGLAZUANIAT

sgdtlussuuasugialudoqlu esauiaunsavssudanludunindlalunsdindinig



aq

Jamsanuesumvza  Avmeaevihegrelsnazansadansesdanuiuaiilviie
peAnINiiNaUfURn1sNeeneunsiaunddind - vilvesdnsiiudnaninlunisudadunsiy

anuslminignassassdtuegiwielisaihlisnuninmadeusuy  Wudideveinisasegiay

nsiinansUJuinIsialen  n1suImsdanisesannusineliusaieinguszasrnieniu
nsasassAadtnd  Aeanisanudilaegednds  Jaymauassendrgiiiestesiunis

WY amniendessyninamateglade uwuiAnegraduseuu (System Thinking) Tunsues
wazihanudlalunnsin nsinladnwausnanainsvesfduiusseninessuugasiiiing
somsiiandinsinusiuiuedvaenndes  Feasdudgiiiinisujifinisdanisesd

ANUTREellUTEENSHA (Santos and Wane 2013)

2.1.6 N139AN191A9N15 (Project Management)

NNUITeves Jerbrant (2013) wud wuwnlidnvesnisuufinisvetesdnsgsialy
gramnssussdnmadudnuuenisianislasnanntudesn  Uniesumsdans
Tassmsnanelassnisndens fu naneliuesdnsfituindeudienisdanisiasinis (Project-
Based Organization: PBOs) @agilnnuduteunazitameienn msuimsdanisfons
athlumanauny msdaaduatuayy lunsifoulomany Tunslinsweinsidegetis

(%

Y
IAnliAnUsEaNSAmuInigatunsaulIaI e Tunuinrensfnsisulaseaing
29ANTluN15IAN15lATINS (Project Management Office: PMO) Tmediithwnglunisiiiy
° - o & v Y = v oo s

IUATINITAUSTARNAENSY ad1auInsgIunsdnnistasenis Teeddadenviinneluesdns
Ao ANANARTINING  NITUOUSIUNAMATNITAIUAN  MTLUuTnTUNeTEnINemIawaUN
lAs9as9ves PBOs Aaslinnnunsesdiasusuildeuliaenndosivanimwingeuadgsnai

[

Wagull - dnsdamsnauasevindassaiimimvuasiuen  Aun1sdnnisauliuiuey

(Y =]

Uadpvanidrdaypie n1sdeansteyastaiuseanianlueshns Weulss Foansiiialviussais
a

nsleymaannsfisinrumudungimnzaniuusaglasamsinsiuau msadlasiaiig
DIANTNITINNTIATINITUIMLKUN (Project-Based Matrix Organization) Lﬁaaﬁuaqumm
éfaqmiéuaqqiﬁﬁ]Lﬁuéaﬁwﬁauut,azéfaqﬁﬁLﬁumsﬁ'samm%’mw (Kepner and Tregoe 2006)
90U NUTMTATINS 4 Jevdne nnsfinulasents  sEUfuvANaYRINISHaINS
Tassnswdouriessy daaen duyu ninensiidedulasins wae dwddinarudifaves
1A53n13 Msnaunulasans Wumsssyianssuddey e wasunragsuRnYey Nsdwey

HaUluULAaZEIIaT  N1SIANTSANMNEERIATING - MSANEUNSIATINIG  SINDeNIS
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muan  nslininensedreiivszansamioliussginguszasd  msmsrainauinomh
waymsuftaileutlavdsionain medidunsjatinmsussgiadmnevesassmitas
mslemudulenalminnmssufiulassnsse msdeasiasang Wumslideyarinansse
yarafiigdeafielinsuiemufnilusiasduneuredasinis sey Project Charter
fodnfinsnsqueslasens fiAsdeatu  @ndn gné daweu FuUims Audssiazs
Fannsnnnuides sulssana 9aana wasnsioamsluuiasdiswedlasinis dunsutuunes
nsdnnstasenislunisussaddlenanay wAdgm AoN1TIATIERINIEUIUNNT (Process
Map Analysis) (Pyzdek 2001) OB UM NAARINTTUIUNNG LaERSRIEFUTUnOUYD 9T
ddty  onvvzuandluguuuuresdydnuaifle Tunsasedelitunoude donnszurunsi
Fosnsaias szysoasiden Jonszurumslitaau ahedainszuiunmndn ahafaduna
Bon  asniweinmegeukarn1InTIdin  KansrulunsanunsaussendldiunssuIums

nugshavaneUssinn Wieliaansadiunmsisesadniay

2.1.7 Tamanisgausuwmalulad (TAM: Technology Acceptance Model)

msfiyaraazsausumeluladlndldgnisaungiuandofmuafoyaaatudany

susavihmeluladluld  Anususiarivusunanstruedialunisldimeluladuaz ey
dladsuszlovivosnealulad (Perceived Usefulness) duinanlonafiaziissuululd
agazasanlugusssy fehugaglinamsvinuiinsiaundugie  anudefiassie
syuunealdauladng (Perceived Ease of Use) ;ﬁﬁfj’mmﬁbﬁszwhﬁumgﬁﬁm’mwmmm
Ty Ao (Perceived) viruAR (Attitude) ALF L (Intention) NgANTsY (Behavior)
aaudeulostuannsafiagldlunsinengAnssufiuiaidunissensumaluladly n1sih
wusassesnseensumaluladluldaviiauuandnslunsazaniunisal usazuuuaziing
aunzauwazdeditn  mslduuusiassiluazldifisaneduiunisesnuuussuuiidl
Toyaliissnaronseeusuresldnuszuy ANT9ONLUUSEUUSDsdsouisanmEuIngoy
ASMNNUBE WD  ALaUDNANEDAARBINUSEIINNALLLAE LA ANUABINITVBINTT
W msueadiulsslenivesmeluladedsimaudenlosiudnuasnuduluusiassd
wangauiunsazgneauiulaeyldanu madeulostureavalulad Wuszuuedetie ms
uaniasudeya viswaonuszanuiu uaz fgasjamnesiudu hilmAnnsSeuslussdnsi
Useandnn (Yousafzai et al. 2007, Lagrosen et al. 2011, Hozak and Olsen 2015,
Lodgaarda et al. 2016)
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a [

= aa
TLUYUITIY

mMAduFesmianuinnsslunssuiunsndn Tingusrasddo (1) dn uae
Anwn nsrurunsnsasauinnssulunszuiunsnsuaslulsenusiegne luusemelne (2)
Anwuarszyladefiiinadensyuiumsnisaiisuinnssuesnseuiunsnaniulssany
feg1e Tuusemalng (3) MSHAIIAULUUEANESsNURINISHALIWIRNTSHIUATEUIUAIS
nambulssumegne Tulsewdlng (4) nmsnedeusuwuudanassuvesnsiauIuinnssuly
Aszuaumskanlulseuiiegns  lulssmdlng  Taglasesnnsiises (5) lefnwinisin
“Funuuuinnssusanessuvesmsimunuinnssulunsyuiunsndn”  ielugnisldauass

(Commercialization) Iagusnisafiuaududunousstiae

1. Aweseit anuaulanisiauiuianssulunseuiuniswgs Jgnn 19999AnT Wawn

NSaUITNISAS I UINS Y

2. AnNSIUNTIN NsIUIUNHER  Lesestianisunlgmlunszuiunisngn

NSLUIUNTENLNBAMIINS NFIANNTANF N13IANITLATING

3. WATWNLAYORNLUUALLUUSANETSN  NIeuIumsinenennui  n1siivua

lasan1sihseavensussyndlddaneity

4. myUszilunavedasinis laglivdnnisvesdane3tu Aulassnisiises vihnns
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Eng#09 _ |Eng Eng 5 5 5 5 5 4 5 4 5 5 5 5 5
Eng#10 _ |Eng Eng 4 5 5 4 5 5 4 4 4 5 4 4 4
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nagdeuAandutusTznIelladeaz AL (Cronbach’s Alpha)

Correlation Matrix

Cult_02_ Mistake
Cult_03_Time
Lead 01 _MngtSupp
Lead 02_Budget
Proj_01_OpenInno
Proj_02_Change
Tool 01 Flexible
Tool 02 NewlIdeas
iI‘00170 3_Algorith
KM _01_Tacit

KM 02_Framework
KM 03 system

Proj_01_OpenInno
Proj_02_change
Tool 01 Flexible
Tool 02 NewlIdeas
Tool 03 _Algorith
FM 01_Tacit

KM 02_Framework
KM 03 System

Tool_03_Algorith
FM_01_Tacit
KM_02_Framework
KM_03_System

Cell Contents:

Cult_01_Future
0.4867

cCo0OO0O00000O0Q
=
i
ot

Lead 02 Budget

0.231
.331
.137
.289
.489
.381
.424
.289

coooo0O

Tool_ 02_NewIdeas
0.649%9
0.247
0.544
0.306

Pearson correlation

Cult_ 02 Mistake

Coo0o0o00000O00
)
w
w

Proj_01_oOpenInno

.284
-000
.312
-498
.022
-109
-200

coooooo

Tool_03_Algorith

0.451
0.623
0.508

Cult_03_Time

-0.075

-0.070
-0.183
-0.075

Proj_02_cChange

.259
-600
-813
-530
- 668
-600

coococoo

KM _01_Tacit

0.605
0.384

Lead 01 _MngtSupp

.66l
-153
.741
.259
.355
.573
. €83
.535
-€627

coooo0oo0o0o0o0

Tool 01 Flexible

.000
.268
.261
.258
-132

oo ooo

KM_02_Framework

0.408

Variable
Cult 01 Future
Ccult 02 Mistake
Cult 03 Time
Lead 01 MngtSupport
Lead 02 Budget
Proj 01 OpenInno
Proj 02 Change
Tool 01 Flexible
Tool 0Z NewIdeas
Tool 03 Algorithm
KM 01 Tacit

EM 02 Framework
EM 03 System
Total

Cronbach’s alpha =

Item and Total Statistics

Total
Count
30
30
30
30
30
30
30
30
30
30
30
30
30
30

0.8628

Mean StDev
4.300 0.4¢66
4.533 0.507
4.033 0.556
4.467 0.507
4.667 0.479
4.400 0.e21
4.333 0.507
4.000 0.525
4.600 0.498
4.633 0.4920
4.567 0.504
4.500 0.509
4.600 0.498

57.833 4.111

Al 3-3 ANNVAARUAYINTIE (Cronbach’s Alpha)
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RANFUUT
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YNM5ATIFBUAIANUTNBIVBILUUABUAINMIENISAUTaNAIN 30 feg Fudu

danvesasoula (Cronbach’s Alpha Coefficient) dglusunsy MINITAB for windows wa
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Correlation Matrix = &g E s 3| 8 2 o) o &0 k] £ @
'El 2 I ! = S < Y = < g & &
= o o o o | | (
§| %l §| :l 2‘ §' % Sol SO' ;' 8| 8| 8|
= = = © © o o
3 3 3 g g g g g g g g g g
Cult_01_Future
Cult_02_Mistake 0.467
= (0.009)

0.093 | 0.179
(0.624) | (0.343)
0408 | 0.607 | -0.057
(0.025) | (0.000) | (0.765)
0309 | 0472 | 0.043 | 0.661
(0.097) | (0.008) | (0.821) | (0.000)
0.286 | 0503 | -0.239 | 0.153 | 0.231
(0.126) | (0.005) | (0.202) | (0.419) | (0.218)
0.467 | 0732 | 0.057 | 0741 | 0331
(0.009) | (0.000) | (0.765) | (0.000) | (0.074)
0.141 | 0.259 0 0.259 | 0.137
(0.458) | (0.167) | (1.000) | (0.167) | (0.471)
0.535 | 0464 | -0.075 | 0355 | 0.289
(0.002) | (0.010) | (0.695) | (0.055) | (0.122)
0.498 | 0813 | 0.173 | 0573 | 0.489
(0.005) | (0.000) | (0.361) | (0.001) | (0.006)
0132 | 039 | -0.070 | 0.683 | 0.381
(0.486) | (0.031) | (0.714) | (0.000) | (0.038)
0218 | 0535 | -0.183 | 0.535 | 0.424
(0.247) | (0.002) | (0.333) | (0.002) | (0.019)
0386 | 0.327 | -0.075 | 0.627 | 0.289
(0.035) | (0.077) | (0.695) | (0.000) | (0.122)

Cult_03_Time

Lead_01_MngtSupport

Lead_02_Budget

Proj_01_Openinno

Proj_02_Change

Tool_01_Flexible

Tool_02_Newldeas

Tool_03_Algorithm

KM_01_Tacit

KM_02_Framework

KM_03_System

Pearson correlation
(P-Value)
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[ v} [ 1 Y LY 1% aa £y Ly 6 = 6

ANMUAUNUSTEUINIUsANNm LA lulumansad Randunus wu Uiy Sdu (Pearson
Correlation) WWonTIRd0UANILMNZANYBANAINFanduiusdmSuduUsndanala dauus
PNEUNALAIUDIAUSENBUAIT 1 AUTRIUSIIUBIANTHAIWIU 3 fankUs danUsndanalelu
aAUsENaUN 2 Aunngiihddnuau 2 fmuds fmudimdunalalussdusenoun 3 Aunis
I9NSIATINSHIIWIL 2 Fawls Pwdsndanalalussrusenaud 4 auwesesilalunis
uAtgyazaiiauinnssudidnuiu 3 fws dudsndunalalussausznauil 5 A1sdnnIs

] =

ANNY AN 3 s wud AnuduiussenineiuUsndAuandsanaudegiad
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HedAnynneata faernudedu 95 wWesidud (p < .05) 9w 37 @ 91nvianun 78 ¢ An

o

WuSevay 47



69

o o
= =
Current score @ @ @ 4 g = 5
¢ @ @ 4 5 g5 ]
El El El S ° o 9, 5 5 5
El E] E] 8 b 9 9 o ) o > S s
o ] [) - — a a = = = 4 4 X
©
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= 2 g e 5
] % g o © L £
g = ) ) < e 2 2 £ H £
3 2 @ = ° @ g < H S = £ o}
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S S S = < ] S 2 2 2 8 S 8
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] ] S 3 3
Samples |Level |Department 3 3 3 o 3 & & 2 2 2 < < <

MGNT #01 |[MGNT |R&D
MGNT #02 [MGNT |Eng
MGNT #03 |MGNT |Eng
MGNT #04 [MGNT |Eng
MGNT #05 [MGNT |MFG
Eng#01 Eng Eng
Eng#02 Eng Eng
Eng#03 Eng Eng
Eng#04 Eng MFG
Eng#05 Eng MFG
Eng#06 Eng Eng
Eng#07 Eng Eng
Eng#08 Eng Eng
Eng#09 Eng Eng
Eng#10 Eng Eng
Eng#11 Eng Eng
Eng#12 Eng Eng
Eng#13 Eng R&D
Eng#14 Eng R&D
Eng#15 Eng R&D
Eng#16 Eng Eng
Eng#17 Eng Eng
Eng#18 Eng R&D
Eng#19 Eng R&D
Eng#20 Eng R&D
Eng#21 Eng Eng
Eng#22 Eng Eng
Engi#23 Eng Eng
Eng#24 Eng Eng
Eng#25 Eng MFG

sla|s|s|sla|s|s|sla|s|s|s|s|s|sla|sla|s|a|s|s|a|s|la|s|sa|s
wlwlwwlw|lw|lw|lwlww|s|wlwlwslwlwwowlwnwiwoowoosle
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winv|vwlw|vw|v wlw|v] wlw lw v wv v w lw lw lwlwvwv o wo|w

[MNGT  [AvG | [ as0] 320 3.20] 380 340 300 320 320  3.40] 280 340 2.80] 240
| so ] [ 0.55] 0.45] 0.45] 0.45] 0.55] 0.00[ 0.45] 0.45] 0.55] 045] 055  o04s] 055
[EnG [avG | [ 424 304  320] 3.40] 340 308 304 312  376]  276] 328 264 264
| so ] [ 0.44] 0.35] 0.41] 0.50] 0.50] 0.64] 0.54] 0.44] 0.44] 052 061 o049 049
[An [ave | [ 4.27] 3.07] 3.20] 3.47] 3.40 3.07] 3.07] 3.13] 3.70] 277] 330  267]  2.60
| so ] | 0.45] 0.37] 0.41] 0.51] 0.50] 0.58] 0.52 0.43] 0.47] 050 060 048 050
[Ttest | (p-value) [ o0565]  0.484 1.000 0122 1000 0538 0505 0728] 0224 0865 0676] 0499 0.402
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Case #1 Reduce process step (Cost reduction)

5D Description Remarks

Discover Project — Eliminate ceramic plate at back side lap
Background/ Problems - High cost and high
process cycle time

Objectives — Process simplification, reduce

process steps and process cycle time

Define Improving: Reduce process steps (Eng 39: Eng =
Productivity) Engineering
Worsening: CTQs out of specification (Eng 29: Parameters.

Manufacturing Precision)

Inventive Principles: #18: Mechanical vibration,
#10: Preliminary actions, #32: Optical property
change,

#1: Segmentation

Design Inventive Principles (Solution) :

#18: Mechanical vibration, (Add vibration element
at plate, control lapping conditions)

#10: Preliminary actions - Not Applicable

#32: Optical property change - Not Applicable

#1: Segmentation, (Remove 1 process step,
prepare accurate surface roughness at backside
and front side then final adjust bar bow by
backside lap) (Change lapping plate condition)

Develop Practical solutions: Principle #18 -
#18: Mechanical vibration, (Add vibration element | for future
at plate, control lapping conditions)
#1: Segmentation, (Remove 1 process step, Principle#1 -
prepare accurate surface roughness at backside Current

implementation
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5D Description Remarks

and front side then final adjust bar bow by
backside lap) (Change lapping plate condition)

Deploy Validate the results, review CTQs (Critical to
Quality)

All CTQs parameters are in control condition.

nsAlAnYIN 2
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Innovation)
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Case #2 Variation reduction (Quality improvement)

81

5D

Description

Remarks

Discover

Project — Row bar UV cure table with 3-Axis
adjustment

Background/ Problems — UV exposure chambers
emit the UV light onto the pre-applied UV
adhesive cured in a non-uniform pattern
Objectives — To customize design and fabricate

prototype Row bar UV cure, to improve uniformity

Define

Improving: UV dosage uniformity (Eng 32: Ease of

Manufacture)

Worsening: System complication (Eng 29: Quantity
of substance)

Inventive Principles: #35: Parameter change, #23:

Feedback, #1: Segmentation, #24: Intermediary

Eng =
Engineering

Parameters.

Design

Inventive Principles (Solution) :

#35: Parameter change (Change degree of
flexibility, use automatic adjustable arm to replace
manual rotating)

#23: Feedback (Introduce closed loop control for
entire surface UV intensity measurement and auto
adjustment for specific areas to ensure the UV
intensity uniformity)

#1: Segmentation (Fabricate removable and
replaceable object with automatic adjustable arm
to replace manual rotating)

#24: Intermediary — Not applicable
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5D Description Remarks
Develop Practical solution: Principle#35 —
#35: Parameter change (Change degree of Current

flexibility, use automatic adjustable arm to replace | implementation
manual rotating) Principle#1 —
#1: Segmentation (Fabricate removable and Current
replaceable object with automatic adjustable arm | implementation

to replace manual rotating)

Deploy Validate the results, review UV dosage uniformity
Mapped UV exposure dosage with use of 3-axis
PLC system showing equal UV dosage applied to

entire material surface.
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Case #3 Combine process step (Productivity improvement)
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5D

Description

Remarks

Discover

Project — Revalpha Tape application for
Encapsulation process

Background/ Problems — 2 Adhesive tapes
material are currently use, combine 2 in 1 tape
material

Objectives — Have alternative source adhesive

tape material for bar bonding process

Define

Improving: Reduce consumption material (Eng 23:
Loss of substance)

Worsening: Manufacturing capability (Eng 32: Ease
of manufacture)

Inventive Principles: #15: Dynamics, #34:

Discarding and recovering, #33: Homogeneity

Eng =
Engineering

Parameters.

Design

Inventive Principles (Solution) :

#15: Dynamics (Allow process change to find
optimal condition)

#34: Discarding and recovering — Not applicable
#33: Homogeneity (Make objects interacting with a
given object of the same material (or material with
identical properties). Fine material with the same

property, multi functions)

Develop

Practical solution:

#33: Homogeneity (Make objects interacting with a
given object of the same material (or material with
identical properties). Fine material with the same

property, multi functions)

Principle#33 —
Current

implementation
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5D Description Remarks
Deploy Validate the results: Process steps
Encapsulation process steps can be reduced by can be reduced

introducing Revalpha tape to replace UV tape and
3M tape since Ravalpha could present multi-
functions which be equivalent to functions

combined between UV tape and 3M tape
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Case #4 Improve parameter uniformity (Quality and cost improvement)

5D

Description

Remarks

Discover

Project — Grid Recycle at IBE machine
Background/ Problems - The Etch uniformity is
the critical KPIV of the IBE machine and the etch
uniformity

Objectives — Improve Etch uniformity

Define

Improving: Grid rebuild QTY and cost (Eng 26:
Quantity of substance)

Worsening: ABS etching uniformity across run (Eng
32: Ease of manufacture)

Inventive Principles: #29: Pneumatic and
hydraulics, #1: Segmentation, #35: Parameter

changes, #27: Cheap short-living object

Eng =
Engineering

Parameters.

Design

Inventive Principles (Solution) :

#29: Pneumatic and hydraulics — Not applicable
#1: Segmentation (Divide the object to be
independent parts and resolve the issue at
problematic points, Focus at inner points of etching
which found high non-uniformity pattern)

#35: Parameter changes (Optimize parameters set
up)

#27: Cheap short-living object (Use cheap material

for system optimization)

Develop

Practical solution:

#1: Segmentation (Divide the object to be
independent parts and resolve the issue at
problematic points, Focus at inner points of etching

which found high non-uniformity)
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5D Description Remarks

#35: Parameter changes (Optimize parameters set
up)
#27: Cheap short-living object (Use cheap material

for system optimization)

Deploy Validate the results:

IBE grid beam-block was conceptualized, designed,

build and deployed which leaded to uniformity

improvement and spare part cost reduction.

4.3 N1581529ANUAAIILAINIAINTNAIIINN1TNAARS 1T anaTsU

a 4

nsfdlAnwInsUssendledanessusunuulunisuadynilunssuiunisudnlign

Unauenanulagiensniuiiaveu tienazlasudeyalounduluiierinisuilausuus

danessulvauysaldu fIdeldvinsdunivalimnsgmaassdddanestululaseinisiuwuy

e lasunsiaueNau Nvan 25 yuldkaainmsdunivel asulanad

£
Yo A

Usglevunlasuae

[y

dane3tuaunsnadawnImuA g iugunlaass

[y

danessuansavililanuuuamsnisundemlnde

[y

a & A A a % ¢
2and 0 UULATDINLDUBIANUANETNETIA

[y

danessuansalirannisigalaulunisuileteym

1Y) a & da &

2an835ULUUNTTUIUNTNAALUUTEUU
FanassuidunuinmanasiansaduanalalunisAnasisinnssy
sano3sutdunuimevilidnlateflesiduresssvunaziinladamiludailandu
danessudunumaiinbiiAamsuaniuasumiuseninemans

LY ac [ A o Y a Y 1% X
’e]ﬁﬂ’é]'ﬁﬁllL’LJ‘LJLL‘LJ'J‘V]']\‘1‘1/]‘1/]WiﬂLﬂWQUWNNUIQIULLUUWWQLLﬂ‘{jQJMW?,J']ﬂGUU

AL UL NLLRLLNYINUDANDI DY

1) Arsfigiudeyaieniudanessy uaslasenis ietlugiuuniniaieud uas

A %
LLﬁﬂL‘LJﬁEJ‘L!ﬂ'NlIE



87

AITINTUTUUTE grudeyaieniudanesty wazlasinisdiedne dlaurivaduey
& pRp a | ) a o Iz aa A 1Y)

e Wuszuunianudangulunisnevaussiundnduiuazmalulagnuasulyls

Vumanisal

misinsuaniUasuanudinediu dane3tu waslasanis iunau

A500NLUULENAT5YRINSHNaUT UM Tudnwuz Y9 nilegey (Module) A15Ein1g

Hnausuuag thludszgnaldlvunsvatedu lunnseeu
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aw =
HNaN19I98 ABUN 2

5.1 nsuiuuzedanassuvasnisaisudnnssulunssurunsuan

Pndeyatdaunduainiiiimnimvdininisnaaedddanessusuiuulunis
uitlymlunssuiunsndn Wt Sane3tumsazgnuiuusdliatulaedinisusuliuat
ogianonmalulad ndnfud uaz nszvaumsidsuld Ipudeyaifeatiusaneitu uay
Tasamsmeghaduszuuiifienudaveplunismevausstoyatunaniasiuazmaluladd
Wasululivumenisal  Sane3suiiduluauenudesmsvesiiimnslulssnusiogisdes
Funatng Aefnmsuiuliiuaionaennanienzdszyndliiu wansasiln maluladll
LAY NTUIUNISHARIN 2INNITNUMILITTUNTTULALIRU Six Sigma, Lean Wag TRIZ LWIN19
Tunsiun  Asueesnveslaymlagledisnis TRIZ Tudnwuenwai®ns (Dynamic TRIZ
Solution) wuseaniu 2 szez Ao szasusn WJunmslesmzilymnasleniavenszuiunis
wAn Aseinsuitamvessardymilulasinisfivssaunaduiauds wdvinsdeules
fundnmslunsuddamues TRIZ Wewaulumsiwemdnmseidymees TRIZ wae
N1998NYIUYMIVDINTEUIUNITHERN  (TRIZ inventive principles and Manufacturing
solution matrix) ¥a491NYIINITRAIUINITINVINENNITUATEYNIVEY TRIZ WaZNI90DNUDY
Jgymuesnszuiunsndnseuiosuds  nsuennauvemannsduusasnguuemareinis
UFUAN15IINNTLUINNTHENTL MFUTUUTIAMLANLITONMIHER N1TAAAUNUNITNGR N3
UFulgaseaninmnisudn nsuSuussnunImaaansioue Mnduaginia 11
neanvastlymlagliisnis TRIZ ludnwagnaing (Dynamic TRIZ Solution) iienaaadld
“iJguG]EJUﬂ’liﬂﬁﬁ'aLLﬁBGI’]i’N“UENMﬁﬂmiLLﬁ‘{jin]?Ja\‘i TRIZ warn19eanveslynves
ﬂszmumsmﬁmﬁgﬂa%ﬁum fupounisufoitazasnadesty sideves Heavey and
Murphy (2012) finda1531 nsftanansaiamnsyuuvesnisudladamilunssuiunisaedie
UImsianstiyvuaglonaludnwasiifunainsasyiliosdnsiimeiaun - Yfuusdena
TunsugstunsgsiawasnaUszneumsléientuly  Tuvasieafunisimun  msnses
vanmsuitamues TRIZ wagmsesnvesiyvivesnszuiunsnaniifienumngauiuus
arUsUMvesUdazesrng axtisaismuiulavediminviderfiazusryndlditnisves TRIZ
Tunmiluldsslondldgnionnnty  Faandunsenvesaruviimenisinuuaznisld

a1 TRIZ @9 llevbare et al. (2013) a3uneliin anuviynelunsiduselow] TRIZ 3
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vanuaneiy TRIZ Wumaniiidilasn Bouden dhlaen Tnaumunlumsiasdila
pteEndauasimundsraunmsalifiessiliiAnuseloniléase TRZ ldfinmsgn waglild
frognansUfiRnisfituaziudusumeld ludesiuiseldsndonlasmisiiduiaud
uazifulasinsiisenndesiuiirnisnsiauvesesdnsdiuin 107 Tasaimsifiovhnisnw
Tundsl usaglasenisldgninnsimssiuasduunlfedlunduiinnsan nquvesiasams
i mesfmuuazU3uUseanIaTesNsEUIUNSHAR MIandunuNIHER MLy

va o

UsednSamnisndn  uaz  N1sUSUUTIRAINURIHERS N mia]ml,aﬂﬂauumasﬂ@%’umi
punsingidemagedsnuiiedns  vennntulidsmgsilienueyaneilung
Wweulgensuntymvesusazlasnisiudmannisnisuadgnives TRIZ sy

seoe?l 1 mswmudussswewmannsunlgmees  TRIZ  wagnisesnveslaymves
N3EUIUNNSNER (TRIZ inventive principles and Manufacturing solution matrix)

N = [ o &) [ 1%

AT 5-1 WaRININTBUNITNINUTBINIIWRIUILTUANTIVRIEaNNTLATUYMIUBY TRIZ Way
N1999nURlynIveINIzUIUNITHES  (TRIZ inventive principles and Manufacturing

solution matrix) @usUls99UMIBES

[ Step (1) — Define manufacturing specific problem or opportunity

Step (2) — Transform problemin step (1) to 39 engineering parameters,
paired technical contradiction.

J

Step (3) — Use Altshuller’s matrix, define correspondinginventive
principles to resolve paired problem in step (2). Create genericsolutions.

Step (4) — Transform genericsolutionsin step (3) to manufacturing
specificsolutions.

J

Step (5) - Find, evaluate, and implement solutions for the problem or
opportunity.

- _J «_J «w_J «_J

[
[
[
[

Step (6) — Evaluate additional inventive principles (Evaluate 40 TRIZ
inventive principles) for solving the problems.

Step (7) - If all suggestions are completely unacceptable, reformulate the
technical contradiction and try again.

Step (8) — Map manufacturing specific solution to TRIZ inventive
principles.

matrix, with SMEs review and consensus.

J

Step (10) — Use created TRIZ inventive principles and manufacturing
solution matrix for manufacturing solutions

[ Step (9) — Create TRIZ inventive principles and manufacturing solution J

= o [ & [ 1Y
QNN 5-1 ﬂ'ﬁi’]Uﬂ'l'iVl']\T]U%@Qﬂ?iW%]U"ILUUG]']'i'NsUENﬁaﬂﬂ']iLLﬂ{jnyM']“UEN TRIZ WLagn1Noen

Y0UQYNIVINTLUIUNTHER
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fupoudl 1 dwuaveuwsvestgm uarlenia Suunnguuadlasamslidaou
ey msmutazUsuUTINamNTaTesNIEUIUMSHAR MIanduuANSHER M3
UszAnSnwnanan way n1sUSuUTInManUeINanse verteyAs i Indidevaly
wiagmanslumssuuni Tunsdvedssnusegns Tasms 107 TassnsldgnAnwiuasgn

1
v

wenngulaglduuimanlssendldiunssuiunisnanaadl
®  MSHNANNAINNTAYDINTTUIUNIINER  (Capability Improvement) - lagiald
NUNBET ANUEILNTANITNAILIITATT NTEUIUNTT Wnsesdle Tl Nldlunszuiunis

HER Weatuayy nandueilnl welulagngd nszuiunsuaning

® MIAARUYUNISHAR (Cost Reduction) - lagvalunineianisandnsinisldvesdsd

(%
a

ilAssuyulunssuiumsndady  Kdadamiunnses  Janduldes  Tudiuves
ARIREI
o msfinUszandninnisuan (Efficiency Improvement) — laginlunungfianisiis
a = o a Yo A v o A N v
HaKdn visenaanslunszuunsnanlaeldianndeudnlugnsvingy vieteea

o nsUSuUTIRuNINYRENi (Quality Improvement) - lagvialuningfisnisan

nsnsrnglunszuiunisndn visenisuulsawdnduaiivelignamelauin

Categories Description Remarks
Capability Cap-01 Develop new test nsimLIsNsvadeuly
method in manufacturing ASEUIUNNSHAR, WISITLNDTV

process, process parameters. | N3EUIUNIT

Capability Cap-02 Develop new material miﬁwuﬁaﬂiwﬂm‘ﬁu
in manufacturing process. NITUIUNITNER

Capability Cap-03 Develop new test nsimLIsNsvadeuly
method in manufacturing ASLUIUNNSHAR, WISITLNDTV
process, material analysis. ’3’?19]

Capability Cap-04 Develop new NSNAIUINTZUIUNTITHAR L]

manufacturing process.
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Categories Description Remarks

Capability Cap-05 Develop new test nsiauIsNIVadeuly
method in manufacturing ASEUIUNNSHAR, WIS1TLADTVD
process, product parameters. AR

Capability Cap-06 Develop new method | NMsWIUNITAIAINERTNY
in manufacturing process.

Capability Cap-07 Develop new fixture in miﬁwmqﬂﬂiaﬁwﬁ?ﬂmﬂu

manufacturing process.

ASZUIUNITHES

M591 5-1 m919a5UTnuaslen1aveInseuIunIsHEn ATUANLAINNTAVRINTEUIUNT

Nan

Categories Description Remarks

Quality Qua-01 Improve ﬂﬁﬂ%’w'gﬂﬂﬁsmumswém, AU
manufacturing process LﬁuLaﬂEU‘U’eNWTﬁﬁLG\a%
parameter uniformity.

Quality Qua-02 Reduce manufacturing | nM15anANULUTUTIUVDY
process parameter variation. NITUIUNITNER

Quality Qua-03 Reduce manufacturing | nMsanuesdslunszuIun1IWas
process defects.

Quality Qua-04 Reduce product nsannansusiunnsasmglniin
parameter failure rate,
electrical.

Quality Qua-05 Reduce manufacturing miammmﬂ"]Lﬁmmummgﬂwﬂm
process parameter standard NIEUIUNITNER
deviation.

Quality Qua-06 Improve MIUFUUTINesTinueatan
manufacturing IDM lifetime. Audes

Quiality Qua-07 Reduce manufacturing miammiﬂizmaﬁuaqwmzﬁuaﬁa@

material carrier variation.
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Categories Description Remarks

Quality Qua-08 Prevent defect nstesiuvesdelunssuiunis
created in manufacturing NAR
process.

Quality Qua-09 Reduce the M3ansnsINTInTinanann
measurement error rate.

Quality Qua-10 Reduce the rework NSAANISYONLYNNER AU
products.

Quiality Qua-11 Improve MfinaRsTinvenaiodle
manufacturing tool lifetime.

Quality Qua-12 Improve effectiveness | NatfinlszdnSnavesnisnsinin
of inspection.

Quality Qua-13 Reduce measurement MM3ANNNTEULBISTUUNTIA
system vibration.

Quality Qua-14 Reduce variation of | N13aAN13N5¥8VDIQUNTA]

material handling.

\AGOUENYIEn

M15719% 5-2 M3 9asulgmuaslon1aveInseuIunITNER AuAMATI

Categories Description Remarks

Cost Cos-01 Reduce manufacturing miaﬂ%umausuaﬂﬂizmumsmﬁm
process steps.

Cost Cos-02 Improve product MILSRT AR SR, nalwih
utilization/ yield, electrical.

Cost Cos-03 Improve product nsiiudnI AR uIR, Mena
utilization/ yield, mechanical.

Cost Cos-04 Improve MIiuREAnINve wdeadns
manufacturing tool
productivity.

Cost Cos-05 Reduce manufacturing miamzumau%ﬂﬂﬂiﬁﬁUﬁiéUﬂﬁ

support process steps.

NER
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Categories Description Remarks

Cost Cos-06 Reduce manufacturing | mMsandamnsgapdeveaniosing
tool damage rate. NINER

Cost Cos-07 Reduce parameters N138AFIBENVBINTHUNIT T RS
monitoring samples.

Cost Cos-08 Reduce the msandarnsldvesaniuidos
consumption of IDM.

Cost Cos-09 Reduce operators in nsanIuunilneuly
manufacturing process. NITUIUNITNER

Cost Cos-10 Reduce rework steps N58ATURBUNSYLLBUN AR 0]
in manufacturing process.

Cost Cos-11 Reduce cost of IDM. maamé’unmaﬁaaéuMﬁaa

Cost Cos-12 Reduce cost of mMsanfunuvesgUnsaiindeuiig
material handling. @0

Cost Cos-13 Reduce cost of NARAUNUYBINITUUENY

logistics.

d‘ a ¥ ¥
M137991 5-3 msasulgmuarleonaveinseuIunINEn ATusunY

Categories Description Remarks
Efficiency Eff-01 Improve unit per hour mMstiusuumededalu
in manufacturing process.
Efficiency Eff-02 Improve data accuracy, mnﬁmmwmmL%wmmiﬁﬁa%a
completeness and speed of ﬁgﬂéfaﬂ amgsaﬁ
retrieval.
Efficiency Eff-03 Reduce manufacturing mMsannadereaedesdng
tool downtime.
Efficiency Eff-04 Reduce manufacturing | N138AT9ULIANUBINITHER

process cycle time.

Efficiency

Eff-05 Reduce waiting time.

N1AALIAINITIONITHEN
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Categories Description Remarks

Efficiency Eff-06 Reduce product MsannaINIsEUUAURAR S

conversion time.

Efficiency Eff-07 Improve labor hour per | NM3aALIAINITNES WaRT UM
unit.

Efficiency Eff-08 Improve manufacturing miamé’m’]migum%awaq
tool consumption rate. Qﬂﬂiajsua\‘iméaﬁﬂi

P37 5-6 ms1saguivnuazleniavenszuiumsadn suUszavam

HAENSIINNITLUINGH WU MINRIUILAZUTUUTANNEINNTOVRINTEUIUNTHERNT 13
TAsans MIaasuyunHansl 34 lasans malfiudseansnmnisnded 33 Tasans uag N3
USuUgIRannveIndnsiueill 27 1Asens

fupouil 2 msvsudswaniymuarlonaly dumeudl 1 Wy wsfwesms
AINTIN V09 TRIZ (AIARUIN )

Fumoudl 3 Mnsne yiwedmadmnssulagndnmeeuianssuiioszy wdnns
rnziazianlfudladgmidanede  aemsuidgninluleglduuimewesdagaes
(MANWIN )

Funoudl 4 Ysuwdsuuuamadtymiihiuduwumaddamianiy

Sunoudt 5 Wuumawdtamanzlumsudladym

Sumouit 6 vhmsusadunisldvdnnisves TRIZ % 40 wdMs (AAkwIn A) @3
w1t luimanefutym udraumeamseidyviany

Sunouil 7 avredeunadns dwadndvesmsuidamli@uiiimela Inumuny
Tandadanatalml udassnlaymdnsou

fupoudl 8 aztuumemauitymifldldess Jiudsmmaes udnnsuddmaes
TRIZ  wazneeenuaalgymveanssuiunisuasm  (TRIZ  inventive  principles  and

Manufacturing solution matrix)
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TRIZ Inventive Principles |~

Capability

Cost

Efficiency

Quality

Grand Total

01.Segmentation

12

35

25

99

02.Taking out

1

11

03.Local quality

12

34

29

105

04.Asymmetry

1

05.Merging

06.Universality

07.Nested doll

09.Preliminary anti-action

10.Preliminary action

N

13.The other way round

N

15.Dynamics

16.Partial or excessive actions

17.Another dimension

18.Mechanical vibration

19.Periodic action

20.Continuity of useful action

22.Turn Lemons into Lemonade

23.Feedback

—_

24.Intermediary

25.Self-service

26.Copying

27.Cheap short-living objects

28.Mechanics substitution

RN ===

w

—_

29.Pneumatics and hydraulics

N

30.Flexible shells and thin fims

—

34.Discarding and recovering

35.Parameter changes

[y

37.Thermal expansion

38.Strong oxidants

HIEFIWWIDIWOINIOIHINIUBAIN(FIFININIDINWIF OO

40.Composite materials

4

1

4

41.IT Applcation

5

79

1

Grand Total

O~ |w|—

126

182

100

M99 5-5 nann15909 TRIZ Alglunsuatym Tulssauied

PNMNTAATNLATINTNG 107 1A5IN1T @asaagusngasidenvemannisves TRIZ

Aglunsundym Tunszuruniswdsveslssnuiegelanmeluilie wdnnshn 3 Local
Quality lasumsuszand lunsuatamlunssuiunsndauinian sesaeunme wann1si 1

Segmentation Way %anA1sA 41 IT application a1y wann1si 41 linulusienis

wann1sves  SagaesuadundnnslnifignAunundinnndinsziuwimeanisuitymees
15997U679E19 lagnannisilasumsussgndldnisiawn  YSudassaninimees

a IS v J éj

nsruIuNIHEn Iagiinnsidgeanlunguil
IINMTAATIERNGUVDINITRRWILALUTUUTIANNEINNTAIUNTZUINNTHER WU
#ANN1SN 1 Segmentation fMsUssandlduniiande 12 A1 v3e Sewas 24 09Nl
Vi ¥ann159 3 Local quality dnsussendlduniiandie 12 asutuiu vie Souas 24
YR} Y] PN . . . P Y@ o w A &
YBINTIVINUA 18NN159 28 Mechanical substitution #n15Uszendldilugsiu 3 Ais 8 ASS

w38 Soraz 16 voin1sliviavun ndnn159 40 Composite material In13Uszenaldidudsiu

4 flo 3 ASY ¥R Seway 6 YaIMSlIViNe Uaznann1saus dnsussgndldniudinupe
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#8017l 10 Preliminary action finsuszandld 2 ads vide $ovaz 4 wdnnsil 13 The other
way round fimsuszandld 2 afs wie Sowas 4 wdnnsfi 17 Another dimension nn3
Usvandld 2 ads vide Sowaz 4 wdnmsdl 26 Copying fnsusvandld 2 ads vwie Sevax 4
wannsi 4 Asymmetry fimsuszendly 1 % vde Yovaz 2 wdnnsT 9 Preliminary anti-
action finsUszandld 1 A vide Jovar 2 waswdnnsdi Suques TRIZ fnsUszendld 5

A39 130 Speay 10

Capability Inventive Principles Freq %o
1{01.5egmentation 12 24%
2|03.Local quality 12 24%
3|28.Mechanics substitution 8 16%
4(40.Composite materials 3 6%
5(10.Preliminary action 2 A%
6[13.The other way round 2 A%
7(17.Another dimension 2 4%
8(26.Copying P A%
5(04.Asymmetry 1 2%

10|05.Preliminary anti-action 1 2%
Others 5 10%

13797 5-6 ANUAIUNTUISEYNALINANNITYRS TRIZ MUANEIENTOLUNTEUIUNITNER

Inventive Principles & Fregquency Use : Capacity Improvement
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A9 5-2 AudlunsUsEENAlivann1sYes TRIZ AuAUEINNTalunsEuIUNISHER
PNMTIATINNGUVDINTAARUYUNITHER WUT1 dnn1sA 3 Local quality 3Inns

Usegyndldunniigama 30 AT 130 Fuay 24 eI skivianun ndnMsN 1 Segmentation &
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msUszendiududu 2 fe 27 ads wie Sovar 21 vesmsldveun vdnNsT 13 The other
way round fimsuszandlfiiugdu 3 e 13 ada wie fovar 10 vesnsldvianun vdnmsd
2 Taking out fnsuszandléifiudiu 4 Ao 9 At wie Sevar 7 veansliviavmn ndnnsi
28 Mechanical substitution finsuszandlfidusiu 5 e 8 A ude Sovay 6 vesnsld
Favun wagndnnisdug SnisUszgndldmudiduie ndnmsit 23 Feedback msUszgndld
5 a%a wie Sesay 4 ndnnsi 41 IT Application 1nsUseyneily 5 ads 3o Sevay 4 wdnns
7l 22 Tun Lemon into Lemonade finsuszgndld 4 ads wie Yeway 3 wdnnsdi 40

Composite material #N15Uszendly 4 A3y vi3e Sowar 3 nanMsN 6 Universality dn1s

Useyndld 3 ASs vi3e Souay 2 uasndnnisi Buques TRIZ In1suseyndld 18 aTe w3 Say

gy 14
Cost Inventive Principles Freq %

1|03.Local quality 30 24%
2|01.Segmentation 27 21%
3|13.The other way round 13 10%
4|02.Taking out 9 7%
5[28.Mechanics substitution 8 B%
6|23.Feedback 5 A%
7|41.1T Application 5 A%
8|22.Turn Lemons into Lemonade 4 3%
5|40.Composite materials 4 3%
10|06.Universality 3 2%
Others i 18] 14%

M15°99 5-7 AUALUNTUSEYNALINANNIIY09 TRIZ AUNISARAUUNITNER
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Inventive Principles & Frequency Use : Cost Improvement
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AN 5-3 audlunsuszendldnannisves TRIZ AUNISanfuyunIsHEs

MNMTAATIENGUYIMIiNUTEAVBAMUBINTEUIUNIHAR WU waNNSA 41
IT application fmsdszegndldunniianie 79 ads vide Seuaw 43 veansldvtomun wdnmsi
1 Segmentation finsUssgndlfifiududu 2 Ao 35 At vde Sosar 19 wesmslivmun
&7l 3 Local quality fimsUszgndldiduddu 3 fo 30 ads vde Sevar 19 veensld
fiaviun 1énn137 13 The other way round finsussgndldifiudidu 4 do 15 ads vde Sou
av 8 vaamsliavn wénnsil 23 Feedback TnsUszgndldifiudiau 5 fo 5 ads vide
Yoway 3 vasnslivaun wazndnnsaue finsussynaldmuanune w&nM157 5 Merging
finsUszendly 3 n%a 3o Seway 2 ndnsTl 26 Copying finsUszendld 3 sy vide Sevay
2 vdnmsil 6 Universality fimsuszgndld 2 afs wide $ouay 1 wdnmsit 10 Preliminary
action fimsUszendly 2 ade vide Sowax 1 udnns@l 2 Taking out An1suszndld 1 Ads

%30 Souay 1 Laznann1si duques TRIZ In1suszyndly 3 ASY vive Sevay 2
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Efficiency Inventive Principles Freq %
1|41.1T Application 79 43%
2|01.5egmentation 35 19%
3|03.Local quality 34 15%
4(13.The other way round 15 B%
5/23.Feedback 5 3%
6|05.Merging 3 2%
7|26.Copying 3 2%
8|06.Universality 2 1%
8|10.Preliminary action 2 1%

10|02.Taking out 1 1%
Others 3 2%

15199 5-8 AudlunMsysegnAldvannisves TRIZ sunisiiudseansnmueanssuiunis

NE®

Inventive Principles & Frequency Use : Efficiency Improvement
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Al 54 audlunisuszgndldvdnnisves TRIZ sumsifiuussansnmueanszuauns
HaR
MNMFIATIEANgNvRsITAUILas U UUTIRmAm Ui wdnnsht 3 Local
quality finsussandldunniianfio 29 et wie Yoway 29 wvewmslivommn vdnnsi 1
Segmentation fimstszgndléifiududu 2 fo 25 afs wie Jovar 25 wpamslivionue
&nn137 13 The other way round fimsUszgndlfidusiu 3 fo 12 At vdo Josar 12

Y09n15LEVaLA ¥aNN139 4 Asymmetry In1suszandldidudndiu 4 Ao 5 Asa vse Seuas 5
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voamslAianun ndnn sl 23 Feedback fimstszgndléifiugdu 5 fo 4 ads vio Sovay
4 vownsldnun uasndnnsaun fnmsusggnaldmudiiudio nénmsfl 40 Composite
material fimsUszgndld 4 %y vide Josar 4 ndnn137l 28 Mechanical substitution fins
Uszendld 3 Ay vi3e fovaz 3 dnnsfi 30 Flexible sheels and thin films SnsUszandld
3 ns vide Soway 3 udNN5 15 Dynamics ImsUszendld 2 a vde Sovay 2 ndnnisd
6 Partial or excessive actions in13Uszgndld 2 afs wiie Sovay 2 uay vaNMSA Buques

TRIZ dimsUsegndld 11 Ass vi3e Sevay 11

Quality Inventive Principles Freq %
1|03.Local quality 29 29%
2|01.5egmentation 25 25%
3|13.The other way round 12 12%
404 Asymmetry 5 5%
5|23.Feedback 4 4%
6|40.Composite materials 4 4%
7|28.Mechanics substitution 3 3%
8|30.Flexible shells and thin films 3 3%
9|15.Dynamics 2 2%

10|16.Partial or excessive actions 2 2%
Others i 1 1%

M50 5-9 Audlun1sUssyndldnannisves TRIZ Mmunisimuiuassuusnmnin

Inwentive Principles & Frequency Use : Efficiency Improvement
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A9 5-5 AnEdlunsUsrenalinannisves TRIZ munsiiudseansnmeeenssuiums

NE®
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IINNTIATILVINGUVDIN TR arUTUUTINTEUINNTHER LA NI NUN
wdnns?l 3 Local quality fimsussandldunniigaie 105 ads wie Sowas 23 vesnsld
o dnn137 1 Segmentation fmsdszgndliifiududu 2 fo 99 A vie Souay 22 v
nsldave ndnnnsil 41 1T application finsuszandldiduddu 3 Ao 86 ada i3 Zovay
19 weensldvianun wénn157l 13 The other way round fimsUszgndldidudéu 4 fe 42
p¥s wi3e Sevay 9 vesnsldtinun wdnnsfi 28 Mechanics substitution finmsUszendld
Huddu 5 fle 19 ads vle Sovar 4 vesmsldvteun wasmdnnisdug SnsUszendld
pudiuRe dnnsfl 23 Feedback fnsUssgndld 15 Ay vide Soway 3 wdnmsd 40
Composite material fmsuszandld 12 Ay wie Sovaz 3 dnmsf 2 Taking out fins
Ussandld 11 ada vi3e Sovay 2 wdnn il 26 Copying fimsuszendld 8 ads wie Soway 2
WanN157 & Asymmetry finsUszandly 6 s e Sovaz 1 uay wanMsTl Buques TRIZ i

nsUsEendlY 55 ASY vise Souay 12

Inventive Principles Freq %o
1|03.Local quality 105 23%
2|01.5egmentation 95 22%
3|41.IT Application 86 19%
4({13.The other way round 47 5%
5| 28.Mechanics substitution 15 A%
b|23.Feedback 15 3%
7|40.Composite materials 12 3%
8|02.Taking out 11 2%
9| 26.Copying 8 2%

10|04 Asymmetry 3] 1%
Others i 55 12%

M15799 5-10 Anudlun1sussendldnannisves TRIZ AunsiauiwasUSuugenssuiIunis

NAMLUNINTIY
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Inventive Principles & Frequency Use : MFG Improvement
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AN 5-6 AudlunsUsEenAldnann1sves TRIZ sunisimuiiasySuUsnssuiuns

NAMLUNINTIU

mslesgflunmnumudt Sndlassimsieun 107 Teassnsiinisussendld
ndnnsues TRIZ 458 A%y nanafie SnsUszgndldmdnnisves TRIZ wnnt 1 wdnnisluus
aglAsan1s v3eUsenn 4.3 viannisee 1 1Asenis
fupoudl 9 mawamdnmsudtygmues TRZ uasvsesnvesilymuesnssuiuns
Wa® (TRIZ inventive principles and Manufacturing solution matrix) ‘\ﬂﬂ%gaméfﬁ]’m
Tassmsveddsaudiogne  wiuiweanueyesginngidsglunsmumudeyad

WEITDILAY IAUBLEAUDWUY

= Y o 1 a o 1
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Inventive Principles

Frequency

103

Generic Solutions

03.Local quality

105

Change an object's structure from uniform to non-
uniform, change an external environment (or external
influence) from uniform to non-uniform.

Make each part of an object function in conditions
most suitable for its operation.

Make each part of an object fulfill a different and

useful function.

01.Segmentation

99

Divide an object into independent parts.
Make an object easy to disassemble.
Increase the degree of fragmentation or

segmentation.

41.1T Application *

86

Replace normal manual works with IT application to
improve data accessibility, speed, accuracy, including

decision making aids.

13.The other way

round

42

Invert the action(s) used to solve the problem (e.g.
instead of cooling an object, heat it).
Make movable parts (or the external environment)

fixed, and fixed parts movable.

28 Mechanics

substitution

19

Replace a mechanical means with a sensory
(optical, acoustic, taste or smell) means.
Change from static to movable fields, from
unstructured fields to those having structure.
Use fields in conjunction with field-activated (e.g.

ferromagnetic) particles.

23.Feedback

15

Introduce feedback (referring back, cross-checking)
to improve a process or action.
If feedback is already used, change its magnitude or

influence.
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Inventive Principles Frequency Generic Solutions
40.Composite Change from uniform to composite (multiple)
7 12
materials materials, to achieve the required function.
Separate an interfering part or property from an
8 02.Taking out 11 object, or single out the only necessary part (or property)
of an object.
Instead of an unavailable, expensive, fragile object,
use simpler and inexpensive copies.
9 26.Copying 8 Replace an object, or process with optical copies.
Ifvisible optical copies are already used, move to
infrared or ultraviolet copies
Change the shape of an object from symmetrical to
asymmetrical.
10 04 Asymmetry 6
If an object is asymmetrical, increase its degree of
asymmetry
Make a part or object perform multiple functions;
11 06.Universality 6
eliminate the need for other parts.
Perform, before it is needed, the required change of
an object (either fully or partially).
10.Preliminary
12 5 Pre-arrange objects such that they can come into
action
action from the most corvenient place and without losing
time for their delivery
Bring closer together (or merge) identical or similar
objects, assemble identical or similar parts to perform
13 05.Merging 4 parallel operations.

Make operations contiguous or parallel; bring them

together in time.
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Inventive Principles Frequency Generic Solutions
Allow (or design) the characteristics of an object,
external environment, or process to change to be optimal
14 15.Dynamics 4 or to find an optimal operating condition.
Divide an object into parts capable of movement
relative to each other.
Use harmful factors (particularly, harmful effects of
the environment or surroundings) to achieve a positive
22.Turn Lemons
15 4 effect.
into Lemonade
Eliminate the primary harmful action by adding it to
another harmful action to resolve the problem.
Use flexible shells and thin films instead of three
30.Flexible shells dimensional structures.
16 4
and thin films Isolate the object from the external environment
using flexible shells and thin films.
If it will be necessary to do an action with both
harmful and useful effects, this action should be
09.Preliminary anti-
17 3 replaced with anti-actions to control harmful effects.
action
Create beforehand stresses in an object that will
oppose known undesirable working stresses later on.
Use gas and liquid parts of an object instead of solid
29.Pneumatics and parts (e.g. inflatable, filled with liquids, air cushion,
18 3

hydraulics

hydrostatic, hydro-reactive).
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Inventive Principles Frequency Generic Solutions
Make portions of an object that have fulfilled their
34.Discarding and
19 3 functions go away (discard by dissolving, evaporating,
recovering
etc.) or modify these directly during operation.
Change an object's physical state (e.g. to a gas,
liquid, or solid.).
35.Parameter
20 3 Change the concentration or consistency.
changes
Change the degree of flexibility.
Change the temperature.
If 100 percent of an object is hard to achieve using a
16.Partial or given solution method then, by using 'slightly less' or
21 2
excessive actions 'slightly more' of the same method, the problem may be
considerably easier to solve.
To move an object in two- or three-dimensional
space.
17 Another Use a multi-story arrangement of objects instead of a
22 2
dimension single-story arrangement.
Tilt or re-orient the object, lay it on its side.
Use 'another side' of a given area.
20.Continuity of Carry on work continuously; make all parts of an
23 2
useful action object work at full load, all the time.
Use an intermediary carrier article or intermediary
process.
24 24 .Intermediary 2
Merge one object temporarily with another (which
can be easily removed).
Replace an expensive object with a multiple of
27 .Cheap short- inexpensive objects, comprising certain qualities (such
25 2

living objects

as service life, for instance).
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Inventive Principles Frequency Generic Solutions

Place one object inside another; place each object,

26 07 .Nested doll 1 in turn, inside the other.

Make one part pass through a cavity in the other.

Cause an object to oscillate or vibrate.
Increase its frequency (even up to the ultrasonic).
Use an object's resonant frequency.

18.Mechanical
27 1 : Use piezoelectric vibrators instead of mechanical

vibration
ones.
Use combined ultrasonic and electromagnetic field

oscillations.

Instead of continuous action, use periodic or

pulsating actions.

28 19.Periodic action 1
If an action is already periodic, change the periodic
magnitude or frequency.
Make an object serve itself by performing auxiliary
29 25.Self-service 1 helpful functions.
Use waste resources, energy, or substances
Use thermal expansion (or contraction) of materials.
37.Thermal
30 1
expansion : If thermal expansion is being used, use multiple
materials with different coefficients of thermal expansion.
Replace common air with oxygen-enriched air.
Replace enriched air with pure oxygen.
Use ionized oxygen.
31 38.Strong oxidants 1

Replace ozonized (or ionized) oxygen with ozone.

M5 5-11 A1T19ERIALReINTsTnann15Tee TRIZ Tun1suAlymnseuiunswantu
15991U0E19

*1dnNN15U84 TRIZ WnAunlaanaszilasani1siiseddulssnudiesgng
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fupoudl 10 msUssendld mmavdnnsudtygmves TRZ  wasmseanuasilymues
NIEUIUNINAR (TRIZ inventive principles and Manufacturing solution matrix) Tun1s
whdeym wazussaddlenalunszuiunisndnvedlssnuiiegns

mauAtymiluiuamiees TRIZ wuamavilsiiissavsaagsfe msdasegiilaidy
nszuIunsAnEuTInnaesilymifussuuidanada ssuugnatstuinifionavauosmsld
Nufe flaidundn (Primary functions) sieilsrduiiduuselewd (Useful function) szuu
Usgnaudednssnousaiifilaidudsysni  nsiufduiussenisdnsnouinanil
othamnzauaziiAanadoufinewans suvavadeilaidundntun uilunsdiifdeulyd
Limnganluiunsufauiusviedaunndeussuvazaieiladiduiidulng (Harmful

functions) (llevbare et al. 2013) MFIATILANINTUNNA MU TTANUFDAAFDINUNENNNS

'
= v =

299 TRIZ Ao #dnn15N 3 Local quality @991909 N15USULUABUEIUUIZNDUVDITLTUULTN

Aaa su A

wedelviteulunnfgalunsinduilsiduiduusslond vie flaidundn uay ndnmsi 1
Segmentation @weSueds nsuenszuulanaiaeendudiun Wedesenisuen Useneu
wazdinnudnladulassaine demanall §ideléinaue Wldndnn1sii 1 Segmentation
WAy wann157 3 Local quality Jundnnisuan (Primary principle) Tunsiipsizvdemninge
Toma vhanudilassuudanada druuszneuressyuu lassadie feddundn dedduiidu

Iy wazmsujduiusneldteulamunzauiievhlniaflsddumduselonl ndnnisves

(%
[

TRIZ wugthdmiunsuidagmisasnisussaidenalunssuiunisndniineiiae



109

nsRIwAUTUUTIANaRNTalUNSEUIUN1SHER (Capability improvement)

nanmskusihdmsumsuidymuasnisussatdenalunssuiunisungs wandluy

M15197 5-12

Inventive Principles

Sequence apply

Remarks

01.Segmentation

1

Primary principle

03.Local quality

Primary principle

28.Mechanics substitution

40.Composite materials

10.Preliminary action

13.The other way round

17.Another dimension

26.Copying

04.Asymmetry

O | O | N O | B~ WOWBW|DN

09.Preliminary anti-action

10

159 5-12 ¥ann15ved TRIZ wugthdmsumsnauiwasUSuugennuaunsaty

ASTUIUNITHES

NAUTBINITNAUILALUSUUTIANNANNTALUNTEUIUNITHER E1RuUnannIs 10

nanNIskInves TRIZ Tun1sussendldfe ndnn1si 1 Segmentation, ¥ann1s# 3 Local

quality, WSNANS7 28 Mechanical substitution, wanA1S7 40 Composite material,

nann159 10 Preliminary action, #8nn157 13 The other way round,#énn1si 17

Another dimension, #ann139 26 Copying, ann1s# 4 Asymmetry Lay #ann15i 9

Preliminary anti-action.




NN3aAAWYUNNSHER (Cost improvement)

110

nanmskusihdmsumsundymuaznisussaidlenialunssuiunisunds wansly

M15197 5-13

Inventive Principles

Sequence apply

Remarks

01.Segmentation

1

Primary principle

03.Local quality

Primary principle

13.The other way round

02.Taking out

28.Mechanics substitution

23 Feedback

41.IT Application

22.Turn Lemons into Lemonade

40.Composite materials

O | 0| N O | B~ WVW[IDN

06.Universality

10

M159 5-13 1inn15904 TRIZ wugthdmIun1sandununIsuan

NAUYBINITARIUILATUTUUTIANNENNTALUNTEUIUNISHER d1RuUnannIs 10

MaNNswInves TRIZ lunsuseendldfe nann1si 1 Segmentation, #ann1sf 3 Local

quality, w&NN157 13 The other way round, w&nn157 2 Taking out, W&nN157 28

Mechanics substitution, wdnn1s7 23 Feedback, wdnnnsf 41 IT Application, wans7

22 Turn Lemons into Lemonade, #8nn1s# 40 Composite materials e PANNIN 6

Universality.
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NINLUITZANTAINYRINTEUIUNTNES (Efficiency improvement)
nanmskusihdmsumsuidymuasnisussatdenalunssuiunisungs wandluy

M19197 5-14

Inventive Principles Sequence apply Remarks

01.Segmentation 1 | Primary principle

03.Local quality Primary principle

41.IT Application

13.The other way round

23 Feedback

05.Merging

26.Copying

06.Universality

O | 0O | N OV »n| B~ WLB[IDN

10.Preliminary action

02.Taking out 10

C‘]']ﬁ’]\‘iﬂ. 5-14 1ann15¥94 TRIZ LLugﬁqﬁ’]'Vi%JUfﬁﬁLﬁmﬂﬁ%am%ﬂ']w%@qﬂﬁg‘UTUﬂ']imam
nANvRINSNUSEANBAMYBINTEUIUMSHAR drduvANAT 10 MANNITUINYBS
TRIZ Tun1suseyndldme W&NN157 1 Segmentation, W&nn157 3 Local quality, wdnnsd
41 IT Application, WaNN57 13 The other way round, Wann"57 23 Feedback, #anms
7i 5 Merging, w&nn1s7i 26 Copying, w157 6 Universality, #dnn1si 10 Preliminary

action uag #8nA1SN 2 Taking out.



MsiRUILarUTUUTIAMAM (Quality improvement)
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nanmskusihdmsumsuidymuasnisussatdenalunssuiunisungs wandluy

M19197 5-15

Inventive Principles

Sequence apply

Remarks

01.Segmentation

1

Primary principle

03.Local quality

Primary principle

13.The other way round

04.Asymmetry

23 Feedback

40.Composite materials

28.Mechanics substitution

30.Flexible shells and thin films

15.Dynamics

O | 0| N O | B~ WLW[IDN

16.Partial or excessive actions

10

M151991 5-15 ¥dnNN15¥89 TRIZ wugihdmiunisiauiwazUsuusanmnm

NAUTaINITRRIUILATUTUUTIAMAIN Sundnnis 10 wann1susnves TRIZ lunis

UszgnAldha nanni1sf 1 Segmentation, ndnn1sN 3 Local quality, #dnn1s# 13 The

other way round, %&nn157 4 Asymmetry, %dnn157l 23 Feedback, w&nn1s7 40

Composite materials, Mﬁﬂﬂﬁﬁ 28 Mechanics substitution, Mﬁﬂmi‘ﬁl 30 Flexible

shells and thin films, USNANSA 15 Dynamics Wag W&NAN57 16 Partial or excessive

actions.



113

nsRIkAzUTUUTINTEUINMINEALUA NS (General manufacturing improvement)
nanmskusihdmsumsuidymuasnisussatdenalunssuiunisungs wandluy

M15197 5-16

Inventive Principles Sequence apply Remarks

01.Segmentation 1 | Primary principle

03.Local quality Primary principle

41.IT Application

13.The other way round

28.Mechanics substitution

23 Feedback

40.Composite materials

02.Taking out

O | 0| N O L] B~ W[IDN

26.Copying

04.Asymmetry 10

5197 5-16 M8NM3V8 TRIZ WuzthdmdumsiamnuazUiuusanssuiunsnanty
AT
NAUYBINITARIUILATUTUUTINSEUIUNSHERLLNIMTIN S1FUNANATT 10 8NN3
wsnves TRIZ Tunisussyndldee w&nn157 1 Segmentation, W&nn157 3 Local quality,
wdnnnsii 41 IT Application, #&nN1571 13 The other way round, #dnn157 28
Mechanics substitution, Mﬁﬂﬂ?iﬁ 23 Feedback, Mﬁﬂm‘i‘ﬁl 40 Composite materials,

wann1s7l 2 Taking out, &nN"57 26 Copying wag waNN17 04 Asymmetry.

nsuilateynlaedsnisves TRIZ Tuwuaniawadng (Dynamic TRIZ solution model)
nmsdnwlassmslulssnudiesn wdnmsves TRIZ Auustilivssgndldly
nsvuunarAnldgnianty  eauayunsudlelamuarusseidenidlunszuiunis
N9 LAEATOUARNTY NMITRILILAEUTUUTIAINEINSAtUNTEUIUNITHER N15ARALYLNIS
WAn MefinUsEAvBaimueanszuaumndn mMsauazU3UUTInMNIW uay N1
uazUFulsanszuumssdalunngn SsmsuftRnisatuayulnenssienalsenaunisued
Tssnusegne finnuaenndosiuiina1ives (Dombrowski et al. 2016) fiadunglidn Yaym

waglonidlunszuiunisuandesgnszyegistniaukasfesiulainiicmivaonnaeaniu
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gnsenansnisnas ieilulseleviroesdnsuazdnasuanuliiuieuresnisudsdumgsia

LwIween1sUssend  tivdnmsves TRIZ Muuzihfe Tdmsasulagmuasloniaves

NsEUIUMSHES Fwunaulemalunsuiulys vedlsenudiegn Fllseasden 518013

yoensiausuUgnluenarsdneds Wedmnsviseguios szulamedadaauudy 14

enmsnananiiessyndymdesnsnsuilotueglungula  Aldwdnnsves TRIZ 4

wugilunsasrawmsnsuiledgmmlivuaztumnemsunlatdgiane  wazddam

tuldeglunquuessenisiiseyegnataulunguues  mataukassuUTmuaunsaly

NITUIUNMTHER NITANAUNUNITHES NSANUTEANSAIMUBINTEUIUNITNER Lagnsimun

wasUsuuganmnn Alildudnnisves TRIZ 283 msimuwazysuUgenszuaunsnaniy

AINIIUN

msnasulymiarlon1avenszuIunITHE

T5991us9e19 uandlumsed 5-17, 5-18, 5-19, 5-20

Fuuneulonadlunisuiulss ves

Categories Description Remarks

Capability Cap-01 Develop new test nsiauISNIVAdeuly
method in manufacturing NTEUIUNTNER, W191TLRB5V09
process, process parameters. | ATEUIUNTT

Capability Cap-02 Develop new material msﬂ‘mﬁa@imiﬁmu
in manufacturing process. NITUIUNITNER

Capability Cap-03 Develop new test nsimILIsNsvadeuly
method in manufacturing NTEUIUNTNER, W151TLRB5V09
process, material analysis. 179)

Capability Cap-04 Develop new NMINAIUINTZUIUNITHAR 1]
manufacturing process.

Capability Cap-05 Develop new test nsiaIuIsnsadeuluy
method in manufacturing NTZUIUNIINER, WITITLNOTVY
process, product parameters. AR TuN

Capability Cap-06 Develop new method | NMsWmUNIsA1IAINERTNY
in manufacturing process.
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Categories Description Remarks
Capability Cap-07 Develop new fixture in | NsaungUnsalfindalysly

manufacturing process.

ASEUIUNITHER

M1519 5-17 ansasdlgmuazleniaveinseuiunsnan auaANENTaYes

NITUIUNITHER

Categories Description Remarks

Quality Qua-01 Improve maﬂ%’uﬂqaﬂismumswﬁm, AU
manufacturing process LﬂuLaﬂgﬂ%aQWWi’lﬁLma%
parameter uniformity.

Quality Qua-02 Reduce manufacturing | N5anANULUIUTIUTDY
process parameter variation. NILUIUNITNER

Quiality Qua-03 Reduce manufacturing | nMsanvesdelunszuiun1nas
process defects.

Quality Qua-04 Reduce product nsanNandusunnsoalniin
parameter failure rate,
electrical.

Quality Qua-05 Reduce manufacturing miammmﬂ"]Lﬁmmummgﬂwﬂm
process parameter standard NITUIUNITNER
deviation.

Quality Qua-06 Improve M3USUUTaNsTinueatan
manufacturing IDM lifetime. dudes

Quality Qua-07 Reduce manufacturing | NSAANNTNTYNYVBINVIEURITEAN
material carrier variation.

Quality Qua-08 Prevent defect nstesiuvesdelunssuiunis
created in manufacturing WA
process.

Quality Qua-09 Reduce the M3ansnsINTInTinanann
measurement error rate.

Quality Qua-10 Reduce the rework NSAANITYONLYNNER AU

products.
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Quiality Qua-11 Improve MiiunsTinvenaiodle
manufacturing tool lifetime.

Quality Qua-12 Improve effectiveness | n1sifilszaninarean1snsivin
of inspection.

Quality Qua-13 Reduce measurement MM3ANNNTEUTBITTUUNTIA
system vibration.

Quality Qua-14 Reduce variation of N158AN13NIEA8VBIQUN T
material handling. Lﬂ?ﬂ'auéjﬂﬂijm

AN5797 5-18 M39asU T vuatlon1aveInIEuIUNITHERN AUAMAIN

Categories Description Remarks

Cost Cos-01 Reduce manufacturing maam%jumau%adﬂizmum'ﬁmﬁm
process steps.

Cost Cos-02 Improve product miL‘ﬁluéjmmﬁmﬁm"ﬁa, Ml
utilization/ yield, electrical.

Cost Cos-03 Improve product MIALSHIHEN SR, N1ana
utilization/ yield, mechanical.

Cost Cos-04 Improve MIAUHEAN VD 150ITNS
manufacturing tool
productivity.

Cost Cos-05 Reduce manufacturing miam%’jumausuaamsaﬁuayums
support process steps. NAR

Cost Cos-06 Reduce manufacturing | MsandmsIn1sgapdevesiaiosing
tool damage rate. AINER

Cost Cos-07 Reduce parameters N1358ARI081998INTEUN I 003
monitoring samples.

Cost Cos-08 Reduce the nsandnsinislivestanduides
consumption of IDM.

Cost Cos-09 Reduce operators in nsanIuunilnaIuly
manufacturing process. NITUIUNITHAR
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Cost Cos-10 Reduce rework steps sARTUADUNNSTOULTUNAR o]
in manufacturing process.

Cost Cos-11 Reduce cost of IDM. | nisandiunuvesanauides

Cost Cos-12 Reduce cost of mMsandunuvesgUnsaiindeuiie
material handling. 10

Cost Cos-13 Reduce cost of NARAUNUVBINITUUENY
logistics.

137371 5-19 msasuiymuazlenavensyuIunswan susuy

Categories Description Remarks

Efficiency Eff-01 Improve unit per hour MR auesedalus
in manufacturing process.

Efficiency Eff-02 Improve data accuracy, | Msifiuamsansivesmsasdoya
completeness and speed of ﬁgﬂéfaﬂ amgszﬁ
retrieval.

Efficiency Eff-03 Reduce manufacturing mMsannadereaedesdng
tool downtime.

Efficiency Eff-04 Reduce manufacturing | N158ATOULIANUDINIITNER
process cycle time.

Efficiency Eff-05 Reduce waiting time. AFANLIAINITIONITNER

Efficiency Eff-06 Reduce product MsannaINSauUAsUNER S
conversion time.

Efficiency Eff-07 Improve labor hour per | N15aAaIN1INaR NaRuN
unit.

Efficiency Eff-08 Improve manufacturing miamé’miﬂmigumﬁawmqﬂmiﬂ
tool consumption rate. %aﬁméaﬁﬂi

M1579% 5-20 M easulayminagleniaveanssuiunsuan auusaviam

llevbare et al. (2013) nanliin Jasenyinl TRIZ ynaulaeg1efiussa@nsain way

Uszgnaldlativaniumsaliivainvanefie n15a319nseun1svine 1aseasne wag winnens
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va o

Uszendld TRIZ sghadaiau iileliussaiedsiinannlid fideldiauemamdnnisuditym
Y09 TRIZ dagnweenvasdymivesnseuiunisngs (TRIZ Inventive Principles and
Manufacturing Solution Matrix) @sléiamunarnmsuftiaieedassnsilsanusiedig
wanmsves TRIZ lagndwunti Wu 5 ngu §v nsiauwiuasuiuunauaiunsaly
ASLUIUMTHAR MIARAFUNLNIHAR MSLilUsEAMEAeINTEUILMINER Msfamas
USuUssaanm war  msmuiuazUiuUTInssuumsaslunney  leliimnsuies
UftRanunsnthludsegndldldaznn Ssazaudanuinatsenulidaaulunsussgndld
wdnmsves TRIZ fignalag Ilevbare et al. (2013) ndoyavesimnsuazgufoamaanll
FaausntunounisitddyAenisuudsulymvielemalunsyuunisndslmndu
msfinesmalmnsmmesdagans (nManuan 9 madwtuneuilaenindesles damuie
Temalunsguiunswdniundnnsues TRIZ fuuptivesusazviiaueansinmuuasUiulse
nszvumanaslgnsehlitlgmidudoutnuely ArnsuazguiuRauaunsaasne
mnmastainlunaénnisees TRIZ  wasuuwmadymianzainnisvediingm
NnETmgluisiazmansvdonszuiuns msaauiunvesnisiieus (Lesson Leamt) a1
nstlAnwvesnsuivymlunszuiunisnds asdulsslevlognegalunisasnanisioudodns
evlosuasnisuitametafiussansan

nsuitamnlagisnisves TRIZ lussuunadng (Dynamic TRIZ Solution Model) léign
thiauetuiiaduiumidunsudtymuomnszuiunissde nefinszuiumsaiduain nafy
foyavesvaslassmsuaznsudladymilunszviunswdn  vhnsdesledisnmsudladaym
ameiundnnsnsuityvves TRIZ Weademaenamdnnsuilamaes TRZ wae
N1998NYIUYMIVDINTEUIUNITHES  (TRIZ Inventive Principles and Manufacturing
Solution Matrix) WENANLHUINWNITHAUIMALUSUUTINTEUIUMINEAAD  NITHAILILAE
Usuusmnaannsalunszuiunssdn nsandununisnEn maifinussansamaesnssuiu
NSHEN NsHAILILAzUSUUTIAMAIM kar MITRUIkarUSTUUTINTEUINNSHERlUA TSI
vdnmsves TRIZ Ifgnadrsuazduunaanguianande  unmsuwidgminlusaziin
mamsudtlymiameaggnitaniuiasaonadestundnmsves TRIZ finanafls idouuama
mauftymiangldilugnluvssgndldaunssisamsouttymildase andumaming
wannswidayyues  TRIZ - wagnseenvesdyyueinssuiumsngn  (TRIZ  Inventive
Principles and Manufacturing Solution Matrix) szgausuasuiileasvioufieszuunaing
voamsel  uamenanvadlasinsuaziumamsuitymazgniivlugudeyaiioduaty

USUNTBINT5I58U3 (Lesson Learnt) vataeAnsnaly
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\f Manufacturing problems or

'L opportunity

Problems / Opportunity
Classification
Quality, Efficiency Cost, Capability

[ J

[ Quallty [ Efﬂuency [ Cost ] [ Capablllty [ General MFG J

Suggested Suggested Suggested Suggested Suggested

[= == === TRIZ inventive TRIZ inventive TRIZ inventive TRIZ inventive TRIZ inventive
: prlnuples pr|nC|pIes prlnuples prInC|p|eS pr|nC|pIes

I
| Generlc Generlc Generlc Generlc Generlc
Update TRIZ principles quality efficiency cost capability capability
and MFG solutions solut|ons 50|Ut|0n5 solutlons solutlons solutlons
matrix

t

SMEs review and

Create specnﬂc
solutions

H

Implement

solutions
[]

[

1

consensus

Update TRIZ principles |

Issue
solved?
N
Yes

and MFG solutions matrix ’

Review all TRIZ
principles

Deploy

solutions matrix

TRIZ principles and MFG

Lesson Learnt
>Manufacturing
improvement case

H

Create specific
solutions

Create generic
solutions

e

S

J

Al 5-7 nsuidamilaedinisves TRIZ luszuunaing (Dynamic TRIZ solution model)

5.2 N15NNa9ldaanassutulATINISAULUY AauUN 2

ASAIANEIN 1 NISHINANEINITAIUNTSUIUNISHER DanaIsun1sasaudinnssulu

NIEUIUNNINER (Algorithm of Manufacturing Process Innovation)

Case study 1 - Capability improvement.

(1) Manufacturing problems or opportunities.

Problems: C dimension of product need to be measured at 5 degree Celsius,

there was the water condensation on the product during measurement which

caused measurement variation.

Objective: C dimension can be measured at 5 degree Celsius accurately,

without water condensation.

(2) Problems or opportunities classification (Quality, Efficiency, Cost, or

Capability).
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Classification: Capability. (Develop new test method in manufacturing

process, process parameters.)

(3) Suggested TRIZ invention principles based on TRIZ-MFG matrix (TRIZ

principles and MFG solutions matrix).

Capability improvement

Suggested Top 10 Inventive Principles

Inventive Principles

Sequence apply

Remarks

01.Segmentation

1 | Primary principle

03.Local quality

Primary principle

28.Mechanics substitution

40.Composite materials

10.Preliminary action

13.The other way round

17.Another dimension

26.Copying

04.Asymmetry

O | OO | N | O | A W[ DN

09.Preliminary anti-action

—
(@)

(3) Suggested (4) Generic MFG

Principle# solutions

(5) Specific MFG

solutions

(6) Implement

solutions

01.Segmentation Divide an object into

independent parts.

Identify the point in
product, subsystem and
environment that
contribute to the

measurement.

Initial analysis for
system structure
and its

components.

03.Local quality Make each part of an
object function in

conditions most

Measure C-Dim at 5 degree
C without water

condensation.

Useful functional

requirements

analysis, for
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(3) Suggested

Principle#

(4) Generic MFG

solutions

(5) Specific MFG

solutions

(6) Implement

solutions

suitable for its

operation.

system and its

components.

10.Preliminary

action

Pre-arrange objects
such that they can
come into action from
the most convenient
place and without
losing time for their

delivery.

10 1 Use temperature
chamber, set temperature
at 5 degree C with dryer
then measure C-Dim in the
chamber.

10 2 Use temperature
chamber, set temperature
at 5 degree C with Nitrogen
purge then measure C-Dim
in the chamber.

10 3 Use temperature
chamber, set temperature
at 5 degree C with CDA
(Clean Dry Air) purge then
measure C-Dim in the

chamber.

10 1 - Effective

solution.

10 2 - Effective

solution.

10_3 - Effective
solution with

minimum cost.

I 0~1 =] a a a a
ASUANEIN 2 NISINNUSEENSAINIUNSZUIUASHER

[y

Innovation)

Case study 2 - Efficiency improvement

(1) Manufacturing problems or opportunities.

ganesoun1sasuinnssulunszulun1Han (Algorithm of Manufacturing Process

Problems: There are a lot of paper used in the manufacturing process for

data tracking and report, caused the issues of paper loss (data loss), none

standard data record, and data retrieval delay.
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Objective: To improve the efficiency of manufacturing process data tracking

and report.

(2) Problems or opportunities classification (Quality, Efficiency, Cost, or

Capability). Classification: Efficiency. (Improve data accuracy, completeness

and speed of retrieval.)

(3) Suggested TRIZ invention principles based on TRIZ-MFG matrix (TRIZ

principles and MFG solutions matrix).

Efficiency improvement

Suggested Top 10 Inventive Principles

Inventive Principles

Sequence apply

Remarks

01.Segmentation

1

Primary principle

03.Local quality

Primary principle

41.IT Application

13.The other way round

23 Feedback

05.Merging

26.Copying

06.Universality

10.Preliminary action

O [ OO | N | O 0| A W | DN

02.Taking out

—
(@]

(3) Suggested (4) Generic MFG

Principle# solutions

(5) Specific MFG

solutions

(6) Implement

solutions

01.Segmentation | Divide an object into

independent parts.

Identify the system and
components of
manufacturing process data

tracking and report.

Initial analysis for
system structure
and its

components.
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(3) Suggested

Principle#

(4) Generic MFG

solutions

(5) Specific MFG

solutions

(6) Implement

solutions

03.Local quality

Make each part of an
object function in
conditions most
suitable for its

operation.

Function requirements for
manufacturing process data

tracking and report.

Useful functional
requirements
analysis, for
system and its

components.

41.1T application

Replace normal
manual works with [T
application to
improve data
accessibility, speed,
accuracy, including

decision making aids.

41 Replace normal manual
paper works with IT
application.

41 1 Develop standard

template and data structure.

41 2 No data loss — Keep
data in database with
redundancy capability.

41 3 Data retrieve near real
time — Design data structure

and index

41 1 - Effective
solution.

41 2 - Effective
solution.

41 3 - Effective
solution.

With potentially
current resources
can be or
assigned to other

tasks.

=1 = 4 [ a
ATUANYIN 3 NITNRIUI LLamJ'imJ'a;eqmmwiunizmumiwam

danesoun1sasuinnssulunszuiun1wan (Algorithm of Manufacturing Process

Innovation)

Case study 3 - Quality improvement

(1) Manufacturing problems or opportunities.

Problems: Delta to target for S dimension does not achieve the product

roadmap requirement, current 4 nm and product roadmap 3 nm.

Objective: To reduce variation in process to achieve product roadmap

requirement.
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(2) Problems or opportunities classification (Quality, Efficiency, Cost, or

Capability). Classification: Quality. (Reduce manufacturing process parameter

standard deviation.)

(3) Suggested TRIZ invention principles based on TRIZ-MFG matrix (TRIZ

principles and MFG solutions matrix).

Quality improvement

Suggested Top 10 Inventive Principles

Inventive Principles

Sequence apply

Remarks

01.Segmentation

1

Primary principle

03.Local quality

Primary principle

13.The other way round

04.Asymmetry

23 Feedback

40.Composite materials

28.Mechanics substitution

30.Flexible shells and thin films

15.Dynamics

O | OO | N | OV | A W|DN

16.Partial or excessive actions

—
(@)

(3) Suggested (4) Generic MFG

Principle# solutions

(5) Specific MFG

solutions

(6) Implement

solutions

01.Segmentation | Divide an object into

independent parts.

Identify the system
and components of
manufacturing
process, key
component which

influence to S dim.

Initial analysis
for system
structure and its

components.
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(3) Suggested

(4) Generic MFG

(5) Specific MFG

(6) Implement

Principle# solutions solutions solutions
03.Local quality | Make each part of Function Useful
an object function in | requirements for functional

conditions most
suitable for its

operation.

fixture control points
needed to be
analyzed and

improved.

requirements
analysis, for
system and its

components.

04.Asymmetry Change the shape of | 0da Change the 0da - Effective
an object from shape of fixture solution,
symmetricat ¥ control points from integrated with
asymmetrical. If an
70% device to 100% | other principles.
object is
) devices.
asymmetrical,
increase its degree
of asymmetry.
23.Feedback Introduce feedback | 23a_Add the 23a - Effective
(referring back, cross- | feedback mechanism solution,
checking) to improve to fixture control integrated with
a process or action.
points, once S other principles.
dimension achieve
target then process
will be ceased right
away.
28.Mechanics Replace a 28a_Change 28a — Effective

substitution

mechanical means

Change from

mechanical control

to electrical

solution,
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(3) Suggested (4) Generic MFG

Principle# solutions

(5) Specific MFG

solutions

(6) Implement

solutions

unstructured fields
to those having

structure.

resistance control for

S dimension targeting

process.

integrated with

other principles.

nsfiAne? 4 nsaasuyulunszuunsHEn

fanesoun1sas 1 uinnssulunseulun1snan (Algorithm of Manufacturing Process

Innovation)

Case study 4 - Cost improvement

(1) Manufacturing problems or opportunities.

Problems: in order to achieve cost target, head utilization need to be

improved.

Objective: To reduce variation in process to achieve head utilization

requirement.

(2) Problems or opportunities classification (Quality, Efficiency, Cost, or

Capability). Classification: Cost. (Improve product utilization/ yield, electrical.)

(3) Suggested TRIZ invention principles based on TRIZ-MFG matrix (TRIZ

principles and MFG solutions matrix).

Cost improvement

Suggested Top 10 Inventive Principles

Inventive Principles

Sequence apply

Remarks

01.Segmentation

1

Primary principle

03.Local quality

Primary principle

13.The other way round

02.Taking out

28.Mechanics substitution

2
3
il
5
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Inventive Principles Sequence apply Remarks
23.Feedback 6
41.IT Application 7
22.Turn Lemons into Lemonade 8
40.Composite materials 9
06.Universality 10

(3) Suggested (4) Generic MFG

Principlett solutions

(5) Specific MFG

solutions

(6) Implement

solutions

01.Segmentation | Divide an object into

independent parts.

Identify the system
and components of

manufacturing

Initial analysis
for system

structure and its

process, key components.
component which
influence to S
dimension.
03.Local quality | Make each part of an | Function Useful
object function in requirements for functional

conditions most

suitable for its

fixture control points

needed to be

requirements

analysis, for

operation. analyzed and system and its
improved. components.
28.Mechanics Use electric, 28a_Use electrical 28a - Effective
substitution magnetic and resistance to control | solution,

electromagnetic

S dimension instead
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(3) Suggested

(4) Generic MFG

(5) Specific MFG

(6) Implement

Principle# solutions solutions solutions
fields to interact with | of mechanical integrated with
the object. characteristic. other principles.

23.Feedback Introduce feedback 23a_Add the 23a — Effective

(referring back, cross-
checking) to improve
a process or action.
If feedback is already
used, change its
magnitude or

influence.

feedback mechanism
to electrical
resistance, process
will be stopped once
resistance hit

product target.

solution,
integrated with

other principles.

41.IT Application

Replace normal
manual works with [T
application to
improve data
accessibility, speed,
accuracy, including

decision making aids.

41a Use software
algorithm for
targeting calculation
and control.
Database use for
data collection and

aggregation.

41a - Effective
solution,
integrated with

other principles.
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™

Project Management is the discipline of initiating, planning, executing, controlling,
and closing the work of a team to achieve specific goals and meet specific success
criteria. A project is a temporary endeavor designed to produce a unique product,
service or result with a defined beginning and end (usually time-constrained, and
often constrained by funding or deliverables) undertaken to meet unique goals and
objectives, typically to bring about beneficial change or added value. The temporary
nature of projects stands in contrast with busmm as usual (or operations), which are
repetitive, per , Or semi ctional activities to produce products or
services. In practice, me manaqement of these two systems is often quite different,
and as such requires the development of distinct technical skills and management

strategies.
Mx';?' Trajan's Column Mtps://en. wikipedia. org/wiki/Project_managemaent
1
" a 8 v - ¢« By

8-

B PM template - DMAIC Solution Model

AT 6-1 53ULTBINNTTRNISIASINTG (Knowledge Management Platform)
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Dynamic TRIZ solution for creative improvement in electronics manufacturing

[ Manufacturing problems or -
L opportunity
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S, —

(" Problems / Opportunity
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} ('ﬁcnm J ‘ c»amw Goneral MFG J
Y (3

< - \ :
TRIZ inventive {mz rventive )-‘ TRIZ inventive | LTkllmvnnnnJ

Quaiay

-------- = TRZinventive

- | principles {__principles ) principles ) |__principles | principles
— o N e
Generic Generic Generic | Generic Generic
Update TRIZ principles quality efficiency cost capability capability
nd MFG > . L solutions J solutions solutions solutions solutions

3

[ Create specific implement “‘I

SMEs review and L solutions .L solutions
consensus
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Udate Tz gl Ovply prncoes

(" Create specific Creste generic |

e N
Losson Learnt ]- [ - J
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facturin
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A 6-3 szULTRINISTRNslATINTg Dynamic TRIZ Solution Model
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5 D $D_001-Thermal CCT Mesurement Improvement
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20 Marmtsceging Loiution Wodel

On Track wees

8 y
[7) DS-Deploy: To plan/deploy the successful solution, emerge control mechanism, define phases of deployment, ramp-up, hand

over and support Knowledge Management

-n " - £ Asgned 1o Jekrapong Karnjanasomwong, Due dite: 42817 11:99 M n Mekwapony Kor
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(Toledo et al. 2016, Hanisch et al. 2009)
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Tulseausiegng
(1) Kaizen Kz Kaizen project Focus frontline Ops improvement: Cost, CT, Efficiency, Productivity, etc.
(2) 6S 6S 6S case Establish a standard and discipline for workplace organization.
(3) QualityGuardian QG  Quality Guardian case Quality focus, detect the deviation from WI, Quality (improve, detect, prevent). Plus detect product or
(+Abnormality) process abnormality.
(4) WasteWarrior WW  Waste Warrior project Identify wastes in frontline operation and take action to reduce.
(5) SMED SM Equipment improvement Emphasize on reduction of machine repair time or changeover time, (SMED).
(6) 6Sigma SS 6Sigma, SMT, Technical PJ. A disciplined, data-driven approach methodology for eliminating defect or reduce variation.
(7) Lean LN Lean project A systematic method for the elimination of waste within a manufacturing system
(8) 8D 8D 8D, Quality or EHS The eight disciplines (8D) model is a problem solving approach. Its purpose is to identify, correct, and
eliminate recurring problems.
(9) KPI KP Factory KPI Factory Key Performance Index
(10) OrgHealth OH Organizational Health Organizational health provides a foundational construct for maximizing human potential and aligning an
organization around common objectives. (Patrick Lencioni, 2012, Forbes Interview)
(11) Process PC Process knowledge Existing processes and new process development, including Process FMEA.
(12) Product PD Product knowledge Existing products and new product development.
(13) Test TE Test knowledge Existing test and new test methodology.
(14) SoftSkill ST Soft skill knowledge Personal attributes that enable someone to interact effectively with others. People management.
(15) Software sw Software knowledge Software application or software development, include data integration, quality and analytic.
(16) Factory FC Factory knowledge Related factory, IMS, QMS, manufacturing, finance and operation knowledge.
(17) Research RS Research collaboration Collaboration works with external research firms or universities.
(18) Troubleshooting TS Troubleshooting Machine or System troubleshooting
(19) CWIE CW  CWIE Cooperative & Work-Integrated Education
(20) ESD/ Cleanliness ES ESD and Cleanliness Electro-Static Discharge and Cleanliness technology, product related or manufacturing solution
(21) 5D 5D 5D Solution Model New manufacturing solution model which enhance manufacturing process innovation.
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Anuimsaziiesesislunsatuauunsufduius - Siulle  Uszanunuvesaundniionts

doansuazuanidsunnuifiegludyaea (Tacit Knowledge) (Toledo et al. 2016)

Req. KM Requirements Remarks
R1 Reactive knowledge supply by semantic searches. (Expression & Boolean Operator) Intensive Workllow
'3 BB
R2 Anticipative knowledge supply. (User/Biz needs & Classification) b TRy . ‘ .-,‘..’.g
i -
R3 Integration with structured business process. (Capture, Organize, Share & Use) A : m i
e = | ]
/ i
- | 2%
’ > Knswiaign excharge: . '\‘ H E
R4 Ability for managing working groups and semi-structured business processes. (Tacit-Tacit, |15 - — i < S Eg
Cross Functional) domain E.z
H
R5 Local view of knowledge repositories. (Security, Privacy & Sharing) : N v o :
b 1 Nah ¢ .
RG Distribution of knowledge repositories. (Integrated or Distributed different Sources) Sk T b
Groupware Organisational Knowledge Repository
R7 Knowledge exchange and repository synchronization. (Update, Store & Share) = .
. =
R8 Knowledge context representation. (Context and Author of Knowledge) | e
e -
R9 Knowledge exchange among organizations. (Across Departments & Divisions) L | §
] T
<sharex
R10 Integration by standard technologies. (Implement across Organization) - —-'_
R11 Tools and mechanisms for cooperation and member communication. (Exchange Tacit I
Knowledge)

Source: Adapt from Process-aware approach for managing organisational knowledge, Carlos M. Toledo et al., 2016.
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Thailand Head Operation (THO)

In Head Operations Team

THO - FIO THO - FIO THO - FIO

Knowiedge Management

@ Jive - Powering of Human Connection
Jove - Powering of Human Connection Jive at Western Digital by Stave PhElpott  Jive at Western DigRal
-
=

AT 6-9 SEUUIANIIAINIVDILTINUAIDENS

NSARUNTEUUIANITANN WAL TRATUNEN (WU NMTAIANDIYN AITAIUNAUNUT NS
U333 VDO uazienals waznisunauenudalv iveluesesdelunisatuayuns
Ufduius Siudle UszanuanuvesanndniienisdeansuazianiUisunnuinegludiunna

(Tacit Knowledge)

Connect Contert  Puogle  Ploces Melp  (M)SOS-USA
Mome  News Futionss  Geograghess  Iwentto.e  Apps + ook« m3a 7 Q

0 A PAGE

Knowledge is a familiarity, awareness or understanding of someone or
something, such as facts, information, descriptions, or skills, which is
acquired through experience or education by perceiving, discovering, or
learning. KEY CONTENT AND MACES

Knowledge can refer to a theoretical or practical understanding of a subject. *
It can be implicit (as with practical skill or expertise) or explicit (as with the Weatorn Digkal
theoretical understanding of a subject); it can be more or less formal or @ THO. 9. 154 i Shiahie
systematic. In philosophy, the study of knowledge is called epistemology;

the philosopher Plato fa ly defined | ledge as “justified true belief”.

KZ_Reduce Microfiber wiper usage at A-Clean machine arnysld Microfiber wiper at A-Clean_(Tawin_S).pptx
. s an fon .
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I Thatland Head Opecation (THO)

. I THO_FIO_Factory Knowledge Management
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fisanmnuaansn vesesdng ety Jeduesdnsvensiinmsamuuasimun Taseads
fugrunsdnumsaumauagivsunsuneuianes lensutatiy doya T e
seyisiheuazlsenu  yaannsithdsdeyaidosnsldmadwiummnsal  ndsnsiamn
daneTsuvesnsaisuinnsslunszuiunsndn  uasimunszuUasaumAiieatiuayunis
IAN15lATINTUAEMITIANTAINS  ANNENTANNANTT  feuN SRS ANeITUYeINTS
ahaudmnssulunssuiumsndn waviannszuuasaumaiieatiuayunsianislasenis

o w

wazmsiansaus egadidudfynisada

o

6.4 n1swausuwmalulad (TAM: Technology Acceptance Model)

nsnuaravzgauiumalulaglnalagnasauyigiuaindeimunfeyanatuinig
uszimaluladluly  AnuduslaimvusunanviEuefnm tunsiawalulagwazainu
Wlatauselevuvaanalulad (Perceived Usefulness) @aiimannlanianazinssuululy
' = a | v ° a ) ) A A &
agazaswaslugusssy  Hdwiglinanmsinuinsiaunduimeg  anueiaese
szuunesldailaig (Perceived Ease of Use) gldanunsaldssuuluvasildninumensy
oy ALY (Perceived) vimuaR (Attitude) AI1UT1US (Intention) weANssu (Behavior) il
= o a ° a A v oa ) a v
Aanudenlasiuainsanazldlunisviunenginssuiuvasduniseeusumalulagle
(Yousafzai et al. 2007) N1599NKUUTEUUADIALNOUDIANINEILINADUNNTYNNUDY LN
ALVOUNIANADAARDINUTETININBNALULAD WAL AINUABINITVDINITVINUY ATUDIIY

Usglerivaunaluladogndaaudenlesiudnvasanuluwuuiiaeiimusanduniszgn
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gausulaegldnu madenlesiuvesvalulad Wussuunieis nsuwaniudsudoys i
donusvanuiu uag dndaanesiuiu vibiiaansiseusluesinsiiiusea@nsnn (Lagrosen

et al. 2011, Hozak and Olsen 2015, Lodgaarda et al. 2016)

Feasibility
Utility ‘ Behavior | Actual System
(Usefulness) \ (Intention to use) Use
Usability
(Ease of use)
Davis (1989)

Al 6-15 msweusumnalulad (TAM: Technology Acceptance Model)
AIdelavimseenuuudsuaunguiied e Inedidiladendnvesniseensussuulvife
Anudululalunsldanu  (Feasibility), anudewavminganlunmsldou  (Usability,
Perceived Ease of Use), Uselomiflgainnisldau (Utility, Perceived usefulness), AU

falald (Behavioral, Intention to Use)uag n1sleanuase (Actual System Use) laeditladey

[

dousaiine

1. Pedendnanuduldlglunsldou (Feasibility) nseenwuulpsiadisvesssuuiid
AmBangugs anunsaneuauBInIFeInITes gIRaviderldiuiasuly

2. Uadevmananudululalunisiden  (Feasibility) nswalusunsulaldoaulaniu
flerduiisosnis

3. Yadendnaudululdlunsldan  (Feasibility) TUsunsufinsvaaey  dseuld
gndesnduseu liindedados (Eror)

4. Jadunananudeuazwnizanlunislaau (Usability, Perceived Ease of Use)
Wswnsuiignislifidaaunaidladne

5. Yadsnananudeunazininzganlunisldau (Usability, Perceived Ease of Use)
TUsunsueanuuunshauseuses Wilgeu (User Friendly)

6. Uadunananudisuaziunnzanlunisleanu (Usability, Perceived Ease of Use)

TUsunsuanun sy AulaiulusunsusnsgIuvesasaInouiIwmes
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7. Yadenananudielazinanzadlunisldeu (Usability, Perceived Ease of Use)

TUswnsuanunsalduanaaunlade

8. Uadenanusglewunlaannnislaanu (Utility, Perceived usefulness) TUSWATULAL

Usgansnmlumsdnnislasanis uag Inn1saanug

9. Uasenandsglevunlaannnisleau (Utility, Perceived usefulness) TUSWATHLAL

anuilalunsuiRauniianugnesanniy wazduAudayanfeanislavi

Wn158d

10. Yadeunanminusdlalyd (Behavioral, Intention to Use) TUswnsuiauidnzauay

T4 lunednsg

11. Yadeunannnslaauass (Actual System Use) syuvardnsaldanulaase muusunves

ANUABINITNNGIND wazldau

TnensgausumaluladaysyuulvlliseAuALh UL 9T

1 - ldwansuagneds, 2 - ldwausu, 3 - liwdla, 4 - gausy, 5 - vauSUDL19DY

tlaaglunisaansumalulad szuulus AVG

PR (Feasibilty) nsaanuulanaiNessuflaNEavuge annrnnaUsuatANFiaInI T8 gIfia 3.40
vitaflunwfeull

(Feasibility) naian i sunsaliendlEns Aadduiifaanis 4.20
(Feasibility) Wsunsuiinmamesey dsmiligniisandunen Lifiniadatias eron 3.76
(Usabilty, Perceived Ease of Use) Tilsunsuifianaslifdmauuazidinladne 4.60
(Usability, Perceived Ease of Use) Tllsunsuaanuuumslieuidusies vl (user friendly) 3.88
(Usability, Perceived Ease of Use) Tzunsuananznsnamudniilinuilsunsusnnsguaeseies 4.88
GEUTTEH

VN (Usabity, Perceived Ease of Use) filsunsuanansalduenanmuitléinn 4.36

(Utility, Perceived usefulness) lrunsaiindsz@vsniwlunnsdnnslazenis uaz Aanseana 4.12
— - a o ] 4
Utility, Perceived usefulness) Tlsunzaiinpanufiulalunnl fuRaundeaugniamnniu uasguku 4.20

P ™ -
Haanfiasnisléiumgnisad
10

UM (Actual System Use) sxuuanunen 4anléiase anntiiunaeansieaniamiegsna uasflann 396

Behavioral, intention to Use) Tusunsuilaanmnnzanazin il W luesdng 4.48

A15199 6-3 Azsuulaseluniseausuwalulad syuulnl

0.50

0.50
0.44
0.50
0.53
0.33

0.76

0.53
0.58

0.51
0.45

STDEV
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NAQINNISITYNUIN

1. Padendnanudululglunisldau (Feasibility) nseanwuulassadtevesszuui
fmudandugs annsonovaussufessYes ginavieslinuiiasulus
AledsTiuvesaziuuegl 3.40 ANdEUUUIIATIIU 050 INATUULEIER 5
nanfelldsyuuiinisseniumnaluladazszuulndluseivuiunanseradu
g hlifdufstesiunisesnuuulasaiissuutios

2. Yadendnanudululalunmsiden  (Feasibility) nswaulUsunsulrldaula
A TleAduiifesnis ﬁﬁﬂLQﬁﬂiﬁMﬂQQQSLLuuagﬁ 4.20 AND8ULIATEIU 0.50
PNAUUUEIER 5 nadRelldsruuiinisgeusumalulagazsyuulnilusedivgs
orfumsgifldmusodudaldfaildduiidulsslovivesssuuitimuntu

3, Yasdemdnanuduldlalunisldau (Feasibility) Tsunsufinisvaaeu sauls

(%
[

niewntuney  liiRadedndes (Eror) HAfesIuvesnzuULegn 3.76 f

e

Heauumsgu 0.44 NAzLULGsga 5 nandefldszuuinisveniumalulad
avszuulnlluszavuunans onadunszldaunsovaaeuszuulinarliny
AruAnnaIAvessEUY uinmeaeuitufisassesduing

q. Yadunananudeuagngaulunslgau (Usability, Perceived Ease of Use)
Tsunsuiismsléndnauuasidilade  Sauederiuvesaziuuegi 4.60 M
Deauumsgu 0.50 MnAzLULgsga 5 nanfelliszuuiniseeniumalilad
avsvuulndluseauasunn aradumszgldanunsanageuszuulivay
Tsunsuiismsléndnauuazidilaine lidudeu

5. Yadunananudeuagngaulunisiganu (Usability, Perceived Ease of Use)
TUsunsueenwuunsianudeudes  dildou (user friendly) fidnadssiuves
AzuULRET 3.88 AdBauLIMsEIL 0.53 INAILUGIER 5 nanferliszuudl
msvensuwmaluladayssuulniluseivas eralumsgidldanunsodudalags
mseenuuulUsunsuTiiilda

6. Uadpnananudisuazinunzanlunisldeu (Usability, Perceived Ease of Use)

TUsunsuanun sy AulaiulusunsusnsgIuvetasaIneuiawmes il
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AndssIveInzuLYDgT 4.88 ANToaUUINAIEIY 0.33 INAZUULEIER 5
nanAegldsruvinissensumalulagagsruulndlusyivgann oy
s gldanunsanaaestdiarnuinlusinsuaunsavnudiulatulusunsy
1NAIFILTR LA BIABNTIAE fLAY ST UUA TAUYAYEI0AN T I
Yaduunananudisuazinunzanlunisldeu (Usability, Perceived Ease of Use)
Tusunsuanunsaldusnanuiilding fidadesimvesnsiuuagi 4.36 Andsauy
WINTFIU 0.76 INATUUUEIER 5 Na1AeKlszuLiinisgausumaluladaysyuy
Tndlussavas  oradunsgidldannsonnasdduaznuinlusunsuanunsald
usnaniildielen

Yadendnusslemifildarnnislden (Utility, Perceived usefulness) Tusunsy
WiaUsgansamlunsdnnislasenis wae damsanud dAnedesiuvesnzuuy
gl 4.12 Andeauunsgiu 053 nezuuugeEn 5 nandelliszuuiing
gansumnalulagazsyuulndlusedvge  oradunseddldannsonnassdduas
wuilUsunssiidnenmlunsifiaszdvsamlunsdanislassns waz dans
AN3

Jadendnusslemifildarnnislden (Utility, Perceived usefulness) TUsunsy
duarushilalunsufiRouifarugndonnniy  wasduduteyaifosnisld
vumgnsal dnedesimvesnzuuuegil 4.20 Andesuunasgy 0.58 90

AzILUNEIEn 5 nanfeldszuuiinsvensumalulagagsruulnilusziugs 813

Y Y =

< ! v ¥ ' a o =
Jumszhgldanunsaneasddduaznuinlusunsuiidénenmlunisduaudeyai
v PRy € o w o a va aa v &
Aosn1slaviumnnisal viianuiulalunisuf iRnunianugndesunniu
Uadnanauaslaly (Behavioral, intention to Use) lUsunsuilanmangay
anihlUldluesdng denafesinvesasiunegh 4.48 Andesuuinsgiy 0.51
NATUUUENER 5 naAegldszuviinisgausumaluladassyuulndlusedugs

[ ! £ v ' o Y a
g1 dunsgingldanunsanaasdduarnuilusunsuddnaninlunisnulias

wingAuuTunvesgsikasiinnuwingananihluldlussdns
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11, Yadenannsiianuass (Actual System Use) sguvanansaldaulaass muusun
yosmuAsIVagIiae  wazdldn  fenadesamesazuuuegd 3.96 e
Deauumsgu 0.45 MnAzLULgsga 5 nanfelliszuuiniseeniumalilad
avsvuulndlusgaudunans oradumszgldanunsanaasdlduasnuin
Tsunsudidneninlunisnulassammneiuuiunvesssianasiinnumanyaus
il luesdnsusdesnisuiinsshmameaeulunauiudeliiauuilat

Tsunsuwazszuvausavinuligenadasiuyniladdunisvinnunieites

Tadeiilasumseensuanniign 3 suduusnee lUswnsuaxnsavinudiulany

LUSUNIUNINTFIVVRAATRIADUNIADT (4.88/5) LUsunsuiTsnislantmauuazitnladng

¥

(4.60/5) Wswnsudanumnzauasilldluesdng (4.48/5) Wumszdngldanunsoius

Y

feuselosivasszuulalaenss drutlidedugeradesddnailunismegeunazUsziliuuin
X
Ay

6.5  dnaanlunisreganlienidivd (Commercialization)

lunannegsnavesssuumsdanislasamsuagnisinnisanudilivingdmivesdng

5573 SMEs (Small and Medium Enterprises) ins1ziluaaAnsiidesinanansnens

9

a o

RunuuazningInsuAna 1n803ANTVUINLYE)LTAUNTOUN A UNTNINTAY
wnn31 msseungudmunedu SMEs Faiilemalunsadsnaenlignduasiilonialu

msUszaunadsalugsiaunni

1 IS

\eatiuayu SMEs Tiinliugiivegaiiussdnsnmas usemilynuseasavan 3 Usenis

Y

9
1. NSNRNSEUURTTALNE SMEs anunsasnliugsnalawuuiealny uazee
gantoyailinvasgsiaiioaanisaliiasinuinisindula  nsiiunands

warnIStANA LSkl ug1UNBITu

Y ¥

2. miﬁwmﬂizaumsaﬁmwﬂugﬂmshumiu%miszimwﬁwmﬂwmﬂmu
ASHANKAIUNITNAIA  A1SVIE NISHAUSANS  wagA1se bk Platform
a %
LAeInNU

3. NsUILATUEgINAkAENTIMLDNY Hawwau N1sTiuileiuseninmain

Y
!

i 9 AenauedAydnisaiyarliiuesAns laglanizegredsdmsu

v vV

SMEs fimaarmgnaduainaniniu anumesaslemaniveigatunis
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WouraTeuuTEnIvlganuAIve9gIne Mldlusunsuilmunza avyagli

SMEs  anansaddedoyalanuuisalnd niounweudeyadiedn waziiy

Y]

UsEAVENMBIENSAIUTENAN 9 wanasy dlauenaniuauazusnig

[

i AlanaaNEN19gIRANATY

JPUUVBINITANNITIATINITLALNTINNSANUSINRIUN T TaNITaTUaYY
yaUszadsnewariilananfie nsidenld Platform vas Cloud Technology uag 1A38dile

ISl Web-Based Application vilsiinsusendamldanglunisusmsdnnis

1 = a

PUI8ANNINDENNTUTLANT AN STUVAINNS0NLLINDILALABMIUNIY SEUU Wi-Fi lan WU

v (3

N ¢ 1% L I @ v ° v
Sealnl  deyassdmnuivesssansmiiulilussuunmsdanisead awnsedhanly

Usznaun1sindulauasiiuanuanunsavassdnslivainuaiedfay n1siuaAmnIn n15an

a

AU NISWNEERNN SzuvanunsainisWeleslayavatasAnsidiiumsedngnnegsiad

¥ Y 1 a a

Neadeatugnen Jdweu Wusinvmnegsna eliiAnlenidlidnisuaniudeudeya anud

v a

NIAIUNITAAIA NITODNUUU ATITEWMUI N15VY NITHER AABAIUNITUSAIITINBIANT NS

o =i

asuA3rIeNgsikasnIsifeya TenuLuusEalndsuiy viliesinsiasudeyad

ViusamANTSalkAzANLTINBUAUDIRAINABINITNNGINAlAlnegilusEAvina BN

2

LASEUHDIANITINI LT UUTINAUAZYIBAN AU UVDITZUUATALNADE 1N
UitmazEungniannsatianduaindnues drilnnuduaSuAsygiaRdsa
(DEPA) Wileveanutiemdslunisainaniotis vinsilanuleiiierih E-Commerce niox
fulemwanyssduiuslignin3in shnsds Email waglnsdwsivn vniiilenagdlunis
Hugnudwesygntdananglunsinauessuy - Usdnmasiinisiaueligndildaedldsyuy
Tgniaedddlaglidedlddedune 6  Woudelignmldveaeuszuy  waziuida
Ustlowtivosssuuiifivensdnauaraudilunislissuy udmndu dgnéndanfionelase
svuuudn Tumeuselufionsvhdayan Non-Exclusive Licensing 1used warusemaziaue

UIN13N39eUUN 9T UULAENNT Upgrade s8UU Wag Application fiignvaslyinag
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Cost - Benefit Analysis - 5D/PM/KM System

Year| Yr0 Yri Yr2 Yr3 Yra Yr5 Yré Yr7 Yr8
Cost
Office (360,000)]  (360,000) (360,000) (360,000) (360,000) (360,000) (360,000) (360,000)
Salary (2,880,000)| (2,880,000)| (2,880,000)| (3,840,000)| (3,840,000)| (4,800,000)| (4,800,000)| (5,760,000)
Platform/System Development (180,000) (30,000) (30,000) (30,000)| (30,000) (30,000) (30,000) (30,000)
Storage (5,000) (25,000) (50,000) (100,000) (150,000) (200,000) (250,000) (250,000)
Qthers (360,000))  (720,000)| (1,080,000)| (1,440,000)| (1,800,000)| (2,160,000)| (2,520,000) (2,520,000)
Total cost 0| (3,785,000) (4,015,000)( (4,400,000) (5,770,000)| (6,180,000)| (7,550,000) (7,960,000) (8,920,000)
Benefit
Customer - Non exclusive li i 0 5 10 20 30 40| 50 50
Non exclusive licensing - KM system - 300,000 600,000 1,200,000 1,800,000 2,400,000 3,000,000 3,000,000
Non exclusive licensing - 50/PM system - 300,000 600,000 1,200,000 1,800,000 2,400,000 3,000,000 3,000,000
Training - 5D 240,000 480,000 720,000 960,000 1,200,000 1,440,000 1,560,000 1,680,000
Training - PM 240,000 480,000 720,000 960,000 1,200,000 1,440,000 1,560,000 1,680,000
Training - KM 240,000 480,000 720,000 960,000 1,200,000 1,440,000 1,560,000 1,680,000
Consulting - 5D 240,000 480,000 720,000 960,000 1,200,000 1,200,000 1,200,000 1,200,000
Consulting - PM 240,000 480,000 720,000 960,000 1,200,000 1,200,000 1,200,000 1,200,000
Consulting - KM 240,000 480,000 720,000 960,000 1,200,000 1,200,000 1,200,000 1,200,000
Total benefit 0| 1,440,000 | 3,480,000 5,520,000 | 8,160,000 | 10,800,000 | 12,720,000 | 14,280,000 | 14,640,000
Cost & Benefit 0| (2,345,000) (535,000) 1,120,000 2,390,000 4,620,000 5,170,000 6,320,000 5,720,000
% Gross Margi -163% -15% 20% 29% 43% 41% 44% 39%
Cumm Cost (3,785,000)| (7,800,000)| (12,200,000)| (17,970,000)| (24,150,000)| (31,700,000)| (39,660,000)| (48,580,000)
Cumm Benefit 1,440,000 4,920,000 | 10,440,000 | 18,600,000 | 29,400,000 | 42,120,000 | 56,400,000 | 71,040,000
Cumm Cost & Benefit 0| (2,345,000)| (2,880,000) (1,760,000) 630,000 5,250,000 | 10,420,000 | 16,740,000 | 22,460,000
% Cumm Gross Margin -163% -59% -17% 3% 18% 25% 30% 32%
Unit in Baht

AT 6-4 NFIATIEN AunUwazinls (Cost-Benefit Analysis)

Cost-Benefit Chart
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THOUSANDS

20000

15000

10000

5000

-10000

15000

~==-Totalcost =—=-=--Total benefit == Cost & Benefit Cumm Cost & Benefit

Unit is Baht

A 6-16 NMINATIZR Auuaziils (Cost-Benefit Analysis)
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AneusmaznslidUSnuiAeatu 5D Model, msdanslassnisuaznisdanisanuf 1ud
wsnAmINazdanltaneUsyann 3.8 aruuimkazisnelaussana 1.4 duum lunnsiuazd
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Licensing fisludauas 5D Model, msdanislassinisuazmsdanisnnug muvenisiinousa
wagmislsimuing 1l 2 vidnasiinaussnounisituiinisveyulesasieysyann 0.5
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Principles Number

Inventive Principles

General Guidance

Segmentation

Divide an object into independent parts.
Make an object easy to disassemble.
Increase the degree of fragmentation or

segmentation.

Taking out

Separate an interfering part or property from an
object, or single out the only necessary part (or

property) of an object.

Local quality

Change an object's structure from uniform to non-
uniform, change an external environment (or external
influence) from uniform to non-uniform.

Make each part of an object function in
conditions most suitable for its operation.

Make each part of an object fulfill a different and

useful function.

Asymmetry

Change the shape of an object from symmetrical
to asymmetrical.
If an object is asymmetrical, increase its degree

of asymmetry.

Merging

Bring closer together (or merge) identical or
similar objects, assemble identical or similar parts to
perform parallel operations.

Make operations contiguous or parallel; bring

them together in time.

Universality

Make a part or object perform multiple functions;

eliminate the need for other parts.
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Inventive Principles

184

General Guidance

Nested doll

Place one object inside another; place each

object, in turn, inside the other.

Make one part pass through a cavity in the other.

Anti-weight

To compensate for the weight of an object, merge

it with other objects that provide lift.

To compensate for the weight of an object, make
it interact with the environment (e.g. use aerodynamic,

hydrodynamic, buoyancy and other forces).

Preliminary anti-

action

If it will be necessary to do an action with both
harmful and useful effects, this action should be

replaced with anti-actions to control harmful effects.

Create beforehand stresses in an object that will

oppose known undesirable working stresses later on.

10

Preliminary action

Perform, before it is needed, the required change
of an object (either fully or partially).

Pre-arrange objects such that they can come into
action from the most convenient place and without

losing time for their delivery.

11

Beforehand

cushioning

Prepare emergency means beforehand to
compensate for the relatively low reliability of an

object.

12

Equipotentiality

In a potential field, limit position changes (e.g.
change operating conditions to eliminate the need to

raise or lower objects in a gravily field).
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Inventive Principles

185

General Guidance

13

The other way round

Invert the action(s) used to solve the problem
(e.g. instead of cooling an object, heat it).
Make movable parts (or the external environment)

fixed, and fixed parts movable.

14

Spheroidality -

Curvature

Instead of using rectilinear parts, surfaces, or
forms, use curvilinear ones; move from flat surfaces to
spherical ones; from parts shaped as a cube
(parallelepiped) to ball-shaped structures.

Use rollers, balls, spirals, domes.

Go from linear to rotary motion, use centrifugal

forces

15

Dynamics

Allow (or design) the characteristics of an object,
external environment, or process to change to be

optimal or to find an optimal operating condition.

Divide an object into parts capable of movement
relative to each other.
If an object (or process) is rigid or inflexible,

make it movable or adaptive.

16

Partial or excessive

actions

If 100 percent of an object is hard to achieve
using a given solution method then , by using 'slightly

less' or 'slightly more ' of the same method , the

problem may be considerably easier to solve.

17

Another dimension

To move an object in two- or three-dimensional
space.

Use a multi-story arrangement of objects instead
of a single-story arrangement.

Tilt or re-orient the object, lay it on its side.

Use 'another side' of a given area.
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Inventive Principles

186

General Guidance

Cause an object to oscillate orvibrate.

Increase its frequency (even up to the ultrasonic).

Use an object's resonant frequency.

18 Mechanical vibration
Use piezoelectric vibrators instead of mechanical
ones.
Use combined ultrasonic and electromagnetic
field oscillations.
Instead of continuous action, use periodic or
pulsating actions.
19 Periodic action
If an action is already periodic, change the
periodic magnitude or frequency.
Continuity of useful Carry on work continuously; make all parts of an
20
action object work at full load, all the time.
Conduct a process, or certain stages (e.g.
21 Skipping destructible, harmful or hazardous operations) at high
speed.
Use harmful factors (particularly, harmful effects
of the environment or surroundings) to achieve a
Turn Lemons into
22 positive effect.
Lemonade
Eliminate the primary harmful action by adding it
to another harmful action to resolve the problem.
Introduce feedback (referring back, cross-
checking) to improve a process or action.
23 Feedback
If feedback is already used, change its
magnitude or influence.
Use an intermediary carrier article or intermediary
process.
24 Intermediary

Merge one object temporarily with another (which

can be easily removed).
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General Guidance

Make an object serve itself by performing auxiliary

25 Self-service helpful functions.
Use waste resources, energy, or substances
Instead of an unavailable, expensive, fragile
object, use simpler and inexpensive copies.
26 Copying Replace an object, or process with optical copies.
If visible optical copies are already used, move to
infrared or ultraviolet copies
Replace an expensive object with a multiple of
Cheap short-living
27 inexpensive objects, comprising certain qualities
object
(such as service life, for instance).
Replace a mechanical means with a sensory
(optical, acoustic, taste or smell) means.
Mechanics Change from static to movable fields, from
28
substitution unstructured fields to those having structure.
Use fields in conjunction with field-activated (e.g.
ferromagnetic) particles.
Use gas and liquid parts of an object instead of
Pneumatics and
29 solid parts (e.g. inflatable, filled with liguids, air
hydraulics
cushion, hydrostatic, hydro-reactive).
Use flexible shells and thin films instead of three
Flexible shells and [dimensional structures.
30
thin films Isolate the object from the external environment
using flexible shells and thin films.
Make an object porous or add porous elements
(inserts, coatings, etc.).
31 Porous materials

If an object is already porous, use the pores to

introduce a useful substance or function.
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Principles Number

Inventive Principles

General Guidance

32

Color changes

Change the color of an object or its external
environment.
Change the transparency of an object or its

external environment.

33

Homogeneity

Make objects interacting with a given object of

the same material (or material with identical

properties).

34

Discarding and

recovering

Make portions of an object that have fulfilled their
functions go away (discard by dissolving, evaporating,

etc.) or modify these directly during operation.

35

Parameter changes

Change an object's physical state (e.g. to a gas,
liquid, or solid.).

Change the concentration or consistency.

Change the degree of flexibility.

Change the temperature.

36

Phase transitions

Use phenomena occurring during phase
transitions (e.g. volume changes, loss or absorption of

heat, etc.).

37

Thermal expansion

Use thermal expansion (or contraction) of
materials.

If thermal expansion is being used, use multiple
materials with different

coefficients of thermal

expansion.

38

Strong oxidants

Replace common air with oxygen-enriched air.
Replace enriched air with pure oxygen.

Use ionized oxygen.

Replace ozonized (or ionized) oxygen with ozone.

39

Inert atmosphere

Replace a normal environment with an inert one.

40

Composite materials

Change from uniform to composite (multiple)

materials, to achieve the required function.
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Engineering Parameters

Description

Moving objects - Objects which can easily change position in
space, either on their own, or as a result of external forces.
Vehicles and objects designed to be portable are the basic

members of this class.

Stationary objects - Objects which do not change position in
space, either on their own, or as a result of external forces.

Consider the conditions under which the object is being used

1_Weight of moving object

The mass of the object, in a gravitational field. The force that

the body exerts on its support or suspension.

2_Weight of stationary object

The mass of the object, in a gravitational field. The force that
the body exerts on its support or suspension, or on the

surface on which it rests.

3_Length of moving object

Any one linear dimension, not necessarily the longest, is

considered a length.

4_Length of stationary object

Any one linear dimension, not necessarily the longest, is

considered a length.

5_Area of moving object

A geometrical characteristic described by the part of a plane
enclosed by a line. The part of a surface occupied by the
object. OR the square measure of the surface, either internal

or external, of an object.
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Description

6_Area of stationary object

A geometrical characteristic described by the part of a plane
enclosed by a line. The part of a surface occupied by the
object. OR the square measure of the surface, either internal

or external, of an object.

7_Volume of moving object

The cubic measure of space occupied by the object. Length
x width x height for a rectangular object, height x area for a

cylinder, etc.

8_Volume of stationary object

The cubic measure of space occupied by the object. Length

x width x height for a rectangular object, height x area for a

cylinder, etc.

The velocity of an object; the rate of a process or action in
9_ Speed

time.

Force measures the interaction between systems. In

Newtonian physics, force = mass X acceleration. In TRIZ,
10_ Force

force is any interaction that is intended to change an object’s

condition.

11_ Stress or pressure

Force per unit area. Also, tension.

12_ Shape

The external contours, appearance of a system.

13_  Stability of the object’s

composition

The wholeness or integrity of the system; the relationship of
the system’s constituent elements. Wear, chemical
decomposition, and disassembly are all decreases in

stability. Increasing entropy is decreasing stability.

14_ Strength

The extent to which the object is able to resist changing in

response to force. Resistance to breaking

15_Duration of action by a moving

object

The time that the object can perform the action. Service life.
Mean time between failure is a measure of the duration of

action. Also, durability.
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Description

16_ Duration of action by a stationary

object

The time that the object can perform the action. Sewice life.
Mean time between failure is a measure of the duration of

action. Also, durability.

17_ Temperature

The thermal condition of the object or system. Loosely
includes other thermal parameters, such as heat capacity,

that affect the rate of change of temperature.

18_ lllumination intensity

Light flux per unit area, also any other illumination
characteristics of the system such as brightness, light quality,

etc..

19_ Use of energy by moving object

The measure of the object's capacity for doing work. In
classical mechanics, Energy is the product of force time
distance. This includes the use of energy provided by the
super-system (such as electrical energy or heat.) Energy

required to do a particular job.

20_Use of energy by stationary object

The measure of the object's capacity for doing work. In
classical mechanics, Energy is the product of force time
distance. This includes the use of energy provided by the
super-system (such as electrical energy or heat.) Energy

required to do a particular job.

21_Power

The time rate at which work is performed. The rate of use of

energy.

22_ Loss of Energy

Use of energy that does not contribute to the job being done .
See 19. Reducing the loss of energy sometimes requires
different techniques from improving the use of energy , which

is why this is a separate category.
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Description

23_ Loss of substance

Partial or complete, permanent or temporary, loss of some of

a system'’s materials, substances, parts, or subsystems.

24 Loss of Information

Partial or complete, permanent or temporary, loss of data or
access to data in or by a system. Freguently includes sensory

data such as aroma, texture, etc.

25 Loss of Time

Time is the duration of an activity. Improving the loss of time
means reducing the time taken for the activity. “Cycle time

reduction” is a common term.

26_ Quantity of substance/the matter

The number or amount of a system’s materials, substances,
parts or subsystems which might be changed fully or partially,

permanently or temporarily.

27_Reliability

A system’'s ability to perform its intended functions in

predictable ways and conditions.

28_Measurement accuracy

The closeness of the measured value to the actual value of a
property of a system. Reducing the error in a measurement

increases the accuracy of the measurement.

29_Manufacturing precision

The extent to which the actual characteristics of the system

or object match the specified or required characteristics.

30_External harm affects the object

Susceptibility of a system to externally generated (harmful)

effects.
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Engineering Parameters Description

A harmful effect is one that reduces the efficiency or quality
of the functioning of the object or system. These harmful
31_Object-generated harmful factors
effects are generated by the object or system, as part of its

operation.

The degree of facility, comfort or effortlessness in
32_Ease of manufacture
manufacturing or fabricating the object/system.

Simplicity: The process is NOT easy if it requires a large
number of people, large number of steps in the operation,
33_Ease of operation
needs special tools, etc. “Hard” processes have low vyield

and “easy” process have high yield; they are easy to do right.

Quality characteristics such as convenience, comfort,
34_Ease of repair simplicity, and time to repair faults, failures, or defects in a

system.

The extent to which a system/object positively responds to
35_Adaptability or versatility external changes. Also, a system that can be used in multiple

ways for under a variety of circumstances.

The number and diversity of elements and element
interrelationships within a system. The user may be an
36_Device complexity element of the system that increases the complexity. The
difficulty of mastering the system is a measure of its

complexity.

Measuring or monitoring systems that are complex, costly,
require much time and labor to set up and use, or that have
complex relationships between components or components
37_Difficulty of detecting and
that interfere with each other all demonstrate “difficulty of
measuring
detecting and measuring.” Increasing cost of measuring to a
saticfactory error is also a sign of increased difficulty of

measuring.
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Description

38_Extent of automation

The extent to which a system or object performs its functions
without human interface. The lowest level of automation is the
use of a manually operated tool. For intermediatel levels,
humans program the tool, observe its operation, and interrupt
or re-program as needed. For the highest level, the machine
senses the operation needed, programs itself, and monitors

its own operations.

39_Productivity

The number of functions or operations performed by a system
per unit time. The time for a unit function or operation. The

output per unit time, or the cost per unit output.
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General Problems
(TRIZ39 Eng Parameters)

r

General Solutions
(TRIZ Inventive Principles)

Specific Problems

Specific Solutions
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