
������ 
 
                                                                                                 ���� 
���	
�� ...................................................................................................................       (1) 
 
Abstract ...................................................................................................................       (2) 
 
ก����ก������ก��......................................................................................................       (3) 
 
����	� .....................................................................................................................  (4) 
 
����	������............................................................................................................    (10) 
 
����	�!�"���ก� .................................................................................................   (12) 
 
���#$ 

1.   ���%� ...............................................................................................................       1 
              1.1 �#$��&'��(���%��	� .............................................................................       1 
              1.2 (	�)*������+,�-���ก�� .......................................................................       3 
              1.3 ,�.,�,�ก��(�/	� ..............................................................................       3 
              1.4 ��.�#��(�0#(�/	�.......................................................................................       4 
              1.5 *�ก�2+�#$34�3�ก���
'� ......................................................................       4 
              1.6 &6�ก��
%�.�������'
-���ก�� ..........................................................       6 
              1.7 ���-�4�+�#$��
(��/�8
��	�/�กก��(�/	� ...................................................       7 
              1.8 ���(�/	��#$.ก#$�(,��3�
#�......................................................................       7 
 
   2.   �	
��ก������	������ (Composites Material) ..............................................       12 

              2.1 ���(	��,�(	�
*6��...............................................................................       12 
                     2.1.1 (	�
*�'	ก .....................................................................................       13 
                     2.1.2 (	�
*.����&�� ...............................................................................       15 

(4) 



������(	
�) 

 
       ���#$                                                                                                     ���� 
              2.2 �*2���	��:$�; ,�(	�
*6��...................................................................       21 
                     2.2.1 �(����(&'��(��-�,�.���3�..................................................       21 
                     2.2.2 �����2,�.���3� .......................................................................       22 
                     2.2.3 ก��/	
.�#���	(,�.���3�..............................................................       22 
              2.3 (�0#ก���%�(	�
*6�� .................................................................................       25 
                     2.3.1 (�0#ก��6'��
�(��: .......................................................................       25 
                     2.3.2 (�0#ก��"�� ....................................................................................       26 
                     2.3.3 (�0#ก��"	� ....................................................................................       26 
                     2.3.4 �"#$ก���	��%&��'( (Compression molding).....................................       28 
                     2.3.5 Autoclaves.................................................................................       29 
              2.4 ก��/(�$01/2$01�	������ก	13456�64'�"/�$0�..........................................       30 
              2.5 2$7��8469����:�9	;2$7/ก$70��<��ก	1�	������ ...........................................       33 

 
   3.   �=>?#,�&��&'�-@-�#'����กA��#B .................................................................       35 

              3.1 #���=�>"���8�� (The nature of light)..................................................       35 
              3.2 2BCD$94E7�8�� (Wave theory of light) ..................................................       36 
              3.3 9�H��1	>">I�� J ���94E7�8��.................................................................       39 
                    3.3.1 ก���62<��8�� (Reflection) 846ก��5	ก/5���8�� (Refraction)....       39 
                    3.2.2 ก��82�ก��� (Interference) 846ก��/4$&0�/1� (Diffraction) .........       41 
              3.4 -"'�8�.A4	$�,�&�� (Polarization of light)OOOOOOOOOOOO       43 
                    3.4.1 (�630=�P���8��3�4�Q�RP............................................................      46 
               3.5 .��:$��:(	
���&��-"'����-�� (Polariscope)OOOOOOOOO...        46 
                    3.5.1 &6��-"'�8�A+.A�+&���������:.4��.��� (Plane or Linear Polarizer)  46 
                    3.5.2 8�I�94E7� (Wave plate)SSSSSSSSSSSSSSSSS.        48 
                     3.5.3 3�4��"�391811�6��1 (Plane Polariscope) ..............................       49 
                     3.5.4 3�4��"�391811��ก4� (Circular Polariscope) ..........................       49 
 

(5) 



������(	
�) 

 
���#$                                                                                                                 ���� 
              3.6 2BCD$3U3>�$4��>"กR">$& ..........................................................................       51 
                     3.6.1 กD���9���/9<�8468�� (Stress- optic law) ...............................       51 
                     3.6.2 ก?,��(��.���&'�&��3��U�&��,�ก�����(�4���	�"	�0+ ..........       52 
 
    4.   ��.�#��(�0#8@8��+.'�.���+ก	��V���,�&,W��#$�:
��*��OOOOOOOOOO.        56 
              4.1 ��ก��/="�����	�#P������8�[�\�����">" .................................................       56 
              4.2 ��ก��/�E7��Q���1/�> ...........................................................................       58 
                    4.2.1.  ก:�5��9I�/94E7��>	� (Displacements) ........................................       58 
                    4.2.2. ก:�5��8��ก�62:�2$7��1��ก (Applied forces).............................       58 
              4.3 �	&�>��2	7�Q(����6/1$01�"#$QUQ�>P/�4"/��>P ...........................................       59 
                    4.3.1. ก��81I���1/�>�'(�I��4	กCH6���(̂;5�2$7><��ก��......................       59 
                    4.3.2. ก��/4E�กU^�กP=	�(�6��H\�/�4"/��>P (Element Interpolation  
         Function) ...................................................................................       60 
                    4.3.3. ก����<����ก�����/�4"/��>P (Element equation) .......................       61 
                    4.3.4. ก�������ก��8>I46/�4"/��>P ......................................................       62 
                    4.3.5. ก��(�60�ก>P/�E7��Q���1/�> (Boundary condition) .....................       62 
                    4.3.6. ก��9:���H9I�>I��J 2$78>I46e��>I�................................................       62 
 
    5.   9���/9<�846>	�(�6ก�19���/�<����9���/9<� ..............................................       63 
              5.1 ก4f��>�Pก��8>ก5	ก0E�50�I�/="�/�<�.......................................................       63 
                    5.1.1. 4	กCH6���g��62$7ก�62:�>I���0�<�� ...........................................       64 
                    5.1.2. 9���/9<��6��18469���/9�$0��6��1.......................................       66 
                    5.1.3. 9����	��	�#P�65�I��9���/9<�8469I�>	�(�6ก�19���/�<���� 
         9���/9<�.....................................................................................     68 
                    5.1.4. 9���8�[�8ก�I�5�E�9���><��2��ก��8>ก5	ก (Fracture toughness)   70 
              5.2 .�����-@-�#'����กA��#B .........................................................................       70 
 

(6) 



������(	
�) 

 
���#$                                                                                                                 ���� 
             5.3 �6/1$01�"#$QUQ�>P/�4"/��>P ......................................................................       74 
                    5.3.1 �6/1$01�"#$(�	1����/�4"/��>P3�0�	>3��	>" ....................................       77 

 
   6.   �4ก��2���1������	(���ก��(��.,��,��(��.���
�(�.�����-@-�#'����กA��#B  80 
              6.1 ��046/�$0����="&�2���1.....................................................................       80 
              6.2 /9�E7���E�2$7\=<2���1 .............................................................................       80 
                    6.2.1 =����(ก�HP3�4��"�391 .................................................................       80 
                    6.2.2 =����(ก�HPe	10%�="&�2���1 ..........................................................       81 
              6.3 �g��62$7\=<\�ก��2���1 .......................................................................       82 
              6.4 �"#$ก��2���1 .......................................................................................       82 
                    6.4.1 ก���%&��'(="&�2���1811Q�I�$ Inclusion (Hole) .............................       83 
                    6.4.2 ก���%&��'(="&�2���12$7�$ Inclusion.................................................       83 
                    6.4.3 ก��>"�>	&�="&�2���1�	1g��62$79�2$7 ................................................       83 
              6.5 �"#$ก��/ก[1�<��'4 ....................................................................................       84 
                    6.5.1 �������g��62$7\=< (N).................................................................       84 
                    6.5.2 ก��g��mI�0e�กก��2���1 .........................................................       85 
              6.6 �4ก��2���1 .......................................................................................       85 
                    6.6.1 (̂;5�8�I��$7/54$70�811�$��0�<���<��/�$0�g�0\><8���%�................       85 
                    6.6.2 (̂;5�8�I��$7/54$70��$��0�<��/n$0���� 30° 2$7��1�<��/�$0�g�0\>< 
        8���%�........................................................................................        90 
                    6.6.3 (̂;5�8�I��$7/54$70��$��0�<��/n$0���� 45° 2$7��1�<��/�$0�g�0\>< 
        8���%�.........................................................................................       95 
 
   7.   �4ก��2���15�9I�>	�(�6ก�19���/�<����9���/9<��<�0�6/1$01�"#$QUQ�>P 
 /�4"/��>P..OOOOOOOOOOOOOOOOOOOOOOOOO..       101 
              7.1 3(�8ก��9���"�/>��P�:�5�	1(�60�ก>Pก��(�	1����/�4"/��>P..................       101 
                    7.1.1 3(�8ก�� BUILT...........................................................................       101 

(7) 



   ������(	
�) 

 
���#$                                                                                                                 ���� 
                   7.1.2 3(�8ก�� CRACK2D ....................................................................     102 
                    7.1.3 3(�8ก�� SPACE .........................................................................     102 
                    7.1.4 4:��	1�	&�>��\�ก��(�60�ก>P/29�"9ก��(�	1�������/�4"/��>P 
     3�0�	>3��	>"OOOOOOOOOOOOOOOOOOOOOO     102 
              7.2 �4ก��9:���H.......................................................................................      104 
                    7.2.1 9�H��1	>"����	���2$7\=<\�ก��9:���H ............................................      104 
                    7.2.2 (̂;5�8�I��$7/54$70�811�$��0�<���<��/�$0�g�0\><8���%�................      104 
                    7.2.3 (̂;5�8�I��$7/54$70��$��0�<��/n$0���� 30° 2$7��1�<��/�$0�g�0\>< 
        8���%� .........................................................................................      108 
                    7.2.4 (̂;5�8�I��$7/54$70��$��0�<��/n$0���� 45° 2$7��1�<��/�$0�g�0\>< 
        8���%� .........................................................................................      113 
 
    8.   12���( (̂;5�2$7�1846�<�/���8�6 ................................................................      120 
              8.1 12���(..................................................................................................      120 
              8.2 (̂;5�2$7�1846�<�/���8�6 ..................................................................      122 
                    8.2.1 ก���%&��'(="&�2���1�<�0/29�"93U3>�$4��>"กR">$& ...........................      122 
                    8.2.2 9���/9<�>ก9<�� (Residual stress) ..............................................      122 
                    8.2.3 /29�"9ก��mI�0g�� ......................................................................      123 
                    8.2.4 (̂;5�2$7/ก"�e�ก3(�8ก�� BUILT (��<��) .......................................      123 
                    8.2.5 (̂;5�2$7/ก"�e�ก3(�8ก�� CRACK2D ...........................................      124 
                    8.2.6 (̂;5�2$7/ก"�e�ก3(�8ก�� SPACE_CRACK2D ก	13(�8ก�� BUILT  
        (Remeshing)...............................................................................      125 
              8.3 ,�.��&���%���	����(�/	�3����� ....................................................      127 
                    8.3.1 9����	��	�#P���9���0����0�<��ก	1�6065I���65�I��(4�0��0�<�� 
        ก	1�	��� Inclusion.........................................................................      127 
 

���2��*ก�� .............................................................................................................      138 

(8) 



   ������(	
�) 

 
���#$                                                                                                                 ���� 
!��6�(ก..................................................................................................................   129 
               ก  ก��54I�846�%&�8�I�/94E�1�	�9���/9<��:�5�	1(�6���="&�2���1 ...........     129 
               ,  ��046/�$0�3(�8ก�� CRACK2D............................................................     137 
 

���(	��ก���Xก>�........................................................................................................   140 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(9) 


