
한국금형공학회지, 제9권 제2호, 2015
J. Korea Society of Die & Mold Engineering, Vol.9 No.2, 2015                                 ISSN 2092-9692

1. 서 론1)

������(steam-molding)�	��
�	�
�
�	���	����	����
�	����	��	

��	���	 �	�!"	#$%	&�'	���(	

)*	��%	120+�,�	��
�	-.	�
�/	
��0	�	-.	��12�	�����3. 456	
�7�	89	:;�	<=>?�	@A, ��BCD�	
EF, GH	IJK?	L��	M�	L��	�N	O3. 
P	Q	���	�
��N	R>	�ST	�
�, KQ
9	�
�, U(VWN	�0	�
�	��	O3. �
X	Y�	��	-.�
--.��	�Z(Rapid Heat 
Cycle Mold)
�	Steam-Mold QN	E-Mold, H-Mold, 
Ray-Mold ��	[�	���	\]^_3. 

†`abc	: 4dUc(S) ��5
  E-mail : ydmoon007@naver.com

Park;	 Kim1)�	 �ST	 Ue�	 #f:;(skin 
effect)g	�h�/	��	#$i%	jk
�	[lU
�	m�	�,
�	�
��	��
�	no	���

��	[dp�%	89�(	)0	qrK?	\]g	

st�u3. �v	wx12)�	[d��	�y	z{g	

�h0	|}~	0.2mm���	�no	A�%	4,

�	��T	�d%	����N	Kh�/	�80	�	

O3. 0�	�.����(High cycle injection)%	)
*	��g	��0	s��	9"	�	��	m�	�l	

���	��	U5W	�8	^��33). 
���	m�g	-.
�	100+�,	�m
�	�


��	��	12�	-
;	-��	��	m���

%	:�K
�	st�(	)�/, �9	(��	�h	
��	��	1��i
��	A��	R��	�.��	

Uh	��(X	��	���	�Jg	�]	03. ��
�	A�N	O���	
:�%	���/	���	z

�������	
�	�

	���

@�4†

4dUc(S) ��5 

Process optimization for the steam injection molding
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Abstract : The water has been the suitable for the cooling medium until now. But the water as cooling medium seem to
have the limit for high speed injection. The steam plastic molding injection use the steam as the medium when raise the 
mold temperature. The weld line has been the major quality problems in a plastic injection parts to be difficult to be 
solved. These problems in injection-molded plastic parts are difficult to find the reason because these issues are usually
in tradeoff realtions with each other. The purpose of this paper is to obtain the optimum injection moulding condition for
improving the quality of plastic injection parts and to inquire the productivity improvement with the measured cycle time
by steam plastic moluding injection. Based on these numerical results, the guidelines of mould design and injection 
processing condition were established. As a result, the improvement of quality and the reduction of cycle time was 
achieved.
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2. 실험

2.1. 실험제품 및 장비

A�	�,�	Fig. 1;	Y�	A�	ë(�	799(W) 
mm × 495(D)mm × 22(H)mm, (é	|}~�	2.5mm, 

ì 	̧430g �í, ���	(é	�î�	Table 1;	Y
3.

 

Fig. 1 The shape of plastic Front parts & delivery system

Table 1 Specifications of the mould

��	z¡�	Table 1N	�Cï	ðæç	ñ½ò
(cavity)N�	H$�,�, fó�;	5Z	���%	
���/	ªé	Hitachi Metals�	CENA1%	�h�u
3. Fig. 2X	Y�	�¢ô	ñ½òN�	��	����
%	)*	��	A�	1	
:�%	���/	½`K	�

,	Kõ�	��s�9)N	ö÷�	Ñ��u
í	��

s��	ø	ë(�	ù8mm, øk	kú�	16mm�	A
�5)�5W	14mm¶lN	��	�u3. ��	��	
ì	ñ½ò�	��	m�	ûÉü%	)*	m�	ý�

(TYPE C.A ù3.2mm)%	�h�u
í	�g	)�/	
��	ñ½òN	��>?
�5W	16mm¶l�	)�
N	ý�ø%	���/	Ñ�u3. [d(]�	�î�	
s��	[d	p�%	ÍÎ�(	)�/	þ	��(Hot 
runner) 6�%	�h�u3.

Fig. 2 The sectioned diagram of mould steam line

Main Core 
Material KP4 Cavity 

Material CENA1

Gate type Side
Gate Hot runner Air operation

valve system

 Schedule
(by Try1) 52day Resin PMMA +ABS

Sensor hole
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`G%	���(	)�/	��;	�w	kN	

10mm }~�	��B>�É(Bakelite)g	5��u3. 
��		�	
e�(�	s��	<=>?	M�	(C

�	Q��¡N	ì�0	�Ï%	��(	¿@N	��

5W	Å­��	���	��0	
�%	)*	,ôN	

N�	�É	ø(air venting hole)%	Ñ��u3. H$5
�	�T×=(compound) #8000(�
�	�,�u3. 
Fig. 3N	�¢ô	���	ñ½òg	�C	_3. 

Fig. 3 The Cavity shape for the high glossy mold 

2.1.1. 스팀온도조절기

��	m�	��(�	SYSKO��	FC-STAÆ�%	
�h�u3. Fig. 4N	��	m�	��(�	8��g	
�1�u3.

Fig. 4 The schematic setup of steam controller

2.2. 스팀사출성형 실험방법

é	\]N��	Æ�	Fig. 1�	A�
�	����
��
�	��B	CD	�	<=>?	89%	)0	Ù

K	�¢	�Ò	����c	A� 	̈��%	&�	«Ó

K
�	1	����	qr%	st	�u3. qrN	�
h 	̈��	��(�	LG(���	850�
�Ì	[Ú
N	�0	�ÚZ	s���(g	�h�u3.

3. 실험결과 및 분석

3.1. 최종공정조건도출

Æ�	Fig. 1�	������	qr%	ê�/	��
B	CD	�	<=>?(weld line)�	89�(	)�/	
ÙKJg	qt0	Ö;�	²��	ÙK	�¢�Ò�	

Table 2N	�C	_3.

Table 2 Optimum injection molding condition

�dô	��	m��	49+N�	<=>?�	89^
_
í	��BCD�	68sec�	ô¢^_3. �¿	�
��	�-m��	Max. 165+�	�C�3. ��	ñ½
ò	m��	Max. 86+��	ª	H�	��B	CD�	E
F^_
�	<=>?�	Å­�(	1�u3. Fig. 5
X	Fig. 6N	<=>?�	Å­	)�X	89 	̈���

%	��	�C	_3.

Fig. 5 The weld line position of part molded by low steam
temperature

Fig. 6 The parts molded by the optimum injection molding 
condition

���	��	1	Ù�	m�X	��	1	Ùbm��	

á�	Bs'	��BCD�	µ���	�N	�0	�

��	Å­��	«$	Ù�m�X	Ùbm��	á�	

�%s'	��B	CD�	EF^�	���	Ù�m�

�	�L	¾w¡	H�	<=>?�	Å­�u3. ��

Speed(%)
1 2 3 4
45 65 42 35

Screw position(mm)
1 2 3 4 S0
70 20 18 10 88

Pressures(%)
1 2 3 4

85 75 45
Injection time 15 sec
Cooling time 28 sec

Cylinder
Temperature(℃)

NH H1 H2 H3 H4
225 235 235 235 195

Cavity Temp. 
Condition

Mold Max 90 ℃
Mold Min 80 ℃
Spply Max  165 ℃
Spply Min 31 ℃

Steam-temp
controller 
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3. 

2
2

1
1

l
TAk

l
TAk

t
Q �

�
�

�
�
�

����       (1)

Q : 
 	̧(kcal) , t :1k(h), k : 
U��(kcal/m
h+), A : E$K(m2), : m�á(+)g	�Cï3. 
�;	$N	40	
U��X	½
(specific of heat)

%Table 3N	�C	_3. 

Tabl e 3 Thermal conductivity and specific of heat about water
and iron

Fig. 7N	���-m�X	���	ñ½òm�	�J
g	P�)�	�C	�	O3. K*9�	���-�	
m��J, T+9�	��s�	�-m��J, È+9
�	���	m��Jg	��	�Cï3.

Fig. 7 Temperature variation on the cavity

Fig. 8 One cycle temperature variation on the cavity

Fig. 8�	1£	��	1�	m��Jg	�Cï	ð�
3.  ���	165+�	�m
�	�-^�	���	ñ
½ò	m��	,#�$�	Ñ¢ 	̈Ù�	m�©�	�

,��	���¢�	�{	�	��s�	�-^$�	

���	ñ½ò	m��	�-�(	1��$�	Ñ¢¨	

Ùb	m�©�	�t^�	;¢%	®/S�	O3.  �
��	Ù�	m�X	Ùb	m�á�	Bs'	��m�	

(.(�	®3	�i�/��	��B	CD�	,4K


�	µ�/%	0	s	O3. ���	�-m�X	��
s�	��m��	Q5	�?N	�0	1.�s�	®

�	�¢�	ÙKJg	)�/	���	Ñ¢m�g	A

��s�	è	¿	���	Ù�m�X	Ùbm��	á

g	Ù�JË
�Ì	��B	CD%	EF12	s	O

_3. P´�	��	1	���	Ù�	m�g	¾Î	Ñ
¢	3	H�	<=>?�	@A�	Å­3	s	O3. 
��	
h¸%	1�	è	¿	½
�	4	
h¸�	̈

3. R>�	½
�	»	�¡�	m��Jg	)�/	1
k�	Á���	«$	½
�	��	�¡�	m��J

g	)�/	,4K
�	1k�	5	673. 8$¥�	

U,��	#$K�	ë(X	½9�/	��0	$®

3	�:}:0	;�	ë3�	è	¿	��>?�	��

0	��$%	893	<��	O
�	��,�	��

=�	O�	ÔqK
�	�Ý3�	è	s	O3. dªm
�, dªÚÛ�	�ÒN�	
%	U���	ð�	(¥
äc�(	¿@N	
�	¯Â	U,%	)�/	(¥�	

�d.��	>>?	03. 

3.2. 세퍼레이터

���	Á(Ú;	��s	ÚÛ�	���	�î	�

)g	@�A	H�	���	��s	
�
�	Be�

Material Iron Water Water
Temperature(℃) 20 40 200
Specific gravity 7900 992.3 864.7
specific of heat 0.108 0.998 1.076

Viscosity coefficient - 0.659 0.160
Thermal conductivity(k) 62 0.540 0.572

Themperature conductivity 0.073 5.45 6.15
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¶�	��s�	��
�
�	Be3	�C�	O
í	

��	Ô,�	((�	TD	�?�	E	s	�	O
F�	

ÚÛ�	«=1	K¢�g	[�*?	03. �N	40	
�G
�	Ù�	®ª´g	�d	3	¿N	Á(�	Æ/	

O�	�%	
���	��	����%	q1�u
�	

Á(N�	3��	�%	HË��	O��, ��	.N	
HË 	̈�%	cd
�	��;	6l	�	��i%	�

�		N	�-��	õFI�	
�	J
�	
���	

��, À	¦KL�W(separator)g	��	m���(N	
Ñ�0	�	��qr%	q10	Ö;	��B	CD�	

8sec EF^_3.
Fig. 9N	¦KL�W	ßà�	��;	��	6l	;

¢%	�C	_3.

Fig. 9 Operation of separator system

R>�	��;	�%	6l	�	��i%	��	N	

�-�(	 )*	 ��	 m���(N	 ¦KL�W

(separator)g	Ñ�	�	��qr	Ö;	9sec EF^_
3.

4. 결론 및 토의

é	\]�	�����¢N�	<=>?�	Q��

¡	@Ag	*Ö�(	)�/	��%	�h0	«ÓK

?	1	��	qrN�	ÙK	�¢�Ò	��%	)0	�

¢	ÙKJg	�t�u3. ÙK	�¢�Ò�	��	Ö
;	3�;	Y�	ÖM%	²_3.

1) ��	����N	�0	1	��	Ö;	<=>?	
@Ag	*Ö3	s	O_3. «$	��	1	���	Ù
�m��	86+���	N�¡	H�	<=>?�	Å­
�(	1��u3. 

2) ���	Ù�m��	140+ª	H�	<=>?	@
A�	*Ö^_
�	,4K
�	�	���	ëÎ	�

C�3. ��	�dô	;�	m�	á�	?0	
e	õ
Û	¿@?	ð
�	�E¨3. 

3) ��	1	�m�	���	�-^�	��%	Ù�	
m�	©�	�
���	6l��	1k�	32sec, ��	
1k�28sec�	ô¢	^_3. ��%	�
���	1
k�	��^�	�[�	¤¥?	��;	$k�	
U

���	á�	?0	
	b&	¿@
�	�E¨3. P´
�	ª«	�h	��	1X	½`�/	è	¿	�	100+�	
��%	dª0	Ù�	m��	�
��	��	Z(1);	
Table 3g	�h�/	O	P�	1k�	6�%	kQK

�	0	s	O3. 

4) ��B	CD�	EF%	)*	��	m�(N	¦
KL�W(seperator)g	Ñ��/	��	�-	1	��
;	�%	6l1Ð	�%	Rb	
�	12�	��%	1

�0	Ö;	��B	CD�	�S
�	EF^_�%	

0	s	O_3. 
5) �!"	���%	4,
�	<=>?�	89%	

)�/	ÙK	�¢�Ò%	����c	��	m���

N	�0	«ÓK?	1	��	qr%	ê�/	qr%	s

t0	Ö;	ÙK	�¢�ÒN�	<=>?�	89	^

_�%	0	s	O_3.
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