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ABSTRACT

The decision-making process in designing inspection equipment for tractor parts is a
complex problem due to the various alternative and interrelated factors that need to be
considered together. Therefore, this research presents the Quality Function Deployment (QFD)
technique in conjunction with the Technique for Order of Preference by Similarity to Ideal
Solution (TOPSIS) to plan the product and design. It begins with listening to the requirements of
the target group and analyzing QFD technique data. Then, the TOPSIS technique is used for
the evaluation and ranking of importance. The test results revealed that in Phase 1: Product Planning,
which has 13 alternatives (A1 to A13), alternative A8 is the best, with ccwi = 0.800, followed by
alternative A10 (ccwi = 0.756) and A11 (ccwi = 0.700). In Phase 2: Design, which has 5 alternatives
(A1 to Ab), alternative A2 is the best, with ccwi = 0.800, followed by alternative Ad (ccwi =
0.772) and A5 (ccwi = 0.729). The result of the evaluation found that the average satisfaction
score increased from 4.21 to 4.34, which is a percentage increase of 3.09.Therefore, this research
can serve as a guideline for evaluating and prioritizing the importance of product planning

and designing inspection equipment for other parts.
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MADM) fnannmanedsgninludszgndldedrsunsuanelagianzognsdeinunsidodndunuid
ATHNIVA1DE19TIALS LLﬂdwzﬁmﬂﬁﬂﬁisﬂumwﬁﬂmm MADM  ia1ewnAfia v4u MAVT,
PROMETHEE, SAW,GRA, ELECTRE, DEA, VIKOR wag TOPSIS ‘wqwﬁ MADM Lﬁuéauwﬁwawqwﬁ
nssnaula (Decision making theory) TOPSIS Wumaiafilésuainudeusgiaunsvans [4-5] 13
Uszgndldinalin QFD-TOPSIS Tun15aukunansini wazmsiminlusmindedravanyay (6]

wazUssanaldmatia fuzzy-QFD wag fuzzy-TOPSIS Lﬁalﬁaﬂﬁhwamﬁm%ﬁaﬁqm [7] n5iatade
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Figure 1 Tractor Equipment

1.2 wmallA QFD UuUana (4-Phase Model)
n1seenkuUURUNIainTIRaaUTudINTIULNINMBs luITetussendldnatln QFD wuu 4
e (4-Phase Model) iua3asflondndtuneudafiuandluzud 2 [12-15]

Phase 1: product-planning

Phase 2: design-assembly deployment

Phase 3: process-planning

Phpse 4: production-planning quality-control

Figure 2 Steps QFD
2. M3UszenaldnallATOPSIS
Asnaulawuy MADM iemnadeniwmunzaunanlagimada TOPSIS Aa n1sminadan

q

P

llszpgmilnaifesiuaifngnuesudazinasiuaziissasnvinslnaanafiugfgaluudasinas
wialu 6 Tumeudsselull
Tupauil 1 aiemsaunindmvinsdedulaleg x Aedeyadiavainnisvimsdedula
ij
dmdumaden i waztady j o A unumadeon (Alternative) waz f unulade Insuandlu

Aun159 1

Al X X X, X,
A | Xy Xy Xy Xon 1
Am me me me me
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JUABUN 2 @519unsngnisvinniseedulanuuuestialawdu (Normalized decision matrix)
lngfwnusaze r wandluaunisi 2 lnegauszasdiiieiaeuladeniivanenisenaiulmdy
u

Jaguuuulafinae

Tupouil 3 Mndeyarminveslade w, Bdldannmanuteya deanduihdeyanisinis
andulawvuuesdfalawdu r, Thadwmauindmaihnsdadulawuuuesifalawdundanimin

wilagmen v, uandluaunisi 3
V.= W, I, (3)

Tupauil 4 ndeyawnindnmavinnisdnaulasuuuesialawduinadminudidnesiu v,

muamnoulugauaineuindadumnouiinfignunuiie A wasdwumeeulugaupiinisay
\Jufmeuiiugiaaunusine A wansluaunisil 4-5 auaeu laefl J Aowavesdadedunndad
dw J' Pewnvesladedlesdad

e L max(v)if jeJ (@)
A = {vl,...,v } ; where v, = min (v, )if jeJ"
y

. ) . . omax(vy)if jeJ (5)
A= {Vl"“’vﬂ} > where v; = min(v,) if jeJ'
y

JuRaudl 5 AMUIMMAIIANISIeN (Separation Measure)dmsunsaznigaen ilay
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fumeudl 6 Arurmmenduuszaniflndagaunfifign (Closeness Coefficient weight:
cowiitlnddneuiiffian dwmiumadeon i Bonnin cow, Tasan cow, Adallatianszning o
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1.nssuitadeannnguidmane

NANLFINIsTINgUgNA W aiAsvaanduitinang (Voice of Customer: VOO) a1ntiu
vhnsagudeyaniudesnis Insidenianzieitesiunununandusinisesniuugunsal
prdeviudmsaunInimesuanduned 1 dumeudaludednnguideulomianudonis
(Affinity Diagram) dsansnsadavsnnynguideslosnnusosnisld 4 nguvdn fauandugud 2

Table 1 conversion based on client requirements

Alternative Voice of Customer Reword Data
1 Easy to use Easy to inspect truck components
2 Materials available in the factory Materials available in storage
3 Convenient for storage Easy to store
4 Accuracy in inspection Accurate measurement equipment
5 Simple design Simple design of inspection equipment
6 Quick and easy to move Convenient to move
7 Safe to use Safe to use
8 Durable Sturdy and durable
9 Increased production quantity Reduced working time
10 Self-repairable components Easy maintenance
11 Sturdy Strong structural integrity
12 Long-lasting Long lifespan
13 Few components Few components




Research Article

Journal of Advanced Development in Engineering and Science
Vol.15 ® No.42 - January - April 2025

Alternative Voice of Customer Reword Data
14 Fast measurement equipment On-time delivery to customers
15 Cost-effective Low cost
Structure Price
Strong structure, Few components Low cost

Uses materials in storage, Simple design of

measurement equipment, Easy to maintain

Ease of use

Streneth

Easy to inspect truck components, convenient Strong and durable, long lifespan
to move, reduces work time, delivers to
customers on time, precise measuring

equipment, easy maintenance, and safe to use

Figure 2 Customer Needs Affinity Diagram

2. nanFiasizideyawmaia QFD

NN 2 HuiANeeIN1TulglunTasLUUNAda U R TIAd0 UTEAUANA A LA

NANTENUABANLNINBLlULAaEUa889AIUABINITNAINIALTNITANUATEAUALLUUAINUNS
wolaluguuuu 5 seavdasdrglunisindulalagldunsiuszunuai (Rating Scale) wuu 5 szAu

fauanslumsned 2 [27]

Table 2 Importance rating levels

Score Levels Means Impact on satisfaction
5 Means Extremely important and highly satisfying
4 Means Very important and highly satisfying
3 Means Moderately important and moderately satisfying
2 Means Slightly important and somewhat satisfying
1 Means Not important and not satisfying
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msmARdnsiuAzuuLANafianelavesndn v AR AuTlunsdifnw LA MsEaNLUY
gUnsainsvaeUTudusawIne ANt lEiBnamAadeisIAdn (Geometric Mean) faudns
Tuaumsi 9 ilesandeyannuuuasuauidnuazidunsdenlvissiuasiun (Rating) detoyadl
1#350 (Data) ldmnmsaguAnaiss naundumesteyaussmiidadudeyadednide Group Judgments)

N = AvesdIuINtoyaINLUUABUAY

1, 2,3, ..n = Sunudoyadidens

Geometric Mean = "\/ N, xN,xN,---N 9)

Table 3 Summarize the average scores of the importance levels of various factors that

influence or affect satisfaction

Average(IMP)
Customer Requirements Calculation  Round the

result value

The structure is robust 3.983 3.98

g Few components 4.060 4.06
I Uses materials in stock 3.924 3.92
A Creates simple measuring equipment 4.183 4.18
Easy to maintain 3.907 3.91

Price Low cost 4.373 4.37
Easy to inspect tractor components 4.573 4.57

. Convenient to move 4.147 4.15
% Reduces working time 4.782 4.78
é Delivers to customers on time 4.439 4.44
I:%_;) Straightforward measuring equipment 4.506 4.51
Easy to store 3.565 3.57

Safe to use 4.245 4.25

< Durable and long-lasting 4.309 4.31

&h

g The structure is robust 4.121 4.12
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Table 4 Summarize the average scores of the importance levels of various factors that

influence or affect satisfaction, comparing with the competitor

Rating Rating (Round the
Customer Requirements value)
Case Competitor Case  Competitor
Study Study

The structure is robust 3.43 3.76 3 a4

0% Few components 3.85 3.70 a4 4

S Uses materials in stock 3.12 3.63 3 4

& Creates simple measuring equipment 3.50 3.95 3 4

Easy to maintain 3.70 3.69 4 a4

Price Low cost 318 412 3 q

Easy to inspect tractor components 3.30 4.18 3 4

. Convenient to move 4.06 4.03 a4 4

% Reduces working time 3.37 4.37 3 4

é Delivers to customers on time 3.57 4.06 a4 4

u§_ Straightforward measuring equipment 4.18 4.25 4 a4

Easy to store 3.92 3.57 4 il

Safe to use 4.37 4.00 4 a4

E,, Durable and long-lasting 3.63 4.31 4 a4
L The structure is robust

n 3.78 4.12 4 4

'
=

91N9597 3 Uy 4 uansAadsdildanuuuasua 1 uay 2 gninlunsenluednddit 7
Renfunsnaunusdndasivietuannimn(House OF Quality : HOQ) AnadBAzILLANAAY Y
nsinAulatonansurivesirouuuuasumuazgnimunadluaedut IMP (mportant) Aliade
FEAUAY LLuuﬂamﬁawaTﬂuﬂﬁaaﬂquaﬂﬂizﬁmmaw%umumLmimmaﬂuﬂizﬁﬁﬂmuau
aﬂmmmwaawumuimmiﬂmawmmmwuaﬂﬂiaﬂiuﬂaauuRatmg flogsnuvnvoauning
mumauamm&J‘mmmaﬂﬂuumawmaqmsmuamqLLuuau (Absolute  Requirements) (C1)
mmmﬂzymﬂiﬁmmaﬂlm Relative Importance %) (C2) dndusuaud1AaIemmataTOPSIS

3.uansisesasulagldinatin TOPSIS

fumeuusnlaefmualiniaden wa 1: nMsaunurEadag Saisuau 13 maden (AL B
A13) wazinaua Liun mderimuadsiidesnsduetiautuen (C1) amanuddgiiioudoulsd
(€2) Ffauanslun1snedt 5 smualinaden wa 2: nseanuuy Jefisiuau 5 maden (AL G A5)
wazinawel Miun Andermundsiidesnisiduegsutuen (C1) Aanudfgfiusuiisuldca) &
wandlum3el 9 Sunsuiidemanisiasizidiemaia TOPSIS 3uann15UsUaNaT89A151e
waindnsvinisdaaulawa 1: isnauaundnsae wanddunsned 6 uagiwa 2: n1309nUUY
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wanslumseit 10 Ntk issdasaunindnisinisinaulauuuuduanadiaasinen
Tngldtoyavosriminiladelasimundnimdnuesiiade (C1) o 0.80 wagdade (C2) fidde
0.20 Mnendermuadsiisiosnisidusisutueu (C1) Aanuddyiieudisuld (€2) anwla 1:
A5 19N URAR ST wandlunisnedl 7 uld 2: n15eenuuU wandlunis1edt 11 wdadinaiilau
AMuwumgauARluIn (PIS) uazAgauARdsay (NIS) Wedwummiianisuenandneulugas
ARMIUIN ( $*) wagArdvinnisuenaindneulugauainisay (S’) LLazﬁi’lé’uUixﬁwéﬁiﬂé’ﬁth
ﬂaﬁ'qm (Cowi ) 9NlE 1: MIIRURENSaTiuandlun1sef 8 wazind 2: n15eanwUURARTl
a15197 12 dmsunsaziladenugy

%y’umauﬁqmﬁw W 1: mmqLquwamﬁm%ﬁﬁagamﬂmiwﬁl 7 uazivla 2: n1seenuuuln
%auuamﬂmiwﬁ 11 1 whmsAnasr ez PIS way NIS lundasmadenlagldaunisd
(6 - 7) Tudunougnineduumdulsyanidlndranuaiianluuiazmadenlaglaunisi (8)
Han1sAuIaLIla 1: N15219NUNERAuaTLEndluANS 19T 8 nansFIwIE 2: MssEnwUULEnAslY
51971 12

Table 5 Absolute requirements and relative importance (%) phase 1 : product-planning

Symbol Technical Requirements C1 C2
Al Weight 134.86 8.05
A2 Easy Maintenance 145.50 8.69
A3 Few Components 120.49 7.19
Ad Safety 112.86 6.74
A5 Accurate Measurement

Equipment 13551 8.09
A6 Strength 86.46 5.16
A7 Convenient Mobility 100.14 598
A8 Reduced Working Time 176.97 10.56
A9 Simple Inspection Equipment
Design 99.39 593
A10 Price 161.55 9.64
A1l Ease of Checking Tractor
Components 153.45 9.16
A12 Timely Delivery 136.20 8.13
Al3 Longevity 111.69 6.67

NPT 5 NANITIATIZAIENATA QFD wansliiuinAvarinuadsnsosnisiusganuiuoy

o a

(1) ﬁhﬂ?‘imﬂﬁqmﬁa A8 Al A1l A2 mud1iu druAimudfgiuseuiiisula (C2) ﬁhﬁmﬂﬁqm
A9 A8 Al A1l A2 audIRU

10
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Table 6 Calculate normalised matrix

Technical Requirements C1 C2
Al 0.285 0.285
A2 0.307 0.307
A3 0.254 0.254
Ad 0.238 0.238
A5 0.286 0.286
A6 0.183 0.183
A7 0.211 0.211
A8 0.374 0.374
A9 0.210 0.210
A10 0.341 0.341
All 0.324 0.324
Al12 0.288 0.288
Al3 0.236 0.236
Table 7 Calculate weighted normalised matrix
Technical Requirements C1 Cc2
Al 0.228 0.057
A2 0.246 0.061
A3 0.204 0.051
Ad 0.191 0.048
A5 0.229 0.057
A6 0.146 0.037
AT 0.169 0.042
A8 0.299 0.075
A9 0.168 0.042
A10 0.273 0.068
All 0.259 0.065
Al12 0.230 0.058
Al3 0.189 0.047

11
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Table 8 Closeness coefficient weight phase 1: product-planning

Technical
Requirements S* S' ccwi RANK
Al 0.105 0.118 0.531 7
A2 0.083 0.142 0.631 q
A3 0.136 0.088 0.392 8
A4 0.154 0.074 0.324 9
AS 0.103 0.120 0.537 6
A6 0.216 0.054 0.200 13
AT 0.184 0.056 0.235 11
A8 0.054 0.216 0.800 1
A9 0.185 0.056 0.231 12
A10 0.058 0.180 0.756 2
A1l 0.069 0.161 0.700 3
A12 0.102 0.121 0.544 5
A13 0.157 0.072 0.314 10

91NM159 8 wadnsNIsIAIznUIIMIaGen A8 lumadendiifigadie ccwi = 0.800 sia
Memaden A10 (cowi = 0.756) waz A1l (ccwi = 0.700) auadulagniuden A6 Wuviadend

fAAnumEnzaudauga (cowi = 0.200)

Table 9 Absolute requirements and relative importance (%) phase 2: design-assembly

deployment
Symbol Technical Requirements C1 C2
Al Weight 61.80 15.36
A2 Accuracy of Measurement 123.51 30.69
Equipment
A3 Material Durability 10.05 2.50
Ad Size of Measuring 108.09 26.86
Equipment
A5 Efficient Design of 98.94 24.59

Measurement Equipment

A5 9 HASNENITIATIEAEWATA QFD wanslmiiuinA1daminuadeandaanisidussng
wuwaw (C1) miunfiande A2 Ad A5 Al suadu druaianuddgyiseudiuld (C2) Adiun

anfie A2 Ad A5 A1 muiandy

12
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Table 10 Calculate normalised matrix

Technical Requirements Cc1 C2
Al 0.307 0.307
A2 0.613 0.613
A3 0.050 0.050
Ad 0.536 0.536
A5 0.491 0.491

Table 11 Calculate weighted normalised matrix

Technical Requirements C1 C2
Al 0.245 0.061
A2 0.490 0.123
A3 0.040 0.010
Ad 0.429 0.107
A5 0.393 0.098

Table 12 Closeness coefficient weight phase 2 : design-assembly deployment

Technical
Requirements S* S' Cewi RANK
Al 0.354 0.303 0.461 4
A2 0.159 0.637 0.800 1
A3 0.637 0.159 0.200 5
A4 0.162 0.551 0.772 2
A5 0.186 0.500 0.729 3

9T 12 Hadwdnisiiesginuimnadon A2 Fadumadeniiffigafedian cowi =
0.800 FafEnNIuion Ad (cawi = 0.772) waz A5 (ccwi = 0.729) amaisulaeniaden A3 1Ju
madondifienaruumngautiosan (cowi = 0.200)

4.nam3uszgndliinaila QFD Saufumatla TOPSIS

4.1 wd 1: NN UNERS

Tagldnadnsanazuuunnudifguazenufielavesgniiitevdoyau sz nouluty
ANNTN FLANTOATINLYENDNI TR URERS a6

13
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| Symbol Cerrelation |

O Stronc Relationship
X | wWeak Relationship

]
Structure £ Functionality Strength | Rating
o (=%
+=
=
a
£ =
g o g .
Moverent of Target = 5 £ | 3
1] £ 2 g S
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Figure 3 Product planning
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Figure 4 Design assembly deployment
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Figure 5 Designing inspection equipment for truck components (a: Isometric view, b: Top view)
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Table 13 Comparing average satisfaction scores in parts component inspection equipment

products before and after development

Average
Customer Requirements Product before  Product after Thzfp;:C?Szige

development development change

The structure is robust 3.98 4.25 6.78

% Few components 4.06 4.37 7.64

I Uses materials in stock 3.92 4.25 8.42

v Creates simple measuring equipment 4.18 4.57 9.33

Easy to maintain 391 4.18 6.91

Price Low cost 037 a.44 1.60

Easy to inspect tractor components 4.57 4.71 3.06

. Convenient to move 4.15 4.12 0.72

= Reduces working time 4.78 4.85 1.46

é Delivers to customers on time 4.44 4.64 4.51

L% Straightforward measuring equipment 451 4.78 5.99

Easy to store 3.57 3.70 3.64

Safe to use 4.25 4.37 2.82

< Durable and long-lasting 4.31 4.44 3.02
:’cj The structure is robust

A 4.12 4.51 9.46

Total average
4.21 4.41 4.75

M 13 uansnnufiselafildainanudamsvesgninduldianinneidio
Wanwansasiduiulnifsdn fasildsunsimulmiinswasuuwamisduanainis
yhau gunsainsrniniissnsiuarldnsaaeuiudiusaunsnnesiteaudidu navesns
Ussifiunuiiidnedsvesnsuuuanuiionelafiviuainfesas 4.21 10 4.41 Anduevay
YoansifinTuiiy 4.75
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