
 
 

������ 147 �������	
��
������������
�� 90 	����	����� �
�	
�� 60 
����
 

 

 
 

������ 148 �������	
��
������������
�� 90 	����	����� �
�	
�� 120 
����
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������ 149 �������	
��
������������
�� 90 	����	����� �
�	
�� 180 
����
 

 

 
 

������ 150 �������	
��
������������
�� 90 	����	����� �
�	
�� 240 
����
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6. ��	�
��
������ 

 ������������������
����!��"���#$�%�������	�&�'$��������� (Rubber Step) *��+,&*������ 

3D-SIGMA ,�
�+����
�	.��/5� +������������/��&�����������
�!7:��;�"���#$�%����'/+,&	�.*�*��


.����
	����,�
�+����"��� (CAE) +�������������������7��'/�
'���
�,�:���� 4 	�&�*��
������	�<�

�&��5�&� 2 ,�:���/�&��5�$��
� 2 ,�:� *��'/�
�$�=�/!���;	!&�	�&�������
�	�<����	!&�����&��!&��!��,�:����

*��.
����
!���;	!&���>7��
��/�/�7������!��,�:����	����$:� 	�?���'��"�!�����
�	.��/5�*��*�������$:�

�/�/	
��!�����@5�	!&�!��	�?:�����
��$�=�/!���;@5�	!&������
�����$:�,�:���� �$���
	�
��.�7��!��

,�:�����
�/�/	
��@�������$�����$� ��/ +,&,���@��� 4 �$
 *������$�.$����	.�?����
�	�B���/�B�*��+,&��@�

���!7:���!���������� ��/@�&��&���;	�?���
�'/	�<��$
+�,��+5&.
���&��+����������$
�� ��/�$
����������/ 2 

�; 	�?������������������&
�����
�	.��/5�*�����'��������@5� *��+,&��� NR40 "�!�����	��
��	�
��

�$�=�/!�����@5�!�����	!&�#��+���������'�����'������&
�*��������/���������
�'��� *��

	��
�������.���/�/>��!�����;'�����F �/�/!�����;����+5&	5��
�����@5��
�@�&'�����'�����*��

*��������/���������
�'����
�$�=�/���@5��
�+��&	.
���$� ��/"�!������$��
�!�����������
�'���

�$:�'/�
.���
��&���
��"��
�@�&'�����'������&
�*������ ��	5��	�?�����'��"�!����$������;	!&�	�?��+5&�
.
��

�����!��,�:���� ���+5&!���.
��5��!���;	!&��
!����
�����
��!�����'�����'7����+5&������!��	�?:����

�
�@5�	!&�@�#��+����������
�������
�����
�� �7���;@�&'�����@5�	!&��
��/�/���;�
� 50 ��/ 100 �����	��� ��/

����$��
�#��+��;'���	�?:�����
�@�&'��*������'/	5��@�&
��.
���$��$:�'/	����	����!7:�+�,�
��/�/	
���
��$:�

'�.
���$�@�>7���/��� 1,300 ���� ��/.
���$�'/.��
�'����@5�	!&�@�	�������������
�!����������

�
��$:���'/@�&.
���$��
�	����!7:�+�,�
�	
���$��$:�	,���$���/@�.��
��
�.
���$��;�����
���/��� 900 ���� ��/

	�?��	���'��:���/�
�����
�.
���$���'/���� �/�/	
��!������$�"$�!������$�����K�$:� �7��'/	5��@�&
��

����$�"$�����K!������$:�'���
��
.���;����	���!7:��
����	
�"�
!��,�:�����7��'/�
*�����
�'/���+5&,�:�����$:�

	���*���!������K�
����	
�"�
@�& �/�/	
���
����>;��
�	!&�@�#��+��������� �/�/	
��!��	�?:����+�����/

��
�'/@��	����$� �7��'���
����	!&�@�#��+����������
��
	
������
�����7��'/��;��
����	
��&������+����!��

,�:���� �/�/!������
�	!&�@�#��+����������7���/�/����
����	!&�@��$:�'/�
�/�/�����
�
�����7��'/��;��
����	
�

�&������+����!��,�:���� �7��'/	����
����	
�	�
�
�$�	5�?���$��/�/	
���
�	�?:����@5�	!&�@� �/�/	
��!��

���+�����/��
�!��,�:�����7������
�@5�	!&�������'/@���;��
���
��&������!��,�:���� �7��	�?:�����
��


�/�/	
���&��'/@5�	!&����
�5�$�'/���+5&	�?:����	�����������+���
��$:��������+���
��
�	�?:�����
�@5�	!&���

�����$:�'/�
�/�/	
�����'/@5�@�	�����
��
��$�@��	��� 	
���
�����$�"$��$�"�$��������� �7���/�/	
��+����

�$�"$�!��	�?:�����$�"�$�!��������������$:�'/���+5&���	
��$:�@�&�$�.
���&��'��������������
�����	
�

�?��F �7��'/���+5&���	��	����������$
�������	
��?�� '/	���!7:��
����	
�"�
�$�"$�!��,�:�����$��$
�������� 

������!��	�?:�����
���''/	���!7:�+�,�:�����7��'/����+5&	5��'��!������
�	,?�������$��7����'���+5&���	
��
:

	����LO5�!7:�@�& 	,�� *�������K ����������$�+�,�:���� "����
�	.��/5�'/	����
����	
�"�
�����
�+5O�'/
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	���#��+�"�
!��,�:���� ���@5�	!&�@�!��	�?:�����$:�����+5&	5���$�=�/��K���!�����@5�!�����#�.

!�����	!&�@�#��+��������� ���#�.!�����@5�@����,������
�����&
'7�@5�	!&�@�#��+��;	!&��7�����#�.!��

����$:�@5�	!&�@��$:�+��&	.
���$�����5�&��$�!���;	!&� ���'���$:�	�?:����'/@5�@�+���
�5$
!��,�:����

������&
@5���$��&��������
����	
��&������!��,�:���� �7��'/�����>���@�&
��	�?:�����
�@5�	!&�@�

#��+����������$:�'/	����
����	
��&�5$
������&
.�����	�����
��&��5�$�!��,�:���� .
���$��
�	���!7:��$:�'/�


.
���$�	����$��������K	�?���'��#��+����������$:�@���
����$��&���
����	
�"�
5�&�!������
�@5�	!&�@� 

��/.
���$��
��;��
�����
�	���!7:��$:�'/	����
����	
��;	!&�!��	�?:���� .
��	��
!������
����	!&�@�#��+�

���������$:� .
��	��
�
�	���!7:�#��+�,������
����$:�'/�
.���;���/	�?��	!&��;��;	!&���'/�
.
��	��
�
��;�	,���$� �7��

.
��	��
�;����	����
����	
��7������!���;	!&� ���	�?�����@5�	!&�@�#��+�����������&
.
��	��
'/���� �$���

���	�?���
�	���!7:�#��+��������
��$:�'/	5��@�&
��.��!���$������	�?���
�	����
.���
��;����	
�,������
��� ��/

�;	!&� �7��'/�
.���;�����
����	
��;	!&� ���5#;��!��	�?:�����
�	���!7:�+���/�
����!������
��$:� 	�?:�����
�@5�

	!&�@�#��+����������$:����5#;��'/��;��
� 130 – 140 ��K�	��	�
�� �7�����5#;���$:�.���!&���
�'/	����$��$:�5�� 

���5#;���;����'/	���!7:��
����	
�"�
!��,�:���� 

 

6.1 ���5#;��!���@�����/���������
�	
������F  

���5#;��!���@���+����	�����&�!����/�
�����$:����5#;��!���$
�@����$:�'/�
�;�5#;���
��;�

	�?���'��@�&�$�.
���&��'���������� ��/'/�
���5#;���
�����+���
��
��$�"$��$�	�?:����'/��;��
�,�
�����!��

�@��� 	�?��	�?:����	����	!&������!7:�'/���+5&���5#;��!���@���������������	�?��� ��/	�?��	�?:����@5�	!&�@�

	����������� ���5#;��+��$
�@���'/���� 	�?���'�����>���	�.
���&��'���$
�@���@��;�	�?:���� 	�?��>7�

��/�
����!���������$:����5#;��!���$
�@���'/���� '/	5��@�&
�����5#;���$:�'/.���F����	�?���'���


���>���	�.
���&��+5&�$��$
,�:������/.
���&��!����������>���	���+5&����$
�@���@��@�&	���/	�?:����'/

�$�.
���&��������+���
�*.�!���@����$:��$��
���5#;���
��;���;�	�?���'��+���
��
:	�?:����@��@�&�$�"$�'7��


.
���&��'����������>���	�+5& +����������
��$:�	�?��	���'��:���/�
����	�?:���������
�'/�����;��
��&��

����!���$
�@���	�?���'��	�?:����+���
��
:�$�@������$
	�&��
� 	���/���5#Q��!���$
�@����$:�'/�
�����7��

�����>	�
��@�&'��*������
��	�?��	
��+�������	����!7:�	�?������5#;��!���@���'/������/	�?��	��&'��:�

��/�
������&
'���
��
���5#;������+��@���	�<�'���
�	�?:����@������$
 

  ���5#;��!�����������
�	
������F +����	�����&�!����/�
�����$:����5#;��!���$
��������'/�


�;�5#;���
��;�	�?���'��@�&�$�.
���&��'������+5&.
���&��  ���5#;��!�����������
� 	
��	�����&�!��

��/�
����!�������� '/�
���5#;���
��;���/��� 160 ��K�	��	�
�� �7��	�<����5#;���
��$:�@
&+�*������ +�

��
��
��$�"$��$�	�?:����'/��;�!����������'/�
���>���	�.
���&��'����������+5&���	�?:���� ��/�
�	
�� 60 


����
!�������� �$:�	�?:����'/�$�.
���&��'������������/��
��
��$�"$��$�����K'/���+5&	������>���	�

.
���&��	���!7:�'/���+5&���5#;��!�������������� �7��	�?:����'/�$�.
���&��'����������'�	�?:��������$
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��/��
��
��$�"$��$�����K'/���+5&���5#;��+��$
��������'/���� 	�?���'�����>���	�.
���&��'���$
��������

@��;�����K 	�?����/�
�������'/��:�����$:����5#;��!���$
��������'/���� '/	5��@�&
�����5#;���$:�'/.���F

����	�?���'���
���>���	�.
���&��+5&�$�����K  

 

6.2 �������$
!��,�:���� 

�������$
!��,�:�����$:�+����	�����&��$:�	�?:�����
�@5�	!&�@�#��+���������'�	����$:�	�?��"��.�7��

,7:����'��*�������;'/	5��@�&
��#��+�!��,�:�����$:�.��	����	�����!���������$
'/�
.���
�	����$��
�K;����7���;

	�?��	
��"���@��$:�	����	�����������!��	�?:�����$:�'/	���� 	�?���'��	�?:����@�&�$�.
���&��'���������� ���

���	
�#��+�!��,�:������/��
��
��$�"$��$�,���@����$:�	�?:����'/�$�@������$
 ��/	�?��	
�����!7:�������

!��	�?:�����$:�'/	����	����!7:� ��/'/	���!7:��;�����
����	
�"�
!��,�:���� ��/#��+�!��,�:����'/	��������$


	,���$�������$��
��
��
��$�@������$
��;� ��/	�?��	���'��:���/�
��������$:�	�?:����'/���	����$�5�� +�������

��������'����$:����5#;��!��,���@����$:�'/�&���
��+����+,&*������	�?���'�����>���	�.
���&��

!�/�
����,�:�������'����������	�?��	���'��:���/�
����'7����+5&��'	������@������$
!��	�?:�����
����	
��
�

����$�,���@����7��'/���+5&	�?:��������$�,���@��� 

 

6.3 *�5/�
�	�?��+,&+������&���������� 

+���
�!��*�5/�
�	�?��+,&+������&����������	�<�	5���.������ (Carbon steel) S45C 	�?���'���


.
���!�������/�����.
���7�5���;� 	�?��+,&+��#�
/�
��
���5#;���
��;�.��.�����$������@��	��
����������

'�	���@� 	,�� ���!����$
 �7��"�!�����!����$
!��	5����
��������&����������'/�
"���/����
�����F��� 

	,�� ���	
�5�&��$�"$��/5
������������$
����/�$
���� 5�?�'/�
"����+5&��@����	.�?����$
!��,���@���

���!$�@�&	�?�������$�"$�!��"�
	5����
����
�$�	
��	����$
 

 

6.4 �$
����
�������.
�.��+�����
� 

- +����+5&.
���&��������������
����5#;��.��
��
� 160ºC 	�?���'�����*������
�"���,�:�������

���	�&�'$���������+������
:��;�@�&+,&���5#;���
�.�� 160ºC 	5�?���$� �7��'/���+5&���	����������$
@�&+�

�/�/	
���
����5��  

- ���+5&.
���&�����	�?:����#��+���/����
��$:�	�<����.
�.��+5&���5#;��!�������;�+�,�
�

���5#;���
����5�� ��/�
�$�=�/	�<�!��	5�
 ���	�?:�!��'/�$�@������T������� 	�?:���� NR40 '/+5&.
���&��

	�����&���;��
� 70ºC ��/ 	������+�,�
��
� 2 ��/ 3 	�<� 80ºC ��/+�,�
�����&���������'��5$
�
�'/��;��
� 85ºC 
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	�?:�����
�@5������'��5$
�
�'/�
���5#;��!��	�?:�����;��
����/��� 15-20ºC �7��+�����
��
:'/��;��
�

��/��� 100ºC  

- +����+,&.
���$�+�����
����!��	.�?����
�����
�+,&��;��$:�*���$�
@�'/+,&.
���$�+�����
��
� 80 

- 90 	����	����� !��.
���$��;�����
�	.�?�������>���@�& .
��	��
!�����;�
�+,&+�����
�.��	�<� 35 	����	�����

!��.
��	��
�;���� 

- 	
���
�+,&+�����
���/������	�?:�����$:�'/+,&	
��+�����
��
��/�/��/����
� 25, 40, 50, 75, 90 

��/ 120 	����	����� �
� 1.02, 1.49, 1.83, 2.69, 3.18 ��/ 4.19 
����
 �������$� ��/+,&	
��+�������	�?:�����
� 

300 
����
 

 

6.5 ���+,&���*������ 3D-SIGMA 

 '�����+,&���*������ 3D-SIGMA +����'������V���������@5�!�����+����������$:� 

*�������
.
�������>��/�
��
���$������
�.���.������+,&�����������+��$�=�/����F *���������+,&

���+�����/��
�@�&�$��
: 

 1) Preprocessor  

 ��
�!�� Preprocessor 	�<���
�+������&������������� (Mold Layout) �7��*���������	!&�@Y���
�

	�����;�+��;���� STL '��*������ CAD ����F@�&�����@���
�LO5� ��/*�������$������>	������
�����F 

!����������@�&.���.��� 	,�� ,�������K (Air Vent) ��/����.
���&�� (Heater Rod) 	�<��&� �����@������

��
�!�� Preprocessor !�� 3D-SIGMA ���� 4.4 �$:��$��
!&�'���$�+�	�?����������"��
�@�������>����"���� 

3 ����@�& *��*������'/����#��+� 4 ������ .?� �&��5�&� �&��!&�� �&���� ��/���@�*�	����. �
�>7�

	.�?����?�+������&��,�:���
�����F!7:���+5���$:�+,&������@�������>��&���;������
��$��&��@�& 

 2) Enmeshment 

 ��
�!�������������	���� (Meshing) �����>	�?��
�]
����@�& 4 ��� .?� 1) Automatic 2) Standard 

3) Advanced ��/ 4) Advanced 2 �7��*�����������>	�?������+5&,�:��������/��
��
.
���/	�
���
������$�

@�&���+5&�����>��	
��+����.���
���@�& ��/@�&"�
�	.��/5��
�>;��&�����!7:� 

 3) Definition 

 	�<���
�!��������5��.������F!����/�
���� 	,�� 
$�>�����
�+,& ���5#;���������� .��!��

��/�
�����
� ��/���	���"����
�	.��/5� 	�<��&� �7��*�����������>
�	.��/5���/�
�����
�5���F

�������
�@�& ���+5&@�&"����
�	.��/5��
�>;��&�����!7:�	�?���'�����
�	.��/5����@5�	�
�����	�
�
��''/

@�&"��
�@��>;��&���$�	�?���'��.
���&��!���/�����������$�@��	!&��;��#�
/����� !&�'���$�!��*������+�

��
��
:.?�������5�����.
�.������
�!�����	!&����������&
��$������@5� (Flow Rate) 5���&�����.��'��

����
�'���'/�&���
���.���
����������+,&�7�������>"������@�& 
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 4) Simulation 

 	�<�!$:�������
�	.��/5�*��*������'/�����>��/���
�	.��/5�+5&	5�� ��/�$������>5������


�	.��/5�,$�
.��
@�&  

 5) Postprocessor 

 	�<���
��������"����
�	.��/5����@5� �7���
"��
�@�&'�����
�	.��/5�5����;���� 	,�� ����$�

�
� .
��	��
�
� ���5#;������������/
$��� ��/	����	���������!����� 	�<��&� *���$
*�������
.
��

�?�5����+��������"������>	��
���,�
�.
���
&��!��"��
�����	�?���;"�+����	
��
���+'@�&,$�	'����!7:� 

�����>�;"�������	�?���@�& �����>����"�#��+�,�:����@�& �����@������*������@�������>�/���LO5��
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�$���?:�*������ 3D-

SIGMA 

���+5&������	������


�	.��/5��&
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���,&� ���"���/�����

������	������!$:��?��F 
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�����$�  
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��/�����������+��&,��
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2. �LO5�.
�����,&�+�

!$:����"����������� 

(!$:������� EDM) 

�
"����
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��������	�?��������

������
�,�:���� 

	�?���'��	.�?���'$��+�

�>��$� RDiPT �
#��/���

.���!&���;����+5&
��

�"����"������@�&��� 
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!&��;��LO5�!���
�
��	�&��>'$����������
�@�&�$��'&�'�����*����� �
�>7���
�����&@!�$�����

+�������
� �-1 

 

������
� �-1 �LO5�!��	�
�'������
�,�:�������
��	�&��>'$�������� 

 

�$�=�/�LO5� ��	5��!���LO5� ��
�����&�LO5� 

1. ���!��!��,�:�����
����	
�!�� 

(Backrinding) �$�����+��;��
� �-1 

��/�
���� 

- ���!����$
���.
���&��!�����

!�/	�����/�
����.��;�'/	������

!7:�	���/��;�+�	.�?����
�  

- ���+,&.
���$��:�� (Holding Pressure) 

���	���@� ��/'/	����������!7:�>&�+,&

���5#;�����������;� 


$�>���� 

- ����
��
����$
	����&��'/�
*����	���

�LO5�@�&����
�� 

  

��/�
����   

-��	
��+����+,&.
���$��:�� 

-��������5#;���������� 

-5�?�	�������5#;������
� 	�<������

.
���������!�����5#;���/5
������

��/�������� �7��'/���+5&���!����$


���.
���&������ 

- ������.��;��
����5#;������ 

- ������5���	�����������5�$����.��;�

	���' �����
�'/��.
���$��� 


$�>���� 

- ��$��;����� 

- �����������5#;�����.��;� (T90) ���

���	����	
��	����.��;� (Scorch Time) 

- .
���$�+�����
����� 

 

 

��/�
���� 

- 	����.
��	��
�
��$:�5�� 

- 	����.
���$��&�����>����$����; 

(Screw Back Pressure) 

- 	����.
���$��:�� 

2. ����
�@��	��� (Short Shots) �$�����+�

�;��
� �-2 

- �����������������@��	5��/�� - ���������
5���	�&�.
�������+5&�


�/�/���
�������/	�&�	����$� 

- +5&���������
����/�������K>;��&��

��/,����/�������K�
��/��� 
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������
� '-1 �����	��
��	�
��!���!��,�:����!��*.�����
�'$���/,�:����!��*����� 

Items Dimension 

Requirement 

(mm) 

Inspection 

Instrument 

Part Dimension 

from Research 

Project (mm) 

Error 

(mm) 

Part Dimension 

from Factory 

(mm) 

Error 

(mm) 

PASS NO 

PASS 

1 95 + 1.60 Vernier 95.00 0 95.15 -0.15 �  

2 78 + 1.60 Vernier 77.75 0.25 77.80 0.20 �  

3 5 + 0.40 Vernier 4.80 0.20 5.15 -0.15 �  

4 7 + 0.50 Vernier 7.10 -0.10 6.90 0.10 �  

5 2.5 + 0.40 Vernier 2.35 0.15 2.85 -0.35 �  

6 3 + 0.40 Vernier 2.60 0.40 2.95 0.05 �  

7 Ø 42 + 1.30 Vernier 41.70 0.30 41.75 0.25 �  

8 35 + 1.00 Vernier 35.50 -0.50 35.40 -0.40 �  

9 70 + 1.60 Vernier 70.90 -0.90 70.00 0 �  

10 Ø 42 + 1.30 Vernier 41.70 0.30 42.40 -0.40 �  

11 5 + 0.40 Vernier 5.25 -0.25 5.20 -0.20 �  

12 40 + 1.00 Vernier 39.80 0.20 40.10 -0.10 �  

��������: 	
���
��	���	����	��������������
 ISO3302-1:1996 Class M3 for good-quality mouldings 
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 '������� '-1 ����.��	��
��	�
��!���!��,�:����!��*.�����
�'$���/,�:����!��*�����'/

	5��@�&
��.��.���	.�?��� (Error) !��,�:�����
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�����	��
��	�
���$�'/	5��@�&
��.������F�
.
��+��&	.
���$���/"�������_���$:�5�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  page 207 



 

 

 

 

 

 

 

�
�
��� ) 

 

"���
%�(
:��"�
��
������
������ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  page 208 



�
�<;���%����!��$;��������
�:$�
���=����% 

<��
�����""�%���%�$)�'�*+����
��!��>?$�
� 

An Application of Computer Aided Engineering, CAE,  

in Rubber Injection Mould Design  
 

	�����.� 
�����.��;�1* K�#���]�` ���!
$O1 ������$��� �$�������2 ,�/ �$�=�K���3 ��/.����� 	�
�������1

1#�.
�,�
�K
����	.�?����� .�/
�K
����K����� �5�
�����$�	�=��K����� ��/ 

K;���	,
��
,�O	���/�������������� �>��$�.&�.
&���/�$j��	�.*�*��
���"�����������5���� 
2K;���	�.*�*��
*�5/��/
$����5��,��� (MTEC) ����$�����$j��
����K�������/	�.*�*��
�5��,��� (�
�,) 

��/��
�
����K�������/	�.*�*��
 �..���5�
� '.����]��
 12120 
3#�.
�,�
�K
���������5��� .�/
�K
����K����� �5�
�����$�	�=��K����� 	!�'��'$�� ����	��� 10900   

*�� 0-2942-7188 *����� 0-2942-7189 *�
	��� seksanwin@yahoo.com 

 

Seksan Winyangkul1*, Supasit Rodkwan1, Kittinan Unnanon2, Chana Raksiri3 and Kunnayut Eiamsa-ard1

1Department of Mechanical Engineering, Faculty of Engineering, Kasetsart University and 

Center of Excellence in Rubber Mould, Research and Development Institute of Industrial Production Technology 
2National Metal and Material Technology Center (MTEC), National Science and Technology Development Agency 

(NSTDA), Ministry of Science and Technology, Klongluang, Pathumthani 10210, Thailand, 
3Department of Industrial Engineering, Faculty of Engineering, Kasetsart University, Jatujak, Bangkok 10900, Thailand.  

Tel: 0-2942-7188, Fax 0-2942-7189, *E-mail: seksanwin@yahoo.com 

 
"���'��� 

*���$�
@���&
�����&�����������
�+,&+����"���"���#$�%����

*����/�
�����
�!7:��;�!��";&��/������+������5��������;����

+���/	�K@���$:��$�'/+,&";&�$�'&��'��#�����*������7��������

��������������*����K$��$�=/.
��,����O!����$�����T��$����� 

��/������"�����>;� �
�>7�+,&	.�?����?���/	.�?���'$��+����"���

����F�
��&��.
�.���&
���$����  '7����+5&	����LO5�+��&��.��#��!��

"���#$�%�����
�@�&	,�� ,�:����	���.�
��
����	���.
��'��	�<� ,�:�����


Y������K 	�<��&� ���"�+5&�&���
�����&@!����������/�;O	�
��&����

�&��
$������*��@��'��	�<� �$��$:����
�'$��
:'7�	�<�������.����
	����

,�
������������/���
�	.��/5�����/�����+,&+����5��#�
/

	5��/��+���/�
�����
�!7:��;�"���#$�%���� *��������'��������

@5�!������
�@5�	!&�@�+��������� ��/���5��.��.�����$���
�	�
��
�$�

���	,�� .
��5������ .��.
���&��'��	��/ .��������.
���&�� �$���

���	�?�� 	
���
����+5&������ �7������
�+,&+����
�'$��
:.?����]���,��� 

(NR40) ��/.���$
���!��	.�?����
�����
�+,& 	,�� ���5#;��!���������� 

.
���$��
�+,&+�����
� 	
���
�+,&+�����
� �
�>7��$
���!������5���

,������@5� ,������@5�	!&� '���
�+5&.
���&������������� �7��"�

���K7�=��
�@�&'�����'��������@5�!�����+����������
:@�&��� ���

��/'���$
!��.
���$��
�	���+�,�:���� .
��	��
�
�����5�������F ��K���

!�����@5� 	
���
�@�>7�!��	�?:����#��+��������� ��/�����/'���$


!�����5#;��!��,�:���������/�������� ���'���$:�	�?�����"��
�@�&'��

���'������
:��	��
��	�
���$�����
�'���'��	.�?����
���/��������'�����

��
���
"����.�&���$� �$��$:�'/	5��@�&
�����+,&.����
	����,�
����

��������/���
�	.��/5�	�<���/*�,��������5��#�
/	5��/��+�

��/�
�����
�!7:��;�"���#$�%���� 

 

�(
�(
��/ .����
	����,�
������������/���
�	.��/5� ��/�
����

�
�!7:��;�"���#$�%���� 

 

page 209 



Abstract 

Rubber moulds used in the injection moulding process in 

Thai rubber product industry are usually manufactured by the mould 

makers who often use skilled and experienced workers with trial-and-

error method including conventional tools/ machines in mould design 

and manufacturing processes. As a result, various defects of the rubber 

products such as excessive flash and air trap are occurred.  This leads to 

several mould try-outs and loss of raw material used in the process. 

Therefore, this research aims to apply the Computer Aided Design/ 

Engineering (CAD/CAE) techniques for optimized injection conditions. 

The significant input variables include material properties of the natural 

rubber (NR40) like heat conductivity, viscosity and shear rate, curing 

time and operating conditions like mould temperature, injection 

pressure, injection time including the gating and runner positions. The 

numerical results are also correlated well with the empirical data using 

the rubber injection machine. This research provides rubber researchers 

the tools to seek the best operating conditions in injection moulding. 

 

Keywords: Computer Aided Design/ Engineering (CAD/CAE), Rubber 

Injection Moulding. 
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Y������K 	�<��&� ���"�+5&�&���
�����&@!����������/�;O	�
��&����

�&��
$������*��@��'��	�<� �
��$:�����;O	�
�	
��*����������"���

��/�!��!$����+5&@�������>����.
���&�����!������@�&�����

�$���
��
 �$��$:����
�'$��
:'7�	�<����K7�=�	�?:���&���/	�<���
�5�7��+�

���	�?��!�������&�LO5��$�����
*�����.����
	����,�
����������

��/���
�	.��/5� (Computer Aided Design/ Engineering, CAD/CAE) 

����/�����+,&+����5��#�
/	5��/��+���/�
�����
�!7:��;�

"���#$�%����       

 

 

2. ���'	�����+�!���
������ 

2.1 ���'	����	���>$ 

+����
�'$�@�&K7�=�,�:�����
�
��	�&�*��+,&��� NR 40 �$
�����

!��,�:����
��	�&�'$�����������&���$:����CAD @�&����@
&+��;��
� 1 

 

 

 

 

 

 

 

      

�;��
� 1 ����
�
��	�&��
�+,&+����	5�
��	���+��>'$��������� 

 

 +������+,&	.�?����
���������
�$:� (Vertical Injection 

Machine) �
�5&� NISSEI ���� TH100-25VSER !��� 100 �$���/�
�������

��/����
� 254 �;���K��	����	��� !���>��$�.&�.
&���/�$j��

	�.*�*��
���"�����������5���� (RDiPT) .�/
�K
����K����� 

�5�
�����$�	�=��K����� �$�����+��;��
� 2 

 

 

 

 

 

 

 

 

 

 

�;��
� 2 	.�?����
���������
�$:�!��� 100 �$���/�
���������/���       

�
� 254 �;���K��	����	��� 

 

 	�?��������	!
���;�,�:����	���'�$�����+�#���
� 1 '���$:����

������������������
�+����������$�	.�?����
�����$�����+�#���
� 

3 �7��'/�
'���
�!��,�:����#��+�����������;� 4 ,�:����*���
,�����	���� 

(insert) ��;��$:�����&��!���������� ��/'/������	�?���	!&�	�?����������@�&

�������B��$
��*����K$��"���������+����	!&���/�� ��/'/	�B��$
���

	�?����������@�&���������$
!7:� ��/+,&�����+����������� [1] +����

��/���$�!�����������$
����/�$
���� ��
����+5&.
���&�������������

�$:� @�&+,&����+5&.
���&��'���
� 4 ���������&������/�&������������/
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��������7������+5&.
���&���
!��� 10 ��. ��
�,������@5�	!&�@�+�

���������$:�'/	�<�,������@5� (gate) 	!&����5

 �7��'/���+5&	�?:����@5�

	!&����	
��&��!&��!���������� '���$:������'��������@5�*�����+,&

*������ 3D-SIGMA [2]  

 '���$:����"��
�@�&'�����
�	.��/5�����&�����������$�����+�

#���
� 4 ��/�;��
� 5 

 

 

 

 

 

 

  

 

 

 

 

 

 

�;��
� 3 ���������
��
������������� 

 

 

 

 

 

 

 

 

 

�;��
� 4 ���������
��$
�� ��/�$
���� 

 

 

 

 

 

 

 

 

 

�;��
� 5 �����&�����������
�@�&������������@
& 

2.2 �
������
�:$'���������% 3D-SIGMA 

 !$:������� .?� Preprocessor 	�<����	�B�@Y�����,�:�����
�

@�&'$�	���@
&+��;���� STL File ��������&����
���/�������F �$�����

+��;��
� 6 �7���
��
���/��� @�&��� �"������������ (Cavity Plate) �$�

����+��;��
� 7 �"�������������� (Core Plate) ����.
���&�� (Heater 

Rods) ,����
� (Inlet) ��/���#�.��� (Tracer) '���$:����������5����
�

����F !����������+5&*�������$��;&  

 

 

 

 

 

 

  

 

 

 

 

�;��
� 6 ��
���/���!�����������$:�5���
�������@
& 

 

 

 

 

 

 

 

 

�;��
� 7 �;����!�����������
�	!
��!7:� 

 

5�$�'��	���'��:� Preprocessor ��'/��������������	���� (Elements) .?����

����,�:���� ��/�����������	�<��$�=�/����;���K��	���F !$:�����
:

	�
��
�� Enmeshment �7���$
*������'/�
�������@�& 4 ��� .?� 1) 

Automatic 2) Standard 3) Advanced ��/ 4) Advanced 2 �7��+����
�'$��
:

@�&	�?�������������	������� Advanced 2 	���/�����>	�?�������/�$�

.
���/	�
��+5&����/��
�@�&���+5&.�����
�	.��/5��
�@�&����������!7:� 

	,�� +���
�!���;	!&��7���
!���	�
�� 0.5 ��. !���!������	����'7��&��	���

�
����
��?��F 	�<��&� 

 !$:���������'/	�<�������5��
$���  ��/.������F !��

��/�
�����
� 
$�>�����
� 	�?��+,&�$�,�:����'/	�<�
$�>�����
�+,&�$�

"���#$�%�'��� .?� ���]���,��� (NR-40) �7��@���
+�_��!&��;�!��
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              -  .��.
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              -  .��.
��'�.
���&�� (Heat Capacity, Cp) 

              - .��.
��5�?��
�!7:��$��$������	�?�� (Viscosity as Function of 

Shear Rate)* 

              -  �$����������
�!7:��$�	
�� (Curing Rate as Funtion of Time)* 

* +����������$:�.
�'/��/����
����5#;��������&�� 3 .����/+�����/

,�
�!�����5#;��5�7��.
��
���	���!&��;�@��.
��&���
�� 15 .�� 

 +���/�
�������5��.��	�����&�����������'��������@5�

!����/�
�����$:�'/�&�����5��.��!��
$����
�'/�����+,&�����������

��/�&�����5��.��!�����5#;��	�����&�!���$:�,�:������/!���������� 

���'���$:����������5��.��!�����>���	�.
���&���
�	���!7:��/5
���

,�:�����$���������  5�?����������$
�
�.��
��$����������$
�
� 	.�?����
� 

(Part/Mould-350 (W/m2K), Mould/Mould-10,000 (W/m2K)) +����

���5��,�
�	
���
�+,&+����'��������@5��$:�'/�������	�<� 5 ,�
�	
��

�
�'/�&�����5��.����@�+�*������@�&����7��	
���$:�5���
:'/�
��$���;�

+�5�7��@�	.������������7�������>���5��.������F��@�@�&�$��;��
� 8

  

  - 	
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  - 	
���
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  - 	
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����/�� (Movable Part) 

  - 	
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� (Fix Part) 

  - 	
���
����,�:������� (Part take out) 
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Stroke (%) Fill Time (s) Max Injection Pressure (bar) 

80 4.01 1,100 

60 2.84 1,050 

40 1.88 1,000 

20 0.82 800 
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Abstract 

Rubber moulds used in the injection moulding process in 

Thai rubber product industry are usually manufactured by the mould 

makers who often use skilled and experienced workers with trial-and-

error method including conventional tools/ machines in mould design 

and manufacturing processes. As a result, various defects of the rubber 

products such as excessive flashes and air traps are occurred.  This leads 

to several mould try-outs and losses of raw material used in the process. 

Therefore, this research aims to apply Computer Aided Design/ 

Engineering (CAD/CAE) techniques for optimized injection conditions. 

The significant input variables including material properties of the 

natural rubber (NR40) like heat conductivity, viscosity and shear rate, 

curing time and operating conditions like mould temperature, injection 

pressure, injection time including the gating and runner positions. The 

numerical results are also correlated well with the empirical data using 

the rubber injection machine. This research provides rubber researchers 

the tools to seek for the best operating conditions in injection moulding. 

 

Keywords: Computer Aided Design/ Engineering (CAD/CAE), Rubber 

Injection Moulding. 

  

1.Introduction 

Generally, the rubber mould making for products formed by 

injection, Interprener usually use the outsource company in order to 

make the mould. Which usually use their skills and trial and error 

including the tolls and machine needed the human control rather than 

computer programming. As consequently, the problem in quality of the 

product occurs, for example over needed materials which attach to the 

product and air trop.  

   This leads to modify the mould which cost, loss of valuable 

time and opportunity in shoring market are concern able. 

 This research aims to study and be the alternative way of 

solution according to problem described above by computer Aided 

Design/Engineering (CAD/CAE) technique for optimized injection 

conditions. 

 

2.1 Material and Mythology 

In this research, foot step for motorcycle is selected to be 

case study by using NR 40 rubber. The example of work piece and cad 

model is shown in figure 1.  

 

 

 

 

 

 

                      Figure 1: Rubber Step for Motorcycle 

 

 The machine type of rubber injection is NISSEI, model 

TH100-25VSER, capacity 100 ton, and the volume of cylinder is 254 

cm3. This machine is a treasure of Research and Development of 

Industrial Promotion Technology (RDiPT), Faculty of Engineering, 

Kasetsart University as shown in figure 2. 
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 Figure 2: Vertical-Rubber-Injection Machine 

  

 After designing and drawing the work-piece model in Figure 

1, rubber mould used in vertical-rubber-injection Machine is designed 

respectively as shown in Figure 3. There are 4 important components in 

mould and insert set locating on both sides of the mould. This insert set 

slides into mould’s side by using a guide rail when mould is closed. The 

insert set is opened whenever the mould is lifting. Guide pin is used to 

direct upper mould and lower mould in order to make both moulds 

closely. Two heaters (10 mm. diameter) are embedded on the upper 

mould as well as on the lower mould. Hot rubber flows into gate which is 

comb gate, hence liquid rubber flows on the side of the mould. 3D-Sigma 

is used to simulate and correct mould after finishing the drawing in CAD 

system. The result of the calculation is used to fabricate the moulds show 

in Figure 4 and Figure 5.   

 

 

Top Clampingplate 

Cavity Block 

Cavity Block 

Heater (Top) 

Heater (Bottom) 

Locating Ring 

Screw 

Slide Core 

Bottom plate 

Spcer Block 

Spcer Block2 

Sprue Bushings 

Bushing 

Support Plate 

Cover Slide 

 
                             Figure 3: Mould Design 

 

 

 

 

 

 

 

 

Figure 4: Upper and Lower Mould 

 

 

 

 

 

 

 

 

 

Figure 5: Completed Mould 

 

2.2 3D-SIGMA Analysis 

 Firstly,The data is inputed into the program. The CAD model 

in the database, STL File, is opened. The main components of the mould 

as shown in Figure 6 composing of cavity plate core plate, heater rod, 

inlet and tracer are defined in 3D-SIGMA program.  

 

 

 

 

 

 

  

 

 

 

 

Figure 6 Main components of mould  
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Figure 7: Shape of Mould from Drawing 

 

After inputing all necessary data, processor divides work piece into very 

small cube, such method is called “enmeshment”. There are 4 types, 

which the program can handle, for example a) Automatic b) Standard c) 

Advanced and d) Advanced 2. In this research, the researchers choose 

Advance 2 for element dividing. Because it can be defined more details 

for each parts, the results are improved for higher accuracy. For example, 

we can define the size of the gate, which is very small-only 0.5 mm. So 

this element must smaller than the other parts. 

  The next step is to define material and necessary parameters 

of injection process. The raw material chosen to the experiment is natural 

rubber, NR-40. There is no data in the program for such raw material, the 

researcher make the experiment in order to find the parameters for the 

program. The important data are the initial temperature for injection, and 

the data which are necessary for making internal database such as 

    -  Heat Conductivity,(Lambda) 

    -  Density,(Rho) 

    -  Heat Capacity,(Cp) 

    - Viscosity as a function of Shear Rate* 

        

*The minimum numbers for temperature interval should be 3, and at any 

temperature’s interval the experiment should not less than 15.  

 Before simulation process, the data of the process should be 

initiated such as temperature of both work piece and mould. The next 

step is to define temperature-convection parameter of work piece and 

mould or fixed mould and movable mould. (Part/Mould-350 (W/m2K), 

Mould/Mould-10,000 (W/m2K)) 

The defining time interval can be divided into 5 intervals for one cycle is 

as follow Figure 8. 

  - Lead Time 

  - Filling Time 

  - Movable Part 

  - Fix Part 

  - Part take out 

 

 

 

 

 

 

 

 

 

    Figure 8: Time Interval for Simulation Process 

 

Then, the simulation of rubber injection can be run in 3D-SIGMA by 

using parameters of rubber-injection machine such as temperature of 

mould, pressure of mould, time for injection including parameters of 

gate, positions of heater. 

  

Parameter and Control 

 
Figure 9 Control Parameters 

 

Temperature of mould is fixed at 160 ºC because is a 

manufacturing’s control parameter making the cured rubber within the 

specific time. 

Generally, The condition of the rubber in room temperature 

is liquid and it changes to solid after heating, Hence the control 

temperature is vital process as follows. Step 1) the initial heating 

temperature for NR40 is set at 70 ºC. Step 2 and 3) the temperature at 

the nozzle is set at 85 ºC. The temperature of rubber where ejects from 

the nozzle is higher than 15-20 ºC. Therefore, The temperature for 

ejection is 100 ºC. 
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Pressure of ejection process is limited to 80 to 90 percent of 

maximum pressure of the machine. 

 

3. Analysis and Result 

From the 3D-SIGMA simulations, the result from simulation 

is compared to the real experiment. The researcher used 4-cavity mould 

in pilot study but the volume of cylinder of the machine at RDiPT is not 

enough for 4-cavity ejection. Therefore, the numbers of cavities in this 

work is them reduced to 2 cavities and the parameters of simulation 

program are changed to 2-cavity mould also. The results using 

parameter from the Figure 9 are shown in Table 1 comparing of 

simulation result with real injection. The stroke of injection machine is 

varied in the experiment for data collection of flow, pressure and 

injection time. However, the result from simulation and real injection is 

close. The differences in pressure parameters of the program input and 

experiment caused the differences in  results. This problem is caused 

element segmentation of workpiece at the ingate, which is 3 layers, 

provides more pressure than real injection. Theoretically, the more layer 

segmentation, the more time consuming calculation time. The problem 

causes from data-collection error to rubber characteristics, hence 

viscosity in the simulation is higher than real injection  

 

Table 1 Comparing of Simulation Result and Real Injection 

Stroke Simulation Real Injection 

 

25 mm 

 

 
injection pressure 1298 bar 

injection time 1.028 second 

 

 
injection pressure 777 bar 

injection time 1.02 second 

 

40 mm 

 

 
injection pressure 1300 bar 

injection time 1.500 second 

 

 
injection pressure 858 bar 

injection time 1.49 second 

   

Stroke Simulation Real Injection 

50 mm 

 
injection pressure 1300 bar 

injection time 1.800 second 

 
injection pressure 840 bar 

injection time 1.83 second 

 

75 mm 

 

 
injection pressure 1307 bar 

injection time 2.701 second 

 

 
injection pressure 865 bar 

injection time 2.69 second 

 

90 mm 

 

 
injection pressure 1315 bar 

injection time 3.200 second 

 

 
injection pressure 918 bar 

injection time 3.18 second 

 

120 mm 

 

 
injection pressure 1326 bar 

injection time 3.426 second 

 

 
injection pressure 911 bar 

injection time 4.19 second 

 

3.1Simulation Results from 3D-SIGMA 

1) Air Contact Time 

From Figure 10, the maximum time of rubber attach with the air is 

0.0896 sec. Hence, there is a chance to make air bubble in/on the 

workpiece.  

2) Filled Time 

From Figure 11, filled time of ejection rubber is not homogeneous 

within whole moulds because the difference of cured rubber varies from 

place to place. Rubber coming in to mould first, should be cured first. 

3) Flow length 
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As show in Figure 12, If the workpiece is long or complicate, rubber 

should not full in mould. 

4) Material Age 

As show in Figure 13, material age or rubber age provide premature 

action. If the mould is big size or has many cavities, rubber age is 

significant for quality of workpiece.  

 

 

 

 

 

 

 

 

 

 

Figure 10: The Maximum Time of Rubber Attach with the air 

 

 

 

 

 

 

 

 

 

 

Figure 11: Filled Time of Ejection Rubber 

 

 

 

 

 

 

          

 

 

 

 

 Figure 12: Flow Length or Rubber 

 

 

 

 

 

 

                

 

 

Figure 13: Rubber Age 

 

5) Wall Contact Time 

Figure 14 shows wall contact time. Wall contact means the gap between 

rubber and mould. If the wall contact time is longer, the rubber at that 

contact provides premature rubber. 

6) Weldline 

Figure 15 shows weldline of rubber. It may cause problem such as air 

bubble. Mostly, air bubble is inside the rubber, but in this experiment it 

appears at the surface of workpiece.  

7) Tracers of Rubber Particle 

Rubber flow can be seen from Figure 16; showing direction of rubber 

particle. Obviously, rubber particle flow from the sprue to the cavity at 

the ingate then flow to the upper end of mould and lower end of mould, 

respectively. Hence, the rubber is filled up at the upper end before filled 

up at the lower end of mould. 

 

 

 

 

 

 

 

               

 

 

 

Figure 14: Wall Contact Time 
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Figure 15: Weldline of Rubber 

 

 

 

 

 

 

 

          

 

 

 

Figure 16: Tracers of Rubber Particle 

 

8) Injection Temperature 

Temperature of rubber in the process shown in Figure 17. 

Temperature at 25% of injection is around 130-140 ºC and Temperature 

at 50%, 75%, and 100% of injection is around 140-150 ºC. The 

maximum temperature is located at the surface of workpiece. Rubber 

temperature effects the process and the quality of product. Theoretically, 

using high temperature reduces cycle time and cost. However, the 

disadvantage of using high temperature is premature before rubber full 

in the cavity which over cure in rubber, For this reason, temperature 

should be adjust suitably with rubber formula before start production. 

Simulation can help user to adjust optimum parameters of rubber 

injection by reducing the experimental and material. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Figure 17: Injection Temperature at 25%, 50%, 75% and 100% 

 

4. Conclusions 

According to the research, it is found that injection rate is 

descended the product is not fully filled.  The optimum condition for 

injection, after considering all controlled parameter, the pressure is very 

high at the beginning of the process and keep the constant pressure until 

the cavities are fulfilled. For gate is suitable to use in the product, 

however, the disadvantage of high velocity at for gate inlet. More over, 

the comparison of practical condition and simulation by 3D-SIGMA, the 

result is compatible, this leads the application of CAE with 3D-SIGMA 

to design and analyses the optimum condition for injection moulding in 

nearly future.  
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