Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2015.16.9.5737
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 16, No. 9 pp. 5737-5742, 2015

BLDC XE¥] AR} AME A= AF o) A3t AAF

‘StRmsthstm 7|ASSt, ‘HRE® 71 - XSRS SR

A Study on Insert Injection Molding
for BLDC Motor Stator
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Abstract Insert injection molding is a process in which molten plastic is injected into a mold that contains a
pre-placed insert. During the injection stage, the insert can be deformed by the pressure applied by the polymer melts.
The deformation of the insert changes the width of the flow path around the insert, which can cause several defects
such as short shots or warpages of the parts. In order to reduce the deformation of the insert, it is important to achieve
successful design of gating system, insert geometry, and molding conditions. In the present study, the insert
deformations that occured during the injection molding of the BLDC motor stator were investigated by numerical
analyses. The gate location and the insert shape were modified to reduce the insert deformation. Finally, the injection
molding with the modified designs was carried out, and it was confirmed that the insert deformation was reduced.
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Fig. 1. An assembly of a stator and an electronic circuit

board.

(b)
Fig. 2. 3D modeling of (a) the inserted part and (b) the
molded part.

Table 1. Cross WLF Model Coefficients for PP

Coefficients Value

n 0.226

T (Pa) 60572.8

D, (Pass) 5.611x1012

D, (K) 263.15

D; (K/Pa) 0

A 27.289

A (K) 516
p=—

170"y t=n? 1) viscosity
1+ 7 T : temperature
A (T* T*) p  pressure
1y = Dyexp|— m}, 7y : shear rate
T*= D,+ Dsp
Table 2. 2-Domain Modified Tait PVT Model
Coefficients for PP

Coefficients Value

b1 (mkg) 9.196x10"

by (m/kgK) 5.66x107

by (Pa) 1.001x10°

ben (KT 4.543x10°

br (m/kg) 8.685x10°

by (m'/kg'K) 3.823x10”

bss (Pa) 1.281x10°

by (K 7251x10°

bs (K) 451.15

bs (K/Pa) 2.8x10°

p
o(Tp)=v (7')[1—0.08941n(1+—)]
P Z6)
(7= b . +b2‘m(T—b5) for 7> T
YN, 40, (T b)) for T< T,
B 17— b3,mexp{—b4,m(T— bS)} for I'> 1T}
by ;exp{—b, (T—b;)} for 7'< 1T}

T, =b, +bp
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Fig. 5. Filling patterns with the initial gate system.
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Fig. 6. Deformation distributions of the inserted part.
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Fig. 7. Schematic diagram of the pressure distribution
in the cavity.

Fig. 69 YEPd QM ES WMEYREE AHny S
Al EL o] WA Alo]E FHolA QMET} ¢
Z o2 1.62 mm7HA HIHASS & 5 ok ©]
23 W2 FA Fob B HiE MES] Sy
ofHel| A o] & zfo] ujie] WAIEITY.

Fig. 791 YEpd vle} Zo] QIME o} #jF o=
FiE 52 AAE A% o] qtES vhsta, 9]



A& 8] =2 A A6l A9E, 2015

ol BALE A
2o 91%3} oe% s Fo
Aol

Time = 2.25 (sec) Time = 3.00 (sec)
2.2 HO|E A|AHIS| MHA JHM Fig. 9. Filling patterns with the modified gate system.
58 EAHS W] flete] Fig. 83 2ol Al
NzRsl A AT AolE AAE 174 o o

1.74I

131

o 87|

0.44

O.OOI

1.74I

131

o 87|

0.44

O.OOI

E g
o] REHOF o|FAAI, frEol AXNES] Aol B
Fo & N2A A EE 57| fJste] Alo|E] AVE
FAMEEO R 15 mmE Z7HAZATH

NE AlClE Al ~8lS Agato] FA|)AS T8t

o] ddojzl =AY ES Fig. 9ol YEMUTE AT E Ay Time = 0.75 (sec) Time = 1.50 (sec)
S B Y

Azgle] A AR E B, i
5o o8] AMES ofekE Jqom A 9 |
o 9% goo] ErpA Mgl wastn S S )

0.44

O.OOI

1.74I

1.31

Time = 2.25 (sec) Time = 3.00 (sec)

Aa5s) A5} H]%S}Jﬂ 9]z ko o] Mo] WA

3wtk ey QM ES] WEe ofgfE 9] Fig. 10. Deformation distribution of the inserted part
fEo] 9% Bid thr}27] A (time = 2.25 sec)dl = with the modified gate system.

A9l wsA Gt f5e] trhe o) F FAs

WS, olel 4E mel W, 2] Aole Azun 25 UME B DAY

e veksbel O e $5 S4S neltw pe LIS RS G0N wASE mag SS9
8 2= olt}. et o413 QM ES ¥E @ mAEo Ast7] fEIME fr50] 915 d9ez FdE & A=
s 9] UE] ol d BANS AT g 14 e AR/F dasi & AT A
wlo] g5} o] AR 3|27l T 7}“0”5}04 O]Eiﬂ 7} =9l

offt
on
fru
i
o%
oX
>
iﬂ
G
o
L3
011
E
(m
L
o
—'i’?ﬂ

4
oifl
on
fr
fru
N rlr X o Ho m

N
N
o
met -
-

Yol AR A 2E A BES

Fig. 113} Zo] AA3I3t). 7 JAAEe] Fig. 89

Fig. 8. Modified design of the gate system.

5740



BLDC 2E IHAY AAME A& APl Be A+

AlPIE A =dS #-8-8ke] Y

o
Ho
offt

o
o

4
o,

=

3

el
it
oo
i)
£

re

=1

Fig. 11. Design modification of the inserted part by
making holes.
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Fig. 12. Filling patterns with the inserted part with holes.
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Fig. 14. Experimental results of insert injection

molding using the initial gate system.

Fig. 15. Experimental results of insert injection

molding using the modified gate system.

Fig. 16. Experimental results of insert injection molding
using the inserted part with holes.
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