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                               Bongaerts (1988) ������������������ �!"#�"$"��%&'�(")��%%*+,�-./����
0��1%��"����&2"34��&%5�,67��$8���9�+8"��:�9#���&2"�%%*+,�-./ 
2.1 ���
������������� �����!��"#$%&�'(�� 
         2.1.1 ����� ���
�)
�*���� 
                              7��6��� ;  �&��%(")�����0��1%��"*5��<��34����% �=0��1%��">450��1
��"�:?��34�1%�1�"?!��%%*+,�-./&%5�,6�6�%/71:4�9#��*@�"�" 2 8�!"� ��������" ��%(")�����
0��1%��"*5��6��9+��1?��8�!" �=��9�+"�!"34�1%�1�&2"�"?!��������"7���1B6@�$3��"?!���9�+��=4=3%?�
0+-91��#� �=��9�+�&4���">&4=�& ��%�%%*+(4�#,�-./#B�= ; 1���%(")�>#�#B�=��"34������ C)�=*5
������D)=������%�34B�"�!"$"9B�"#B��& C)�=��=������%�31�5����%%*+,�-./8"��> E=1����B�8"��
�B�" 
         2.1.2 ����� ���
�+�,�)
�*���� 
                               ��%(")�����>6B"0��1%��"6@����7����%��=�%%*+,�-./6��#��=��%*5(")����
%53�B�=>6B"%��">45>6B"%��""�!*5�&2"#�����"?!���9�+"�!"� ��������" 0��1%��"*��>6B"*5>:%B�&
��=�"?!���9�+>456@�$3���9�+"�!"34�1%�1� ��������"�����*"��B��"?!���9�+34�1%�1������"��>4��*)=
��>6B"0��1%��" )!">45�����9�+"�!"��� %��(")�6�����34�=*����>6B"%��"���"�!�1BD?��B��&2"*+�
6��> E=>%=6��9+��:��=  >#B1�0��1> E=>%=1��:�$"��%�)��"?!���9�+� ��������"04���#5 �%��" ;        
6����������"  0��1> E=>%= �=%��(")�*51��6��9+��1?���+-3,F1� �=�"?!���9�+34�=*��(")��6B����
�+-3,F1�3��= D��3���%�$3�0��1%��" ��4�$"��%��>6B"3%?�0��1��""������"�& �"?!���9�+*5�1B
34�1%�1��" >#BD��3���%�$3�1�����"�&�"?!���9�+*5�1B> E=>%= 9B�"&4�� �=>6B"0��1%��"*51�
4��G-570�=1"�:?��&H�=��"0��1�9��3��*����%���"?!��%%*+,�-./ 3"��9�1(�9 �=>6B"0��1%��"
��"3")�=��**56@�$3�1�4��G-5�?�3�+B"   �:?��6@�$3�>%=��"*����%��"�!"91�@��91���"#4��%��(")�
�������3")�= �=��%(")�����>6B"0��1*5%��"�&2"��%$3�0��1%��"���>6B"��"3")�=9B�"���>6B"
3")�=1��+-3,F1�&�#� 6@�$3�0��1%��">:%B�%5*���&$"6�<6�=����� "��*��"�!��=1�������%�?�" ;  ���
�8B" ��%$3���9�+6��*5(")��04?��"6��(B�"4F��4�!=%��" C)�=1� ���9��0?� ��4�6���"?!���9�+*59�1(�9���   
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>6B"0��1%��"1�"���1�� *@��&2"#��=(B�" �!"#�"��%$3�0��1%��"�B�"(")�3%?���%�04?��"6��(B�"
4F��4�!=��B�=8�� ; 3%?�6�!=9�= �!"#�"%�1��" 
         2.1.3 ����� ���
����+'.//0� 
                               ��9�+*5DF���=��FB%53�B�=���13"�� 2 ��" C)�=*51�4��"�70%1#���"���1��"$�
��"3")�=3%?�6�!=9�=���1 ���13"��*5DF�3"��4=�&6����9�+:%��1���*B���%5>9�JJH�(B�" �4��
"�70%16@�$3��"?!���9�+%��" )!" 34�=*��&4B���%5>9�J>4�� ��9�+*5DF�&4B��$3���E"4=%5�5��4�
3")�=�B�"6��*5&4B�����13"����� ������%"�!*56@�$3��"?!���9�+34�1%�1��"�1B��:�3%?��1B95��� 
$"��%$3��"?!���9�+�04?��"6��(B�"���13"�� $"��=������%*51�"!@���E"0��34B��4�!�=���13"�� �%�
9�1�%D"@���%(")������%5>9�JJH�"�!�����%(")��&2"%F&%B�=#B�= ; �8B" ��D���3%?�,�8"5���
�8B"����������%(")�����0��1%��" 7��6����& ��%(")������%5>9�JJH�*5$3�%��(")�6������B���%
(")�����>6B"0��1%��"�"?��=*��%��(")�6�����*5�4E�>45>0�>#B0��1> E=>%="�����B� "��*��"�!
��=1� ���9��$"�%?��=��%�@�%+=%��G��0%?��=(")� �"?��=*��4��"�70%1*5�31�=B��>45#��=�&4���"(B�"
&H�=��"��%#����" �=�"?!�:4�9#����B�=91�@��91� ��B�=�%�E#�1������%"�!�E��=$8���"��B�=>:%B34��
$"&K**+��" 
          2.1.4 ����� ���
�'��%�� 
                               ������%"�!&%5������� �!"#�"��%(")�����0��1%��">450��1��E",��$#�
>%=��" 7��*54@��4��=�%%*+,�-./�&#�19��:�"6���@�4�=31+"9�=��"(B�"9B�"$3�0��1%��">�B��9�+
>459B�"6��6@�$3���9�+��E"4= %5��"�!*5$8�9@�3%����%(")��%%*+,�-./6��#��=��%0��1%���%E� >#B�E1�
 ���9��0?�����%���B" )!"6���"?!���9�+ ������%"�!*5$8�(")��%%*+,�-./>��D+=6��1���%�%%*+(4�#,�-./���
,��$">4�� 
          2.1.5 ����� ���
�&
�3�4�*������ 
                               ������%(")���B�=%���%E��������3")�=0?���%$8�4��%��"3%?�1��%��"�:?���8?��1�"?!�
��9�+� ��������":%��1���#��8�!":4�9#��$3� ��$"0%������� 4��3%?�1��*5�04?��"6��(B�"�&�"�"?!�
J'4/19�=8�!" 34�1�"?!�J'4/1>45#��J'4/1$3� ��*��1��"J'4/1  %��(")�6�����*5�4E�1�� ; *">6�
*51�=�1B�3E" ��%(")�>��"�!�1B9�1�%D$8���������%(")�9+LL���<>#B*5�31�5�����%�%%*+6��
�1B#��=��%0��1�%E�$"��%�%%*+ :4�9#��&%5�,67:4���6�4�"0��13"�>"B"#�@�  LDPE (Low 
density polyethylene) 91��#�6��9@�0�L0?� 1. �?�3�+B"�������B� 2. 4��G-58�!"=�"*5"��1 3. 8�!"=�"*5
$9 *5DF�"@�1�$8�$"��%(")���������"�! 
          2.1.6 ����� ���
�)&4����&(��67���+&������ ���
�
�8����
'���'� 
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                               0��1%��"$"��%(")�9�1�%D9%��= )!"���*����%�9���9���" �=�"?!���9�+>6"
��%$3�0��1%��"*��3"��9�1(�9%��" ��%(")�����04?�"��4#%�7C"��*5��<����%�%5>6�3%?��9���
9�����04?�"0��1D��9F= 0��1%��"6������ )!""�!*56@�$3���9�+34�1%�1��" ������%"�!*5$8���"1���1?����9�+
6��*56@���%(")�1�0��13"�1��*"0��1%��"�1B9�1�%DDB���6���3%?�:?!"6��$"��%(")�1��*"6@�
$3�0��1%��"3���&%53�B�=��%(")� ��%(")�������%�9���9�3%?���%�8?��1>��31+""�!*5$8�$"
�%%*+,�-./6%=�%5���7�����"�">450%)�=4B�= �=�%%*+,�-./*5DF��8?��1� ��������"������%$3�
9B�"3")�=9B�"$�31+"��B�=%���%E�>45���9B�"3")�=DF��)�#�����6�� ������%�9���9� �=�"?!���9�+9�=
8�!"*"34�1%�1� ��������" �%�9�1�%D"@���%(")�>��"�!�&$8�9@�3%����%(")�[� ��3%?�
��=0%�!=�E$8�(")��%%*+,�-./%F&%B�=#B�= ; 7����%$8�������%>��B=>6"��%31+" 
          2.1.7 ����� ���
��:�7����+&������ ���
�
�(;!���� 
                               ��%(")�>��"�!�&2"��%$3�0��1%��"�&��=�"?!��%%*+,�-./7��#%=�B�""@�1�
�8?��1��">6"��%$3�0��1%��"(B�"#���4�= $"��%(")������\�C%��" ����<%��"3%?��&4��J*5DF�
"@�1�$8�$"��%$3�0��1%��">�B:?!"(���%%*+,�-./ 34�=*��"�!"*5���%%*+,�-./9�=9B�"� ��������"
�������13"����E" ��%(")�������#D+%��"*5$8�>(B"�34E�%��"$"��%34�1:?!"(��>6"��%$8��\�C
%��" 
          2.1.8 ����� ���
����'�)
�*���� 
                               ��%(")�����%�=9�0��1%��""@�1�$8�����%%*+,�-./6���"?!���9�+�1B9�1�%D6"#B�
0��1��"��� ������%"�!*5��<��>34B=�@��"��%�=9�0��1%��"34�1�"?!��%%*+,�-./7���1B1���%$3�0��1
��" 1���%$8���"1��$"��%(")��"?!���9�+6��1��=0/&%5������5��">��31+">45�1B1���%�04?������ 
7:4����6�%/ (PET) C)�=$8�$"��%�%%*+�+&�%-/6�=��%>:6�/>45��%3B�����>(B"J'4/1  ����:��<G
9@�3%����%(")�����%�=9�0��1%��"0?���%(")��&2"%F&%B�=#B�= ; 6@����=B��������%���>���+&�%-/
9B=%�=9�0��1%��"6���&2"%F&%B�=#B�= ; #�16��#��=��% 
          2.1.9 ����� ���
���>
.//0� +*,
3&?�+&����
3����
�@�.//0� 
                               ������%"�!*56@�$3�����0��1%��"�%���-%��(")���B�=%���%E�7����<��34����%
"@�0��1%��"�:��=�4E�"��� $"��%$3�0��1%��"���� �!��JJH� 9"�1�JJH�0��1D��9F=*5DF�9B=�&�"
�"?!��%%*+,�-./ D��3���B��%%*+,�-./1�4��G-5�&2" �!�6�=�JJH� 71�4�+4 �=�%%*+,�-./*5�%��=#��
��"��B�=%���%E�*"����0��1%��">456@�$3�������%(")� )!" ������%"�!*5�1B�31�5����"?!��%%*+,�-./
6���1B�&2" �!�6�=�JJH��8B" 7:4�7��4J'" >#B*5"@��&$8������9�+&%5�,6 PVC 3"�� 7���`:�5��B�=
���= PVC >��4����%(")�����>1B�34E�*5$8���%9��" �=9"�1>1B�34E�>6"9"�1�JJH� D���%%*+
,�-./1�>1B�34E��&2"9B�"(91 >1B�34E�"�!"*5DF�*���%��=��"#�19"�1>1B�34E�>456@�$3�����0��1
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%��" )!" 7��6����&>4����9�+6��"@�1�6@��%%*+,�-./*5�1B1�9B�"(91 �=>1B�34E� ��="�!"*5#��=
�04?��3%?�$9B>(B">1B�34E��B�"*56@���%(")���������"�! 9"�1>1B�34E�*534�1>(B">1B�34E��&
:%��1���:?!"(���%%*+,�-./ ��=0%�!=*)="@�1�(")�6��&'�[�D���3%?�[�&'�,�8"5 ��%(")�������%
�3"����"@��JJH�$8���"��B�=1��$"��%(")����"$" �= ��>45�3�?��:4�9#�� ������%(")�1�
 �!"#�"��="�! 6@���%��=>(B"�4F1��"��1J��4/�"#��9%��=9"�1>1B�34E� 9"�1>1B�34E�*56@�$3�����
�%5>9�JJH� )!"$">(B"�4F1��"��1J��4/ *"����0��1%��"6��J��4/9B=(4$3�9B�"6����FB#�����J�4�/
%��" )!">45������%(")� ��%(")�,��$">��"�!*5&%5�������8�!"��9�+6��*5(")���FB#�����8�!"J�4�/
C)�=#�����8�!" �=�%5��G> E=���� �!()!= �1?��$3�0��1%��"���8�!"J��4/ 8�!"6��*5(")��E*5DF�&'��&�"
 ��  �!()!=*534�1454��>45DF��F�C�������%5��G> E= 9B�"J��4/�E*534+���� 4��G-5��%(")�
��������"�!�31�5911�������%$8��&2"#��0��0+10��18?!" ���C��*" >459B�"&%5����?�" ;  �=
(4�#,�-./ 
          2.1.10 
�8������ �+���4�� B 
                               ������%(")�"�!"�1B�����<��0��1%��"6�!=6�=#%=>456�=���1�:��=��B�=����� �%�
9�1�%D(")�������%#��������9�+�)�#������8B"�������" "��*��"�!��=1���%(")�����#��6@�454�� #��
6@�4��*5DF�6��&�":?!"(���%%*+,�-./ �1?��#��6@�454��6@�&b���%����":?!"(��>4��*)="@��%%*+,�-./
1�#����" 9B�"6��9�1(�9��""�!"*5DF�(91� ��������" �%���-6��(")�*5DF������*"9B�"6��9�1(�9%�1
�&2"�"?!��������" 6�!=���$3�#��6@�454��%5�3��&$"����<6�!=31��:?���:��10��1> E=>%= �=%��
(")�*)=D?��B��9%E*9�!"��%(")� ������%"�!*534���4���=��%$3�0��1%��"����"?!��%%*+,�-./>#B*51�
0B�$8�*B��9F=6�!=$"9B�" �=��9�+6��"@�1�$8�6@��%%*+,�-./>45#��6@�454�� ��%$8�#��6@�454��1��
���"�&9B=(4$3��"?!���9�+�1B> E=>%= ���6�!=��=1�&KL3����" ���c31�� 0��1&4��,��>459+ ,�:
 �=0"=�" >45���"9��=>��4��16�������� ��=�����%"@�1�$8� ��%$8�C!@�>45��%�@�*��#��6@�454�� �%�
9�1�%D$8�"!@��&2"#��6@�454��$"��=%5���8B"%5��6�����������7:4���"�4>�4��d�4/ �:?��4�
&KL3����"#B�= ; 6���4B��1� ��=#�" 
 
2.2 ������
*��&���"��������� �C�����!��"#$D����,�� 
                               Franks (2004) %��=�"�B�$"��%�%%*+>��#B�= ; "�!"*51���#D+&%59=0/34��6��
#��=��%$3�%��(")�6�����1�0��1> E=>%=�6B����9B�"�?�" ;  �=�%%*+,�-./ ������%6�9��>��6��� ; 
�&0?�$3�>%=�)=�%���-:?!"6��(")��:?��3� "��>%=6��6@�$3��%%*+,�-./>#����>459�=��#�F#@�>3"B=
6������%��>#�"�!" D��3���B�����%��>#��%���-:?!"6��(")�>9�=�B�%��(")�"�!"�1B> E=>%=>45
��1%���1B��� D��3���B�����%��>#�$"9B�"�?�" ; D?��B���%(")�"�!"��1%����� 7��&�#�>4��%��
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>#�*5��FB$�4� ; ����%���-%��(")��"?��=*��0��1��= �=�"?!���9�+6��#�����%��(")� $"�%-� �=
��%(")�>���&'�&'���� 6��%��(")�*5#��=1�0��1> E=>%="�����B�#���"?!���9�+ 9B�"��%6�9��
0��1> E=>%=�F*��>%=�)=6��6@�$3�#%=%��(")�>�����*����">9=7:4��%C/9�1�%D"@�1�$8�$"
��%#%�*9����%(")�����0��1%��"6��$8������9�+7&%B=>9= %F&>����%956��">��9�=6�<6�=
DF�"@�1�$8�$"��%#%�*3�0��1� ����"��� �=%��(")�#4��*"�%���-%��:?!"6��(")� "��*��"�!��=
9�1�%D3�8B�=�B�=>459B�"6��1�&KL3����=B��$"��%(")�9FLL���<*@��&2"#��=�1B$3�����%���B"
�%���-%��(")� �:%�5*56@�$3��8?!�*+4�"6%��/� ���&$"�%%*+,�-./��� >#B�1B9B=(4#B�0��1> E=>%=
 �=%��(")�1��"�� ������%6����6��9+�$"��%&H�=��"�1B$3�����%���B" )!"�E0?���%%��G�>%=�)=$"�"?!�
��9�+>��9�=6�<6�= -56��6@���%(")� "��*��"�!3��1�9��=&"�&hi�"�%���-%��(")��E9�1�%D6@�
$3��8?!�*+4�"6%��/>6%�� ���&$"�%%*+,�-./����8B"�������" 
 
2.3 ���
(���*)
�*%���* ���(�>�),� �����'�� 
                               Franks (2004) �������B�*+�&%59=0/$"��%6�9��0?� 1) �:?��$3�1��"$*�B��%%*+
,�-./6��(B�"��%(")�>4��*51��"0=> E=>%=>45 2) �:?��$3�1��"$*�B�*5�1B������%9FL�9��0��1> E=>%=
�&%53�B�=��%jB��8?!�7%0 ��%�04?��"���� ��% "9B=>45��%��E�%��G� �%%*+,�-./6�=��%>:6�/
>��&4���8?!�$" �!"9+�6���#��=9�1�%D��"�8?!�*+4�"6%��/$"9,�:>��4��1,��"��� ���&9�1(�9
���#���+&�%-/��%>:6�/>45#��=6"��%�&4���">&4=6�=���,�: 6�=�01�>456�=8��,�:������� 
�%%*+,�-./&4���8?!�#��=1�0��11��"0= �=%��(")�>45��9�+6��$8�,��$#�0��1�0%��� C)�=31��0��1
�B��%%*+,�-./"�!"#��=(B�"1�#�k�" ISO 11607 "��"��=0��11��"0= �=�%%*+,�-./31��D)=��%6��
9,��56�=��%���,�: �=�%%*+,�-./9@��%E*�1B�&4���"�&*�����1 ��**5�%���=B�� ; �B���%6�9��
��%%���C)1 �=�%%*+,�-./ ��%6�9��0��1> E=>%= �=�%%*+,�-./�&2"��%#%�*���0��1> E=>%=
�8�=�4 �=%��(")� 
 
2.4 )
�*+�?�+���������!��"#$ 
                               Franks (2004) %��=�"�B�%��(")�#��=�8?��1��"��B�=�31�591�:?��%��G�0��1
1��"0= �=�%%*+,�-./#4�����+��%$8�=�" ��%�@�3"�0��1> E=>%= �=%��(")�6@�$3�9�1�%D
&%��0��19�1�%D$"��%�&'�&'� �=�%%*+,�-./ 1�#%k�" ISO 11607 ���=��=D)=������%6�9��
9�=>��C)�=9�1�%D"@�1�$8�6�9��0��1> E=>%= �=%��(")�>450��16�6�"#B�>%=��"%5����
3%?�>%=��"��B�=8�� ; (��%6�9����% ���#��) 
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                2.4.1 �����'��)
�*+�?�+���������� �  (ASTM F88) $8�6�9��%��(")�%��
�%%*+,�-./6��1�0��1����=>"B"�" ���13"����"3")�=*5�&2"#���)=�%%*+,�-./6��$8�6�9������
0��1�%E�0=6��:%��1������0B�>%=#��" -56��%��(")�>��*����" ��%6�9��>��"�!�31�5����%%*+
,�-./6���&'�&'����  ���� �=��%6�9��>��"�!0?�0��1��$"��%6�9�� 9B�" ���9��"�!"9B�"$3LB
%��(")�%���%%*+,�-./1�34��*+�>45�1B9�1�%D��E�0B�0��1> E=>%=%�1��� 
                2.4.2  �����'��)
�*+�?�+��(,��������(�
�������� � (ASTM F1140 >45 ASTM 
F2054) &%5���������%6�9����%>#� �=%��(")�*����%%5�����"?��=*����% ���#�� ��%
6�9��>%=%5����*5�&2"��%$3�>%=��"6�!=8�!"�%%*+,�-./>456@���%���0B�>%=��"9F=9+� ��%
6�9��"�!*5$3�0B�0��1> E=>%="���6��9+� �=6�!=8�!"�%%*+,�-./ >45$3�0B�6���6B���"6�!=�%%*+,�-./
>���&'�&'����>45�&'�&'��1B��� $"��%6�9����% ���#�� �%%*+,�-./*5DF�$3�>%=��"6��"�����B�
>%=��"%5����$"8B�=%5�5��4�3")�= ��%6�9����% ���#��*"D)=��%>#� �=%��(")� *5�&2"��%
$3�>%=��"�:��1 )!"�%?��� ; *"%��(")�>����� >45��E�0B�%5�5��4�6��6@�$3�%��(")�>����� �%%*+
,�-./8"���B�"6�����%��>%=��"*5������%�&4���"%F&>45DB��7�">%=�0�"�&��=%��(")� >%=�0�"6��
�:��1 )!""�!��**59B=(4�%56�#B�#@�>3"B=%��>#� �=(")� >(B"0��0+1��% ���#��9�1�%D4�
(4�%56� �=0��1�0�"6���:��1 )!"��� 6@�$3��34?��`:�5>%=��"%�� ; %��(")� (ASTM F2054) 
>459�1�%D%5�+%��(")�6���B�"6��9+���� 
                2.4.3 )
�**���)��������� � ��%6�9��0��11��=0= �=%��(")������� ��=�����%
6�9��6�=���,�:�:?��$3�>"B$*�B��%%*+,�-./*5&H�=��"#��(4�#,�-./*����"#%��#B�= ; >45
%��G�0��11��"0=$"�%?��=�8?!�7%0 ISO 11607 �@�3"���%6�9��0��1#��"6�"6�=8��,�:�:?��
6�9��0��19�1�%D$"��%&H�=��"��%>6%�C)1 �=�8?!�*+4�"6%��/��%6�9��0��11��"0=
&%5����&���� ��%6�9��0+-91��#� �=��9�+6��$8�6@��%%*+,�-./ >45��%6�9����%#��"45��=
�8?!�*+4�"6%��/6�!=�%%*+,�-./ (4��%<)�G�*��91�01�+#9�3�%%1��%(4�#���"9+ ,�::��B� ��%
6�9����%#��"�8?!�7%0�1B�31�5$"��%6�9��0��11��=0=6�!=�%%*+,�-./ #����B�=��%6�9��6�=
���,�: �8B" ��%6�9��>%=��",��$" ��%6�9����%>6%�C)1 �=9����1 ��%#%�**���\�C
%5�3� >45��%6�9����%%���C)1 �=����< �1?��:�*�%-���%6�9��6�=���,�: �=6�!=�%%*+
,�-./ ��<��%#��=:�*�%-�&K**�����"��9�+ ��%���>���%%*+,�-./>450+-4��G-5 �=�+&�%-/�?�" 
; 6�=��%>:6�/ 9��=9@�0�L0?���9�+6��"@�1�$8�1�%F:%+"6�!=31�3%?�>0B��=9B�" &K**���?�" ; 0?���%
6�9����%6@�4��3%?��1B6@�4��6���31�591����%%*+,�-./"�!" ; >45&K**�������B�=0?�=�&%51�-
$"��%6�9�� 0-5�%%1��%��3�%>45���"+L�#$3�(F�(4�#�@�3"�0+-91��#� �=�%%*+,�-./$3�
#%=���1�#%k�"�:��=��=#����� 3���&2"1�#%k�"6���@�3"� )!"7��0-5�%%1��%��3��%>45�� 
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 ��1F4(4��%6�9����**5�1B*@��&2"#��=%�1�1?��6@�#�1%5��#B�= ; >#B(F�(4�#9�1�%D"@��&$8�
�:?��$3�(B�"��%:�*�%-� �=0-5�%%1��%��3�%>45�� D)=>1��B���<��%�:��=>0B9B=(4�?"��"$3�>�B
0-5�%%1��%��3�%>45�� ��<��%��=0=#��=:�9F*"/������%�34B�"�!$"3��=6�4�=>45>9�=0��1��
 �=>#B45���� 
 
#�%�=6�� 2.1 %��8?��1�#%k�"��%6�9�������������%&'�(")� 
 
ASTM F88:1999 1�#%k�"������%6�9��0��1> E=>%= �=%��(")�9@�3%����9�+>���B�" 
ASTM 
F1140:2000 

1�#%k�"������%6�9��0��1#��"6�">%=��",��$"9@�3%���%%*+,�-./6�=
��%>:6�/6�� ���#����� 

ASTM 
F1327:1998 

1�#%k�"0��131��6�������� ��=�����9�+&H�=��"9@�3%���%%*+,�-./6�=
��%>:6�/ 

ASTM 
F1886:1998 

1�#%k�"������%6�9����%3�0��11��"0= �=%��(")�9@�3%���%%*+,�-./
6�=��%>:6�/����������%#%�*9��������%1�= 

ASTM 
F1929:1998 

1�#%k�"������%6�9����%3�%��%��� �=%��(")� �=�%%*+,�-./6�=
��%>:6�/>��1�%F:%+"��������>6%�C)1 �=9����1 

                                   
                               0��1> E=>%=>450��11��"0= *+�&%59=0/$"��%6�9���%%*+,�-./6�=
��%>:6�/1���FB 2  ��������" 1) �:?��$3�����0��11��"$*$"0��11��"0= �=�%%*+,�-./6��(B�"��%(")�
>4�� 2) �:?��$3�����0��11��"$*�B�$"%53�B�=�%5��"��%jB��8?!�7%0 ��%�04?��"������9�+ ��% "9B=
9�"0��>45��%��E�%��G� *5�1B6@�$3��%%*+,�-./����0��1�9��3��3%?�1�%��%����%���-%��(")� 
"��*��"�!��%6�9��*5�&2"��%:�9F*"/0��19�1�%D$"��%&H�=��"�8?!�7%0 �=�%%*+,�-./6��$8�$"
��%�%%*+�+&�%-/6�=��%>:6�/����������#�11�#%k�" ANSI/AAMI/ISO 11607 - 1997 ��%�%%*+
,�-./�+&�%-/6�=��%>:6�/&4���8?!� �!"9+�6���#��=(B�"��%6�9��0��1> E=>%=>450��11��"0=
�:?��:�9F*"/0��1DF�#��= �=��%���>���%%*+,�-./>451����9�%%��%�=0+-91��#� �=�%%*+,�-./
������%6�9��0��1> E=>%= �=%��(")��&2"��%&%5�1�"0��1> E=>%=�8�=�4 �=%��(")�
�:?��$3�1��"$*�B���%�8?��1#B���" �=�"?!���9�+9�1�%D%��G�0��11��"0= �=�%%*+,�-./#4�����+��%
$8�=�"  ��1F46�����*����%6�9��9�1�%D"@��&$8�:�9F*"/0��1DF�#��= �=��%���>���:?��$8�$"
��%�F>4%��G�0��11��"0= ��%#%�*9��91%%D"5 �=�%5��"��%(4�# �?"��"91%%D"50��1
6"6�"$"��%��E�%��G� >45��%0��0+1 �=9B�"3+�1(4�#,�-./ 1�#%k�" ISO 11607 �"�"�&6����%
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6�9��9�=��B�=0?� ��%6�9��0��1> E=>%=>45��%6�9����%%5����3%?���% ���#�� ��%
6�9��0��16"#B�>%=�)= �=(")� *5$8� "��%��(")�#����B�=0��1����=  (5.4 1 .1   .3%?� 1 "�!�)
6@���%�)=%��(")����*����"�������13"��6����#%�0=6�� 10 - 12 "�!�#B�"�6� >456@���%��"6)�
0B�>%=#��"6�" -56��%��(")�>��*����" 
 
2.5  *�(�E�������'�����
����
���� 

2.5.1 *�(�E��
�8���'�����+(��������� �����!��"#$        +�������.����
����
%��* 
+���������F���C�;!�+&���G,���C�+�,�)
�)!*�������(�
 (Standard Test Method for Burst 
Testing of Flexible Package Seals Using Internal Air Pressurization Within Restraining 
Plates)  
                      2.5.1.1 ���
�( 
   1) ����6�9��"�!���D)= �!"#�"��%3�0B�0��16"#B���%>#� �=%��(")�#�@�9+�%��
%�<1� �=�%%*+,�-./>�����=���� ������%�:��1>%=��"����<,��$",��$#�>(B"0��0+1��% ���#�� 
    2) ����6�9��"�!04��������%6�9���4 6��  F1140   7���:��1��%$8�>(B"0��0+1��%
 ���#�� ��%6�9��6�� F1140 ������D)=������%6�9����%>#�C)�=�1B���$8�>(B"0��0+1��% ���#��
>45�31�59@�3%����%#%�*9��0��16"#B�>%=��"6���; �& �=�%%*+,�-./ ����������%#�1 F1140 
0��1�0�"*5�1B�6B���"#4��6�!=%��#B� ,��$#�9,��56���1B1���%��=0����% ���#�� �=�%%*+,�-./ 
0��1�0�"�"�%%*+,�-./*59F=9+� - *+��)�=�4�= �=�%%*+,�-./ C)�=�&2"*+�6��3��3B� ���#��9F=9+� 
��="�!" ����6�� F1140 ��**53�:?!"6�� �=%��#B�6��> E=>%="���6��9+�(��:4����� 
   3) ��%6�9����%>#� *50B��;�:��1>%=��",��$"�%%*+,�-./*"�%56�!=%��#B�>#�
�"?��=*��>%=��""�!" ������%��=�%%*+,�-./$">(B"0��0+1��% ���#�� �9D��%,�: �= "�� �=
�%%*+,�-./*50=6�� >459B=(4$3�0��1�0�"%�� ���%%*+,�-./�%5*��#����B�=91�@��91� ����
������%"�!��=��%6�9��*5$3�(4 �=0��1"B�*5�&2"6��9F= )!"$"��%3�:?!"6��> E=>%="���9+�>45
9�1�%D���>%=��"6��6@�$3��%%*+,�-./>#���� 
    4) ��%6�9��"�!$8��������%%*+,�-./>�����=����C)�=1���%(")�#�1 �� �=�%%*+
,�-./ #����B�=�8B" D+=7���`:�5��B�=���=�%%*+,�-./&%5�,66��1�9B�"6��9�1�%D>�5���=B�� (F�$8�
*5#��=>�5�%%*+,�-./#�1%��(")� 
    5) 1�#%k�"8+�"�!�1B������=D)=0��1&4��,��$� ;  6�=(F�"@��&$8�0�%*5�@�3"�0B�
0��1&4��,�� ��%&b���#����"9+ ,�: >45 ��*@����#B�=; �B�"*5"@��&$8�  ��0��1%5��=0?���%
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���>��>459%��=#��*���)�>(B"0��0+1��% ���#�� $8�9@�3%���&2" ��1F4$"��%0@�"�-3�#��0F-
0B�0��1�0�">45��%:�*�%-��%?��=��%���>��70%=9%��= 
                    2.5.1.2 F�%�$
h%�� 
             0@�"���1    9@�3%��0@�"���1>45<�:6/#B�= ;   6��$8�$"����6�9��"�!$3��F*��   F1327 
0@�"���19@�3%��0@��`:�5$"1�#%k�""�! 
               )1 (  �%%*+,�-./6�����=����3%?�D+=  31��D)=  �%%*+,�-./&%5�,63")�=C)�=��9�+6��$8�
$"��%(")��&2">�����=���� �8B" �%5��G 7:4���6�4�" �&2"#�" 

)2 (  >(B"0��0+1��% ���#�� 31��D)=  >(B"6���&2"4��G-5> E=>�%B=#�1�%%18�#� 
>456@�3"��6��9�1(�9>45*@������% ���#�� �=:?!"6��(�� �=�%%*+,�-./�1?�����%��>%=��" 
     2.5.1.3   '�!�
�8������'�� 
             �%%*+,�-./DF�6�9�������0%?��=1?�6��$3�>%=��",��$">�B�%%*+,�-./*"�%56��=1�
��%>#� �=:?!"6��$�:?!"6��3")�= �=�%%*+,�-./ C)�=7��9B�"1��*5>#��%���-%��(")� �0%?��=1?�
>��"���1#��9/>45�0%?��=$3�>%=��"*@��&2"#��=1�0��19�1�%D$"��%%��G�>%=��"*"�%56��=%��
(")�������%>#�$"%53�B�=��%$3�>%=��" �%%*+,�-./*5DF�#��#�!=%53�B�=>(B"0��0+1��% ���#��
9�=>(B"C)�=*5$8�$"��%*@������% ���#�� �=�%%*+,�-./>#B$3�%��(")�9�1�%D ���#����� 
#���C"�C�%/6��#��#�!=,��$"�%%*+,�-./6@�3"��6��#%�**��>%=��",��$" - �%���-6��������%>#� 
������%0��0+1��% ���#��9�1�%D6@����9�=���� )!"��FB�����%"@��&$8� 0?� 
             )1 (  >���&'� u DF�$8��1?��1���%(")��:��= 3    ���" �=�%%*+,�-./ ������"3")�=�&'� 
������%"�!$8�6��� ;  �&   $" �!"��%�%%*+,�-./�%��1#�" ��=,�:&%5���6�� 2.1 
                         
 
 
 
 
 
 
            
 
 

,�:&%5���6�� 2.1 >���&'� u DF�$8��1?��1���%(")��:��= 3   ���" �=�%%*+,�-./ 
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                                (2)  >��&'� u DF�$8��1?��1���%(")�6�!= 4    ���" ������%"�!$8�$"��%6�9���%%*+
,�-./6��6@���%�%%*+9�"0��>4����=,�:&%5���6�� 2.2 

 
 
 
 
 
 
 
 
 
 
 
,�:&%5���6�� 2.2 >��&'� u DF�$8��1?��1���%(")�6�!= 4 ���" 
 

                       2.5.1.4  )
�*'@�)�i+&����CD���� 
             ��%6�9��"�!�&2"������%��B�=3���; $"��%&%5�1�">"�7"�1 �=��%>#� �=
%��(")��1?��>%=��" �=�%%*+,�-./�&4���">&4=�& 0��1>#�#B�= �=>%=��"��*���� )!"$"%53�B�=
�%5��"��%jB��8?!�7%0>458B�=��% "���� ��%6�9��"�!�������3�0B�0��1> E=>%=#B���%>#�
 �=�%%*+,�-./ C)�=7��&%�#�*5������%>#�3")�=3%?�1����B�3")�=*+�%��%��(")� #��8�!���6��$8�0?�
0B�0��1> E=>%=$"��%>#�#�@�9+� C)�=��**51�0��19@�0�L#B�(F�(4�#�%%*+,�-./>454F�0��#B�0��1
�8?��1��"$"�%%*+,�-./ ��%6�9��"�!�1B9�1�%D���0��1�&2"�"?!��������" �=%��(")� ��%&%5�1�"
0��1�8?��1��"$"#���%%*+,�-./6�!=8�!"3%?�0B�0��1> E=>%=#B���%>#�6���%���-:?!"6���%%*+,�-./6��
9�1(�9���#��0��0+1��% ���#�� ��%6�9��"�!9�1�%D%�1���������%6�9���?�"; �:?��9%��=0��1
�8?��1��"$"�%%*+,�-./6�!=8�!" 0��1�31?�"��" �=%��(")�3%?�0+-91��#��?�"; 6��#��=��% 
             1) ��%6�9��"�!9�1�%D"@��&$8����#4����4��:?��&%5�1�"0��1> E=>%= �=%��
(")�%53�B�=�%5��"��%(4�#>45$"��%8B�=���+��%$8�=�" �=�%%*+,�-./ 
             2) D��0��19�1:�"�/%B�1%53�B�=8�!"�0%?��=1?�$"��%6�9��DF�"@�1�$8� 9��=9@�0�L
0?�0B�#��>&%#B�=; #��=�31?�"��" 0B�#��>&%���19�1�%D"@�1�$8� �����"  "�� �=�%%*+,�-./ 
��9�+ 8"��>45������% �=��%(")� ��#%���%�34 �=����<$"�%%*+,�-./ ��%#%�**��>%=��"
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�8�=�4>450��1�B�"�3� ��%#��9"�= �=�0%?��=*��%�1?��>%=��"4�4=  #@�>3"B= �=�0%?��=
6�9�� 0��1> E= �=>(B"0��0+1 >45%5�53B�=%53�B�=>(B"0��0+1 
            3) ��%6�9��"�!��**5�1B*@��&2"#��=9�1:�"�/���0��1> E=>%= �=%��(")� �1?��
$8���%���#�1��%6�9��6�� F1140 3%?� F88 3%?� �6����6B� 
                       2.5.1.5 
)�4���*4�C������'�� 
   �%%*+,�-./DF�6�9��,��$#�9,��51�4��G-5��="�! 
                            (1)  ��%6�9��>���&'� u ��%6�9��"�!$8�9@�3%���%%*+,�-./6��1����"3")�=���"
$� �=�%%*+,�-./�1B1���%(")�%��#B� �%%*+,�-./*5DF�$3�0��1��"����6B�>45#���C"�C�%/*5#��
6��&4�� �=�%%*+,�-./���"6���1B���(")� ���"6���1B���(")�"�!"*5DF�*���)�����#��*���)�$"8B�=��%
6�9���F,�:&%5���6�� 2.1 
                )2 (   ��%6�9��>��&'� u ��%6�9��"�!$8�9@�3%���%%*+,�-./6��6@���%(")�6�!=9��
���" 6�9��������%$3�>%=��",��$"*��6B�>%=��">451���%#���C"�C�%/���6��%F6���*�5����"�%%*+
,�-./�F,�:&%5���6�� 2.2 

�0%?��=1?�6��$8�$"��%6�9��6�!=9�=>���&2"��="�! 
(1) �0%?��=$3�>%=��"����<6��9�1�%D$3�>%=��"�:��=:�*"�%56�!=�%%*+,�-./���� 

%��>#� 
(2) ������%$�������%3")�=$"��%#%�**��>%=��"6��4�4=C)�=9�1�%D9B=9�LL�-�B� 

:?!"6��"�!"; ����0��1�0�"6��*56@�$3��%%*+,�-./>#���� 
(3) ������%$�������%3")�=$"��%���>%=��"6��4�4= - *+�6��������%>#� 
(4) >(B"0��0+1��% ���#��C)�=1�4��G-5��=,�:&%5���6�� 2.1 >45 2.27��1� 

91��#�6"#B���%�04?��"�3�>45���=� >459�1(�9���9B�"6�� ���#�� �=�%%*+,�-./%53�B�=��%
6�9�� 

(5) �0%?��=1?��?�"; 6�� )!"��FB���������%6�9�� 
                      (5.1) ��%6�9��>���&'�*5#��=1�6B�$3�>%=��"  >45#���C"�C�%/C)�=#�����
���"6���&'� �=�%%*+,�-./ >451�#��*���)����#��3")�=6@���%(")����"6���&'�"�!"��� :%��1��""�!"#��=1�
��%&H�=��"%������6�=%��#B� �=6B�>%=��"���� 
                     (5.2)  ��%6�9��>��&'�*5#��=1�6B�$3�>%=��">45�C"�C�%/C)�=>6%�4=�&
$"#���%%*+,�-./>451���%&H�=��"��%%��� �=����<%��6B�>%=��"���� 
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                       2.5.1.6  ���D��'���(�
��,�� 
 ��%8��9��=#����B�=  �4?��*@�"�" �=9��=#����B�=$3��:��=:�#��=��%��%>6"�4+B1
&%58��%  
                       2.5.1.7  ����@�3��
�4���.� 
                1) 9,��5��%6�9��#�11�#%k�" u 6@���%6�9��,��$#�9,��5����<6�� 73.4 
±   2  F (23°  ± 1°C) >450��18?!"9�1:�6�/ 50  ±   2 % �B�"6@���%6�9��#��=6@�$3��%%*+,�-./1�
�+-3,F1� 72   F 
                2) (4�%56��"?��=*��9,��5>��4��1�?�" ;   "���3"?�*��6���4B����� ��=#�"�1B
9B=(4#B���%6�9��>#B��**5��������������9�+6��$8�6@��%%*+,�-./ C)�=��%�&%����6���3%?�
0��19�1:�"�/%B�1 �=(4��%6�9����**51�0��1*@��&2" $"%53�B�=��%6�9��#��=��"6)�&K**��
0��0+1#B�=; %�16�!=�+-3,F1�>450��18?!"9�1:�6�/���� 
                          2.5.1.8 ��>�(�������'�� 
         1)  �!"��%�#%��1�%%*+,�-./ u ��%6�9����**5$9B(4�#,�-./4=$"�%%*+,�-./
3%?��1B�E���  )!"��FB����B�9�1�%D$9B$">(B"0��0+1��% ���#�����3%?��1B 6@���%��"6)�0B�#B�= ; 
$" �!"��%�#%��1���� 3��*@��&2" 

2)  ��%6�9��>���&'� 
                     )1 (  $9B�%%*+,�-./4=$">(B"0��0+1��% ���#��$"4��G-56��#���%%*+,�-./
>"�9"�6���>(B":��� >"5"@�$3�$8�#��*���%%*+,�-./�:?��0��11��=0=%53�B�=��%6�9�� #��=
>"B$*�B�%5�53B�=%53�B�=>(B"0��0+1��% ���#���31�591��>4��  
                                (2) $9B6B�$3�>%=��">45#���C"�C�%/6�=���"6���&'� �=�%%*+,�-./&'��%%*+
,�-./���"6���&'�����#��*��>456@���%(")���!"����<%������%��#�� 
$3�>%=��">45�C"�C�%/ 

3) ��%6�9��>��&'�  
 (1) $9B�%%*+,�-./%53�B�=>(B"0��0+1��% ���#��>4��&'�>(B"0��0+16+����" 

     )2     (  0B�� ;  $9B6B�$3�>%=��">45#���C"�C�%/:%��1���6@���%&H�=��"����<%���
���  *+�6���31�5910?�#%=�)�=�4�= �=�%%*+,�-./>45��*51�#��*��>(B"0��0+1��% ���#�����
8�!"3")�=  �F,�:&%5���6�� 2.1 

              4) #�!=0B���#%���%$3�>%=��">450B�0��1�� �=�C"�C�%/   3���4?�����$3�(F�6@���%
6�9��#�!=0B�>%=��"6��6@�$3�������%>#��&2"3"B��&�90�4 (Pa) 3%?� ��74&�90�4 (kPa) 3%?� 
0��19F= �="!@��&2""�!� 
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             5) �%��1#�"��%6�9�������%5��"��%  6@�$3�>%=��"�%?���; *"�%%*+,�-./>#� 
(initiating   inflation   process)  ��%>#�6��:F�D)="�!31��D)=��%>�� �=:?!"6��$�:?!"6��3")�= �=�%%*+
,�-./�"?��=*��>%=��"6���:��1 )!" ��%>#�"�!DF�#%�**��7��#���C"�C�%/ -56��>%=��"4�4=��B�=
%���%E�>45�0%?��=�B�">%=��"*5%��=�"0B�>%=��"�B�"6��>%=��"*54�4= 
       6) #%�*9���%%*+,�-./����9��#�>456@���%��"6)�#@�>3"B=>458"�� �=��%
>#� %�1D)=0B�>%=��"6��6@�$3�������%>#� 3����%>#����� )!"*+��?�"; 6���1B$8�%��(")�9�1�%D�+#�
��%6�9����� )!"��FB���*+�&%59=0/$"��%#%�*9�� 

        2.5.1.9  ����������& 
              1)  %��=�"0�%*5&%5������� 
         (1) ������%6�9���&'�3%?�&'� �0%?��=1?�6��$8� 0B�#�!=#�" �=�0%?��=1?� ��#%���%$3�
>%=��">450��1�� �=�C"�C�%/>45%5�53B�=%53�B�=>(B"0��0+1��% ���#�� 
           (2) ��9�+6��$8�6@��%%*+,�-./>454��G-5�?�" �=�%%*+,�-./   "�!"0?�   1�(4�#,�-./
3%?��1B 8"�� �=��%(")� �&2"#�" �4 6���%%*+,�-./>45>34B=6��1� 

2)  $9B��" ��4� 9D�"6�� >45 ���@�3"�$"��%6�9��>#B450%�!= *@�"�"�%%*+ 
,�-./6��$8�6�9�� 0B�6��$8�$"��%6�9�� �=>#B45�%%*+,�-./>453"B�� �=0B�#B�=; 6�����*��
#���C"�C�%/ ���9�%%��=�"��**5%��=�"8"�� �=��%>#� :?!"6��6��������%>#� 9,��5��%
6�9��6��(��&%�#�>45(4��%6�9�� 

                     3)  0B�#��>&%#B�=; 9,��5>��4��1 - ��4�6��6@���%6�9�� 
  4)  �6�B�$3�%�1 ���9"�>"53%?�9%+&(4��%6�9��   0B��`4��� �=9��=#����B�= 
>450B������=��"1�#%k�" 
                       2.5.1.10  )
�*+*,��@�+&�)
�*
�����
�����),����� 
    %��=�"��%��*��3")�=���6@���%6�9��#�1 ��&b���#�6�� E 691 ������%6�9�� 
round robin ��%��*��"�!6@���%6�9���%%*+,�-./>�B=�&2"��%6�9����9�+9�=8"�� 8"��459���4+B1 
�4+B1459����%6�4�= ��%6�9����9�+������#�1#�%�=6�� 2.2 >45(4��%6�9��#�134��9D�#�
������#�1#�%�=6�� 2.3 >45 2.4 9��=#����B�=6�!=31�1�*��>34B=(4�#�������">4��6@���%>�B=�&$"
>#B45��%6�4�= >#B45��%6�4�=6@���%6�9�� 10  C!@� 6+���%6�9��$8�%5�53B�=%53�B�=>(B"
0��0+1��% ���#���6B���� 25.4   11.   ��%6�9��>���&'�6�� round robin 911#�$3�0��1>1B"�@�
 �=6�!=>��&'�>45�&'��31?�"��" 

 ��*@����>45 ��0�%:�*�%-�    ������%6�9��"�!6@�$3�9��=#����B�=�9��3��   *)=�1B
9�1�%D6@���%���C!@���� ��="�!"*)=�1B9�1�%D6@���%���0B� C!@� (repeatability)  >45��%6@�C!@�
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(reproducibility) ��� ��%&%5�1�"0��1>1B"�@�*)=#��=%�1%5���0��1>&%&%�" �=��9�+ "��*��"�! 
��%�4?��0B�#��>&%#B�=; ��#%���%�34 0��19F= �=%5�53B�= �=>(B"0��0+1 0��1�� �=
#���C"�C�%/ �&2"#�"   (9@�3%��4��G-5 �=�%%*+,�-./  ) "�� ��9�+6��$8� ��%(")� :?!"6��$"��%(")� 
 ��:?!"6�� �&2"#�"   (*51�(4�%56�#B�0B�6��������  ��0�%%5��=0?���%�&%����6���(4��%6�4�=�1?��
$8���9�+>450B�#��>&%#B�=; ��" 
 
#�%�=6�� 2.2 �������4+B1 �=�%%*+,�-./6��$8�$"��%6�4�= Round u Robin 
 

�&!,*��� ��������!��"#$+&�
�'�!���CD� 
�@��
�'���(�
��,��
(,�3� �������&�� 

�@��
����
��&�� 

A 158.8 11 .× 295.3 11 .Spunbonded Olefin: PET/PE 10 10 
B 139.7 11 .×231.8 11 .Spunbonded Olefin: PET/PE 10 10 
C 183.9 11 .×276.2 11 .Spunbonded Olefin: PET/PE 10 10 
D 133.4 11 .×224.8 11 .Spunbonded Olefin: PET/PE 10 10 
E 171.5 11 .×  301.6 11 . �%5��G PET/PE 10 10 
F 171.5 11 .×  301.6 11 .�%5��G PET/PE 10 10 
G 171.5 11 .×  301.6 11 .�%5��G PET/PE 10 10 
H 171.5 11 .×  301.6 11 .�%5��G PET/PE 10 10 

 
6��1�: 1�#%k�"����6�9����%>#� �=%��(")��%%*+,�-./ (ASTM) 

 
       %F&>�� "��0?� ����=×��� 1�3"B���&2" 1�44��1#% 7�����*�� ��$" �=%��#B�3")�=
�&��=���%��#B�3")�= �%%*+,�-./6+�8�!"�&2"#�11�#%k�"6�=��%>:6�/ 4��G-5��%(")��&2">�� 
15  �=<��8J%�" 9�1�%D>�5��� ��9�+6��$8��&2" �%5��G1�#%k�"��%>:6�/(")����� PET/PE    
(7:4����6�%//7:4���6�4�") 3%?� PET/PP (7:4����6�%//7:4�:%E��7:4�") 70%=9%��=�&2"8�!"; 
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 #�%�=6�� 2.3 9%+&(40��19�1:�"�/$">#B45�4+B1��%6�4�= 
 
�&!,*
����!
��"#$ 
 
 
 
 
 

),�
h&��� 
 
 
 
 
 
 

KPa 

),�

�����
��
*�(�E��

h&���

��3
,��
���

��&�� 
KPa 

% 
'�*���'��8$

)
�*
+����
� 

 
 
 
 

),�

�����
��
*�(�E��
C����
��

7>@� 
 
 

 KPa 

% 
'�*���'��8$

)
�*
+����
� 

 
 
 
 

),�

�����
��
*�(�E��
C����
�@�7>@�  

 
 

KPa 

% 
'�*���'��8$

)
�*
+����
� 

 
 
 
 

A 14.78 0.7221 4.89% 1.3931 9.43% 1.5060 10.19% 

B 18.58 1.5550 8.37% 1.8825 10.13% 2.3660 12.73% 

C 17.73 1.1346 6.40% 1.5945 8.99% 1.8910 10.66% 

D 15.73 0.8591 5.46% 2.7499 17.48% 2.7499 17.48% 

E 10.54 0.6198 5.88% 0.8477 8.04% 1.0153 9.63% 

F 9.06 0.8294 9.16% 0.5974 6.60% 1.0045 11.09% 

G 12.17 1.2560 10.32% 1.5828 13.01% 1.9576 16.09% 

H 8.84 0.4847 5.48% 0.4197 4.75% 0.6273 7.10% 
 

6��1�:1�#%k�"����6�9����%>#� �=%��(")��%%*+,�-./ (ASTM) 
 
#�%�=6�� 2.4 9%+&(40B��`4���9�1&%59�6��~0��1>&%&%�"%53�B�=��%6�4�=9@�3%����9�+6+�8"�� 
 

),�'�*���'��8�q)
�*+����
� ),�
h&��� 
�r� 
���$
7?�($ 
0B��`4���%53�B�=��%6�4�= 6.99 
��%���C!@�$">#B45��%6�4�= 9.80 
��%6@�C!@�$">#B45��%6�4�= 11.87 

 
6��1�:1�#%k�"����6�9����%>#� �=%��(")��%%*+,�-./ (ASTM) 
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��%���C!@� (Repeatability) >45��%6@�C!@� (Reproducibility) $"#�%�=6�� 2.2  ���%�1 
0B�0��1>&%&%�"9B�"�����=��"1�#%k�">459�1&%59�6��~0��1>&%(�" $"#�%�=6�� 2.3 ���9%+&
0B��`4��� �=9�1&%59�6��~0��1>&%(�" �=6+��4+B1��%6�4�= 3"B���&2"��74&�90�4 0B�
9�1&%59�6��~���1�*����%9�=��#0B�0��1>&%&%�"6���:��1 )!"�1?��0B��`4����:��1 )!" 0��19�1:�"�/"�!
��**5$8���������9�+3%?�#��>&%6���1B����4B�����$"1�#%k�""�!3%?��1B�E��� "��*��"�!��=%�1
0B�&%51�- �=9B�"�����=��"1�#%k�" �=��%6�4�=���0B��`4���%53�B�=>#B45��%6�4�= C)�=*5
�&2"6�=�4?��9@�3%��(F�$8�$"��%3�0B�%�7:%���C���4�#�! �=��%6�4�=   0B������=��"��>�9�1B1�����
9@�3%����%3�0B������=��"9@�3%����%6�4�="�! 
             2.5.2 *�(�E���&�(��"#$�!('�3���* ��D��%&�'(��+&�/�&$*%&�'(��'@�3�������!
�*+&��&�(��"#$�* (*��. 653-2529)   9@�"��=�"1�#%k�"(4�#,�-./�+#9�3�%%1 (2529) 
                            2.5.2.1 �����'��)
�*+�?�+�����(�
�?� (
h%��/�&$*%&�'(��) 
                            �0%?��=1?�6��$8�$"��%6�9��0?��0%?��=6�9��0��1#��">%=�)= (Tensile Testing 
Machine) 
                            ��%�#%��18�!"6�9��  
                                  1) "@�#����B�=J'4/1:4�9#��1�6@�#5� E�#�1�%%1����6��(F�6@�%5�+��� >4��"@�1�
6�9�� *@�"�" 4 8�!" 7��$3�#5� E���FB#%=�4�=>451� "����=,�:&%5���6�� 2.8    6�� �� �=
8�!"=�"6�9��#��=�%����1B1�%��>3�B=3%?� ��C)�=*5�&2"(46@�$3���%6�9��(��:4���& 
                                  2) �)=8�!"6�9������0��1�%E� 275 ± 25 1�44��1#%#B�"�6� *"8�!"6�9��>��
���*����"#%=%��#5� E� 
                                  3) �B�"0B�>%=�)=�1?��8�!"6�9��>�����*����" 

 
 

,�:&%5���6�� 2.3   "��8�!"6�9�� 
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         2.5.3 ���
�&����';������6%&�
*��$6��)
�*���� (Thermal transition) 
                               8�����"/ (2527) �������B�7:4��1�%/6��1�"!@�3"��71�4�+49F=6+�8"�� �1B�B�*51�
*���%%18�#�3%?�6��9�=�0%�53/ )!" 1��&H�31��$"��%"@��&$8�&%57�8"/ �&2"��#D+ 3 &%5�,6 0?� 

   1. ��=3%?����497#�1�%/ (Elastomer) 
   2. :4�9#�� (Plastic) 
   3. �9�"$� (Fibers) 

                               &K**��9@�0�L&K**��3")�=6��*58B��#��9�"�B� 7:4��1�%/8"��$�8"��3")�=*51�91��#�
�31�5916��*5"@��&$8�=�"�&2"��= :4�9#��3%?��9�"$�"�!"�E0?��+-3,F1� C)�=7:4��1�%/"�!"�&4���"
9D�"5*�� �=�34��&2"04���>��� (Glass) 3%?�:4�9#�� (Plastic) 3%?�*�� �=�34��4���&2"(4)� 
�+-3,F1�6��7:4��1�%/�&4���"9D�"5*�� �=�34��&2"04���>��� (3%?�>����&2" �=�34�) �%����B� 
�+-3,F1��4�96%�"C�8�" (Glass Transition Temperature, Tg) 9B�"�+-3,F1�6��7:4��1�%/�&4���"
9D�"5*�� �=�34��&2"(4)� (3%?�*��(4)��&2" �=�34�) �%����B� �+-3,F1�34�1#��(4)�3%?�
�+-3,F1�6%�"C�8�"(4)� (Crystalline melting or transition temperature, Tm)  
                               �+-3,F1��4�96%�"C�8�" 0?��+-3,F1�C)�=7:4��1�%/�&4���"9D�"5*��04���>���
�&2" �=�34� (3%?�*�� �=�34��&2"04���>���) �1?��7:4��1�%/��FB6���+-3,F1�#�@���B��+-3,F1��4�96
%�"C�8�" 7:4��1�%/*51�9D�"5�&2" �=> E= 1�91��#�> E=�1B�?�3�+B" >45�&%�5�31?�">��� �:%�5
70%=9%��= �=7:4��1�%/1�0��1�&2"(4)� ��=0%�!=��*�%���7:4��1�%/6��1�9D�"5�&2">�����B�
 �=�34���E"#�����" "�� (Supercooled liquid) 
                               �+-3,F1�34�1#��(4)� 0?��+-3,F1�C)�=7:4��1�%/�&4���"9D�"5*��(4)��&2"
 �=�34� �1?��7:4��1�%/��FB#�@���B��+-3,F1�34�1#��(4)�*51�9D�"5�&2" �=> E=>45��FB$"%F&(4)� 
*51�91��#�> E= �1B�?�3�+B">45�1B�&%�5�31?�">��� 
 
2.6  ������+�������&�� (Design of Experiment) 
                               Montgomery (2001) �4B��D)= Fisher  0��0�"��%$8�������%6�=9D�#�9@�3%����%
���>����%6�4�= )!" �"?��=*����%6������ ���&1�9B�"%B�1�����%%��(��8��6�=9D�#�>45��%
���0%�53/ ��1F46��9D�"�6�4�=6�=��%��G#%%�#6�19�## 13�"0%4�"��" &%5�6<��=��G�&2"
��4�"�"34��&�  Fisher �&2"6�!=(F�:��"�>45�&2"�+004>%�6��"@������%���0%�53/0��1>&%&%�" 
(Analysis of Variance) 1�$8��&2"������%��?!�=#�"$"��%���0%�53/6�=9D�#�6�������������%���>��
��%6�4�= $"&� 0.<. 1933 Fisher �E���%��#@�>3"B=<�9#%�*�%�/ �=13���6��4��4�"��">45
�&2"��*�%�/%���8�L�%%���$3�>�B13���6��4��6���74� "��*��  Fisher *5�&2"(F��+�����9� ���8�
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��%���>����%6�4�=>4�� ��=�&2"�+0049@�0�L���*@�"�"1��6��1�9B�"$"��%$3���%9"��9"+"
9� ���8�"�! �8B"  Yates F.,  C.Bose R.  ,  Kempthorne O.,  Cochran, W. G. >45 Box G. E. �&2"#�" 
                           ��%"@����>����%6�4�=�&$8�$"�+0>%� 9B�"1��*5������ ��=�����6��<�9#%/
6�=��%��G#%>458��,�:C)�=6@�$3�0@�<�:6/>450@�"���19B�"1��6��$8���"��FB6�=���""�!1�0��1
������ ��=7��#%=���9� �6�=��%��G#%>458��,�: ��B�=�%�E#�1��%"@���%���>����%6�4�=
1�$8�=�"$"6�=�+#9�3�%%10%�!=>%��%��1&%��b&%51�-8B�= &� 0.<. 1930 C)�=�+#9�3�%%16��
������ ��=0?��+#9�3�%%19��=6� 34�=9=0%�174�0%�!=6�� 2 �+#�4= ������%���>����%6�4�=�E�%��1
���%��0��1"��1>45DF�"@�1�$8�$"�+#9�3�%%1�01�>45�%5��"��%(4�#$"93%�k��1%���>4�+7%&
#5��"#� �4+B1�+#9�3�%%1�34B�"�!���%��&%57�8"/��B�=1��1��$"��%$8���%���>����%6�4�= 
9@�3%��=�":��"�(4�#,�-./>45�%5��"��%(4�# "��*��"�!>4���+#9�3�%%16�����������9�%�)�=
#��"@�>45���4E06%�"�09/�E��=���1���%"@����������%6�4�="�!�&$8�=�" >45&%59�0��19@��%E*��B�=
1���8B"��"34��&�6��(B�"1����1���%Jhi"JF0��19"$*�����������%���>����%6�4�= )!"$"
93%�k��1%��� �:%�5�+#9�3�%%1$"��1%���*@�"�"1��:��B�0FB> B=6�=��%0����FB$"6��&�?�" ; C)�=
���$8���%���>����%6�4�=1��&2"��4�"�">4��>45������%���>����%6�4�="�!�&2"&K**��
9@�0�L#B�0��19@��%E*6�=���"��%> B= �" 
        2.6.1  3&�����%4>�E�� 
                           Montgomery (1996) <)�G���%���>����%6�4�=*5$3�&%59�6��,�:$"��%
���0%�53/9F=9+� *5#��="@�������%6�=��6��<�9#%/� ��1�8B��$"��%��=>("��%6�4�= ���%
���>����%6�4�=�8�=9D�#�� (Statistical Design of Experimental) 0?� �%5��"��%$"��%��=
>("��%6�4�=�:?��6��*5$3����1�C)�= ��1F46���31�5916��9�1�%D"@��&$8�$"��%���0%�53/7��������%
6�=9D�#� C)�=*56@�$3�9�1�%9%+& ��1F46��   91�3#+91(4��� ������%���>����%6�4�=�8�=9D�#�*)=
�&2"9��=6��*@��&2" D��#��=��%3� ��9%+&6��1�0��131��*�� ��1F46���%�1���FB >45D��&KL3�6��9"$*"�!"
������ ��=���0��1(��:4��$"��%6�4�= (Experimental Error) ������%6�=9D�#��&2"������%�����6��
"@�1�$"��%���0%�53/(4��%6�4�="�!"��� ��="�!"9��=9@�0�L 2 &%5��%9@�3%��&KL3�6�������������%
6�4�=�E0?���%���>����%6�4�= >45��%���0%�53/ ��1F46�=9D�#� C)�=<�9#%/6�!=9�=��B�="�!1�
0��19�1:�"�/�������"?��=��"��B�=1�� 6�!="�!�"?��=*���B�������%���0%�53/�8�=9D�#�6���31�591"�!" )!"��FB
�����%���>����%6�4�=6��*5"@�1�$8� 
        34����%:?!"k�" 3 &%5��%9@�3%����%���>����%6�4�=0?� 
        1.  
�%&�
)D��� (Replication)  31��D)=��%6�4�=C!@��%:4��08��"1�0+-91��#�6��9@�0�L 2 &%5��%
0?� &%5��%>%��%:4��08��"6@�$3�(F�6�4�=9�1�%D3�0B�&%51�- �=0��1(��:4��$"��%6�4�=
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���#��&%51�-0B�0��1(��:4���4���&2"3"B�� �=��%8�!��� �!":?!"k�"9@�3%����%:�*�%-��B� 
0��1>#�#B�=9@�3%�� ��1F46�����*����%6�4�="�!"1�0��1>#�#B�=��"$"�8�=9D�#�3%?��1B &%5��%6��
9�= D��0B��`4���DF�"@�1�$8��:?��&%51�4(46������*��&K**��3")�=$"��%6�4�= ��="�!"�%:4��08��"6@�
$3�(F�6�4�=9�1�%D3�#��&%51�-6��DF�#��=���= )!"$"��%&%51�4(4�%56�"�! 
        2. +����*.*
7D�� (Randomization) �&2"34��:?!"k�"9@�3%����%$8�������%�8�=9D�#�$"��%
���>����%6�4�=>454@���� �=��%���>����%6�4�=>#B450%�!=�&2">��9+B1       (Random) 
������%6�=9D�#��@�3"��B� ��1F4 (3%?�0��1(��:4��) *5#��=�&2"#��>&%>��9+B16��1���%�%5*��
>����9%5  >%"��1�1�C8�"*56@�$3�911#�k�""�!�&2"*%�= ��%6��6@�>%"��1�1C/��%6�4�= 6@�
$3��%�9�1�%D4�(4 �=&K**��,��"��6����**5&%��b$"��%6�4�=��� 
        3. �&?����>� (Blocking) �&2"�60"�06��$8�9@�3%���:��10��1�6���=#%= (Precision) $3�>�B��%
6�4�= �4E����"3")�=��**531��D)=9B�"3")�= �=��9�+6��$8�$"��%6�4�=6��0�%*51�0��1�&2"
��"3")�=��"�������"1����B��CE#6�!=31� �=��9�+ ��%�&%����6����=?��"� 6��"B�9"$*   #B�= ; ,��$"
>#B45�4E��*5���� )!"���*����%6@� �4E����!=      
      2.6.2  +�
���C�������+�������&�� 
                          ��%$8�������%�8�=9D�#�$"��%���>����%6�4�=>45���0%�53/(4��%6�4�=1�
0��1*@��&2"��B�=���=6��(F�6�������� ��=$"��%6�4�=#��=1�0��1� ��$*��B�=DB�=>6�4B�=3"���B��@�4�=
<)�G��5�%��FB*5��E� ��1F4��B�=�%>45*5�� �0%�53/ ��1F46�� ��E�"�!"��B�=�% �!"#�"$"��%
�@��"�"��%��**56@������=#B��&"�! 
               2.6.2.1 6@�0��1� ��$*D)=&KL3� *5#��=:����1:��"�>"�0�������������#D+&%59=0/ �=
��%6�4�= >45��=0%�!=*5#��=3���":+#*���+0043%?�3"B��=�"#B�= ; 6�������� ��=��%� ��$*
&KL3���B�=8���*"�&2"(4��B�=1��#B���%3�0@�#��9+�6��� �=&KL3�"�!" 
               2.6.2.2  ��%�4?��&K**��  %5���>45 ��� #  (F�6�4�=#��=�4?��&K**��6�� *5"@�1�
�&4���">&4=$"%53�B�=6@���%6�4�= �@�3"� �=� #6��&K**���34B�"�!*5�&4���">&4= >45�@�3"�
%5��� (Level) 6��*5���� )!"$"��%6�4�= ��="�!"(F�6@���%6�4�=#��=1�0��1%F�����������%5��"��%
"�!"��B�=1�� C)�=��**51�*��&%59���%-/3%?�*��6�Gc� 1�0��1*@��&2"6��*5#��=#%�*9���F�B� 
&K**��6���@�3"� )!"1�6�!=31�1�0��19@�0�L3%?��1B >45�1?����#D+&%59=0/ �=��%6�4�=0?���%
�%�=&K**�� (Screening) �%�0�%*5�@�3"�$3�%5���#B�= ; 6��$8�$"��%6�4�=$3�1�*@�"�""��� ; 
��%�4?�� ��� # �=��%6�4�=�E1�0��19@�0�L�8B"��" $"��%6�4�=�:?���%�=&K**���%�0�% �=
� #$3�����=1�� ; 31��D)=�B� ��� # �=&K**��>#B45#��*5�&4���">&4=���0�%1�0B�����= ; >45
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�1?���%�6%���B�#��>&%$�1�0��19@�0�L>45%5���$�6@�$3�����(44�:�/6����6��9+� �E��**54� ��� #
4=1�$3�>0�4=��� 
               2.6.2.3 �4?��#��>&%(4#��    $"��%�4?��#��>&%(4#��"�! (F�6@���%6�4�=0�%>"B$*�B� 
#��>&%"�!*5$3� ��1F4����������%5��"��%6���@�4�=<)�G���FB       34��0%�!=6��0B��`4���3%?�9B�"
�����=��"1�#%k�"3%?�6�!=0FB  �=�%5��"��%(4�#�&2"#��>&%(4#�� C)�=$"��%6�4�=3")�=��**5
1�(4#��34��#�� >451�0��1*@��&2"��B�=1��6��*5#��=�@�3"�$3�����B� �5�%0?�#��>&%(4#��>45
*5���0B�#��>&%"�!"��B�=�% 
               2.6.2.4  �4?����%���>����%6�4�=      ��%�4?����%���>����%6�4�=������ ��=���
��%:�*�%-� "��#����B�= ��%�4?��4@����6���31�591 �=��%6�4�=6��*5$8�$"��%��E� ��1F4>45
��%#��9�"$*�B�0�%*5$8������4E��3%?���%$8���%>%"��1�1�C8�"      $"��%�4?��6�=
��<��%%1<�9#%/9B�"1��      �%�*56%��#�!=>#B�%��1>4���B� &K**����=#��1�(4#B�(4#��6��*5���� )!" 
��="�!"�%�*53��B�&K**��#��$�6��6@�$3�����0��1>#�#B�= >45&%51�- "�� �=0��1>#�#B�=6��*5
���� )!" 
               2.6.2.5 6@���%6�4�=  �1?��6@���%6�4�=  *5#��=#��#�1�F�%5��"��%6@�=�"��B�=%51�� 
%5��=   �:?��$3�>"B$*�B���%�@��"�"��%6+���B�=�&2"�&#�1>("  3��1��5�%(��:4������ )!"���������
������%6�4�= D?��B���%6�4�=6��6@�"�!"$8��1B��� ��="�!"��%��=>("��%6�4�=$" �!"#�">%�*51�
0��19@�0�L��B�=1��#B�0��19@��%E*6��*5���� )!" 
               2.6.2.6 ���0%�53/ ��1F4�8�=9D�#�    0�%"@����������%6�=9D�#�1�$8�$"��%6�4�=    �:?��
(44�:�/>45 ��9%+&6������ )!"*5�&2"�&#�1��#+&%59=0/ �=��%6�4�= D����%6�4�=���DF�
���>��1��&2"��B�=�� >456@���%6�4�=#�16��������>����� ������%6�=9D�#�6��*5"@�1�"�!"*5
�&2"������%6���1BC��C��"  ������&%��� �=������%6�4�=6�=9D�#�0?� ��%6@�$3�(F�6��1��@�"�*$"��%
#��9�"$*1��0%?��=1?�8B�����6��1�&%59�6��,�: >45D��"@����������%6�=9D�#�1�("�����0��1%F�6�=
��<��%%1<�9#%/ 0��1%F�����������%5��"��% *56@�$3� ��9%+&6��������>��1�"�!"1��3#+(4
9"��9"+">451�0��1"B��8?��D?� 
               2.6.2.7  9%+&>45 ���9"�>"5    �1?�����1���%���0%�53/ ��1F4�9%E*�%���%���>4��   (F�6�4�=
*5#��=3� ��9%+&$"6�=&c���#�>45"@��9"�>"5>"�6�= �=��*�%%16��*5���� )!" $" �!"#�""�!*5
"@����������%6�=�%�J� ��1�8B�� 7���`:�5��B�=���=�1?���%�#��=��%"@��9"�(4=�""�!$3�(F��?�"JK= 
"��*��"�!>4����%6@���%6�4�=�:?���?"��"(4 (Confirmation Testing) 0�%*56@� )!"�:?��6��*56@���%
#%�*9��0��1DF�#��= �= ��9%+&6������ )!"������� 
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      2.6.3  �����&���v����
���
+&����
�
)���3$ (Single Factor Experiment) 
                               ��%6�4�=&K**��������&2"��%6�4�=6��1�&K**������� 0?�1� a %5��� �=&K**��      
(a �=?��"� )7����%6�4�=�&2">����%9+B191�F%-/ 4@������%6�4�=>��9+B1�&2"9��=6��*@��&2"
9@�3%����%34���4���=(4 �=#��>&%%���"6���1B6%��0B� C)�=��=0%�!=��**56@�$3�������%
�&4���">&4=0B��& 3%?��1B9�1�%D0��0+1���$" -56@���%6�4�= 
                  2.6.3.1  ��%���0%�53/0��1>&%&%�" (Analysis of Variance) 
                               3��1�0B�%5���C)�=>#�#B�= �=&K**�������6��#��=��%<)�G��&%����6���>450B�
#��9"�=6�����*����%9�=��#$">#B45%5����&2"#��>&%9+B1  �%�9�1�%D6��*5������0B�9�=��##B�= ; 
"�!����>��*@�4�=6�=9D�#��8�=�9�"#%= 0?�  
 

 
   Y

ij    =  µ + τI + εij                                                      
                                                                                                                                     (2-6) 
 

                              7��6��0B� Y
ij
 �&2"0B�9�=��#6�� ij >45 µ  0?�0B�:�%�1��#�%/6��$8�%B�1��"6+�%5���C)�=

�%�����"�B�    �1�8��1%�1 (Overall Mean)� τi  0?�0B�:�%�1��#�%/9@�3%��%5���6�� i 3%?�(4�%56�
*��%5���6�� i >45  εij 0?��=0/&%5��� �=0��1(��:4��>��9+B1 (Random Error) *+�&%59=0/�E
�:?��6��*5#%�*9��911#�k�"6���31�591���������(4�%56�#B�%5���#B�= ; >456@���%&%5�1�"0B�
1�" 9@�3%����%6�9��911#�k�" 0��1(��:4�� �=>��*@�4�=$3��&2"#��>&%9+B16��1���%�%5*��
>��&�#�>45��9%5#B���" ����1�8��1�6B���� 0 >450��1>&%&%�" σ 

        
#�%�=6��  2.5  ��1F49@�3%����%6�4�=&K**������� 
 
 Treatment  
  ( Level )  Observations  Total  Averages 
      1   Y

11
 Y

12
 . . . Y

1n      
Y
1.           

Y
1.
 

      2   Y
22
 Y

22
 . . . Y

2n     
Y
2.  

     Y
2
. 

      .   . . . . . .      .             . 
      .   . . . . . .      .             . 
      a   Y

a1
 Y

a2
 . . . Y

an                             
 

i = 1,2�, a 

j  = 1,2�, a 

Y
a1
 

Y.. 

 

Y
a.
 

Y.. 
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                               >��*@�4�="�!�%����B� ���%���0%�53/0��1>&%&%�">��&K**�������� �:%�51�
�:��=>0B&K**�������6��"@�1�:�*�%-� ���=��B�"�!"4@����$"��%6�4�=*5#��=�&2">��9+B1�:?��6��*5
9��=>��4��16@���%6�4�=$"#B�= ; *51�0��1�&2"��"3")�=��"�������"1��6��9+� ��="�!"��%���>��
��%6�4�=>��"�!*)=�&2"��%6�4�=6���%����B� ��%���>��9+B191�F%-/  (Completely Randomized 
Design)    "��*��"�!��**5#��=1���%&%51�-0B�:�%�1��#�%/ �=>��*@�4�= C)�=�%�����"�B� 
�>��*@�4�=(4�%56�0=6�� (Fixed Effects Model)�  
 
                    2.6.3.2  ��%���0%�53/6�=9D�#� 
                                 ��%���0%�53/0��1>&%&%�">��&K**������� �=>��*@�4�=>��(4�%56�
0=6�� (4�%56� �=%5��� (τi) 1�"���1�31?�"���9B�"�����=��"*��1�8��1%�1 
 
   ∑ τi   =   0  
 
                                 1�8��1 �=%5��� i 0?� E(Yij)  ≡ µi = µ + τi, i = 1, 2, �, a  C)�=$"��%6�9��
0��1�6B���" �=1�8��1 a %5��� 0?� 
         
        H0   :   µ1    =   µ2   =  �  =  µa 
        H1   :   µi   ≠   µj  ��B�="���3")�=0FB �= (i,j) 
 
                                 D��3�� H0  �&2"*%�= 6+�%5���*51�1�8��16���6B���"0?� µ C)�=��**5� ��"$"%F&
911#�k�"$31B$"%F& �=(4�%56� �=%5��� τi �����="�! 
 
                                 H0   :   τ    =   τ2   =  �  =  τ2 
        H1   :   τi   ≠   0  ��B�="���3")�=0FB �= i 
 
                                *����%0��31���@�4�=9�=�`4��� :��B� 7��6����& MSE *5�&2"0B�&%51�-6��
�1B4@�����= �= σ2 ,��$#�911#�k�"34�� MStreatment *5�&2"0B�&%51�-6���1B4@�����= �= σ

2 �8B"��" 
��B�=�%�E#�1D��911#�k�"34���&2"�6E* 0B�0��31�� �= MStreatment *51����B� σ

2 ��="�!",��$"
911#�k�"%�= 0B�0��31�� �=#��#�!= �=9D�#�6�9�� *51����B�0B�0��31��#��3�% >45*5
&b��9� H0 D��0B�9D�#�6�9��1�0B�1����B� 3%?�0B�#���FB$"8B�=����#C)�=31��D)=:?!"6�����" �� �=                                                                                                             

 a 

i =1 
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     SS treatment 
          SS E 

                            0B�����#   ( Fα, a u 1,N u a ) ��="�!"�E*5&b��9� H0 >459%+&�B� 1�0��1>#�#B�=%53�B�=
1�8��1 �=%5���                 
 D��  
    F

0
   >   Fα, a u 1,N u a 

        
               �1?��  F

0
  =      =                       

                           
    C)�=0B� F0  9�1�%D0@�"�-7����%$8�0B� P u Value $"��%#��9�"$*�E���        9F#%
9@�3%����%0@�"�-(4%�1�@�4�=9�=9�1�%D3����*����%4�%F& �= MS treatment  >45  SST   C)�=*5��� 
 
    SST   =  ∑ ∑  Y

ij 
  -                   

                                                                                                                                      (2-7) 
  
   >45       SS treatment  =         ∑  Y

ij
  -                      

                                                                                                                                      (2-8)  
          0B�(��:4�� �=(4%�1�@�4�=9�=9�1�%D3������="�! 
 
    SSE   =   SST   -  MS treatment 
                                                                                                 (2-9) 

                               C)�= �!"#�"��%6�9��9�1�%D9%+&�����=#�%�=6�� 2-3 C)�=�%����B� �#�%�=��%
���0%�53/0��1>&%&%�" (Analysis of Variance Table)� 
 

#�%�=6�� 2.6 ��%���0%�53/0��1>&%&%�" 9@�3%�� Fix Effect Model #��>&%����� 
 

Source of  Sum of  Degree of Mean   
Variance           Squares  Freedom Squares              F0 
                                                                                                        
Between treatment      SS treatment                 a � 1  MS treatment    F0 = 

 Error              SS E   N � a   MS E 
 Total   SS 1   N � 1    

 a   n 
 
i =1 j =1 

Y.. 

N 

2 
2 

 1 
 n 

a 

i =1 

Y.. 

N 

2 
2 

   SS
treament

 /(a � 1) 

     SS
E
 /(N � a) 

 MS
treament

 

     MS
E
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+ − − + 

Factor 

− 

+ + 

− 

Factor 

20 40 

52 30 

20 

12 40 

50 

      2.6.4  ������+�������&��
D��+/���
���& (Factorial Design) 
                               ��%6�4�=9B�"1��$"6�=&b���#�*5������ ��=�����%<)�G�D)=(4 �=&K**�� 
(Factor) #�!=>#B 2 &K**�� )!"�& $"�%-��8B""�! ��%���>���8�=>J�6��%��4 *5�&2"������%6�4�=6��1�
&%59�6��,�:9F=9+� ��%���>���8�=>J�6��%��4 31��D)= ��%6�4�=6��:�*�%-�D)=(46������ )!"
*����%%�1#����" �=%5��� (Level)  �=&K**��6�!=31�6���&2"�&���$"��%6�4�="�!"  �8B" �%-� 2 
&K**��0?� &K**�� A &%5������� a %5��� >45&K**�� B 1� b %5��� $"��%6�4�= 1 �%:4��0# *5
&%5���������%6�4�=6�!=31� ab ��%6�4�= >45�1?��&K**��6�������� ��=DF�"@�1�*��$3���FB$"
%F&>�� �=��%���>���8�=>J�6��%��4 "�!"0?�&K**���34B�"�!"1���%� �� (Crossed) C)�=��">45��"
(46������*��&K**��3")�= 31��D)= ��%�&4���">&4=6������ )!"���(4#��  (Response) 6������*����%
�&4���">&4=%5��� �=&K**��"�!" ; C)�=�%����B� (434�� (Main Effect) �"?��=1�*���B�1�"������ ��=���
&K**����?!�=#�" �=��%6�4�=  $"��%6�4�=��=��B�= ��**5:��B�0��1>#�#B�= �=(4#��6��
���� )!"�"%5���#B�= ;   �=&K**��3")�=1�0B��1B�6B���"6��%5����?�" ; 6�!=31� �=&K**���?�" C)�=31��D)=
�B� (4#�� �=&K**��3")�=*5���� )!"���%5��� �=&K**���?�" �%����3#+��%-/"�!�B� ��%1���"#%��%���  
(Interaction) #B���"%53�B�=&K**��6�������� ��= 
 
 
  ( High )              ( High ) 
 
 
  
  ( Low )                 ( Low )             
                 ( Low )                ( High )                        ( Low )                ( High ) 
                          
                             Factor  A               Factor  B 
 

    ,�:&%5���6�� 2.4 ��%���>���8�=��J�6��%��4 2 &K**�� 
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− 

Re
sp
on
se 

Re
sp
on
se 

    
   
                       
 
 

 
    Factor  A                 Factor  B 

��%���>���8�=��J�6��%��4 2 &K**��            ��%���>���8�=��J�6��%��42 &K**��             
                             (�1B1���"#%��%���)                                             (1���"#%��%���) 

 
,�:&%5���6�� 2.5 ��%���>���8�=>J�6��%��4 

 
                  2.6.4.1  ��%���>����%6�4�=�8�=�J�6��%��4>�� 3 &K**�� 
                               �&2"��%���>����%6�4�=6��&%5������� 3 &K**�� 0?�&K**�� A 1� a %5��� 
&K**�� B 1� a %5��� b >45&K**�� C 1� c %5��� C)�=1�*@�"�" ��1F46�����*����%6�4�=�6B���� abc�n  
                               9@�3%��>��*@�4�=>��#��#�� #��6�9���8�=9D�#�6��$8�  F u Test *@�"�" �!"
0��1�9%�9@�3%��(434��$� ; 1�0B��6B����%5��� �=&K**��*@�"�"%5���4����� 1  C)�=9�1�%D� ��"
>��*@�4�=��%���0%�53/0��1>&%&%�" 3 &K**�������="�! 
 
 
   Y

ijkl    =  µ + τi + βj
 + γ

k
 + (τβ)

ij
 + (τγ)

ik
 + (βγ)

jk
 

 

        + (τβγ)
ijk
 + ε

ijkl
                                                       

                                                                                                                                    (2-10) 
 
                              ��%0@�"�-0B�(4%�16�!=31� �=�@�4�=9�= 9�1�%D0@�"�-�����="�! 
 
   SST  =  ∑ ∑ ∑ ∑   Y

ijkl
  -                                          (2-11) 

 
       

B+ 

B+ 

B- 

B-

 

i = 1, 2�, a 

j = 1, 2�, b 

k = 1, 2�, c 

l = 1, 2�, n 

a   b   c  n 

  i=1j=1k=1l=1 
2  Yy 

abcn 

2 
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                               0B�(4%�1 �=�@�4�=9�= �=(434��3������="�! 
 
   SSA  =       ∑   Y

i�
  -                                                   (2-12) 

 
 
   SSB  =       ∑   Y

.j..
  -                                                   (2-13) 

 
 
   SSC  =       ∑   Y

.k..
  -                                                   (2-14) 

 
 
   SSAB  =         ∑ ∑  Y

ij..
  -                 -  SSA -  SSB              

 
         = SSSubtotals(AB)  - SSA -  SSB                        (2-15) 

 
 
   SSAB  =         ∑ ∑  Y

i.k.
  -                 -  SSA -  SSC              

 
         = SSSubtotals(AC)  - SSA -  SSC                        (2-16) 

 
 
   SSBC  =         ∑ ∑  Y

.jk.
  -                 -  SSB -  SSC              

 
         = SSSubtotals(BC)  - SSB -  SSC                        (2-17) 

 
    
             SSABC  =       ∑ ∑ ∑ ∑   Y

ijkl
  -             - SSA -  SSB - 

 
 SSC -  SSAB - SSBC -SSAC 

                                                 =  SSSubtotals(ABC)  - SSA -  SSB - SSC -  SSAB - SSBC -SSAC         (2-18) 

Yy   
abcn 

Yy 
abcn 

a   

  i=1 
2  Yy 

abcn 

2 
  1 
bcn 

a   

  j=1 
2 Yy 

abcn 

2 
  1 
acn 

a   

  k=1 
2  Yy 

abcn 

2 
  1 
abn 

a    b   

  i=1 j=1 
2 

2 
  1 
 cn 

a    b   

  i=1 j=1 
2  Yy 

abcn 

2 
  1 
 bn 

a    b   

  j=1 k=1 
2 Yy 

abcn 

2 
  1 
 an 

a   b   c  n 

  i=1j=1k=1l=1 
2 

2 1
n 
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    >45 
 
   SSE  =  SST  -  SSSubtotals(ABC)                                                           (2-19) 
                                                 
#�%�=6�� 2.7 ��%���0%�53/0��1>&%&%�"9@�3%��>��*@�4�= 3 &K**�� >�� Fixed Effect 
 
Source of Sum of            Mean       
Variation Square  Degrees of Freedom        Square  F0 
 
A  SSA   a u1         MSA F0  =  
 
B  SSB   b u1         MSB F0  =  
 
C  SSC   c u1         MSC F0  =  
 
AB  SSAB    (a u1) u (b u 1)                     MSAB F0  =  
 
AC  SSAC    (a u1) u (c u 1)                     MSAC F0  =  
 
BC  SSBC    (b u1) u (c u 1)                     MSBC F0  =  
 
ABC  SSABC       (a u1) u (b u 1) u (c u 1)       MSABC F0  =  
 
Error  SSE      abc(n u 1)         MSE 
  
Total  SST        abcn u 1           
              
 
 
             

MSA 
MSE 
MSB 
MSE 
MSC 
MSE 
MSAB 
MSE 
MSAC 
MSE 
MSBC 
MSE 
MSABC 
MSE 
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            2.6.4.2  ��%���>����%6�4�=�8�=��J�6��%��4>�� 2k 

                                ��%���>���8�=�J�6��%��4$8�=�"1��$"��%6�4�=6�����������&K**��34��
&K**�� C)�=#��= ��%6��*5<)�G�D)=(4%B�16��1�(4#B�(4#��6������ )!"*��&K**���34B�"�!" ��%���>��
�8�=�J�6��%��46��1�0��19@�0�L6��9+�0?� �%-�6��1�&K**�� k &K**��C)�=>#B45&K**��&%5������� 2 %5��� 
%5����34B�"�!��**5����*�� ��1F4�8�=&%�1�- �8B" �+-3,F1� 0��1��"3%?���4� 3%?���**5����*��
 ��1F4�8�=0+-,�: �8B" �0%?��=*��%3%?�0"=�" �&2"#�" >45$" 2 %5���6���4B��1�"�!"*5>6"%5��� 
�9F=� 3%?� �#�@��  �=&K**��3")�= ; 3%?���% �1�� 3%?� ��1B1��   �=&K**��"�!" ; �E��� $" 1 �%:4��0
#6���%��F%-/9@�3%����%���>���8B""�!*5&%5������� ��1F46�!=9�!"  2 x 2 x 2 x 2�x 2 = 2K  ��1F4 
>45�%�����%���>��4��G-5"�!�B� ���%���>����%6�4�=�8�=�J�6��%��4>�� 2K  
              
         2.6.4.3  ��%���>����%6�4�=�8�=�J�6��%��4>�� 23 

                               �&2"��%6�4�=6��1�&K**�� 3 &K**�� >#B45&K**��1� 2 %5��� C)�=9�1�%D� ��"$"%F&
�1#%��C/��%���>�� (Design Matrix) �����="�! 
 
#�%�=6�� 2.8 �1#%��C/��%���>�� (Design Matrix)  
 
     Factor   Peplicate 
  Run     A   B C          1       2      3   
    1     -          -          - 
    2     +         -          - 
    3     -         +          - 
    4    +         +          - 
    5     -          -         + 
    6    +          -         + 
    7     -         +         + 
    8    +         +         + 
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                           0B��`4��� �=(4 �=#��>&%34��9�1�%D0@�"�-�����="�! 
 
   A =      [a + ab + ac + abc u (1) u b u c u bc]           (2-20) 
 
 
   B =      [b + ab + bc + abc u (1) u a  u c u ac]           (2-21) 
 
 
   C =      [c + ac + bc + abc u (1) u a u b u ab]           (2-22) 
 
 
            AB =                   (2-23) 
 
 
            AC =      [(1) - a + b - ab u c + ac u bc u abc]                        (2-24) 
 
 
            BC =      [(1) + a - b - ab u c + ac + bc + abc]           (2-25) 
 
 
          ABC =      [abc - bc u ac + c u ab + b + a u (1)]           (2-26) 
 
 
 
 
 
 
 
 
 

 1 
4n 

 1 
4n 

 1 
4n 

[abc u bc + ab u b u ac + c u a + (1)] 
                               4n 

 1 
4n 

 1 
4n 

 1 
4n 
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#�%�=6��  2.9 ��%���0%�53/0��1>&%&%�" �=��%���>�� 2K 
 
 Source of   Sum of    degree of 
 Variation   Square    Freedom 
 k main effect 
 A    SSA    1 
 Source of   Sum of    degree of 
 Variation   Square    Freedom 
 
            B    SSB    1 
 .    .    . 
 .    .    . 
 K    SSK    1 
                   Two u factor  interactions 
 AB    SSAB    1 

.    .    . 
 .    .    . 
 JK    SSJK    1 
        Three - factor interactions 
 ABC    SSABC    1 

.    .    . 
 .    .    . 
 IJK    SSIJK    1 

.    .    . 
 .    .    . 
  = 1 k - factor  interactions 
 ABCyK   SSABC�K    1 
 Error    SSE    2k(n u1) 
 Total    SST    n2k  u1 
 

 k 
 2 

 k 
 3 

 k 
 k 
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                               ��%���>����%6�4�=�8�=��J�6��%��4>�� 2K 1�&%57�8"/1��#B���%
6�4�=$"8B�=>%� �1?��&K**���&2"*@�"�"1��6��#��=��%*5#%�*9�� ��%���>��"�!*56@�$3���%
6�4�=1�*@�"�""���6��9+�6��9�1�%D*56@���� �:?��<)�G�(4 �=&K**��6�!= k 8"�������B�=�%��F%-/7��
��%$8���%���>����%���>����%6�4�=�8�=��J�6��%��4    ��="�!"*)=*)=1���%"@���%���>��
��%6�4�=�8�=>J�6��%��4>�� 2K 1�$8���"��B�=����= ��= �:?��6��*5�%�=&K**��6��1���FB*@�"�"1��
$3��34?�"���4= "��*��"�!>4����%���>����%6�4�=�8�=>J�6��%��4��=1�&%57�8"/���34��
&%5��% 6�!=��=�&2"��%���>��6��1�&%59�6��,�:�3"?���B���%6�4�=6�45&K**�� ���=��B�"�!">4����%
���>���8�=>J�6��%��4��=�&2"9��=*@��&2"�1?��1���"#%��%������� )!" C)�=�%-��8B""�!6@�$3�9�1�%D
34���4���= ��9%+&6��(��:4����� "��*��"�!>4����%���>���8�=��J�6��%��46@�$3��%�9�1�%D
&%51�4(4 �=&K**��3")�=6��%5���#B�= ;     �=&K**���?�"���     6@�$3�9�1�%D6��*59%+&(4���
91�3#+91(4 (Valid)  #4���=?��"�  �=��%6�4�= 
 
2.7 &G�
��>�
 (Cam) 
                                ��##� (2529) �������B��0%?��=&'�(")� 6��$8�$"��%6�4�=1��4��4��%6@�=�"
6�=�0%?��=�4 ��%&b���#�=�"%B�1��"%53�B�= 4F����!��>454F�#�1 (Followers) �&2"�4��6���&4���"
��%31+" 3%?�>��B=�&1� �&2"��%�04?��"�3��8�=�9�" 3%?���%�04?��"�3��8�=1+1 
         2.7.14F����!��>(B">454F����!��6%=�%5��� 
                                 4F����!��>(B" (Plate Cams) ��=,�:&%5���6�� 2.6  6@�$3��&2"%F&7435>(B"C)�=1�
�9�"%��%F&�&2"4F����!�� 3%?���*1��9�"%��%F&�&2"6%=�%5��� >#B�=�41#%=�4�=�&2"%F&���!�� 
��="�!"�1?��4F����!��31+"%��>�" C)�=#�!=`�����%5"�� �=>(B"*56@�$3�������%�04?��"�3� �=4F�
#�1"�!"$">"�%�<1� �=4F����!�� 
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,�:&%5���6�� 2.6 4F����!��>��>(B" 
 

                                 4F����!��6%=�%5��� (Cylindrical Cams) ��=,�:&%5���6�� 2.7 &%5����&
������#D+%F&6%=�%5���6��31+"%��>�" �=1�"��= 7��6��&4�����"$"���"3")�=�4)=$3�1�%F&#�1
#��=��%6��*5$3�1���%�04?��"�3� �=4F�#�13%?�*56@���%�C�5%B�=�E��� 
 

 
 

,�:&%5���6�� 2.7 4F����!��>��6%=�%5��� 
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                                 6�!=4F����!��>(B">454F����!��6%=�%5���1�&%5�+�#/$8�=�"��B�=����= ��=1��
�"?��=*���&2"�4��6��1�&%59�6��,�:9F= 4F����!��6�!=9�=&%5�,6��*$8�=�"6��1�>�"31+">�"����� 
3%?�34��>�"���#�14F�#�1 �=4F����!��>(B" ��*��FB$">"�%�<1�C)�=>"�<F"�/�4�= �=4F�#�1 ��*
#�����>�"31+" �=4F����!���E��� 3%?���?!�=��" (Offset) 3%?�=>��B= )!"4= 
     2.7.2 0��1�� �=4F�#�1 (Follower) 
                                  4F�#�1>#B45&%5�,6*51�0��1��6��>#�#B�=��"$"��%#��9"�= 4��G-5(��
 �=4F����!����=,�:&%5���6�� 2.8 >9�=$3��3E"�B�4F�#�1&4��>3411�0��1��9F=9+�D��1�0?�
&4���41 >459+�6���0?�&4��>�"*)=�&2"6���3E"���8���*"�B�(�� �=4F����!��0�%���>��$3�� �����
4��G-5 �=4F�#�1 �:?��6��*5$3������%�04?��"�3�#�1#��=��%C)�=���*��4F�#�1�6B�"�!" 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
,�:&%5���6�� 2.8 4��G-5(��4F�#�1>��#B�=; 

                             
                                   911#��B�4F����!��31+"0%�%��$8���4� 6 ��"�6� $"0%)�=��4�>%� (3 ��"�6�) 
 �=��%�04?��"�3� a *5�&2"0��1�%B= ��="�!"0��1�%E�$"��%�04?��"6�� �=4F�#�1*)=�:��1 )!"�"?��=*�� 
½ a $"91��% �= S(��%�04?��"6��) 0=#����="�!" %5�56�= �=��%�04?��"6�� �=4F�#�1*)=>&%#�1
�@�4�=9�= �=��4�6��(B�"�& "��"0?� 12 = 1, 22  = 4 >45 32 = 9 ��="�!"%5�56�=6���:��1 )!" �=4F�#�1
*5�&2"9��9B�"7��#%=��� 
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S1- S0  = 1- 0  = 1 
S2 u S1 = 4 -1 = 3 
S3 u S2 = 9-4  =  5 

 
                                     $"0%)�=%��34�=0��1�%B=�E*5�4���&2"0��13"B�=>450��1�%E� �=4F�#�1
*54�4=0B�0��1>#�#B�=%53�B�= S *5�&2" 
 
                                                                  S4 u S3= 9 u 4 = 5  
                                                                                                               S 5- S4  = 4 u1 = 3 
                                                                  S6 u S5 = 1- 0 = 1 

                               
 

,�:&%5���6�� 2.9 1+1$"��%�04?��"6�� 
 

   2.7.3  ��%���0%�53/4F����!�� (Cam Analysis) 
                               4F����!�� 4F�#�1>459&%�=>#B458+�*56@�=�"�����,��$#�0��1�%E�%5���3")�=
�6B�"�!" D��0��1�%E�9F=��B�"�! #��4F�#�1*5�1B�04?��"6��#�1 Profile  �=4F����!����B�=DF�#��= 
                 D��     K     =   0��1> E= �=9&%�= 
                                     L    =   %5�56��9&%�=�+�#�� 
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                                M    =   1�4%�1 �=8+�&%5���4F�#�1 
                                     amax =   0��1�%B= �=4F�#�1(Follower) 
 
 *5����B�               >%=$"4F�#�1 u >%=7"�1DB�= + >%= �=9&%�= 
 
 �:%�5`5"�!"     M. amax                   =       M.g +K.L 
 
 *5���                 amax                =       g + K.L/M 
 
                            �1?��0��1�%E� �=4F����!���:��11�� )!"�%?���;*"D)=%5���3")�= Vertical component 
of acceleration   �=4F����!�� -.#@�>3"B=9+� Stroke *51�0B�1���B�0��1�%B=9F=9+���="�!"4F����!��*5
�04?��"6���%E���B� 4F�#�1 6@�$3�6�!=0FB�1B9�1(�9��" �1?��4F����!��31+"�04?��"��"1+1�&���#��4F�#�1*5
%B"4=1�>45�%56����4F����!�������9��=��=���� )!"&%��b��%-/"�!�%����B� Bounce 3%?���%�%5>6�  
(Ham, 1958)                       


