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sz Rlaglan19Uan (Cause and effect diagram) ntussldiitasoiimununiinszsidofremsnuans
ANUdUTUSvRAVRLaTHa (Cause & Effect Matrix) PueTeidnuzdeunwsamansyny (Failure Mode and
Effects Analysis, FMEA) INNSIATIERAIAAEES (Risk Priority Number, RPN) FaandaSesnussunzuuy
Tngldunugfinsln (Pareto Diagram) wazvhmsdmidendadedidaarunissgs Afdnaudimindosas 80 T
8M5189UN1 Resin : Hardener, Yu1aidu kagUsuiun Fapainisvawarea1LsRweInisUTEnoUABMTS
\Huegrann uldluniseenuuunismaaes deldudnnisesniuunismaasaduanedsauuuauszdu (3¢
Factorial Design) lagvinn1snaasy 3 Jade lnetadeas 3 seavu ¥nsMaaesdn 2 A%e sausuawiteau 54 ans
yiAaDs MIMARBIASIay 10 Ju MnmsnuTadoyauarinTsinanmaaemuiisedudadefivnyan Alfeuse
ﬁqﬁmﬂﬁqmﬁa §n5182UN17 Resin : Hardener 91 1 : 0.6, USunainm 12 fadndu wazawavdu 2.7 fiadluns 910
a3 dUNTUSUUTIUIY ansaifiudussiaedenssuidmne Tneteulsulssausiaadengi 70.30 i
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ABSTRACT

This research aims to improve tensile strength of leather bracelet chain with a target of the tensile
strength is greater than or equal to 78 newtons. This research started with brainstorming and analysis by
jewelry experts. Next, the Cause and effect diagram was used, then all the factors were analyzed with Cause
and Effect Matrix, as well as an analysis of the defects and effects by Failure Mode and Effects Analysis.
According to the Risk Priority Number, the number was classified and showed on a Pareto Diagram.
Consequently, the factors that account for 80 percent are a ratio of glue mixing Resin to Hardener, the
amount of glue and the size of crimp tool. It seems that there is a significant influence on the tensile
strength; therefore, the researchers brought these factors to design an experiment. In addition, the 3k
factorial experimental design was used as a method in this research. The experiments were tested 3 factors,
each factor at 3 levels. Also, the experiments were replicated and a total number of the experiments was
54 experiments. Each experiment was tested with 10 pieces. After data collection and analysis, the result
showed that an appropriate factors level with highest tensile strength used in standard-setting was a ratio
of glue mixing Resin to Hardener as 1 : 0.6, the amount of glue as 12 grams and the size of crimp tool as
2.7 millimeter. Moreover, the result from this experiment was used in assembly process for a leather bracelet
chain and it was found that the average of tensile strength was 111.40 newtons. It can be concluded, an
increasing on tensile strength causes a reduction of assembly failure 58.46 percent.

Keywords: factor; reduction; 3" factorial experimental design; assembly failure
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mMsUssiuiiauuanianadea (Risk Priority
Number, RPN) Tngfiansanainsia 3 Uszms fe

* ATUFULTIVBITNYALTBUNNTDA (S)

- Tamalunisiinaniug (O)

« NIATIIUSNBAUrTOUNNWIDY (D)

TneflauuansAIaude RPN = Sx O x D
2.3 N1599NLUUNISNAABINIIAANTTY (Design of
Experiment) [5-9]
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Probability Plot of Current (N.)
Normal - 95% CI

Mean 7030
StDev 1488
N 30
AD 0420
P-Value 0273

Percent
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70.0
Current (N.)
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INNTILASIEUAIAINULE 89 (RPN) @ 91131
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1. Fradornudestiuficiun fio 95% (Z, = 1.96)

2. §nansmageuiiniviua fie 90% (Zg =128

3. 0 A AIANULUSUTIUYBINIZUIUNIS (0 = 1.767)

4. 1y A9 ?i’lLagEJGUEJﬂﬂ"lLLiﬁﬂ{]ﬂﬁ;ﬂ'u (U = 70.30)

5. 11y fe Anadevesrussiativiang (ug = 78)
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4. M3wATvidaya (Analyze Data)
11531A5 189 RaNISNAaD LR oA nw TS 7 8
dnSnaneAusIRaUeINIsUsENaVaS s ol oanenis
TP833N1590NLUUNISNARBIMUUAINTZAU iomT2eU
Y57 munzaudmaian1smand iz ay Tu
Wswnsudns5agunmead (Minitab)
4.1 WaN1INAABY
1nNsALdunIsNeaswT ANl sauuuau
sydu 1w 3 et Jadvay 3 seau e 2 A%t sou
FIIIAY 54 N1NAaRs NMsnAassay 10 Fae8na
Faluananaassusingluresues Auseds (@) &

AN 3

o o & aa
M13799 3 NamﬁmaaqmmﬂiﬂmmumLiﬁ]gﬂmﬂaam

(Minitab)

ans1dung oa |l

$dy |y Resin: Uimlmsﬂa il:ﬂfw}‘u‘u ﬂ'lLLijﬂQ
’ Hordener #adn3y)  @adwns)  (Hoew)
1 3 1:1 4 2.7 53.08
2 9 1:1 a4 2.7 52.60
3 a2 1:1 a4 2.8 39.22
4 51 1:1 4 2.8 39.11
5 24 1:1 a4 29 37.95
6 a5 1:1 a4 29 35.37
7 29 1:1 8 2.7 82.26
8 53 1:1 8 2.7 81.99
9 22 1:1 8 2.8 70.12
10 30 1:1 8 28 69.65
11 28 1:1 8 29 66.30
12 ar 1:1 8 29 65.18
13 37 1:1 12 2.7 89.16
14 38 1:1 12 2.7 88.29
15 11 1:1 12 2.8 71.12
16 34 1:1 12 2.8 70.65
17 13 1:1 12 29 67.30
18 44 1:1 12 29 66.18
19 17 1:08 4 2.7 71.11
20 35 1:0.8 4 2.7 70.06
21 8 1:0.8 4 2.8 58.80
22 40 1:0.8 4 2.8 59.01
23 15 1:0.8 4 2.9 55.65
24 25 1:08 4 29 53.65
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M15°99 3 (s0) Han1snAaeInaINtUsENIHA NS AU

19ans (Minitab)

N SAATI Vsunauna - vuneiadu | Awseda
TN AR Resin: (#adn3y)  (@edwns) | (faRu)
Hardener
25 26 1:0.8 8 2.7 88.19
26 33 1:0.8 8 2.7 87.45
27 7 1:0.8 8 2.8 75.44
28 21 1:0.8 8 2.8 74.92
29 32 1:0.8 8 2.9 71.18
30 52 1:0.8 8 2.9 69.54
31 20 1:0.8 12 2.7 90.73
32 39 1:0.8 12 2.7 91.77
33 43 1:0.8 12 2.8 75.56
34 54 1:0.8 12 2.8 74.46
35 36 1:08 12 29 72.98
36 49 1:08 12 2.9 71.03
37 16 1:0.6 [ 2.7 87.65
38 18 1:06 4 2.7 86.65
39 2 1:0.6 [ 2.8 74.48
40 10 1:0.6 [ 2.8 75.38
a1 5 1:0.6 [ 2.9 69.17
a2 46 1:0.6 [ 2.9 69.80
43 6 1:06 8 2.7 101.18
a4 23 1:06 8 2.7 101.80
45 19 1:06 8 2.8 93.59
46 31 1:06 8 2.8 92.01
a7 14 1:0.6 8 2.9 87.16
48 27 1:0.6 8 2.9 87.37
49 4 1:0.6 12 2.7 112.25
50 41 1:0.6 12 2.7 113.40
51 12 1:0.6 12 2.8 94.22
52 48 1:06 12 2.8 93.72
53 1 1:06 12 29 88.02
54 50 1:06 12 29 88.23

4.2 ﬂqiﬂi'}ﬁ]ﬁﬂUﬂ'}qﬁJQjﬂﬁ’aﬂﬂaQLL‘U'UQO']aaQ
(Model Adequacy Checking) [16]
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Probability Plot of ausetia
Normal - 95% CI

Mean 7543
StDev 1753
N 54
AD 0.697
P-Value 0.065

Percent
3

Auseds

3Ufl 7 Probability Plot Aussfs

W3130u1n519 Probability Plot meﬁqgﬂﬁ 74
n1swanuasdunuidunsazdan P-value windu
0.065 §9311nn31 0.05 FsazuUledn Teyaainnanis
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Source DF | AdjSS  AdjMs F .

Value Value

Regression 7 145159 2073.70 53.71 0.000

ansEUNY 1 6150.5 6150.48 159.30 0.000

Resin : Hardener

J3nanm 1 5144.0 5144.00 133.23 0.000

quiamidu 1 2980.4 2980.43 77.19 0.000

RN 1 196.4 196.42 5.09 0.029

Resin : Hardener*

Usuunm

dnsrdung 1 0.7 0.69 0.02 0.894

Resin : Hardener*

quiamidu

J3uan1* 1 435 43.47 1.13 0.294

quiamidu

nsrdung 1 0.4 0.38 0.01 0.922

Resin : Hardener

USuaun1*aun

du

Error 46 1776.1 38.61

Total 53 16291.9

S =6.21369 R-sq = 89.10% R-sq (adj) = 87.44%

R-sq (pred) = 86.26%



1INAIATILIRNANITNAFBY [17,18] 1NN15NAADS

WHNANBLSARUUAIUTEAU AINNS199 4 Lagn1SNAdDU

{

a = 0.05 wudadeNiua

'
=

A oALIINIYBIN1SUSENOUAS 08U 0l D18V B9

o

auuAgIu NsvautidAmy

o

fasanliaine P-value fifiaesniiseduteddy
7 0.05 o915 TaTendn “Gvswandn (Main
Effect)” lawn 9m51@3un13 Resin : Hardener, YSunau
A way vuaiadu wazidlofiansaniedesiu “Suns
381 (Interaction Effect)” laun 8ns1diun1 Resin
Hardener*Usununi

Tnodardudssans uananisandula B2 winfu
89.10% wag R* Adjusted Wiy 87.44% 1ungAINuIn
AAnuLUsUs RN TMeUALesinsE NEegTU
AadsTeansaosunsldfieglufuuudaduiiungs

89.10% Faagluinauiiia

Main Effects Plot for Ausatia
Fitted Means

Gengruny R ; Hardane Uhnmny

Mean of Ausady
~ o o o
& E 2 3

=~
S

1:0.6 4 8 12 27 28 2.9
5UN 9 Bvisnananvesladendmanie

AWIIRIYBINNSUSENBUASDUVRDE 81

Pnran1sIasEd Wefinrsandadendn aunse
LansBNENAnan (Main Effect) fidiwananinseisvas
nsUsznevasesdeiioaowis lafagui 9 Tnsesuie
e

9MI18IUN1I Resin : Hardener wua1 LdunsInd
Snwastulu & mneainudi Jasesnsidiunia

Resin : Hardener 1 1 : 0.6 UU @INARDALITINIUDY

cuou

nsUTENoUaTesvalloananils WLW&J“U‘LJ?JEJ’N Uydan

95

Eng.J.CMU.[2021] 28 [2]

'
=

YT U T

& '

UU NG

o

USu1unia nudn @ unsINdanyely

meANIn Jasdeusununia 71 12 Jaansy

4

=

RofusatvasnsUsenavadestetioaenls Miudy
otslivedfgy

Uity wuan Wduns il dnvasTuas d
wneANIn JaeUSunani @ 2.9 Sadiwuns tu
denanor1usInaeInsUsznevasosteiioansnds 7

o o

anasediitydfgy

Interaction Plot for fusada
Fitted Means

Fardun < mnann

Mean of fiuTasia
o
(=]

11 108
#amiawnna Resin : Hardener

1:06

gﬂﬁ 10 Interaction Plot vswasiu 2 Uade

SYWINORNIIEIUNIT Resin : Hardener AU USUe4n1y

NamsInTIzs Wefiansantadusiu aunsa
WanISURTASEN (Interaction Effect) fidwwasorussna
vosmsUsznevadesdedoaenis ladsgui 10 Tag
asunelaaad

271NA1INA1TUINTIN Interaction Plot 8nSna
921 2 U998 5¥1I99R 3189111 Resin : Hardener fiu
USuraun1 wundnsnasmserinetaduensndiun
Resin : Hardener iU US1184N17 ANAADALIIANVDY

[

nsUsznevaiesdailoatenuds sgeldedAgyadns
Faau 1iewnnsUsusnstdunna Resin : Hardener
wazUsunanndluseautadegs dealviausdisvednis
Usznevadestedomenids syluszdugs uaziile
PR3187UNTI Resin : Hardener wagUsunauniilusgdu
Hadusn azdwmalinussiwenisusznevadesdaile

anevila agluszaue



o
Y

U.FI9504YUE WAy A.AINERIRSY

43 WANISNABBINIENTIZA MUZaU (Response
Optimizer)
nmsinsziiiomsautladeiliunzay log
1dHeAdu Response Optimizer Tulusunsudsagy
y9adid (Minitab) Faduilsddudildmarilmanziian
¥93U99y wazldinanuianelalngsinvewanou
(Composite Desirability : D) laaaianunswalaves
HanaUllA19g5E1nIe 0-1 wn D AU 1 aneds
Hanaulasuauianelaogeauysal
msiiuldnaeilunisdnduladensedudaded
WiNTEN fi AedsveALsiRareanisUssnevasey
Todeanomis eglurtmnedudussisianniiga

WI99INNSNTUVDIMAaE SEa Ul elunsaaneil

o w

Ludwasgadivedrdysadunulunisuda nanfe

ALSIRIBIUNNEA

Optimal Sasida P
D: 09026 *i’f"
Predict Low ] N 27

SR
Masimum .
y = 1128280
d = 099263

JUN 11 Annslasgvissauimngauinmun

91n3UN 11 nudseavladeimngay veamns 3

a

Jade I6un Sn31d1un1I Resin : Hardener wanza
msegT 1 : 0.6 UFnmnmaiseyi 12 fadniu waz
uniatu ﬁiﬁ?miaeﬁ 2.7 faduns lnadainnuis
welavassanau D = 0.9926 Faflandlng 1 aguléh
nanaulasunuianalangeun

4.4 YUNBUNISHINITNAADINDEUSUNE

o

A & 2 = o 1 9 o o A
Watdunstuduna 3snAnsUSusERUUaIeN

1#271nN153LA1E% Ao 9M918IUNI7 Resin : Hardener

@1

- a a

7 2.7 fadwns wlglunsiauaswasnaaaualss

- 0.6, USuneun1n 91 12 4adnsu wazuuiniidu

feveanisusenevasesdedeatsmis lnaiudeya

! o A a £ < 3 L [ -
ALTIAINNATULTUATUIY 30 TU LARININITIN 5

96

A15197 5 ALSIR9UBIN1SUSENaUAS oYYl aaNgng

UNasEIUTaTeNLFaINNITNAaD

9n31dun Resin : | Usunanta | wwnaniadu | Auseda
ey Hardener (fiadndn) | @adwns) | (fo6iw)
1 1:0.6 12 2.7 104.30
2 1:0.6 12 2.7 102.12
3 1:0.6 12 2.7 104.67
[ 1:06 12 2.7 99.10
5 1:06 12 2.7 110.23
6 1:06 12 2.7 106.24
7 1:06 12 2.7 108.66
8 1:0.6 12 2.7 114.35
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