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OPTIMIZATION OF PROCESS PARAMETERS FOR REDUCING SHORT SHOT DEFECTS

IN INJECTION MOLDING: A CASE STUDY OF AN ELECTRICAL APPLIANCE FACTORY
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ABSTRACT

This research aims to determine the optimal process parameters for plastic injection molding in order to reduce the occurrence
of short shot in AC power cord plug production. Short shot is one of the most critical defects affecting product quality and
manufacturing efficiency in the studied factory. Production data collected between January and December 2024 showed that
19,957 defective parts were identified as short shot out of a total production of 1,674,504 parts, representing 1.2% of total
production. To investigate the root causes of the problem, data collection and brainstorming sessions were conducted with the
production team, followed by root cause analysis using a cause-and-effect diagram. Three key process parameters influencing
short shot were identified: melt temperature, injection pressure, and injection speed. The injection molding process was then
simulated using SolidWorks Plastics to analyze melt flow behavior and determine appropriate parameter ranges. A full factorial
experimental design (3’ factorial design) was applied to evaluate the effects of these parameters on the filling behavior of molten
plastic. Simulation results indicated that injection temperature and injection pressure significantly affected the filling behavior.
The optimal process conditions for minimizing short shot were a melt temperature of 200 °C, an injection pressure of 90 MPa,
and an injection speed of 70 mm/s, with a gate size of 10 sqr.mm. Validation experiments under actual production conditions
confirmed the effectiveness of the optimized parameters. During the validation period, 411,643 parts were produced, of which
1,309 parts were identified as short shot, corresponding to a defect rate of 0.32% . These results demonstrate that appropriate
optimization of process parameters can effectively reduce short shot and improve production quality in plastic injection molding
processes.

Keywords: Injection Molding; Short Shot; SolidWorks Plastics; Design of Experiments; Process Optimization
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q=mc(Ty-T1) (4)
Tagh  q=snnuiouga
v
m = 1 1MUNV0IIae NTY

¢ =mAnudousunz yarensuwaiFod

T
T, = QUUIIaaTuAY
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' % o Y
Llazfﬂiiﬂﬂmﬂ’ﬂi\l%}ﬂuﬂﬂﬂﬁ]1ﬂIiJﬂﬂ@ﬂiJﬂfd]ﬂ1iu1ﬂ’ﬂll%)ﬂu [15] aaeruns (5)

_RAAT  RA(T, -Ty)
t t

p

= o ' P a A v o
Tag P =odas1msmiemanuiou (yaasiuii wso inn)
1w a £ ° 1" Aa
k = mdwlszansmsihanudou (aneIuiwas-osruvaiTe)
& A Y '
A = wunnanudouTvariu (msruwas)
AT = anuuananvesgurgiveaseda (79 a-b)
[= ANUNVBITAYIENINTRINIgUNYI (WAT)

9
v @

3w da 9 ¢ a v ° Y o
ANUUTUNTNMTIUAIVDI PVC mmmﬂuiuaﬂmmiaaﬁma"lﬂmuﬂgmimmmsau [15] aa@un3 (6)

_r kpchpvc (Tpuc - Tmold )(dt) kmoldApvc (Tmold - Tair )(dt)

~ Mmold€mold (Tmold - Tmoldald) -

M pue€ puc (Tpvc 1
puc mold

puemold )= 1

H Y Qy
Tagh  m = minFuOuT I

Cpe = MaNuTous Uz PVC dangu

T, = guvgiieg TuvesFuaiy PVC
Toeou= qmwgﬁxﬁmwﬁmm PVC
T, = Qaungiitfagiiuvesluaa

T, 0= QMMQTIANVD TUBA

= gungiiemalagsel

Tai
K,,.= mmsthanudenves PVC dangu
Y H Y

aAa A Aa o J
o= i FunuRaanyTuaa

! ) ¥ 3 o J
= i’ﬂﬂﬁlﬂﬂi]ﬂlii’)u‘llﬂﬂl,ﬁﬁﬂﬂ1iilﬁﬂ

A

I<m01d
2{‘ Aa g J

A = Wu“l/lW'JIilﬁﬂﬂ"lﬂW]gﬂ"lﬂTﬁ

mold

' v
L= ANUHUARAGVDIFUIIY
I =anunuunasvedluaa

mold

ey dt=A1aIReIoUMIAIUIN (iteration HHIBIUIN)
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2.2 mic‘ﬁmaemzmumi@{w SolidWorks Plastics
mmsadrauuiiasavesmsaanaraanlullsunsy SolidWorks Plastics 1613 83 Tutaaauia (3D Model) 8314
o [} o A o o A Aq ¥ g <3 a v a [
52U Runner Hagd1n i Gate fvuaou lvlunissiaesiaanaraannlfiuiianaradn Pvc Taos1adan1nin

A LA a s 2 a =~
Material Database "IJEN%E)“V‘IGILL'J?1.]51]ﬂ'lWﬁ'liJLC"lE)iﬂﬁﬂﬂ@l'lll("lﬁ'l\?ﬂ'liﬁ)ﬁ)ﬂllﬂllﬂﬁ‘ﬂﬂﬁ@\? 33 !.!‘V‘Iﬂ‘l’]ﬁ]!ﬁﬂﬁ ATNNITNN 3

a o o A a 2 3
M1319N 3 ﬁgﬂuﬂl@\jﬂzﬂ"l]EW]Gl"ff'slufﬂﬁf’)ﬂﬂlluﬂﬂ”li'ﬂﬂa@ﬂl%ﬂlw‘lﬂﬂﬂﬁﬂauuﬂ 3

szauvetiady
ade széudh FZAUNA 3TAVGA
guMginasumal (°C) 180 190 200
139AURA (MPa) 70 80 90
ANNIGIA (mm/s) 70 80 90

a d
23 MS5INIITHiNG Simulation
o 1 @ ' @ A . . a 7 o 1 ?;} o A = o
1aTadeluneayszAu91AA151990 3 11 Run Simulation 1415z aziiniminnnlasuulaslduiviinis

a J o {
3312 wazfufinwa 1Iean1s Run Simulation Tugili 3

@ ll

v Y
gﬂﬁ 3 G]’J’E‘JEJNNﬁﬁUi’NL!‘]_I“]Jihﬁi‘)\mﬂlliugf‘lﬁhlﬁﬁ‘lli’NWQWﬁﬁﬂﬁﬁﬂmWﬁ’J ngﬂ1L'Jﬁ1"l]?J\iﬂ"li%ﬂlﬁlllﬁﬂWﬁWﬁﬁﬂ

3. Wan1538
a d v d = < [
31 wamsdnazvinaansveamanaasasuunlaneissaminglamszay
4 o a ¢ g £ v 3 o £ ~ A
nwanmsnaaoaie TUsunsuimsdniziiasaduaz Idaniminsuauy #118919a1319013500 A DUMINAAD U
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M3t 4 SoyaitlFlunsnaaoeguuy (3° Factorial Design) Wanuasuau 27 Yoya
SeuT | qunginaemmal (°C) | useduia (MPa) | AnuiSaia (mms) dimingua )
1 180 70 70 63
2 180 70 80 64
3 180 70 90 64
4 180 80 70 66
5 180 80 80 66
6 180 80 90 66
7 180 90 70 68
8 180 90 80 68
9 180 90 90 68
10 190 70 70 67
11 190 70 80 67
12 190 70 90 71
13 190 80 70 68
14 190 80 80 68
15 190 80 90 74
16 190 90 70 71
17 190 90 80 78
18 190 90 90 75
19 200 70 70 68
20 200 70 80 76
21 200 70 90 84
22 200 80 70 81
23 200 80 80 85
24 200 80 90 105
25 200 90 70 105
26 200 90 80 105
27 200 90 90 106
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a < { A ¥ a 1 3 o £ a 4 4 % v a @ J~ o @
53Elglﬂﬁ"Iﬂ"lfl'L@lﬂJL@lﬂJLﬁﬂWEﬂﬁﬂﬂf‘ﬂ\‘lf‘)\‘lﬂTHTHuﬂﬂfuﬂTﬂﬁnﬂLlUUiuﬂﬂﬂW?&ﬁﬂfl' HagMIFIUINITNT 9T WS WU SN

o 2 @ o o 7w o A o
103.7 TN AD 7 FU HUN 91 NTU LAZTULIUDIUUN 12 DTN ﬁ‘ﬁﬂlﬁll

C »
31 4 AnhminnagSnasduau

33 maoanzranuslsiu (ANOVA)

MARanIINIErauLlsUsuvestoyanisnaasuFwnneioa 3 5¥AUAI0 Minitab TaginuaszauAY
Foiiudi 05 n3e 0=0.05TAEn53900UT P-Value < 0.05 voaToss gangiia usedulumsia uaz anudaia ae
STEEMMSAAY Fill Time AiwaderiminFuammuii 3 Josemdn sauiusn 1 Jade3mvesguriginanuusaauly

9 v @

a A 1 a < 1 A v oo W 1 v 1 A [ 1AW =
N1TNA UWAADITYSLIAINTANUANDINNUYTIATY E‘T’Juﬂfl]"l]ﬂi’fm@uhlllﬁﬂNﬁf’]ﬂNll‘L!Elﬁ1ﬂi1J muamwaiugﬂﬂ 5

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Maodel 26 24.8407 0.95541  23.94  0.000
Linear 6 12.9958 2.16596  54.27  0.000
Temperature 2 74673 373364 9354 0.000
njection Pressure 2 21528 1.07640 2697 0.000
njection Speed 2 3.3757 1.68784 4229  0.000
2-Way Interactions 12 11.1690 093075 2332 0.000
Temperature®Injection Pressure 4 10.6848 2.67120 66.92 U.[JOGI
Temperature*Injection Speed 4 0.3905 0.09763 245 0.071
njection Pressure™Injection Speed 4 0.0937 0.02343 0.59 0.675
3-Way Interactions 8 0.6759 0.08449 2.12 0.069
Temperature™Injection Pressure”Injection Speed 8 0.6759 0.08449 212 0.069
Error 27 1.0777 0.03991
Total 53 25.9184

51 5 m3Tnszrarunlssou ANova

a Cl 1 ° v [
3.4 mﬁamiwmmza;ﬂwamimamaﬁmﬁ'umsnmuﬂﬂﬂw (Factors) #1az32al (Levels)
) @ a a 4 4 o Aa
NNRANITNAaIUVLNINBITIA (3k Factorial Design) aaluaisnan 4 ll'l'Jlﬂ51$1’Tﬂ31ullﬂﬁﬂﬁﬂulﬁﬂ1’ﬂﬂi}%EJ'VUJ

a a ' a £ g A v @ o w ' Y < a . .
ansnademsaarua liAuiszaiedinn 0.05 (0=0.05) WU Minsztevetoyailunuulnd (Normal Distribution)

9 1891nmsiEesarvesmdIuana1e (Residual) Nogluanymziduas 1910 Normal Probability Plot #931# 6(n) 1ag unugil

L]

Vo Y o w o { YR o Aq Y 2 a ' y
N13N32910 (Scatter Plot) ¥oIAdIuaAnA1d1AUNINAa09 aa3ln 6(v) 521y IdnTaden lsianuiludase lutigduuna

@

' ' . A A 9 Ay v A A A " Y o o o
HUBY 93U Fitted Value uffmmmwaaammmayaﬂﬂ ﬂ\ﬁﬂ‘ﬂ 6(n) °1/'IL‘VIEJUﬂ1ﬁ3u€5]ﬂﬂ1\1ﬂﬂi$ﬂﬂﬂl@\1ﬂﬁ]ﬁ]ﬂ
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Versus Order

Probability Plot for pass mass (response is pass mass)

Normal

Versus Fits
(response is pass mass)

’ 1 l' ;‘f' 1 | T .
. [ 1 2 -". . N
, \ \ I."' . f/\f [ f/\'\_“) \..}'\ [ t = ' . '::

© ]
] 3
2 5 [ = . .
E:g 2o Vo i W‘ [ .![ Yy » gua R S S SF S SR | :
g« = 1 Y | \.‘ (R v o« ., .
L 4 L . .
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Pass Mass Observation Order Fitted Value
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naavanuiluaifiog 4 gan1snaaeshiinsdanu 103 niu amiuihideyasinnisnaassiaswuusiasaniana 1y
Wari%u Response Optimizer 141151105 Minitab 1oy imunzaniganumnmugauiigane guugiinasuinal 200

v A 3 A = v 3 o &£ Y1y A o =
°C 1139AURA 90 MPa 11azANMIFINA 70 mm/s 3 1vaAnnvinsuaulnanuihwinegnniga dsgili 7

Mew temperat Injectic Injectio
3 QI High 200 90 90
o Cur 200 90 70
Low 180 70 70
L]
L ]
——————————————— »---—-——-———-—-"——"—"———@¢ - —-————"——"—————— -
Part Mas
Targ: 103.0 L
y = 94.5926
L ]
d = 0.00000
[ ]
L]

1 a L4 .. a [ = 1 ¥ o £
3‘1]‘?] 7 HAN15UATICH Response Optimizer YBDIGUNHUNABUINGAN UTIAUDA LAZANNIGINA 7D UINITNTUNIU

3.6  MINATIUINDEUEUNANINAADY

"o Ay Y S v L. Ay ¥ ° a v . . ° °
aaausTninlaenienu Response Optimizer A'ldvnnstiansauianielsunsy SolidWorks Plastics ¥111%11
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a [ <3
guniiviaoumal (°C) 1599 UNA (MPa) AMW5IRA (mm/s)

gaalsia 170 60 60

gy v 200 90 70

5199 6 ﬂﬁgl,!ETUWQﬂﬁﬂﬂﬁﬂ\‘i

W.A 68 1.9 68 1.7 68 .9 68 39
vOANDN 66,732 72,644 168,965 103,312 411,653
VouFy (F1) 297 222 459 331 1,309
WeSiGuveuds (%) 0.45% 0.31% 0.27% 0.32% 0.32%

o Yy o va & 2 & A Y a 2 ~ &
wmmﬂiwﬂmuﬂﬂwn qumﬂaﬂ"l%hﬂunm 4 199U llﬂﬂﬂﬂﬂ'lﬁﬂﬁﬂi']ﬂ 411,653 ¥U WUUDIUFURAY 0.32% AAIIIN

1.2% N Tsenudadiel) 2567 Tugiln 8

uleidfuveuds

1.40% 1.20%
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nauivilss idhvisne .7 68 i.868 1.7 68 .0 68 371
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3‘1]7] 8 nswhidesiFuvoudamon N.A. 68 D3 7.9. 68
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Y a a A o 1 o 1 o @ = g 9y = [N~ (XY ~ k2
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° ¥yd a1 g A 1 o =2 Yo v o o 9 A o o Jdo
nnmstaewaaslimuiniluganiegaigavesdaunlsve iawnsaaglanudmiusvesyadlsiunafaduiusiu
a [] 1A @ ] [~ o w 1 L=}
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]
=1

M5190 7 M5 deyai 14 lunmsnaassdiuues

S QUUANTiaRNHAl °C) | WIIHAA (MPa) A13592A (mm/s) T (g)
1 190 100 70 100
2 190 100 80 100
3 190 100 90 100
4 190 110 70 105
5 190 110 80 105
6 190 110 90 106
7 190 120 70 105
8 190 120 80 105
9 190 120 90 106
10 195 100 70 105
11 195 100 80 106
12 195 100 90 106
13 195 110 70 105
14 195 110 80 105
15 195 110 90 106
16 195 120 70 107
17 195 120 80 107
18 195 120 90 107
19 200 100 70 107
20 200 100 80 107
21 200 100 90 107
22 200 110 70 107
23 200 110 80 107
24 200 110 90 107
25 200 120 70 107
26 200 120 80 107
27 200 120 90 107
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