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ABSTRACT 
The article presents some teaching materials and shows how to use them in 
lectures. The main purpose of these materials is to help students relate the 
principles and details described in the presentation slides to real life situations. 
From an observation, demonstrations increased the students’ interest in 
lessons and increased their interactions.  Comparison the assessment results 
in this semester with those in the previous semester found that this approach 
improved the students’ learning capability. 
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31N��8$13&RN�"1�B %�+ 38$1D2;)1 )+231NX!9)��+%3+�+2S"O+U@VN&3&0�)&X4%+�3NU=�N8R1@+�+)T(RN P�;
�TV+U=�N8R1@+EXV9�+AT(RN��8$1�"#A )! )+2U7V)2;X+NXO+P�;PY�NU3�D_N@�!) [1]   1A�+9E2)b0+� 2ZD6+BP�;)+2
�4�8$1NE@%UN3E�X<WXA��B+;1A�+9A&$92ZD6+B"#$%+XP"N%!0S>3+��&0& (@281%+XU@V2! 2ZV�D_N3+��&0&) N!RNP"V"#$=2&9
)bA!9�D_N�B#A92ZD319�&0& X!9N!RN�B8$1U@VN&3&0�TV+U=4%+��78$1�WA92;@%�+9�N8R1@+)! 3&$921 0!% (@2813+�+2S
B!cN+"!)*;)+24&XP�;�2#AN2ZV) EXVX#T(RN YZV�T#AN4&X%�+SV+NO+%!0S>=2&9�+D2;)1 )+231NN�+=;7�%AU@V 22�>
�Dh+@�+AX!9)��+%EXV   1#)"!R901NN#R@V19�2#AN)b�# visualizer "O+U@VYZV�T#AN3+�+2S=O+�19�@0>)+2:<)+2�19%!0S>
3+��&0&EXV3;X%)T(RN1A�+9�+) P�;"O+U@VE��0V1932V+9%!0S>"#$�#TN+XU@\� (�B8$1U@V�19�@bN"!R9@V19) XV%A 
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�@bN  
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�N8R1@+%&7+P �9�D_N 12  " 481  

1)  "NO+ (@�!))+2�+A6+B 2  �428$19�81�T#ANP  P�;)+2��81)`8R1 �+02q+N)+2�T#ANP   )+24!X
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4)  )+2�T#ANP  6+B11WQ)2+nr)   
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8)  3!\N&A�UN)+2�T#AN6+B11WQ-)2+nr)  
9)  )+2�T#ANP  6+B0!X  
10) 3!\N&A�T19)+2�T#AN6+B0!X  
11) )+2�T#ANP  3�!)�)�#A%  
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2.2.1  �+"�����!�- 
)��19)2;X+*2ZD"290�+9 l `($9B! =+)PY�N4�#$  UN2ZD"#$  1 3+�+2SU7VD2;)1 )+231NEXV@�+AP    
2+A�;�1#AX=;)��+%UN@!%TV1A�1A0�1ED 
 

2.2.1.1  ���	�����.������� (*��������������) 
YZV�T#AN�TV+�28$19WXAA)3S+N)+2:<%�+N&3&00V19)+27&RN3�%N `($9�#2ZD2�+9P�;TN+X�@�81N)��19)2;-X+*"#$
�@bN =+)N!RN=(91Q& +A%�+Da\@+P2)"#$B )b481�2+=;U7V%&Q#UX"#$=;38$13+2)! YZV"#$32V+97&RN3�%NN#R  PN�N1N
�2+1+==;"O+P  =O+�19�@�81N=2&9 (P0�U7V%!3X>7N&X18$N) P�V%U@VYZV32V+9%!XTN+X=+)P  =O+�19"#$�2+
�1+EDU@V)bEXV P0�PN�N1N%&Q#N#RE��3;X%)  =+)N!RN=(9 22A+A%�+P  "+9%&'%)22��D_N"+9��81)@�!)UN
)+238$13+2 `($9�)#$A%TV19)! %&Q#=!X)+2TV1�Z�3+��&0& (B&)!X0�+9 l  N%!0S>) U@V)�+A�D_NTV1�Z� N
PY�N)2;X+*319�&0& 

 

2.2.1.2  1��2����34���56� 
UN ""#$ 3 YZV�T#AN�)2&$N%�+  "�2#AN%!NN#R481@!%U=T19%&7+�T#ANP   �B2+;�D_N@�!))+2S�+A"1XTV1�Z�
3+��&0&ED3Z�38$1319�&0&E��%�+=;�D_NPY�N)2;X+*@281=141�B&%�012<   @�!9=+)1Q& +A@�!))+2�+A
6+BP�;)+2�)&X6+B�+A11WQ)2+nr)T19=>X �3VN 2;N+  UN3E�X<P�V%  )�1N=;1Q& +A)+2�T#AN6+B
�+AT19%!0S>UN3E�X<0�1ED YZV�T#AN=;4!$N=!9@%;XV%A)+2NO+)��19)2;X+*ED%+9 N visualizer P�V%NO+

                                                 
2  �N8R1@+N#R1Q& +A1#)42!R9UN ""#$ 3 s@�!))+2�+A6+B11WQ)2+nnr)t 
3  Da==> !N4%+�3O+4!\T19)+24!X0!%1!)*2�@�81�B#A93+�+2S1�+NEXV9�+A E���TV�9%X�28$193!X3�%NT190!%1!)*2 P�;NRO+@N!)
0!%1!)*2�@�81N3�!A)�1N 
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PY�N1;42&�&)U3 (0!%P"NT19�+)2! 6+B) �+4!$N2;@%�+9)�V19)! )��19)2;X+* WXAU@V2;N+ T19PY�N
1;42&�&)0!R9�+))! "&')+23�19T19)�V19 (`($9�"#A �"�+)! "&')+2�19%!0S>)  =+)N!RN)bNO+D+))+�T#AN
PY�NU3�+�+)�3VN NPY�N1;42&�&)0+�T1 T192;N+ "#$�19�@bN (UN"&')+2�19N!RN)  B2V1�)! 1Q& +A
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N1)=+)N#RYZV�T#ANA!9�D�#$AN�!)*:;)+2%+90!%T19)��19)2;X+* (3!�B!"Q<)! )�V19) �B8$1U@V�@bN%�+
�!)*:;T196+B�+A11WQ)2+nr)T(RN)! )+2%+90!%3!�B!"Q<2;@%�+9%!0S>)! �+)2! 6+B  P�;6+B�+A
X!9)��+%1+=P3X9TN+X=2&9P�;2ZD2�+9=2&9T192;N+  +92;N+ T19%!0S>  @2811+=D2+)m�D_N6+B
3+��&0&   )�1N=;32>D%�+6+B"!R93197N&XN#RU7VUN)+238$13+2)! YZVY�&07&RN3�%N  P0�6+B7N&XP2)N&A�
�+))%�+�B2+;U@VTV1�Z�"#$7!X�=N   1A�+9E2)bX# TV1�Z�T19%!0S>E��3+�+2S 22=>EXV1A�+93� Z2:<UN6+B
�+A%&%N!RN%&%�X#A%  P�;N#$)b481"#$�+T196+B�+A11WQ)2+nr)@�+A%&% 
 

YZV�T#ANU7V2ZD"#$ 2 `($9P3X96+B�+A11WQ)2+nr) N)��19P)V% (01NN!RNU7V)2;X+*"( ) �B8$1P3X9U@VN&3&0
�@bN%�+EXV6+B�+AP�V%A!9E��= )2; %N)+2  0V194�#$)��19P)V%11)U@VP N2+  �B8$1=;EXVNO+EDP3X9 N
38$1 319�&0&EXV  N1)=+)N#RA!9�NVN�28$190O+P@N�93!�B!"Q<T19%&%XV%A 

 

2.2.1.3  �"������������ 
89 �+�������!��#���1��2����34���56� 
@�!9=+) 22A+AWXAU7V3E�X<%�+3�%ND2;)1 T19%!0S>�#1;E2 V+9 (�>� T1  2;N+  C�C) P�V% YZV�T#AN)b
NO+)��19)2;X+*EDP3X9 N visualizer P�V%S+�N&3&0%�+3�%NN#R4811;E2   �N8$19=+)4O+S+�N#RE��4�1AA+) 
N&3&0)b01 EXV1A�+9�!$NU= P�;7�%A)2;0>VN4%+�3NU=EXV 
 

N1)=+)=;S+�3�%ND2;)1 T19%!0S>P�V% YZV�T#ANA!9�NVNU@VN&3&0B&=+2:+%�+T1  ("#$YZV�T#AN7#R P�;N&3&0
�@bN=+)=16+B) �)&X=+)1;E2 �7�N �)&X=+)2;N+  ) 0!X)! 2;N+  T �D_N0VN  �B2+;%�+4%+��TV+U=
3�%NN#R�)#$A%TV19)! )+2�#@281)+2E���#�3VNUN6+B�+A11WQ)2+nr) 

 

2.2.1.4  ���!�������� 
@�!9=+) 22A+A7N&XT192;N+ P�;@�!))+2B&=+2:+7N&XT192;N+ XV%A3E�X<P�V%  YZV�T#AN=;��81)
)��19)2;X+*�+ 1 )��19 (3��>0&%�+�D_N2ZD 1(9)) P�;)O+@NXU@VN&3&0B&=+2:+2;N+ "#$)O+@NX3!)
2;N+ @N($9 (3��>0&%�+�D_N2;N+ 3#nh+) =+)N!RNYZV�T#AN=;=!X%+9%!0S>U@V�19�@bN6+B%&%XV+N@NV+ 
XV+NTV+9 P�;XV+N N B2V1�)! S+�%�+2;N+ "#$�2+3NU=D2+)m�D_N1;E2UN)+2�19 3 %&%N#R )�1N=;S+�
%�+0)�92;N+ N!RN�D_N2;N+ 7N&X1;E2 1A�+9E2)bX# YZV�T#AN)bNO+W="A<UN0O+2+�2#AN ("#$�D_N6+BB&)"1
�2#A�) EDS+��B&$��0&�XV%A �B2+;%�+)��19)2;X+*�#2ZD2�+9E��`! `V1N 

 

2.2.1.5  ��#���� 
@�!9=+)N&3&0�TV+U=P�V%%�+2;N+ 0!X)!N"O+U@V�)&XT1  P�;T1 =;SZ)P3X9XV%A�3VN (@281=>XT(RN)! )+2
%+90!%T19T1 �"#A )! "&')+2�19) UN6+B11WQ)2+nr)   YZV�T#ANP3X9%!0S>2ZD"#$ 1(4) P�V%7#R"#$T1 `($9
1AZ�029"#$�D_NT!RN !NEX )�1N=;S+�%�+T1 N#R�#1AZ�=2&9@281E��  N&3&0=;01 %�+�# =+)N!RN)b=!X%+9%!0S>UN
�!)*:;"#$�19E���@bNT1 X!9)��+% )�1N=;32>D%�+T1 N!RN�#1AZ�=2&9P0��19E���@bN  =(90V19�#)+2)O+@NX
3!\�!)*:< (@281�!)*:;T19�3VN) XV%A�3VND2;�B8$1P"N3&$9"#$�#1AZ�=2&9P0��19E���@bN �B2+;SV+P3X9
��B+;3&$9"#$�19�@bNP�V%TV1�Z�UN6+B11WQ)2+nr))b=;E��3� Z2:< (@2810#4%+��D_N%!0S>2ZD"2918$NEDEXV) 
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2.2.1.6 1��2��������"�� 
YZV�T#ANU7V)��19)2;X+*2ZD"#$ 1(T) 2�%�)! PY�NU3�B8$11Q& +A)+2�T#AN6+B�+A11WQ)2+nr)UN%&%7�%A 
X!9P3X9UN2ZD"#$ 3  �2&$�P2)YZV�T#ANA)3S+N)+2:<%�+ %!0S>7&RNN#R�#)+2Dau�W�W)V (�D_N21A >v�)  N2;N+ 3#
�@�819  @+)U7V)��19P)V%P  �X&��+421 %!0S>E%V �2+=;E���@bNTN+XP�;2ZD2�+9=2&9T19W�W)VEXV  
=+)N!RN=(91Q& +A%&Q#)+2P)VDa\@+ `($9�2&$�=+))+2�190!R9�+))! 2;N+ 3#�@�819 P�;)+2 !N"()3&$9"#$
�19�@bN N2;N+ U3 (2ZD"#$ 3())) =+)N!RN=(94�1A l 4�#$)��19P)V%U@VP N (2ZD"#$ 3(T) P�; (4))  
 

2.2.1.7  ������>
��1�����������+ 
UN ""#$ 5  YZV�T#AN1Q& +A%�+ SV+�@bN�3VN029 (@281�3VNW4V9) 4Z�UX l UN6+B11WQ)2+nr)"#$TN+N)!N@281
`V1N)!NP�V% �3VN�@��+N!RN=;A!9TN+N)!N�3�1P�V=;�19%!0S>=+)"&'"+918$N l  X!9N!RNUN)2:#��B+;"#$�2+
3NU=481 )+23�)b07<6+BE1W`��02&) )b=;EXV%�+�3VN�@��+N!RN0V19TN+N)!N  =+)N!RNYZV�T#AN)bA)0!%1A�+9
6+B11WQ)2+nr)T19)��19)2;X+*UN2ZD"#$ 4()) WXA7#RU@V�@bN%�+�3VN A, B �D_N�3VNTN+N)!N��8$1�19=+)
%&% N �3VN C, D �D_N�3VNTN+N)!N��8$1�19=+)%&%@NV+  X!9N!RN��8$1=!X%+9%!0S>U@V�19�@bN�D_N6+BB&)"1
�2#A� E��%�+%!0S>=;%+90!%1A�+9E2�3VN�@��+N#R)bA!9TN+N)!N1AZ��7�N�X&� X!92ZD 4(T)  4%+�=2&9N#R=;7�%A
�081NN&3&02;@%�+9"#$3�)b07<6+BB&)"1�2#A� �B8$1U@VEXV2ZD2�+9T196+BSZ)0V19 
 

2.2.1.8 ��������1��
 ! 
UN ""#$ 9  1+=+2A<3>%&"A<   >\A%N&7)>� EXV)2>:+"O+)��19)2;X+*"#$PA)3�%NEXV (2ZD"#$ 5) U@VYZV�T#ANU7V
31N�28$19)+2�T#AN6+B0!X 2+A�;�1#AXT19)��19�@�81N)! 6+B11WQ)2+nr)UN3E�X<  @�!9=+)"#$
YZV�T#AN 22A+A3E�X<X!9)��+%P�V%)b=;P3X9T!RN01NUN3E�X<`RO+ P0�42+%N#R1Q& +AWXAU7V)��19)2;X+*  
�2&$�0VNU@VN&3&0�19)��19)2;X+*=+)�>��19"#$�@bN%&%@NV+P�;%&% N P�; 1)U@VN&3&0�"#A 3&$9"#$�@bN)! 
6+B11WQ)2+nr)"#$�+A1AZ� N=1  =+)N!RN1Q& +A%�+ cutting plane line =;1AZ�4N�;%&%)! 6+B0!X 
(section view)  1A�+9UN)2:#N#R cutting plane line 1AZ�%&% N P0�6+B0!X=;1AZ�%&%@NV+ ("#$0V19�NVN)b
�B2+;�#N&3&0=O+N%N@N($9�T#AN cutting plane line "#$%&%6+B0!X!!!) )��19)2;X+*N#RA!97�%AARO+%�+P�V=;�#
T1  A P�; B �N8$19=+))+2�D�#$AN"&'"+9T19 cutting plane P0��2+=;E��P3X9T1 �@��+N#RUN%&%6+B
0!X 
 

2.2.2 �"�����@� 
UN ""#$ 8 =;�#3E�X<2ZD"29)2; 1)�=+;2Z  2 )2:# 481 1) 2Z�#TN+X�3VNY�+N'ZNA<)�+9U)�V)! TN+X�3VNY�+N
'ZNA<)�+9T19"29)2; 1) P�; 2) 2Z�#TN+X�3VNY�+N'ZNA<)�+9NV1A��8$1�"#A )! TN+X�3VNY�+N'ZNA<)�+9T19
"29)2; 1)  )�1N=;1Q& +A3E�X<`($9�D_N6+B�4�8$1NE@%P3X9)+2%+X6+B11WQ)2+nr)%&%@NV+ %&%TV+9 P�;%&%
 N  YZV�T#AN=;U@VN&3&0XZ"�1B#%#̀ #�=+;2Z"!R9319)2:#UN2ZD"#$ 6 �B8$1U@V�@bN%�+%&%@NV+�@bN2Z�D_N%9)�� (P�V%�+=;�=+;
 NY&%W4V9) %&% N�@bN�D_N%9P@%NP�;�@bNT1 2Z�D_N�3VND2;�+)=+)%9)��%9N1)EDA!9%9UN  3�%N%&%XV+NTV+9
SV+2ZU@\�=;�@bNT1 TV+9�%V+0290O+P@N�92Z  P0�SV+2Z��b)=;�@bN%�+T1 TV+9(P" )E���D�#$ANPD�9  =+)N!RNYZV�T#AN
=;32>D%�+ convention "#$=;)��+%S(9U7VEXV)! )2:#@�!9  3�%N2+A�;�1#AX=;�D_N1A�+9E2U@VXZ6+B11WQ-)2+nr)
T19)2:#2ZU@\�)�1N  @�!9=+)1Q& +A6+B�4�8$1NE@%UN3E�X<)2:#2ZU@\�P�V%  YZV�T#AN)b1Q& +A convention 
T19)2:#2Z��b) P�;ARO+1#)42!R9%�+�!NU)�V�4#A9)! 3&$9"#$D2+){=2&9 
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�A��� 3 
)+231N�28$196+B�+A
11WQ)2+nnr)@�+A%&%
UN%&%7�%A 

  
()) (T) 

 
(4) 

 

 
 
 
 
 

�A��� 4 
)��19)2;X+*3O+@2!    
P3X9U@V�@bN%�+�3VN"#$ 
TN+N)!NUN6+B11WQ 
)2+nnr)=;TN+N)!N 
�3�1E��%�+=;�19UN 
"&'"+9UX 

  
()) (T) 

 

C 

D 

A 

B 

C 
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�A��� 5 
)��19)2;X+*PA)3�%N
EXV 3O+@2! 31N�28$19
6+B0!X 

  
()) (T) 

A 

B 



doi:10.4186/ejth.2009.1.2.23 

31   �������������	���
��  : ���� 1 � ! "#$ 2 : %&'%'()*+ : ISSN 1906-3636 : 01 2!  3.4. 2552.                                               www.ej.eng.chula.ac.th  

2.2.3 � 
89��	� fillet, round �+� runout 
UN ""#$ 8 =;�#3E�X<�28$19 runout  YZV�T#AN=;1Q& +A�B#A9P4�%�+ runout �)&X=+)1;E2  P�;4%+�BA+A+�"#$=;
P"N runout XV%A�3VNUNP    =+)N!RN=(9P3X9%!0S>"#$�# fillet, round P�; runout (2ZD"#$ 7) P�V%0!R94O+S+�T:;"#$
7#R029 round (@281 fillet) %�+029N#R�2#A)%�+1;E2  0�1�+=(9BA+A+�7#RU@V�@bN%�+ round )!  fillet 4�1A l )�8N)!N=N
@+AED"!R94Z�  3�%N"#$4�1A l )�8N)!N)b481 runout  )2:#N#R round �#2!'�#4%+�W4V9�+))%�+ fillet X!9N!RN runout =(9
�D_N�3VNW4V9"#$@> �TV+@+)!N `($9�@�81N)! 0!%1A�+9UN3E�X<   YZV�T#ANA!91Q& +A�B&$��0&�%�+ fillet, round P�; 
runout N!RNB �+)UN7&RN9+N@��1 
 

2.2.4 ������	�������A 
UN ""#$ 11 �#�N8R1@+)+2�T#ANP  2Z7N&X0�+9 l  YZV�T#AN=;NO+�428$19�81�=+;2Z EXVP)� X1)3%�+N X1) 
countersink (2ZD"#$ 8) �D_N0VN �+P3X92�%�)! 6+BT192Z"#$D2+)mUNP   P�V%�NVN%�+6+BT192ZUNP  �#2ZD2�+9
�@�81N�428$19�81"#$U7V"O+2Z   1A�+9E2)bX# 2Z"#$�=+;XV%AX1)3%�+NUNP  =;�#�>�A1X)2%A�"�+)!  120 19'+ `($9
0�+9=+)�>�=2&9481 119 19'+ 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 

�A��� 6 
"�1B#%# #̀�=+;2Z3O+@2! 
31N�28$19 convention 
T19)+2�T#AN2Z�=+; N
"�1"29)2; 1) 

  
()) 6+BXV+N@NV+ (T) 6+BXV+NTV+9 

 
 
 
 
 

 
 
 
�A��� 7 
%!0S>"#$�# fillet, round 
P�; runout   

 

round 

fillet 

runout 

 
 
 
 
 
 
 
 

�A��� 8 
X1) countersink  
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�A��� 9 
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2.2.5 �+ ���+��� 
UN ""#$ 11 �#�N8R1@+)+2�T#ANP  3�%N@!%T19W �"< P�;)+2U7V3!\�!)*:<P"N�)�#A%  3&$9"#$N&3&0�!)=;N()6+B
E��11)481 )+2"O+ chamfer "#$@!%T19W �"<`($9"O+U@V�)&XB8RNY&% A UN2ZD"#$ 9())  YZV�T#AN=;P3X9T!RN01N)+2%+X
XV%A3E�X<)�1N P�V%3�! �+P3X9%!0S>=2&9 B2V1�)! �NVN%�+�2+)O+�!9%+XP  "#$4�V+A4�(9)! 3&$9"#$D2+)m=2&9  1#)
Da\@+@N($9481 thread runout (2ZD"#$ 9(T))  @�!9=+)1Q& +A%&Q#%+X runout UNP   P�;4%+�@�+AT19 runout 
%�+P3X94%+��()T19�)�#A%"#$4�1A l NV1A�9=N)2;"!$9@+AED ()�8NED)! �O+0!%"#$E���#�)�#A%T19W �"<) P�V%
YZV�T#AN)bP3X9%!0S>=2&9P�;7#R0O+P@N�9 runout 
 

2.2.6 �����	
���	��
������������� 

UN ""#$ 12 YZV�T#ANNO+P  2+A�;�1#AXP�;7&RN3�%N=2&9UN2ZD"#$ 10 4 �+U@VN&3&0XZ �B8$1P3X9%�+TV1�Z�"#$YZV%+XP  
2; >UNP  0V1942 SV%NP�;SZ)0V19�B8$1U@VYZVY�&03+�+2S32V+97&RN3�%NEXV  =+)N!RN=(94�1A l 1Q& +A%�+3&$9"#$
�2#ANSZ)NO+EDU7V1A�+9E2 �7�N TV1�Z�UN title block P3X93�)� 78$17&RN3�%N %!3X> C�C  )+2 1)TN+X  )+2P3X9
6+B0!X (YZV�T#ANS+�N&3&0%�+6+B0!XUNP  �D_N7N&X1;E2) )+2�T#AN enlarge view P�;)+2�T#AN partial side 
view �D_N0VN 
 

UN�28$19)+2�T#ANP  6+BD2;)1  YZV�T#ANNO+0!%1A�+91>D)2:<P�;P3X9P  6+BD2;)1  (2ZD"#$ 11) �+U@V
N&3&0XZ =+)N!RN)b1Q& +A%�+P  6+BD2;)1 N!RN�@�81N)! 1>D)2:<">)D2;)+2 X!9N!RN)+2%+XP  6+B 
D2;)1 )b481)+2D2;)1 7&RN3�%N"#�;7&RN N)2;X+*%+XP  N!$N�19  1A�+9E2)bX#)+2%+XP  =O+�D_N0V19
D2;A>)0<�"4N&46+B0!X�B8$1U@V"2+ %�+7&RN3�%N3%�@281A(X)!N1A�+9E2EXV7!X�=N  YZV�T#AN1Q& +A�B&$�1#)%�+P  
6+BD2;)1 3+�+2SU7V02%=31 %�+�&0&T197&RN3�%NA�1A l SZ)0V19@281E�� P�;��8$1D2;)1 �32b=P�V%1>D)2:<
=;�#TN+X P�;T1 �T0U7V9+N�"�+UX 
 

2.2.7 ������� �+��������
�+>�� 
UN "3!\N&A�)+2�T#ANP  6+B0!X YZV�T#ANNO+P  UN2ZD"#$ 125  EDU@VN&3&0XZ P�V%0!R94O+S+�1A�+9�7�N 6+B%&%
@NV+UNP  �D_N aligned view @281E��  �D_N6+B0!X@281E��  SV+�D_N6+B0!X"O+E�E��P3X9 section line 
@�!9=+)N!RNYZV�T#AN=; 22A+A%�+3&$9"#$N&3&0�2#AN)! 3&$9"#$U7V9+NN!RN�#�Dh+@�+A"+9)+238$13+2�@�81N)!N P0�1+=
U7V3!\�!)*:<@281TV14%+�0�+9)!N   3&$9"#$�@�81N)!NUN6+B2%�)b481 P  =;�#2ZDP�;TV14%+� �# title block   
YZV�T#AN7#R"#$)+2 1)�&0& C0.5 P�V%S+�N&3&0%�+4811;E2 �19�@bN7!XE@�  )�1N=;32>D%�+TV14%+�"#$�T#ANUNP  N!RN
�#4%+�3O+4!\ �B2+;%�+��8$12ZD6+BE��7!X�=N@2814�+X�4�8$1NED V+9 (�7�N �>�A1X)2%AT19X1)3%�+N) )bE��
�D_NE2 �B2+;YZV1�+NP  =;A(XTV14%+��D_N@�!)   YZV�T#ANA!97#R"#$)+2 1)�&0& 3-R9 P�V%S+�N&3&0%�+ 3 N�+=;
@�+AS(91;E2 (4O+01 481 =O+N%N round) )�1N=;�"#A )! 3&$9"#$31N481 R9, 3 places P�V=;�T#AN0�+9)!NP0�
�Dh+@�+A�@�81N)!N  YZV�T#AN�19S+�N&3&0%�+ R2~3 481TN+XT191;E2 (4O+01 481 round)  �T#AN1A�+9N#R
0V19)+2TN+X2!'�#�"�+UX (4O+01 481 2 S(9 3 ��)  )�1N=;32>D%�+)+2E���=+;=90!%��T�7�NN#RP3X9%�+ round N#R
�)#$A%TV19NV1A)! )+2U7V9+N=(9E��0V1932V+9U@VP��NAO+ (`($9=;ED�B&$�0VN">N)+2Y�&0) 
 

UN ")+2�T#ANP  U7V9+N YZV�T#ANP3X9P  UNP40+�b1) (2ZD"#$ 13) [2] U@VN&3&0�@bN P�V%0!R94O+S+�%�+6+B"#$
�@bND2;A>)0<�"4N&4)+20!X section @281E��  SV+D2;A>)0<P�V%U7V�"4N&4)+2P3X96+B0!XP  UX  6+B0!X"#$

                                                 

4  EXV2! 4%+�1N>�42+;@<=+) Y'.3>%&"A<   >\A%N&7)>� 
5  EXV2! 4%+�1N>�42+;@<En�<=+)4>:D2#7+  B!N3>"Q&2+9)Z2   2&*!" B#. #̀. X#E`N<�"4 =O+)!X  
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P3X9�# section line @281E��  SV+E���#B&=+2:+=+)1;E2=(9PN�U=%�+�D_N6+B0!X   =+)N!RN)bS+�N&3&0%�+6+B"#$
�@bND2;)1 T(RN=+)7&RN3�%N7&RN�X#A%@281E��  SV+E��U7� 3&$9N#RN�+=;�D_NP  6+BD2;)1 U7�E@�  3!9�)0E@�%�+
7&RN3�%NP0��;7&RN1AZ� : 0O+P@N�9U7V9+N  �#)+2U7V3!\N&A��;)+2�T#AN3�!)�)�#A% (T%+�81T196+B0!X)  �#)+2
 1)TN+X�D_N3!\�!)*:<2�%�)! 0+2+9 1)0!%��T  )+2 1)TN+XUNP  6+BD2;)1 E��EXV 1)�;�1#AX=N
Y�&0EXV P0�=; 1)��B+;TN+X"#$�)#$A%)! )+2U7V9+N1>D)2:<N#R 
 

2.2.8 	�
�N������������� 
UN "NO+ YZV�T#ANNO+�+02q+N)+2�T#ANP   �7�N �1), JIS, ISO �D_N0VN EDU@VN&3&0�@bN �B8$1A)0!%1A�+9%�+P0�
�;D2;�"'=;�#�+02q+NT190N�19 =>X�>�9@�+A"#$�)#$A%)! )+238$13+2N!RN�@�81N)!N">)�+02-q+N P0�
2+A�;�1#AX1+=P0)0�+9)!N �7�N �+02q+N ANSI )O+@NX%�+ T#X3!RNT19�3VNY�+N'ZNA<)�+90V190!X)!N"#$=>X
'ZNA<)�+9T19%9)��  P0�UN�+02q+N JIS )O+@NX%�+T#XA+%0V190!X)!N �D_N0VN  P�V%�+2+A�;�1#AXX!9)��+%=;
0�+9)!N P0�=>X�>�9@�+A�@�81N)!N481P3X9=>X'ZNA<)�+9T19%9)��@2813�%NW4V9  N1)=+)N#RA!9A)0!%1A�+9
�1)3+2T19194<)2TN+XU@\�"#$�#�+02q+N)+2�T#ANP  T190!%�19 UN2ZD"#$ 14 6 
 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
                                                 

6  X+%N<W@�XEXV"#$  http://www.everyspec.com/NASA/NASA+-+GSFC/GSFC+(General)/ 
  NASA_Dwg_Std_Manual_GSFC_X_673_64_1F_32/  
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lll.  �������� O 
YZV�T#ANU7V�%�+ 2-3 N+"#P2) ���+%�+ "�2#AN%!NN#R�28$191;E2 �)#$A%TV19)!  ")�1N@NV+1A�+9E2WXAU7VPYN"#$)+2
�2#AN2ZVT192+A%&7+  ���A)+2 V+NP�;7#RD2;�XbN"#$N&3&0"O+Y&XB�+X   +942!R9=;�B&$�)+2���+�28$19@281)+2S+�
4O+S+�"#$E���)#$A%)! %&7+N#R @281NO+TV14%+�"#$N�+3NU=�+U@VN&3&01�+N1#)3!)��b)NV1A �B8$1U@VN&3&0EXV�@bN�>��19
18$N l XV%A  P�; �1A42!R9"#$3+�+2SX(94%+�3NU=T19N&3&0EXV 
 

TV14%+�"#$N�+3NU= EXVP)� B2;2+7XO+2!3T19UN@�%9 4O+)��+%T19N!)D2!7\+ 4O+�"'N+T19B2; TV14&XT19
YZVU@\�UN3!94�"#$EXV2! )+2N! S81 4O+PN;NO+)+2�2#AN �D_N0VN  3�%N4O+S+�"#$YZV�T#AN71 S+�U@VN&3&0�)b ED4&X 
EXVP)� 4>:2ZVE@�)+2'()*+4811;E2  4>:4&X%�+)+2'()*+481)+2�9">NU7�@281E�� �B2+;1;E2  4>:�@bNXV%AE@�%�+
SV+">)4N"O+X#"#$3>X�B8$10!%�19P�V%3!94�)b=;X#"#$3>X �B2+;1;E2  SV+B2>�9N#R�2+�#�"4WNW�A#X#)%�+N#R1#) 100 �"�+T19
%!NN#R 4>:4&X%�+�2+=;P)VDa\@+"#$D2;3 1AZ�EXV@281E��  4>:4&X%�+)+2U7V�@0>Y�7�%AP)VDa\@+0�+9 l EXV�3�1
@281E�� �B2+;1;E2  4N\#$D>�NNV1A4N�+)"#$)&NTV+%E��@�X=+N P0�4NE"A3�%N�+))&NTV+%E��@�X=+N 4>:4&X
%�+�28$19N#R�)#$A%TV19)! )+2B!cN+D2;�"'@281E��   �D_N0VN 
 

YZV�T#AN=;ARO+�3�1%�+ %&7+�T#ANP  "+9%&'%)22�E��U7�%&7+%+X2ZD ("!'N'&�D�)  P0��!N481)+238$13+2TV1�Z� 
(3�%NU@\�) UN�7&9)2+nr)  �3VN0�+9 l UNP  �)&X=+)4%+�BA+A+�S�+A"1X2+A�;�1#AXT19%!0S> 
 

IV.  Q+�������	�� 
2ZDP  )+231NT19Dd)+2'()*+ 2551 6+40VN "#$)��+%EDN!RNS81%�+D2;3 4%+�3O+�2b= �B2+;��8$1�D2#A �"#A 
)! Y�)+2D2;��&NT19Dd)+2'()*+ 2550 6+40VN   X!9P3X9UN0+2+9"#$ 1 =;�@bN%�+">)2+A)+2EXV2! 4;PNN
���#$A3Z9T(RN  3�%N2+A)+2"#$YZV�T#AN4&X%�+D2;3 4%+�3O+�2b=1A�+9�+)481 2+A)+2"#$ 4, 5, 9 P�; 15 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

������ 1 
4;PNND2;��&NY�)+2
�2#AN)+231N 

����������	�� 2550 
#� (1) 2551 
#� 
1. 4%+��@�+;3�T19@N!9381@2810O+2+ 3.79�0.16 4.57�0.12 

2. 4%+��@�+;3�T19�1)3+2D2;)1 )+231N 4.62�0.11 4.82�0.08 
3. 4%+��@�+;3�T19)+2 V+N  )+2"X31 A�1A  P�;TV131  3.90�0.14 4.26�0.15 
4. 4%+��TV+U=�)#$A%)! 4%+��78$1�WA92;@%�+96+4"�*{#)! )+2D2;A>)0<U7V4%+�2ZV 3.83�0.14 4.21�0.13 
5. 4%+�3O+4!\ P�;4%+�N�+3NU=T19�N8R1@+ 4.03�0.13 4.46�0.13 
6. 4%+�7!X�=NUN)+201 4O+S+�T191+=+2A< 4.08�0.14 4.47�0.13 
7. 4%+�3+�+2SUN)+232V+9PN%4&XD2;A>)0<=+))+2 22A+A P�;/@281)+201 
4O+S+�T191+=+2A< 3.57�0.16 4.22�0.15 
8. 4%+�3+�+2S"O+�TV+U=4%+�4&X@�!)T19�N8R1@+ 3.80�0.16 4.06�0.16 
9. )+2�2#ANUN@V19�2#AN7�%AU@V�TV+U=�N8R1@+2%X�2b% )%V+9T%+9 P�;�() (̀R9�B#A9UX 4.01�0.15 4.33�0.14 
10. 4%+�42 SV%NT19�N8R1@+"#$31N�"#A )! "#$�T#ANUND2;�%�2+A%&7+ 4.15�0.13 4.55�0.12 
11. 4%+��@�+;3�T192;A;�%�+UN)+23�99+N48N 4.05�0.16 4.27�0.16 
12. D2;WA7N<"#$EXV2! =+)4O+PN;NO+"#$D2+){UN9+N"#$3�948N 3.93�0.17 4.15�0.17 

13. 4%+�3 +AU="#$=;S+�1+=+2A<YZV31N��8$1�#TV1393!A 3.97�0.15 4.28�0.17 
14. 4%+��1+U=U3�U@V�TV+U=�N8R1@+T19YZV31N 4.47�0.13 4.78�0.08 
15. 4%+�2ZV3()1A+)0&X0+�P�;P3%9@+4%+�2ZV0�1ED 3.68�0.19 4.07�0.18 
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[1]  =&2B9'<  )3&%&"A<1O+N%A, sD2;3 )+2:<)+2D2! D2>9)+2�2#AN)+231N%&7+�T#ANP  %&'%)22�� 8R190VN,t ���������	
����  	
�	����� ������� 5  

���������������
��������� � !�� � ���"	���#�$�, %!N"#$ 3-5 B�*6+4� 2550, @NV+"#$ 1-6. 2550. 
[2]   KITZ  Stainless Steel  Valves  Catalog NO 406-E, @NV+"#$ 16-17. 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


