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Chapter 1. Introduction
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Section 1.2. Designed/Undesigned Scrap/Cost
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Chapter 1. Introduction
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Section 1.4. Historical Background
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Chapter 1. Introduction

Y � �.� YX\ ^uT �.� Y ��T [ VL^¡TWV � � K ��T K � Y ^ ��TWV	� Z �[ � K ^.^ O � T ��K VL^uT [ V YX\]Y V YX\ � ^�T ^H� K���[ V�^ � ��Y � K ^�� � Y � � � K ���7T ���K � � Y V?T � ^ Z �[ � K ^.^ K ^�_�^&� � � Y ^ )P\�\ TWV � [�� � � K � Y�I T � �<$ T � � \ T � �?T � ��K � YX\�Y V�� K�IoY � � Y ��T [ V�! K.4 � ��Y � ��T [ V[�� � � K�Y T �M� ��[�� � � K ��[�\ ��_ � Y V  K � KDYX\ � $ � K V � � K � KDY � � ��Y VL^ ��K � T ^ Y ^.^&� �;K � � [  K V K � \ T ��T� \ KgO;{[�$4K�ILK � _ � � K ���7T � ��K � � Y V7T � ^�� Y ^ � [  K � Y�uK V®TWV�� [ Y ��� [ �XV	�0TWV � � K � YX\ � � \ Y ��T [ VL^ [�� � � K � K�Y �
� ��Y VL^ ��K��¨Z ��[ � K ^.^ + � � K ^ []\ T �¥T ) � Y ��T [ V Z��[ � K ^.^0/ O���?T ^ Z ��[7ILK � Y V K*4 � K7\�\ K V	� []ZXZ7[ � �.�XV?T � � ��[ � ?5^�T �}ZX\ K A ��[ � K7\ ^�� [�Z �K ��T � � � � K��;Y V ��ZoY ��Y���K � K�� ^TWV � � K ��T K � Y ^ ��TWV � Z��[ � K ^.^�_ $ �?T � � $ T \�\  K �¥T ^ � �L^.^ K � ��[ ��K � � \�\ � TWV � �?T ^  [X['gO,;{K ��K � $4[0K*4oY��}ZX\ K ^[�� V K&$ T � K�Y ^ � � Y � � �L^ � �[�[��;K ��TWV � � K TWV�^ Z T ��Y ��T [ V [��;Z��[��.O Q � �K � �&Q ^ $4[ �5gOS# � � Y ^  K"K V*^ � [�$ V
� � Y � + �RY � duS K T �5> ���?b��/ � � K V K � K*P`K � � [�� � � K ��KDY � ��T [ V�^�T ^(V K � \ T ��T� \ KgO � ��� K � K"I�K?\ []Z���K V	� [�� � � K
� � T ��T � YX\oILK V	� Y ��KDY � [ V � K?Z � Z ��[7I T � K � � � KT�;Yg-5[ � �'�7T � Y V � K>��[ �J> / � � K � K ^�T �]VL^ � [ � � K¬ILK V	��TWV	�N^ � ^ � K��e:/ $ � K V � � K¦ILY � �:� � ^ � ^ � K�� V KDK �g^ � [  K ��^ K � O�# V � �7T ^  [�[� _ �;Y V �([�� � � K V K*$ � [ V � K7Z ��^ Y V����[ � K?\ ^D_g^*� � � Y ^ K � [ V [�� ��[�� � � K � �gVXV K�� � K ^�T �]V¥_ ZX\ �gV � K�� �¥T Y���K � K � � YX\ � � \ Y ��T [ VL^D_ � TWV7T � � � � �gVXV K �� K ^uT ��V�_ K � � Y���K � K ^ � � T� K � ��[ � � � K1) � ^ ����T ��KgO
����� � !�� ��� 	+�.� �8� 	�� !�� � ��	+�,��/
a�� ��K�� T � YX\ ^uT � � \ Y ��T [ VL^ � Y�I�K  K"K V ��[ �gV�� � [  K ILK � � �L^ K&� � \ TWV �;Y V ��Y���KDY ^ $ �7T � � \ K�Y � �;Y V �
�K ^ K�Y � � � K � ^ Y � � K��}Z ��TWV � � [ T �}ZX\ K��;K V	� � � K�� TWV�� [ �¥T K � Y ^ ��TWV	� Z ��[ � K ^�^ Oo�P[ V�^�T � K���Y  \ K �K ^ KDY�� � � $4[ �5
� Y ^  K"K V � Y�� � T K � [ �	� [ V � � K�Z��[  \ K�� [�� ^ [�\ T ��T ) � Y ��T [ V;TWV � \ ���¥TWV � ���7T � � [�$ $ �?T � �¡T ^  V [�$ V YX\ ^ [NY ^M � K*�GY V Z ��[  \ K�� ^ +g; � Y V�� H � � ����[]Z7[ � \ [ ^ > ��� � / O SUTWV Y T K4K � YX\ TWV [ V K,[�� � � K�Z T [ V KDK ��K � $4[ �2�+ S0TWV Y T K _M � K7\ ^ [ V Y V�� �J[]\�\ K���> � � > /��L^ K � �7T ^  V [�$�\ K ��� K4Y V���^uT � � \ Y � K � � � Kz)P\�\ TWV � Y V�� � � K ^ []\ T �¥T ) � Y ��T [ V [�� � � K
� Y�I T � � �L^uTWV � ) V?T � K ��T P`K ��K V � K8��K � � [ � O�; � K � YX\�+g; � K � YX\WOW> � �ge:/��L^ K ��� � KG) V?T � K¨K7\ K���K V	� ��K � � [ � � [T �}Z ��[7ILK � � K � � T � Z��[  \ K�� Y V�� � [¦Y ��� [ �gV	� ��[ �£Y � [�� T � Y ��T [ V [�� � � KN\ T � �?T � ��K � YX\WO ��� K�Y � ['� T � Y ��T [ V��[ � K?\ TWV � � K®\ Y ^ � ��[ � K7\_$¨Y ^� Y ^ K � [ V � � K��;Y ^�^ � ��Y VL^ ��K�� � [�K�� � T K V�� O �J\ K�Y ��\ � _ � �7T ^ ��[ � K7\ T ^TWV $¨Y T ��TWV � � [  K �K?Zg\ Y � K �  ��Y �K�YX\ T ^ ��T � ��[ � K7\ � [ � K ^ � � T� K � � KS�;Y ^.^ � ��Y VL^ ��K����oO ��� K Q V�� � YX\�Z ���K � � [ � $¨Y ^ � � � � � K �JK.4�Zg\ [ � K �  �0M�$¨Y�� TWV Y � � Y V Y V�� �{[�\�\ K �z+5M�$¨Y�� TWV Y � � Y V Y V�� �J[]\�\ K���> � � ��/ Y V��[ � � K � ^�� [ ^ �.��� � � � K )P\�\ TWV	� Y V��0^ []\ T �¥T ) � Y ��T [ V Z��[  \ K���O

� �?T \ K V:� ��K�� T � YX\ ^uT � � \ Y ��T [ V \ [�[� ^ ILK � � Z ��[�� T ^�TWV	� _ YX\�\ � � K ��K � � [ �?^ +�) V?T � K ��T P`K ��K V � K _ ) V7T � KK7\ K���K V	��^D_ [ �  [ �XV�� Y�� �¦K7\ K���K V	��^ K � � /��¡^*� P`K ��� �['� ^ K�ILK ��YX\��;Yg-5[ � � ��Y&$  Y �  ^ � � Y � Z ��K�ILK V	� � ��[��
� � K�� � T K?\ ��TWV � ��KDY ^ [ V Y  \ K ��K ^&� \ ��^ O

� � � K��K T ^NV [ � � K"[ � ��+d��[ � K7\ / � � Y � K.4�Zg\ Y TWVL^ � � K � KDY ��� ��Y VL^ ��K �  K � $4KDK V � � K9��[�\ � $¨YX\�\ ^ Y V��
� � K�\ T � �?T � �;K � YX\WO � � K�\ �� � T � Y V	�N^ Z ��Y��"K � [ V � � K ��[]\ � � � Y V	� K � � K � � Y ��Y � � K�� T ^ ��T � [�� � � K
� KDY � � ��Y VL^ ��K �fO ��� K �¥T P K��K V � K TWV � � K � K VL^uT � �  K � $4KDK V�� � K�\ T � �?T � Z � Y ^ K:Y V���^ []\ T � Z � Y ^ K
� �K�Y � K ^ Y � YXZ �'� � TWV � � � K ^ [�\ T ��T ) � Y ��T [ V Z ��[ � K ^�^  K � $4K"K V � � KS��[�\ � Y V�� � � K TWV � Y � K<$ �?T � �� K7Z7K V��g^ [ V � � K � K"[��;K � � �DO � [ �`K*4oY��NZg\ K _ ! ^  [ � V K�K � YX\N+ ! ^  [ � V K�K � YX\WOW> � � ��/�^�� [�$4K � � � Y �Y � [��T�;K � � T YX\ ^ [�� � $¨Y��K�+ S H � S H / ��K � �?T �K � ) ��� \ TWV	� $ T � � � � K � KDY ��� ��Y V�^ ��K � � [�K � � T K V	��� [
� K � � � K V�� ��K�� T � YX\ ^�T � � \ Y ��T [ V �;Y � � � � � K¡K.4�Z7K � T ��K V	� YX\ �K ^*� \ ��^	� O

� H ^�T � $¨Y ^ ��K V���T [ V K � KDY�� \ T K�� _JT �}T ^0V [ � � \ K�Y �%$ � K V � � K�\ T � �?T � ��K � YX\ � [�$ ^ Y ^ Y ^ Z ��Y ��Y V��
� ��lRfg]5`�sBvRn ~i]�l.`��>]�l>pKj0sg]�p�sgcok.aBq n ai�0adv�sg]W]5j0sg]yc�]esBr.a*|

�� fBa%��fBv*c�]5j0sg]_n ]yn cW]5jBaGausBc\n adce]�]�lM~0`�n ]2n ~%lRfBazlupKfzp'l*`�mzl*`�pKjBaB`baMj0aopNsBc_n fg�0lRq �0adv�|
 ��lRw�woaB`b~gn s.qRl*`'sg~gsgv&aBwGn ~_�0aB`bc5n lRfBcu|
� [N~i]5�0s*q q �uh�]5jBai��]5`�n adv,]�l8^0`bl0�Ba%]5j.su]W]5jBazcel0�b]�pNs0`�aMn cWp'l*`xmgn fBr,�0aB`��Gp'aBq q |

� []Z���� T ���	��
� _]e @g@?@ _� �����fO��RY���� S K T � � i"���Ui"���"tU�ungxoy��mt"��l�tDyWk�i�j���wXx"t�kwLn?v"t,��noy��ungx¬��n7wo�����:�oq �"�oj ��y�j k���� �

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Section 1.5. Numerical Simulations
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Chapter 1. Introduction
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Chapter 3. Dimensional Analysis
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Chapter 3. Dimensional Analysis
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Section 3.2. The processes in die casting
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Section 3.2. The processes in die casting
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Chapter 3. Dimensional Analysis
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Section 3.2. The processes in die casting
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Chapter 3. Dimensional Analysis
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Section 3.2. The processes in die casting
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Chapter 3. Dimensional Analysis
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Section 3.3. Special topics
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Chapter 3. Dimensional Analysis
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Section 3.4. Estimates of the time scales in die casting
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Chapter 3. Dimensional Analysis
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Section 3.4. Estimates of the time scales in die casting
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Section 3.4. Estimates of the time scales in die casting
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Chapter 3. Dimensional Analysis
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Section 3.5. Similarity applied to Die cavity
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Chapter 3. Dimensional Analysis
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Section 3.6. Summary of dimensionless numbers
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Chapter 3. Dimensional Analysis
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Chapter 4. Fundamentals of Pipe Flow

0.
00

0.
00

0.
01

0.
02

0.
03

0.
06

0.
12

0.
25

0.
50

1.
00

2.
00

4.
00

8.
00

Velocity[m/sec]

1e−07

1e−06

1e−05

0.0001

0.001

0.01

0.1

1

H
ea

d
 L

o
ss

 [
m

et
er

]

Air
Crude Oil
Hydrogen
Mercury
Water

$(� �Y�;�ª�]mDk l 	 {�� B_HIB R P.9FE R��7;GH E � B��G;�� <?>c@]X:< XCB��D<FE � ;GHI<HQ
	)B
�9�;���=�G�;�����,�H�_���!�C�_�E�� E�����!���]�)���.�3� �!���Y���r�,�����(� %D���ª���!�@� � �^��� �����Y�E£$�H�����H����� %����������w�G�^�����Y�E�����C�Ä�H��2���+� �E�p�Äj�Ò%Ò��)�������!k #5���G�?�;���;� �����0�G�?�?�]�2�������3�H�_�����C�_� �@�#�Y�E£����0�(� %D���ª���!�9� � �Y��� �%�@�H���N���H���=£@� �2��;�+���3� ²^�G�Ni.�p�!� $�� �^�%����mDkF6EnGk�Ów� %����������]� � �Y��� �%�_�?���!���C���2� �Y��� ²^�)�;���9�E�!�?�y� ���8�@�,���¯�2�E���K�;�_�� E��� �(��� ���!kÖ������)�� ���� § �2�E�9�(� %D���ª���E�)�)���,���D�2���=��� %����������@� � �^��� �%�w���ª�$�8���/� �^��� ²^�!�;�!�0�2�?�����2���$�2�H���H� ���,� ���]� �_�%�?�?� ������E�9�)���E£9�N�H� $�� �^�%����mDk l[k #��_�2���F���)�G�;� �C�_���¤�2�E�x�?�E�C�$�������H�E�p�!�$£¤����« § � �_�)�;�S�����)���E£9���2�?���$£_�E����ª�!�G�;� �C�������=�������9�;� � ,G�����)�  �)�%�E�Y� �%�Ä�%�;�������~i g � n��H�E�C�p���C�������^�2�E�V ���� �(��� ���@�;�?�=£_�E���@�2�E�=�����?��� ���p�� �w�����;� �?�G�����G�5�2���9� ���8�¯�G���)g��E� ����� § ��������� � �Y�E�w�Y���p���H�E�~�2�?���¯�;��G�2�E�_� �H�E�)�0�����V�)�Y�� �;�E�p���_�^�V�C�=�@�/�H�E�Y� �� �H�����E�=�G�E�E£_�N�H�9$(� �Y�;�ª�+m[k j^k �@��� �����)�G�;� ���H�?��� �!���C�)�_�2�E���$�2�E�+�2�������3�H�_�����p�;�~���)�G�;� �C�_�^�!�p���H�E�!�b�,���� � � k�� � ����������� � � �! �#"%$ & ���!� '���  � � �! #()�*(� �(�� + � � � ,.-���� &#(9k �$ � � � " ��� $ �/$ & ����� �10 &�(9k#$ ���

100 1000 10000
Reynolds Number

0.0

0.2

0.4

0.6

0.8

1.0

1.2

L
o

ss
 C

o
ef

fi
ci

en
t

$(� �Y�;�ª�]mDk j 	 {�� B_HIB R P.9FE R��7;GH E � B��G;�� <?>c@32:< 2CB��D<FE � ;GHI<�4
	)B
�Y�E��� � �Y��� ���!�;�����]�E�p�����,���D�;�E���2�E���~� � �^��� ���_�G�p�;�;������ �� �����]�2�E�@���2�E���¯� � �Y��� ��� �¤��¢0�G£w�C�^��� �;�]� � �^��� ��5!k �)�p����� �?�E�����+�G�E�E£_�O�2�E�����2���q� � �^��� ���_�)�p�;�¤�����?�� E�)�N�E�|¢¯�)£w�C�^��� �;�I� � �Y��� ��� �_�2�E�S�C�������������2�;�ª�q� ��;���� E�$�2�E�����E�G���0,G�Y�E�$�C��������� ���2�%���%kr�$��� �¤�G�?�;���%� �]� �$�E���w�G�������!�2���^�%� �=�,���[�2��� �w�)���)�2� ²^�@���!�Y�_�)�2�}��%���Ä� �w�G�������!�2�r�,�����;����2�E�_�!�E�p�)�r£9�����ª�$�2���]���)�)�%� �C�Ä�����_�G�^�� �;���8�!���H���C���=�/�H�E�Y� ��� �H�E�%k0�@�E�]�?��� �;�_�G�C���ª�£_��� �?���G�^�!�2���Y���2���������Y�;� ���t�����9�,�^�%�?��£_�E�����2�E�����)�)�%� �C�@���ª�76&�)�Y�� �;�E�p�!�
8��H���C�+���/�H�E�Y� ��� �H���;k$� �w£w�E��,�Y�;�E�A�2�?���]�2���A�ª�!�/� �C�p�;�?�G�x�C�|�2��� �Y�E£ �,���=�9�;�!�|�G�^�����Y�E�����C���)�;�I���F�!�;� �?�;� ���C�!�:93���5�2�E�2���?�G�C�!��&�ª�^� �2�������3�H�_���!�p�;�^�;���p��n��G�F«��E�E£@�H�E���2���<; � �;�%�������r�;�?�N�2�E���%�)�^�_�G�2�ª�������2�����)�Y�����^�����!�>=#�}���£w�)�]�)�^���)�;�]�2���H�%«]�;���Y���@� �@�E�@�x�������0���0�2���]�(�H�_���E�/� �^�E�;�;�;�E�;� �E�/� �?9C���ª�!�p�����C�!�b�H� � �?�;�!�C���A@B@
C>=7�D�EGFIHKJ/LNM ONLQP M RTSNM UVJ/WXEGY�Z[H]\�E�^)J/P P J_F.M L�`aZbH]c#E_ZbZdP OGFfehgjilk>mkon

pXqsr>tBubv wsxTy{z|~}s���B����}1� tf��u =V�.� u��[����v�u ���>�N���>�N�>�����B���3���/�h�T�/�����T�#�¡ 
�>��� %�B¢>�¤£!���I���B�h�*�¥ ����/¦j��§ �X¨¥� �T��� ����¦ ©%ª

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Section 4.3. A simple flow in a straight conduit
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Section 4.4. Typical Components in the Runner andVent Systems
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Section 4.5. Putting it all to Together
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Chapter 5. Flow in Open Channels
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Section 5.1. Introduction
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Chapter 6. Runner Design
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Chapter 7. pQ2 Diagram Calculations
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Section 7.2. The “common” pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.2. The “common” pQ2 diagram
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Section 7.2. The “common” pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.4. The reformed pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.4. The reformed pQ2 diagram
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Section 7.4. The reformed pQ2 diagram
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Section 7.4. The reformed pQ2 diagram
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Chapter 7. pQ2 Diagram Calculations
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Section 7.6. The Intensification Consideration
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Chapter 7. pQ2 Diagram Calculations
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Chapter 8. Critical Slow Plunger Velocity
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Chapter 8. Critical Slow Plunger Velocity
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Chapter 8. Critical Slow Plunger Velocity
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Section 8.3. The validity of the “common” models
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Chapter 8. Critical Slow Plunger Velocity
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Section 8.4. The Reformed Model
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Chapter 8. Critical Slow Plunger Velocity
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Section 8.5. Summary
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Chapter 9. Venting System Design
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Section 9.2. The “common” models
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Chapter 9. Venting System Design
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Section 9.4. The Analysis
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Section 9.5. Results and Discussion

���'��O)�2��)-�D�8:9����}��R�����<��-����#�-�2��=��(M���'�<26(4-��4D�� �6a � H��
� � ��aK� 	`26�� 2�D�� �������9�?[���-�-�( �4('��2�����U�2h������m� 	��3� 26	R*W(B�V���'�;G'��-��3�.-�&�	�?'	�����8 �>��	H� 	%�%�-'26��a 
 5�� aB�-��:���'�M���>��	%	�D��#�:�U��3� (Aw � �,+��)� 	����'�:8<D>��.8:D�8G���\D���(�* � H��6� � �FwC_o-;G��2�D�D�8 G'��-��3�.-�&Ta'���'����-����#�-�2��PO)�2��P-�D�8:9����ha � H��
� � ��a^� 	b2�(K-�	%�%�-����-'�$���4D�����( � �,+�� w+ D�9�	%�3� ��D��3�.-'&)���KD'��3� (K-�	 v ç w UB@��-�� v ç w ��@��.-���(!���4D���3� (4- v ç w���@�a^�-��5�#����N�U�-�&^�.-�&Ta�?�� ��� ��	 �
 s � �

� � � � (�
 ���( � � Q � � H��.� s � � �
	
� �� � � s G s � � � � � � v ç w è @

���'�P	%(K�\D��3� (K-:��([���KD���3� (4- v ç w è @�2��-�9��:(K9��%��.-'���c96?�-�D�8=���W� 2���¥�.-�����&4�U��3� (4-:*W(B� s w+�;���!�#�6	�� �4D���8<'	0	�*F�U�2��3� (K- �.-Z���'�726�G�� �N?~'	[I*FD�-�2��3� (K-Z(�*��3�.8=�~� 	)������-~���������18$�.-'����D'	H�.-'&A����� ;%� ������Y&�'	8='	%	6D�8M���3� (K-�wb_ �b� 	b�.8:��(B�>�%�-��}��(���(B�.-��}(4D��}���'��	�� &4-��  K26�-�2��R(�*4���'� (�
 ���( � wY����� 	R����U�8=�6�����V�>�����#�6	%��-���	���'���#��3� ($9��6�N�R����-R���'�b "�\� �.-'&`�3�.8=�C�-������'�b��G��2�D���3� (4-R�3�.8=�Nw ��� � 	"���'���3�.8=�b�=��� 2��C�R(4D�� �$9����#���KD��.�#�����(c��G��2�D�����)�����[2�?�� �.-������b*W(B�C�2�(K-�	%�%�-��M8<'	%	��4('�L�#����[��=���'�58<D>��.8:D�8 O)�2��7-�D�8:9����b�=�'��-���'�)&�'	=����8:�����U���D��>���-��~���>��	%	6D��#�5�>��8<��.-���=���'�'�.�`�.-�� �3� ��4G���\D���	�a�D�-'�����b���'�[2�(K-'�^� �3� (4-)���'��<������4('� � 	$2���(K|����Ta v ���'�5���#�6	%	6D��#�!�B� nV���#��-�2��c9��6�N�R����-!�����58=(K� �726�G�� �N?��-��5���'�)(KD���	�� ���)��-��c(�*������2�(K-'�KD�� ��� 	�� ��#&��$��-�(KD�&K����([2��>������:M2��'(4|���� �4('� w @��-��[�U>B���#�6	%	0���59�?� � � � � � �� � �,+�� s M � � � � ������ W M Y v ç w ��@

b�W� �3� 2���¥2�(K-'�^� �3� (4-!(^262�D��#	=�<����- � � � � �,+��0w�_.-[G��2�D�D�8 G'��-��3�.-�&TaT�����)G'(4�\D�8=����D'	��'���~9�?!�������� 	���(4-�� 	=���4D���B��(����'� �4('�]�U�����aV�-'�,��-'	�D��#�6	�����������������#�6	%	6D��#�!�.-)���'�M26�G�� �N?[��(���	:-'(��<�.-�2��#��'	%�v �9�(�G��)���'�)���8<(�	����'���m� 2����#�6	0	�D��>�'@tw�_.-���.�bG'��-��3�.-�&TaT�����[2��W� �3� 2���¥2�(K-'�^� �3� (4-!��-'	�D��>��	=������=���'� �4('�� 	$-'(���2��'(4|���� w;��(B�}����� 	$�#��'	%(K-Ba4�����:2��W� �3� 2���B��#�� �%� � 	=���6 "-����['	����'�:��#���������<8<�|���	+�����$�3�.8=��U��3� ( � �,+�� 4���� ���4D������(!(4-'��w��;��� 	+26�-[9��P��(4-'��96?[� (�(K|'�.-'&�������4D���3� (4- v ç w ��@�aT�.-P�=��� 2��$������G���\D��(�* ��� 2��-[9��$G'��W� ���cD�-��3�.�4� ��� 	����KD������( � �,+�� �-'�[	0()�����P2��m� �3� 26��B��#��[� 	�%� � � � � �� �,+�� � �,+�� s M � � � � ����	� W M Y v ç w ç @

+ D�9�	%�3� ��D��3�.-'&P���KD'��3� (K- v ç w ��@C�.-���(P���KD'��3� (K- v ç w ç @�a��-'��D�	��.-�&$���'��*m�2���������������;	0(4D�-'�PG���� (B2'� �N?$26�-9��P�U>B���#�6	0	%���['	 � � � � ��� a�?�� ��� ��	��� � � � � � �
��� �,+�� � � +�� v ç w���»�@

�=�'���#� � � 	b���'�;	6���6���M(�*"	%(KD�-��:��b���'���.-�� �3� ��'26(4-��B� �3� (K-�	��.-'	H� ���+�����<2�?�� �.-'����� v �8:9�� ��-��R2�(4-��^� �3� (4-'	3@tw���'� � �,+�� 	��'(4D�� �59��P�U>B���>��	%	0���59�?�S^2�|H���o� �^�}��o�VO��'�.�"���4D���3� (4-�w
� ��� Ar;{ �:z �"{ �Mx � � �h{"u ��{"{ �hv!x
���'�)�>��	�D�� ��	�(�*��-�D�8<���m� 26��B��G���\D'��3� (K-$(�*p���'�P���KD���3� (4-'	��.-:���'�!���#(^2��6���B�.-'&)	%��2��3� (4-M��>�!���>��	%��-�������.-:�B� &KD��#� ç w �Ka��<��� 2��;�U>B���.9�� ��	Y�����` "-�������#�6	%	6D��#�`�=�'��- ç »���(�*¥�����+	%���>(K|H�<��'	Y��� ���	0���P'	�;*FD�-�2��3� (4-(�*

���
 w
�!� � ½A¾6¿�À!¾6¿�Á6Â�Ã3Ä�Å�ÆPÇ�Â�Ç;È'Â6ÆoÉ0¾�ÊeËcÌ�Å6Â0ÉÌ'Ä�Í6Â�Î>Ä�ÆTÃHÄ�Å;ÀhÄ�Ì�¿3Ã�Ï,Ë�Ð ¿�Ñ�Ê ¿�Æ#Ê ÉhÂ�Ï 26(4��?��m� &4���J¹º a^��»�»�»Ka¥9�?,¼`�Zw+�}��.�"OM���.�

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Chapter 9. Venting System Design�K��#�8=�6�����#	5�.- �"D���-'2'�.-�& ���'�J���>(^2���	%	���#�Z���'�~��>����#��3� (Ta
�� 

a=�-'� �����I*F�W� 2��3� (4-��'��#�8<�������Fa


 5�� w<�B�#(48](����'�������6�%��.� ����2��� 2�D�� ��3� (4-'	 v �}��:��OM���.�>� ç5ç ���@�� ���C'	+*W(KD�-��!������`���'���.- �"D���-'26�P(�*Y�����
�'��U�8=������� 
 5�� (4-,�����I���>��	%	6D��#������G'��� (4��8=��-����.-5�����52�?�� �.-'�����;� 	 �KD�� ����	68<��\��wI�;���c�.-��"D'��-�2��5� 		�8<��\�V(4-,�����c�#�6	�� �4D���"��.�=8<'	0	��.-����'��2�?�� �.-'�����FaR9�D��)� ��#&�����(4-����'�IO)�2��Z-�D�8M9����Fa � �(�LH�(tw,�;�����nV��2���	�(�*X���'�:��>��[�U��3� (¥a

���

a4��>�$	���D��^� ���5�'���#�P	H�.-�2��M� ��� 	+���'�P��(K8$�.-'�-��=����#�8=�6�����Zw
Y(����5���'�� � �,�.-I��.�;G'��-��3�.-'&J� 	!	6� � &4����� ?I�B� nV���#��-���*F�#(48 ������[�.-ZG��2�D�D�8 G'��-��3�.-�& v �}��:�HO��'�.�FaS^2�|����>�)�-���fp(K� ��	%���'�.-�� ç5ç x�@[9�?~I*m�2���(B�=(�* Q � � �,+��!�tw ����� 	!*m�2���(B�P��'	[	H� &4-��  K26�-�2��,*W(B�=	68<��\�


 5�� �-��:	68<��\�
���
 �<����-=���'�MO��2��M-�D�8M9����X� 	�� ��#&���a�'	b�C'	C	��'('�=-$�.-�(����'���T�����%��.� ���M2��� 2�D�� ��3� (4-'	v �}�����O��'�.�;� ç5ç ���@FwX���'�+���6 "-�� �3� (K-+2���(�	%��-$�'���#�=� 	�9�'	%����(4-����'��*m�2��X������}*W(B�K;	68<��\��O)�2��$-�D�8M9���������$*m�2���(B� Q � � �,+����+26�-�9��M� &4-'(B�#��� w�_o-:���'�)8<0/1(B�m� �N?:(�*p���'�P26'	0�6	 � �,+���� 	+	�8<��\��w��(B�}G���\D���	�(�*Y�����:��>����U��3� ([&4�#��������X�����- ��w �Ka ���


3 � � � aB���'�!���#�6	0	�D��>���.-�2��#��'	0�6	+���'�$G�(K�\D�8=��4('� �U����=(�*X��������.�pD�-��3�.�� �KD�'	H��	��������?���	%�%������ 	;�#���2������Aw`_o-P��.�TG'��-��3�.-�&Ta������ 	 �KD''	���	��������?���	��%����� 	��2���� ��G'���)�=�'��-P���'��G�(K�\D�8<�����m� 2<��.���4('���#����P(KD��;� 	����4D������()���'��G�(K�\D�8=�)��D�	6�����,9�?P�����)��� 	���(K-�w���'�[���#�6	0	�D��>�M�-��[���'��8�'	%	 �4('�]�U����M��>��8<��.-��%��.-'����2�(4-'	��%�-����*U����������� 	=	��%����)� 	P�#���2������Aw��;������#�6	%	6D��#�5�.-5����� 	 �4D�'	H�X	��������?���	%�%����,� 	M,*FD�-�2��3� (K-,(�*
�� 
 w ��(B�`	�8<��\�VG���\D���	:(�* �� 


�������>�7� 	[-�(
	��������?���	%�%����P	��%'&��Nw ���'��-

���
 � 	;&4�#��������}�����-�(4-'�$���'�[���#�6	%	6D��#�)� 	;26(4-�26�G'�!D����C��U��	�a4�-'���=�'��-�� 
 � 	�� �6	%	������-:(4-'�=���'�M���>��	%	�D��#�:� 	+2�(K-'2��G��P��('�=-��C��U��	LwX�;����	%���>��	�D�� ��	`��#�:�.-M�^�.�#��2��+2�(K-����U'	��R��(���#��G�� (4D'	<8<(4� ��	<96? + �2��'	 v + �2���	L� ç ����@6aV¼`�#������ v ¼`�U������;� ç x è @�a ���'�.-��.| v �Y���.-��.|!� ç x���@R�-��7l��.-���	0��?�-'� �~��\� �2�� v l��.-���	%��?5�-'���A��\� �2��!� ç5è ��@�aT�<�����>�c8<(B����� 	P'	0	�D�8=���5������<���'�5���#�6	%	6D��#���-�� 8<'	%	�4('���U����!�#��8<��.-�26(4-'	��%�-����-�����#�P��F�%��.-������.-�	%�%�-��%�-'�6(KD�	6� ?$*W(B�p��.�}G'��-��3�.-�& w
�^� &4D��>� ç w � �Y�;���)���#�6	0	�D��>�!�U��3� (�	`*W(B�X��.�p�-��!G��2�D�D�8 G'��-��3�.-�&[�� ç »�� (�*p���'�)��� 	%��(4-:	%���>(K|H�
�V([�#��*W���"��(M�����<	����#(4|��=26(48:��� ���3� (K- v ��»�»� (�*"�����<	����#(4|���@`� 	;8=���-��.-'&4� ��	%	R	��.-'26�j�'@+-'(M&�'	=8<'	%	� 	c� ��*U���.-Z���'�Z2�?�� �.-'�����Fa�����D'	5-�( ���#�6	0	�D��>�Z2��- 9�� 8=��'	�D��>���¥a`�-'� ��@����'�cG���-��[26�-J9�� 9�� (^2�|�����'��>�3� ��\� ?�(B�b��(��%��\� ?���=���'�!��-��c(�*������[	%���>(K|H�NwM�;��D'	�aV���'� ;F26(48:��� ���3� (K- = v ��-��c(�*������5���#(^2���	%	3@<(�*������ "�\� �.-'&����#(^2���	%	;� 	`���6	32��m�.9����)�=�'��- ç »�� (�*X�����$	����#(4|��P� 	`��� ���	0��� wC�^� &4D��>� ç w �����#�6	%��-���	����'�= "-������#�6	%	6D��#�~�#��3� (A'	�5*FD�-'2��3� (4-

�� 

*W(B� 
 5 �� � `.wA���'�� "-���b���#�6	%	6D��#� v �>����\� ?c�����I���>��	%	6D��#�Z�U��3� (�@

��������-���	$	%���>(K-�&K� ?�(4-
�� 
 '	P���6	02��W�.9����~�.-Z�B� &KD��#� ç w �0w!���'�5���#�6	%	6D��#���.-����'�!�^� �[26�G�� �N?7�.-'2��>��'	%�6	

9�?��9�(4D��<���� (�*+� ��	:�.-�� �3� ��^G���\D'�M�<����-
���


� � *W(B�R��.��G���-��3�.-'&AwP�;���,���#�6	%	6D��#���#��8���.-�	$��\8=(�	%�2�(K-�	%�%�-����*U�����
�� 
 �>���2��'�6	������<G'��\D'�$(�*��Nw �Aw������ 	+�.8:��� � �6	����'��C�����<G���-��`��#��!� 	�	6D �[2�� ��-���� ?)� ��#&��

�=�'��-
���


� � � � *W(B����.�pG���-��3�.-'&��-��[�<����-
���


� � *W(B�pG'�2�D�D�8 G'��-��3�.-�& w + �.8$�.� ��C�#�6	6D�� ��	=2��-�9��(49'	%���oG'���!�<����-P�����)�#�6	�� �4D���K8<'	0	`*F�#�2��3� (4-!� 	���� (��F����� w����� 	=�^� 	02�D'	%	�� (4-��-��[���'�6	0���#�6	6D�� ��	=��#�������>*W��2���� ?!26(B�N�#��2����.-)[2�'	%�P�<�����>�)��\�����'��'	0	�D�8:���3� (4-'	��#�)	0��3� 	� 4���Aw� Y('�R��G'���Fa4���'�,�>����^�R(B�N� �7� 	<�^� nT���>��-����-'�,���'��'	%	6D�8M���3� (K-�	P���G'�M��(,�U>��8$�.-����c�-'�	%(K8=�$(�*Y������8 ��>����Nw�Qb	0	�D�8:���3� (4- �7� 	5-'(���J�>��	����m� 2��3� (K-7��(I���'�A8=(^�����.a�9�D����U����'���=&KD�� ���7�.-c���'�7����	H� &4-�w �;�����-�&^�.-������p�''	b��(M��-'	�D��>�=���'������'�P�>��	H� 	%�%�-'26���.-<���'�P8=(K� �P��(M��.�,�4('� v �-���8=���%�� �4('�+@���'	R��(9��)'	<	68<��\�4'	:��(�	%	H�.9�� ��w������ 	;&KD�� ���M�^� 2��%����6	=���'��;��-�&^�.-������b����	H� &K-�	����'��������)*W(B�b��.� v �-�����'�)� � �4D�� �58=�6�%�� @+'	+'	�	6��(B�>��'	$��(�	%	H�.9�� ��w
�Aw�Qb	0	�D�8:���3� (4-'	 �¥a�U¥a4�-�����»)��#�$G'���>?��>���� � 	��3� 2$'	%	6D�8M���3� (K-�	TwC��(B�X�?>��8M��� ��a������$���1�#(B���.-[D�	��.-�&'	0	�D�8:���3� (4-PU�� 	$� �6	%	`�����-M»0w ��� w
2�(4�6?��m� &4���J¹º a4��»�»�»Ka¥9�?�¼`�Zw��}��.�"OM���.� ½A¾6¿�À[¾6¿�Á6Â[ÃHÄ�Å�Æ$Ç�Â�Ç;È'Â6ÆoÉ0¾�ÊeËcÌ�Å6Â0ÉÌ'Ä�Í6Â`Î>Ä�ÆKÃHÄ�Å;ÀhÄ�Ì�¿3Ã�Ï5Ë�Ð ¿�Ñ�Ê ¿�Æ#Ê É3Ç`Ï ~L~�

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Section 9.5. Results and Discussion�Aw������ 	�8=(^������� 	!�-~�.-'�^� 26��3� (K-,�<����-7'	0	�D�8:���3� (4- � � 	)&�(B(^�Aw _.-c���'�7�.-�� �3� ��X	��%'&��6	 v (�*<����� "�\� �.-�&!���#(^2���	%	3@������M���>��	%	6D��#��� 	RG'���>?$	�8<��\���-��)�.-������ 	�26'	%�;�����M���>��	%	6D��#� v *W(B�U2��'@���(�(4����-<�������� �����	:� 	$	68<��\�.a}�-��c�������>�6*W(B�>�)���'�[&���5� 	P��\8=(�	��%&6���#(Aw!Qb	$���'�� "�\� �.-'&~���>(^26�6	%	)���#(�&K�>��	%	0�6	�a�����M���>��	%	6D��#�$�.-�2��#��'	0�6	�a��-��:���'���#��*W(B�#�;���'�=&���:� 	��.-'2��>��'	%��� wpQJ	H� &K-��  K2��-���&���)�>���4D��.�#�6	RG'���>?	H� &4-��  K26�-��$���#�6	%	6D��#���=��� 2��[(^262�D��#	<(K-�� ?���;���'�M "-���4	��%'&��6	�(�*R���'�� "�\� �.-�&I���>(^26�6	%	��-'�5(K-�� ?�=�'��-P���'�$��#����#��3� (�� 	+	�8<��\�.a
�� 

$ � wb����D�	�a������ 	;'	%	6D�8M���3� (K-M� 	`G'���>?��#��'	0(4-��9�� �NwU w+Qb	%	�D�8:���3� (4- x�� 	;'	%	0(B2'� ���������� ���M'	0	�D�8:���3� (4- ç aT9�D���� 	$8=(B�#�$	%��-'	H� �3� G'��w��;���P2����-'&��M�.-P������>��	H� 	��%�-�2�� v 72����-'&��5�.-c'	%	�D�8:���3� (4-Z�.- ç 2��>������6	M26(4-'	%���4D'��-���� ?572��'�-'&��,�.-5�����I���\D�-'&����G���� (B2'� �N?Tw ���'� ���\D�-'&������#���2�����	����'�~26(4-'	��%�-��)G'��� (^2'� �N?AG����o? *m'	%�6a$��('�R�6G����ha������ 	[G'��� (^2'� �N?����2��#��'	%�,�4D��W�.-'&c���'�,�KD��U��3� (4-�(�*������� "�\� �.-�& ���#(^2���	%	Lw7�;����2��'�-'&��,'&���.-,��������-'��	:(4-,������>��	H� 	��%�-�2����.-!�����58=(K� �AwM����� 	�2��-59��5D'	%���7'	��&4D�� ���,9�?!�����!��-�&^�.-������R�-'�5��-����-'26�6	<������.8:��(B�o�%�-�2���(�*b2��#����3�.-'&[[������:��� ���M�8$�.-��.8:D�8L�#�6	H� 	%�%�-'26����(!�������4('� w

�Aw+Q+-�(��������p&4D�� ���$*W(B�p���'�PG'��-��3�.-�&�	%?�	%����8 ���6	�� &4- v �.-�G��2�D�D�8]G'��-��3�.-'&�@=� 	='	0	�D�8:���3� (4- è w����'���-'&B�.-'�6���M�''	!��( �#���KD'26�7���'�7G���-��!G'(4�\D�8=�7	%( ������c� �6	0	[&�'	c��'	!��( 9��Z��G��2�D������� w ����� 	�>��	����m� 2��3� (4-,�''	=��(Z9��)����	H� &4-!26��>�6*FD��\� ?5|��6�����.-'&,�.-,8P�.-'�����'������'���#�6	�� 	��%�-�2��M�� 	0(7��'	;��(Z9��8$�.-��.8P� &���� v 	%(48<�<�<�'��`(4����(�	�� �����#�6	%���W� 2��3� (4-�@tw`_o-���.�}G'��-��3�.-�&Ta��=�'��-P����� 	;'	%	�D�8:���3� (4-�� 	$-'(��G'�� � �Ta';�B� nV���#��-��R8=(^�����6���6	32��m�.9��6	}���'�C	�� ��D'��3� (K-�w  Y('�R��G'���Fa�-'(��"*FD��  "�\� �.-'&������`'	%	6D�8:���3� (4-+26�-�.8:���#(�G'�M���'�[26'	��3�.-'&~9���26�D'	%�,� ��>&�������(B�>�3� (4-[(�*������,� � �4D�� �A8=�6�%��4�=��� 2��7D�-'�����#&�(B��	M8$� >��.-'&��� ���P���'�$��.�b� 	`�?>����D'	������)��([(KD���	�� ���<���'��8<(4� � wxAw+Qb	%	�D�8:���3� (4-M��� 	�(4-'�P(�*Y���'�!9'���'	0	�D�8:���3� (4-'	��.-:����� 	$8=(^������w�_o-�8<�-�?�26'	0�6	`���'���#�)� 	�8=(B�>����'�-�(K-��!G'��-��6ap�-��c���'�[��-����#�-�2��ZO)�2��I-�D�8:9����C*W(B���B� nV���#��-��$G���-���	:26(4D�� �A9���5�B� nV���#��-��G'��\D'��w[�;��D'	�aV���'�[	�D'&�&��6	%�����~8=�����'(^�c(�*�2�(K-�G'���#	H� (K-5� 	�-'(��<G'�� � �TaX�-��c���'���#��*W(B�#�)�����!G���\D��(�*����'�,2��m� �3� 26��X��#��I� 	�-'(��P�?>��2��FwIQ 9��6�F�����Fa+8=(B�#��2�(K8:��� � 26������J8=(^�����Y� 	��#���KD��.�#��� wA����� 	'	%	�D�8:���3� (4-Z26�-�-'(��59�� D�	0���J'	�A&4D�� ���,*W(B�=�����Z���6	�� &4-I	��.-'26�c'	c9��6�F�����<G���-��3�.-'&J26�-J9���2���� ��G'��� v �-��)����D�	���-����-'2'�.-�&����'���KD��� � �N?�@���� ���'(4D��C��-'	�D��m�.-�&)���'��	3�8=��O)�2��[-�D�8:9����;w
è w+Qb	%	�D�8:���3� (4- ç � 	<�����o�3� ��\� ?!������#(4���W� ����:'	0	�D�8:���3� (K-�w`���'�!�#�6	H� 	%�%�-'26�)�.-MG'��-��3�.-'&[	�?'	�����8L� 	M*FD�-�2��3� (4-�(�* �$� �-��IO)�2���-�D�8:9����#	Lw��V���6aX�����>�P���'�[�#�6	�� 	��%�-�2���a 
 5�� a"� 	;26�� 2�D�� ������c9''	0���(4-:���'��'	0	�D�8:���3� (K-:������`���'��O)�2��,-�D�8:9����C� 	=[26(4-'	��%�-��+�-������4D���B��( � �,+�� w;�;���M���1�>(B��4D'����(I����� 	)'	%	�D�8:���3� (4-Z� 	�� ��>&��5�.-,���'�Z�.-�� �3� ��"	��%'&��6	M�=�'���#� �$� �-'��O��2��~-�D�8:9����#	���>�	�8<��\��w,Qb	P���'�[ "�\� �.-�& ���>(�&4�#�6	%	!���>(�&4�#�6	%	0�6	�a"����� 	:���1�>(B�;� 	[�#���KD'26��� w~_o-�G��2�D�D�8 G���-��3�.-'&c�����O��2��<-�D�8M9����T�>���2��'�6	p�����=8<D>��.8MD�8 �.-�	%�%�-���� ?��-'�=���'���#��*W(B�#�R����� 	Y'	0	�D�8:���3� (K-�� 	p�U>��2��FwY���'���-����#�-�2��:O)�2��:-�D�8:9����V� 	�G'���>?$	�8<��\� v ���'�*�4('��� 	b��G'��-M-'(��b2��'(4|��)�4('�+@b�.-<��.�¥G���-��3�.-'&��=�'��-�����!��#��Z�#��3� (Ta

���

3�3 � � 	<G����o?Z� ��#&��!�-'�5���'���#��*W(B�#�M���'�['	%	6D�8:���3� (4-�� 	)��(B(B�;wQ p('�R�6G����ha�>��&���#�K� �6	0	+�����M�2�2�D��#�2�?�(�*b�����[8<(B�����.a4����������	H� &4-)�2���� ��G'�6	�� ��	=��.8 �-��[���'�P���#��-���	=(�*������ 	8=(^�����T��>�5-'(����nV��2������A9�?������ 	$���1�#(B�;w7O�(B�>��(�G'���FaV����� 	�8<(B�����V26�-79��,�.8:���>(�G����A9�?[�%�|'�.-'&�.-���(!2�(K-�	�� �����#��3� (K-����'�:2����-'&���(�*Y�����)�#�6	H� 	%�%�-'26��w

�Aw����'�:2����-�&��:(�*����'�PG���-��=��#��!��(B��	=�nT��2��+���'�[�>��	H� 	%�%�-'26��w� Y('�R��G'���FaK!�����%��.� ���,26�� 2�D�� ��3� (K-26�-<	6��('� ������R'	�� (4-'&:'	R���'��G'��-��R��#��:� 	��9�(�G��:�'�� *"(�*"���'���1?���� 26���2��>(�	%	b	%��2��3� (K-Ba������<���1�>(B�� 	=8$�.-��.8<���w�_ *p�����<G'��-�����#��P��D��1-�	+(KD��b��(,9��)9���� ('� ���� *X(�*}�����<�1?���� 26���G'��-���2��>(�	%	`	%��2��3� (4-P�.8:���#(�G'��8=��-��+� 	$-'�6�������Aw
�!� è ½A¾6¿�À!¾6¿�Á6Â�Ã3Ä�Å�ÆPÇ�Â�Ç;È'Â6ÆoÉ0¾�ÊeËcÌ�Å6Â0ÉÌ'Ä�Í6Â�Î>Ä�ÆTÃHÄ�Å;ÀhÄ�Ì�¿3Ã�Ï,Ë�Ð ¿�Ñ�Ê ¿�Æ#Ê ÉhÂ�Ï 26(4��?��m� &4���J¹º a^��»�»�»Ka¥9�?,¼`�Zw+�}��.�"OM���.�

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Chapter 9. Venting System Design

� ��� � �C�!� � � �
����� 	��-'�� ?'	H� 	 v ��G'��-I�;� ���Z���'�7���1�>(B�#	3@��.-��B� 2�����6	!���'���#�~� 	�~2��W� �3� 2���pG'��-�����#�� 9���� ('� �<��� 2��7�����G���-��3�.� ��3� (K-7� 	[��(B(B�+�-'�A�9�(�G'�[�=��� 2��,�����Z�>��	H� 	��%�-�2�����(I��.� �4('�L� 	�8$�.-��.8<���w7����� 	:2��m� �3� 26��}��>����������-���	5(4-A���'�I&���(48=�6���o? �-��J���'�I "�\� �.-'& �3�.8=�Nw ���'�~2��m� �3� 26��C��#�� �� 	%( ���#(�G�� ����	,�8=���-A��(;F26(48:9��.-�� =������<�2���D����G���-��R��>������ ���=���'�;G'��-��+�>��	H� 	%�%�-'26��*W(B�p-�D�8=���m� 26���	H�.8MD�� ��3� (K-�	b(�*"�����=2��G�� �1? "�\� �.-�&Ta4�%�|��.-�&7�.-���(5�262�(KD�-������'�)26(48:���#�6	0	H�.9��.� � �N?�(�*R���'��&�'	!�4('� wM_o8:��(B�>�%�-'26�M(�*C�����)����	H� &4-[�� 	%(�C'	+	��'('�=-�w
� ��� ����r;{ � �hv!x${�R-������p2�(K-�	%���ND�2��3� (K-

2�(4�6?��m� &4���J¹º a4��»�»�»Ka¥9�?�¼`�Zw��}��.�"OM���.� ½A¾6¿�À[¾6¿�Á6Â[ÃHÄ�Å�Æ$Ç�Â�Ç;È'Â6ÆoÉ0¾�ÊeËcÌ�Å6Â0ÉÌ'Ä�Í6Â`Î>Ä�ÆKÃHÄ�Å;ÀhÄ�Ì�¿3Ã�Ï5Ë�Ð ¿�Ñ�Ê ¿�Æ#Ê É3Ç`Ï ~L~�Ó
www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



� � � � � � � ���

� ��� � 	�
��� ��������� � ��������������
 �!� �

�#"%$'&)(�*,+-"/.102(43/*5076 +-"

���98

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Chapter 10. Clamping Force Calculations
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Chapter A. What The Establishment’s Scientists Say
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Section A.2. Referee 1 (from hand written notes)
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Ô bdYQZeX@YÊ[�bkÐnX@aeÕA `U^Z�ZHjkX�]naeX�[e[e�_aHX?��\"[�\"]_]_jdbkX���ZHUWZem_X�bdY ¦ X4S�ZebdU"Y([e�O[�ZeX4V×�_YQZemnaeU"Z�ZejdX4�ÊÖ(¢.UOX�[
Zem_X(ÎHS�U"YÊ[�Z¡\^YQZc]`UR�cX@a¡Ï�[ebÑZH�n\RZHbkUfYn[�\"[H[e�_VWX�\)Y_X4��X4a�VT\"S¡m_bdY_X4[4o_[e�nS¡m;\f[�Øc�_m_X@a � S^osZHmn\RZ
�"X@YnX@a¡\RZeX�[6ZemnX?]_aHX4[H[e�_aeX�aHX4ÙQ�_bdaHX4�)ZeU)\"S¡m_bdX@ÚfX.\#�_X4[ebkaHX4�W�Q\RZeX?Ú"X4jkUsS�bkZ��_Ö � U"VWX.X@Ûs]_jd\"Yn\RZHbkUfY
U^g1ZHm_X�jdU"�"bÍS�U^g6[�X4jkX�SÈZebdY_�WZHm_X4[eX�Z���UT[ebÑZH�n\RZHbkUfYn[���Uf�_jÍ�M `X�m_X@jd]sgi�_j
bkY;ZHm_X�VT\^YO�n[HS�aHbk]sZ�²
Ü {�Çnpn{u{Ry_pfysvQr�}�q¶yQ�nvupftOy�} � zQv$ÝhyQ�_vn{"v¶{s}�yfxnpfy�} � q�{ÀÇnvftsv � � � {"v"q¸w_v � p"x�{^v
yf�nvf½�pft_v»wOx§}^zfr`}�qs¹ÃwÊz �\�RÞ {+wOxsy�¼ � t_v´}�¼_| � tOy_p^qsynz"½»y � rOv�¼ � q�{�yOt_pfy_vÉyQ�npfyuyQ�_v
ÄQÄ �"� ¼O¼ � q�ÆOÆ#¼ � rsvsz´}Q{�y � y_pszOz"½»ÇOt � qs¹�ß-¾R�~}�y¿}f{ÃÇst � qs¹u� � t�yQÇ � wnp_{s} �o� pn{"v_{
}�yÁ{�� � xÊzfr�w_v¶p"w`{ � z^xsysvsz"½�Çst � qs¹~}�q�p"qs½ �"� ¼_w§}�qnpfy`} � q�{ � ��yf�nv»yQÇ ��� pn{"v_{6�à vfË_vftOyf�nvszQvn{Q{
ÝMp^q~pQrQr`}�y�} � qnpszÃv"áQ|ÊzQp"q_pfy�} � q´}Q{Ã¹�}�Ë_v"qÁ}4q�·f�_p"|sy_vft�âã�
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Chapter A. What The Establishment’s Scientists Say

� b ¥�mnX�\^�sZHm_U"a�Ò [�\"]_]_aHUf\"S¡mhbd[��Ê[�X@gi�_jÍÖ���bkÚfX4[�]`X@a¡[�]`X4S�ZebdÚ"X�ZeUT\TS@U"VWVWU"Y_jd���n[eX4�h]_aHUOS@X4[H[X4Y_�"bdY_X4X@aHbkY_�)VWX�ZHm_Us� ¨ª]����?±cbkY(�sbdX�S@\"[�ZebdY_�Ê² � U"VWX�U^g
Zem_X�aH�_Y_Y_X4a�jkX4Y_�^ZHmn[�S¡m_UQ[�X4Y ¨�®
VWX@ZeX@aÈ±cVWbk�fmQZ� `X�S�UfYn[ebd�sX4a�X�Û_S�X4]sZebdU"YÊ\^j§bdY;�sbdX�S@\f[�ZHbkYn�#���fX�Z�ZemnX�\^�sZHm_U"a��n[eX4[cZHm_bd[�ZeU
[em_UR�¶m_UR��V��nS¡mhbdY�X@aHaeUfac\"Y»Îe\�Ú"X4aH\"�"X�Ï�ÚR\^jd�_X�giU"a?£�� S4\^Y; ÊXf²�¥�m_X�\^�sZHm_U"a�VWbd�"mQZ�\^jÍ[�U
YnU^ZeX�ZHmn\RZ�ZHm_X
	�Ufa�ZHm��.VWX@aHbdS4\^Y�¢.bdX�£c\"[�ZebdY_��.[H[�UsS@bd\^ZebdU"Yh\"Yn�;VT\^YO��]_a¡\"S�ZebkZebdU"Y_X4aH[c�n[eX
\�������� � a¡\RZHbkU)U^g���� ���#\"[�\��_X4[ebk�fY�ZH\"ae�fX�ZcgiU"ac�f\^ZebdY_�n²$¥�m_X�\^�_Zem_UfaHÏ�\^Yn\"jk�s[ebd[�aeX4bkY_giU"a¡S�X4[ZHm_bÍ[�ÚR\^jd�_X�\"[�\)�"UOUs��Z¡\^aH�"X@Z4o_\^YÊ��ZHmn\RZ.[�Zea¡\��ObkY_��gª\^a�giaHU"VÅbÑZ�VT\���aHX4[e�_jkZH[�bdYh]`UOU"a��sX�[�bd�"Y
]Ê\^aeZcÐÊjkjdbkYn�T]_aeUf _jdX@VT[�¨���bk�Ê²��"±
³ �nv¸t_vfË`}^v"Çnvft�t_vQ�svftÊ{Éy � {^vfË_vft_pOz�| � }�qsyÊ{+ÇO�§} � �¶p"t_vÁ}È¼n| � tOysp"qsy�y � pQrQrQt_vn{O{��Ü zOz�yQ�nvu� � xst~{s}��svn{¸{�� � Ç~zfpftO¹_v¸vftQt � t`{! �Çnv¸r � q � y¸qnvQvQr¸y � ysp Þ v#"%$i¼�&¸y �
rsv�¼ � q`{RyOt_pfysv�yQ�np"y('�� ³ �_v � qnv´{s})�sv$Ý;yQ�_v¸tsvQ�svft_vQv�t_vQ�svftQt_vQr�y � pn{
vfá � v"|Oy�} � qnpOz* �"«¼�vfy_v"t('1Ý«}Q{�q � yuyQ�_v¶p � yQxnpsz¸zQv^qs¹OyQ�¸wOxOy�yf�nvutsv"|st_vn{^v"qsy_vQr
zQv"qs¹Oyf�+ et_vOpQr¸yQ�_v�p"tOy�} � zfv¸pf¹_pÊ}�q('��-, �Q� t�rsvn{s}�¹fq � p"quwnv¸t_v"|st_v_{"v"qsy_vfr�ws½´p
zQpftO¹_vuzfv"qs¹OyQ�c� ³ �§}Q{u{s}�yQxnpfy�} � q � p^q¶wnvu� � xQq_r»yQ�st � xs¹Q� � xOy»yQ�nv¸r`}^v � p_{Ry�}�qs¹
}�q_rfx�{�yOtO½¸rfx_vuy � yQ�_v�ÄOÄ �"� ¼O¼ � q�ÆOÆ�¼ � rsvszÃÇO�§} � ��r � vn{Éq � y �^� q�{s}RrOvft¸tQxOqOq_vft
rsvn{s}�¹fq��-.O½ � �O�Ê} � v´}Q{��fxÊzOzÃÇ§}�yQ��tQxOqOqnv"tursvn{s}�¹fq�{ÀÇ§}�yf�¶tsv"|st_vn{^v"qsy#"«¼�vfy_v"t
zQv"qs¹Oyf�~{�x � �´pn{ � qnv�ÇO�§} � ��¹ � y à Ü µs· Ü Æ�{�rsvn{O}�¹Qq¶p"Çnp"tsr ^ �
¾�q´tsvf¹_pftsrn{+y � yQ�nvupft_vOp»t_p"y�} � ÝM|ÊzfvOpn{"v �"� ¼_|npft_v�Ç�}�yQ��yQ�nv � yQ�nv"t¸t_vQ�svftsvOv
ÇO� ��� zQpÊ}È¼ ���/�0� �2143 �6547 3 �98;:ã�B¾»p�¼~q � yÁ{�xst_v�ÇO�§} � � � ��½ � x¶tsvOpszOz"½
t_v"|st_v_{"v"qsy à Ü µs· Ü ÆÈ{À| � {s}�y�} � q+ 4¾�r`}�rfq�Æ�y��`}�qsr¶p^qs½ � � à Ü µs· Ü ÆÈ{À|OxOwÊz_} � pfy�} � q
}�q´tsvf¹_pftsrn{+y � yQ�§}Q{É| � }4qsy('��-¾�r � q � y´pf¹OtsvOvÃÇ§}�yQ�uw � yQ��t_vQ�svftsvOvn{6� ³ �§}Q{
Ë_psz^xnvÃ�_pn{�y � wnv � pOz � xÊzQp"y_vQr¸p"qsr � p"qOq � y»w_v~{�|_v � xÊzQp"y_vQr»p_{�yQ�_v¸tsvQ�svft_vQvn{
pn{O{"vftQy_vQr��<,nzQvOp_{"v»�`}�q_r�p"q�vfáQ|nzQp"qnpfy`} � q»y � yQ��}Q{É| � }�qsy~}4q´yQ�_v»|_p"|nvft � tÂ}�q
vfË_v"quwnvfyQy_vft~}�q´·f�np"|Oy_vftuâ��

�
	>= ��� �!�"���[�=�
¥�m_X@aHX�\^aHX�[�X4Ú"X@a¡\^j�VT\ ¦ Ufa�S�U"YÊS�X@aHYn[ Ì mn\�Ú"X�\^ `U"�_ZcZHm_bÍ[�]n\^]`X@a�²ã¥�m_XTÔ V)UQ[�ZeÕ1VT\ ¦ UfacUfY_XTÔ U"g
Zem_X�[�X@Õ1bÍ[�Zemn\^Z�Ô bkZ�Õ�bd[��_YÊS�jdX4\^a���mÊ\RZ�Zem_X�]Ê\^]`X@a�bÍ[�\RZeZeX@VW]sZHbkYn�WZeUT\"S4S�U"VW]_jdbÍ[�mA² Ì [cZHm_X�]n\"]ÊX4a
ZeaH�ObkY_�)ZHU�[��_�f�"X�[�Z�\)Y_X@�´�c\��TU"g6�_X4[ebk�fY_bkYn��ZHm_X�aHbk�f�"bdY_�#giUfa�\W�sbkX�S4\"[�ZebdY_�nosUfa�bd[�bkZ�ZeaH�ObkYn��ZHU
\"�_�;\^YhbkVW]_aHURÚ"X4VWX@YQZ�ZHU)Zem_X�S�UfYOÚ"X@YQZHbkUfYn\^j`]�����[�Ufjk�sZHbkUfYAoOU"a�bÍ[�bÑZ�ZeaH�ObkYn�#ZHUW[eU"VWX4m_UR�u[��n�"�"X�[�Z
\@? VT\^Zem_X4VW\^ZebÍS@\"j§ n\"[ebd[cgiUfa�Zem_X�](�����_bd\"�"a¡\^V�Ò Ö
³ �nv�|np"|nvft~{�� � Ç�{ÉyQ�np"y!"A'ÃyQ�_vÅÄQÄ �"� qsËsv"qsy�} � qnpsz |CB;D { � z^xsy�} � q�ÆOÆ«}Q{�y � y_pszOz"½
Çst � qs¹�Ý�EC'�yQ�nv�¼�pfyf�nv�¼�pfy`} � pszÉp"qnpsz^½Oy�} � pOzu{ � z^xOy�} � qu� � tuyQ�nv»|CB;D |st � Ë�}Rrsv_{�p"q
vfá � vszOzQv^qsy»y �O� z¸� � t~{RyQx_rQ½`}�qs¹¸yQ�nvuvQ�Q�sv � y � �uË_pft`} � x�{+|np"t_p�¼�vfysvft`{6�
¥�m_X�U^ZHm_X@a�VT\ ¦ U"a�S�UfYnS�X4aeY;bd[�Zem_X�]`UQUfa�U"aH�f\"Y_bGF�\RZHbkUfYMU^g
Zem_X�bÍ�sX�\"[���m_bÍS¡m;Zem_X�\"�sZem_UfaH[�Ô \^aHX�Õ
ZeaH�ObkY_�)ZHUT]_aeX�[�X4YQZ4²��_Ufa�bkYn[�ZH\"YnS�XfosbÑZ�bÍ[��_YÊS�jdX4\^a�mnUR�¶[e]ÊX�S�bkÐÊS�aeX�[��_jkZH[�]naeX�[�X4YfZHX4�hbkY;ZHm_X�aeX�[��njÑZ¡[
[�X�SÈZHbkUfY;��mnX@aHX�Uf sZH\"bkYnX4� ¨�Ô giU"a�bdYn[�Z¡\^YnS@X�Õ1mnUR���cX@aHX.ZHm_X�aeX�[��njÑZ¡[�bkYH��bk�f�_aHX4[I�)\^Yn���
S@\"jdS@�_jd\^ZeX��nÖ�±È²
¾Ãr � q � y¸xOq_rOvft`{Ry_p^q_rÃ� � Ç�yQ�_v � tO¹_p"q§}��spfy�} � q � �uyQ�nv�|np"|_vftut_vszQpfysvn{+y � yQ�nv¸�sp � y
yQ�_pfyuyQ�nv¸t_vQ�svftsvOv�r � v_{�q � y�xQq_rsvft`{�y_p"q_rÉ� � ÇKJ�}�¹4:¶p^q_rKL¸Çnv"t_v � psz � xnzQpfy_vQr�� ³ �_v
M µÂ¼�µE¯ª°�»A°+ÆCµ#¼9¾ÏÃ¨ÙBÈAº9ÑA°ª¸aÆÂµC³AºªÑ-½ ºªÁ

4<QXU�MT587 ZX2�9x�� v !��T��� vtW<MW�`5ib �*=�5Es-��367E5 �����A�0���<���0�q���6�" j�G #¡����P¢Y��£¥¤�¦F���Y¢¦��T§��`¨B�!�\�q���#�.�!¦6�:�G©N¤6ª �<«!£ ���K£ ¢: `© ¬q/N

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Section A.3. Referee 2

� tO¹sp"q§})�sp"y�} � q � �¸yQ�nv»|np"|nvftur � vn{Éq � yu�npfË_v¸p^qs½OyQ�§}4qs¹ur � Ç§}�yQ�u�§}f{ÃxOqsrsvft`{Rysp"q_r`}�qO¹
yQ�nv �"� q � v"|syÊ{+|st_vn{"v^qsy_vQr��2¾�q�t_vf¹spftsr¸y � yQ�nv»xOq_rsv"t`{Ry_p"qsr`}�qs¹ � �¸� � ÇKJ�}�¹QxOt_v :
p"q_rKL¸Çnvft_v � wOy_pÊ}�qnvfrãÝMyQ�nv¸t_vQ�Ovft_vOv�{�� � xÊzfr»tsvQ�svftOtsvQr»y � p"q�vszQv�¼�v^qsy_pftO½»�_z^x§}Rr
¼�v � �np"q§} � {+y_vfáOy¸w �Q�fÞ p"q_r �"� ¼nw�}�qnvQr´}�y�Ç§}�yQ��yQ�nvuvfáQ|Êzfp"qnpfy�} � q�|stsvn{"v"qsysvQr´}�q¶yQ�nv
|np"|_vftc�
� X4Ú"X@a¡\^j§[e]ÊX�S�bkÐÊS�S�UfVWV)X4YQZH[�\^aHX���aebkZ�ZHX@Y�U"YhZemnX�VW\"YO�n[eS@aebd]sZ�bkZH[eX@jkg � VWUf[�Z�U"g
ZHm_X4[eX��cX@aHX�\"aeX�\"[��m_X4aeX�ZemnX�aeX4ÚQbdX@�cX@a���\"[��_YÊS�jdX4\^a�UfY;��mÊ\RZ�Zem_X�\"�sZemnU"a¡[�V)X�\^YQZ�U"a�\"aeX�\"[c��m_X@aHX�gi�_aeZem_X4a
�sbÍ[eS@�n[H[�bdU"Y;�c\f[cY_X4S@X4[H[e\"ae�f²��?YnX�bÍ[H[��_X�ZHmn\RZ�bÍ[�]n\^aeZebÍS��njd\"aejd��bdaels[eU"VWX?bÍ[�ZHm_X�\^�sZHm_U"a¡[�ZeX4Yn�sX@YÊS��
bdY�[eX4S�ZebdU"Yn[�®�\"Yn����ZHUW��UfYn�sX@a�Ô ��\^Yn�sX4a�Õ§U��«��bÑZHm»Î�X4�_bÑZHU"aHbd\"jd[HÏ#\"Yn�;U^ZemnX@a��_Yn[e�_]_]`U"aeZeX��
S�UfVWV)X4YQZH[���m_bÍS¡m�mn\�Ú"X�Y_UW]_jÍ\"S�X�bdY�\)ZeX4S¡mnY_bdS4\^jA\"a�ZHbdS@jkXf²
,nzfvOpn{"v¶{�� � Ç�¼�vuvfË_v"q � qnv»xOq�{�xO|O| � tQy_vQr �^� ¼O¼�v"qOy�ßOß
�.ZemnX@a�S�UfVWV)X4YQZH[È¬RS�UfYnS�X4aeYÊ[�bdYnS@jk�n�_X	�


 ��mn\RZ��sUOX4[cZHm_X�ZebkZejdX�mn\�ÚfX.ZHU��sUW��bÑZHm;Zem_X�]n\"]ÊX4a¡Ö�¥�mnX�]n\^]`X@a��sUOX�[�Y_U^Z��sX@ÐnY_X���mn\^Z.\]����#�_bd\"�"a¡\^V×bÍ[�\^Yn�MZemnX�aeX�[��_jkZH[��_U"YAÒ Z�aeX�\^jdjk��ZebdX�bkY���bkZem;Zem_X��Ê[�X�U^g$[e�nS¡m;�_bd\"�"a¡\^VT[@²
³ �nv�|np"|_vft¸|st_vn{"v^qsy`{+yQ�_v¶vfásp � y�p"qnpOz"½Oy�} � pszu{ � zRxsy�} � q¸� � tuyQ�nv»|CB;D
rÊ}^pf¹Ot_p�¼.� ³ �nvutsvn{�xÊz"yÊ{+y�}^v~}�q¶Ë_vftO½»ÇnvOzOzÃÇ§}�yQ��yQ�nv �"� tQt_v � y�| B D r`}^p"¹Ot_p�¼.�
� q_� � tOyfxOqnpfy_vOz"½�Ý)yQ�nvÅÄOÄ �"� ¼O¼ � q�ÆQÆ�¼ � rOvsz´}Q{�}�q �"� tQt_v � yup^q_rÁ{ � yf�nvutsvn{�xÊz"yÊ{� p"qOq � y»w_v¸y`}^vQr~}�q�Ç§}�yQ�Â}�yc�


 ]A² T¥�m_X�aHX@jÍ\RZHbkUfYn[em_bk]������ �ÁbÍ[�\)aHX4[e�_jÑZ�U"g
ZHm_X�\^]_]njkbÍS@\^ZebdU"Y;U^g�ØcX4aeY_Uf�_jdjkb Ò [�X�ÙQ�n\RZHbkUfY
[��s[�ZeX@VCjkbdl"X�ZemÊ\RZ.[em_UR��YhbdYH��bk��®"²$Ó¸mÊ\RZ�bÍ[cZem_X�a¡\RZHbkUfYn\^j�U"a� Ê\"[ebd[� `X@m_bdYn�;X4ÙQ�n\^ZebdU"Y ® �X"² �n²����~¨�®�����±��M��bkZem�Y���®"o§®�¬��so_\"Yn�«®R¬�OÖ
� vft_v�¾ ¼nx�{RyuyQ�_p"q Þ yQ�nv»t_vQ�Ovft_vOv»� � tu��}Q{ �"� ¼O¼�v^qsy�ß-¾���yQ�_v¸tsvQ�svft_vQvÃ�npQr
{^vft�} � x`{À|st � wnzQv�¼¶xOq_rOvft`{Ry_p^q_r`}�qs¹�yQ�§}f{�| � }�qsy�Ý ¾É|st � wnp"wÊz"½�{�� � xÊzfr��_pfË_v�^� q�{s}RrOvft_vQr�pQrOr`}�qO¹�p�r`}f{ � x�{O{O} � q�p"w � xsy¸yQ�§}f{�| � }�qsy�Ý«{�x � �´pn{¶}�q�·"�np"|sy_v"tuâ��


 ]A² �)¥�m_X�aHX@jÍ\RZHbkUfYn[em_bk]h ÊX@Z���X4X@Y�X4ÙQ�n\^ZebdU"Y ®f¨ \f±�ZeU(®Q¨ªS4±c\"Yn��\)�_bkX�S4\"[�ZebdY_��VT\fS¡m_bkYnX�\"[Î�]`UQUfaHÏno6ÎeS�UfVWV)UfYnÏ_os\"Yn��ÎeX�Û_S�X4jkjdX@YQZ¡Ï�]`X@aegiU"aHVT\^YnS@X?bÍ[�Y_U"Z�S�jdX4\^a�\"Yn�hY_X@X��_[�ZeUW `X
�sX@ÚfX@jdU"]`X4�§osUfa�\^Z�jkX�\"[�Z��sX�ÐnYnX4�§²
{"vOv�|st_v"Ë�} � x�{ �^� ¼O¼�v"qOy


 Ì Z�bÍ[��cX@jdj§lQYnUR��Y�ZemÊ\RZ�£ � giU"a�\)�sbdX�S@\f[�ZHbkY_�)VT\"S¡m_bdY_X�\^YÊ�h�sbdX�bd[�YnU^Z�\WS�U"YÊ[�Z¡\^YQZ4² Ì Yhgª\"SÈZbÑZ�bÍ[�S�UfV)VWUfYh]_a¡\"S�ZebÍS�X�ZeUWX@ÛO]`X@aHbdV)X4YQZH\^jdjd�M�sX�ZHX@aHVWbkY_X�£�� giU"a��n[eX�U"Y��sbdX4[���bkZem ? [ebdV)bdjÍ\^a�Ò
�f\RZHbkYn��jÍ\��"Uf�sZH[cbdYhZHm_X�gi�sZH�_aeXf²ãØc�sZ� ÊX�S@\"�n[�X�VWUQ[�Z��sbdX4[�mn\�ÚfX�YQ�nV)X4aeUf�n[c�f\^ZeX4[� naH\"YnS¡m_bdY_�
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Ùf�nbÑZHX��cX@jdj§giUfa��sX4[ebk�fYh]n�_ae]`Uf[eX4[4²
³ �§}Q{ ÄOÄÈ{"vfË_vftspszÉ| � }4qsy`{
Æ �"� ¼O¼�v"qsy�¹�}�Ë_vÉ¼�v¸yQ�nv � |O| � tOyQxOq�}�yO½�y � r`}f{ � x�{O{^vn{
yf�nv¸� � zOz � Ç§}�qs¹�| � }�qsy`{#"
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Chapter A. What The Establishment’s Scientists Say

� ¾ÉÇ � xÊzfr Þ }�q_r_z"½�p_{ Þ yf�nv»t_vQ�svftsvOv$ÝMy � |ÊzQvQpn{"vÃ|st � Ë�}Rrsv�yQ�_v»q_p�¼�vn{ � �
p"qs½ �"� ¼n|np"q§}Rvn{ÀÇO� � ¼ ÄQÄHvfáQ|nv"t�}�¼�v"qOy_pszOzR½�rsv"y_vft^¼
}4qnvÃ·��n�fÆOÆ ,_vftf�np"|�{ÉyQ�_vf½
r � }�y¶r � ÇOquxOqsrsvft  Ü x`{RyOt_psz_}^pC' ÇO�_vft_v�yQ�nvCÄOÄ�t_vf¹QxÊzfpft�ÆOÆW|O�s½`{s} � {�zQp"Ç�{
r � q � y´p"|O|nz"½  �|ÊzQvQpn{"v$Ýh� � tO¹�}�Ësv+¼�v¶p^w � xsy»wnvn}�qs¹uyQ�nv � ½Qq�} � psz»p"w � xsy
yQ�§}f{+| � }�qsy��B¾ � p"qOq � y¸tsvOp � yuy � yQ�§}Q{�p"qO½ � yQ�nvft»Çnp"½c��'�� ,_zQvOpn{"v6Ý
{�� � ÇÃ¼�v¶p �"� ¼_|np"qs½¸yQ�_pfy¸x�{"vn{�yQ�nvCÄOÄ �"� ¼O¼ � q�ÆOÆ�|CB;D r`}^pf¹Qt_p�¼�p"qsrÂ}�y
Ç � t Þ {6�

� µQxnv»y � yQ�nv �"� ¼n|Oxsy_v"t»t_vfË � z^xsy�} � q�Ý�y � rspf½Á}�yÂ}Q{É| � {O{s}4wÊzQv�y � r � yQ�nv� psz � xÊzQpfy`} � q�{ � �uyQ�nv¸· � � � t¶p~{�|_v � }R�`} � rsvn{s}�¹Qq¸Ç§}�yQ�´p~{�|nv � }��`} � �_z � Ç
t_pfysv  Hr`}^v � pn{�y�}�qs¹�¼�p � �§}�qnv '��7¾�q¶�sp � y�Ý;yQ�§}Q{�}Q{�vfásp � ynz"½»ÇQ�npfyuyQ�§}Q{
|np"|_vft�pszOz¸p"w � xsyc� . � t_v � Ë_v"t�ÝMy � rOpf½¸yQ�nvftsv~}f{¸p»|st � ¹Qt_p�¼´yQ�np"y´pOz"t_vOpQrf½
r � v_{ÉyQ�nvn{"v Þ }4q_r � � � psz � xÊzfpfy�} � q`{
Ý � pszOzQvQr»µ`}^v�,_vftO�sv � y����s�

� � vftsv�yQ�nv¸t_vQ�svftsvOv¶}�qsyQt � rfx � v»puqnv^Ç¿}�rsvOp � �uyQ�nvCÄOÄe�sp�¼
}"z"½�ÆQÆ@7;7»yQ�nv
}�¼n|Ot � Ë_vQr �"� q�{Rysp"qsy¸· � � ¾4q�v_{O{"v"q � v$ÝhyQ�nv�}RrsvQp � � ÄOÄ��sp�¼
}"z^½�ÆOÆ }f{
}�¼n|Ot � Ë_v �^� q�{Ry_p^qsy¸· � }�q¶ÇQ�§} � � � q_v�p_{O{s}�¹Qq_vQr»Ë_psz^x_v�y � p�{�|nv � }R�`} �
¹Ot � xO| � �utQxOqOqnv"t`{6���n}�q � v�yQ��}Q{�}RrsvOp»Ë�} � zQpfy_v�yQ�_v»w_pn{s} � |O�s½Ê{s} � {Ãzfp"Ç�{
p"q_r¸yQ�_v»|Ot � rfx � vn{+yQ�nv � |O| � {s}�y_v�y � tsvOpsz"yO½¸yQt_v"q_rÊ{u}�y»¼nx`{Ry¸wnv
p"wnp^q_r � qnvfr�� Ü � yQxnpszQz"½�Ý�yf�nvÁ}�rsvOp � �ÅÄOÄe�sp�¼
}"z"½�ÆQÆ«}Q{Ãt_pfyQ�nv"t»w§})�spftQt_v$Ý
wnv � p"x�{"v»p � �np^qs¹_v´}�q¶yQ�nvursvn{s}�¹Qq � p"q�zQvOpfruy � p�{s}�¹Qq�}R�`} � p^qsy � �_p"qs¹_v
}�q�yQ�nv¸Ë_pszRxnv � ��· � � JQxstQyQ�nvft^¼ � t_v$ÝTyQ�nvCÄOÄe�sp�¼
}"z"½�ÆQÆ �"� q � v"|sy � p^qÁzQvQpQr
y � p»| �O� t�rsvn{O}�¹Qq+ et_vQpQr�p"w � xsyuyQ��}Q{u}�q¶yQ�nv�{"v � y�} � qÅÄOÄ�| �O� tursvn{O}�¹Qq
vQ�O�Ov � y`{
ÆQÆ � �uyQ�§}Q{Éw �Q�fÞ '�� � � Ç � qnv � p"q´rsv � }�rsvQrÃÇO��} � �¶rsvn{s}�¹QqÁ}Q{
|npftQy � �uÇQ�npfy�ÄOÄe�sp�¼
}"z"½�ÆQÆ¡��ºQË_v"qÂ}R�¸yQ�nvftsv»Ç_vft_v�q � ¼
}Q{Ry_p Þ vn{
ÝMyf�nv
p"xsyf� � t�Æ�{ ¼�vfyQ� � r  � psz � xÊzQpfy�}4qs¹�yQ�_vu·�� '¶}f{ � � �"� xst`{"v � �_vOp"|nvft�p^q_r
�spn{�y_vft¸yQ�np^q¶yf�nv»t_vQ�svftsvOv$Æ�{»{�xs¹O¹_vn{�y�} � q¸p"w � xsy�ÄOÄ��sp�¼
}"z^½�ÆOÆ � ��tQxQqOqnvft
rsvn{O}�¹Qq��-¾�q¿{�x"¼O¼�pftQ½�ÝMyQ�§}f{¶}�rsvOpupuËsvftO½¸wnpQr~}RrsvQp��

� � �np"y~}Q{»· � 1 �"� q`{Ry_p"qsy_� ³ �_v¸tsvQ�svft_vQv�t_vQ�svftÊ{Éy � yf�nv � pn{"v�ÇO�nv"t_v¸· � }f{�"� q`{Ry_p"qsy»� � t~{�|nv � }R�`} � tfxOqOqnvft�rsv_{s}�¹Qq¸wOxOyuÇQ�§} � �Á}Q{�q � y�yQ�nv � p_{"v�}�q
t_vOpOzn}�yO½c� ³ �nvu· � r � vn{Éq � y¶rOv"|nv"q_r � qÊz"½ � q¶yQ�nv»tQxOqOq_vft�ÝMwOxsy � q¶yQ�nv�"� ¼_w§}�qnpfy`} � q � �uyf�nvutfxOqOqnvft�{�½`{Ry_v�¼¶Ç�}�yQ��yQ�nv¸r`}^v � p_{Ry�}�qs¹�¼`p � �§}�q_v�Ë�}^p
yQ�nv
	_v»qOx"¼_wnvftc� ³ �Ox�{
Ý�p~{�|nv � }R�`} � tfxOqOqnvfturOvn{s}�¹Qq � p"qOq � y»�_pfË_v¸· �
ÄOÄHp_{O{s}�¹Qq_vQrãÆOÆWy � }�yc� ³ �nv¸·��(�npn{Ãy � wnv � psz � xÊzQpfy_vfr»� � t¶p"qs½�"� ¼_w§}�qnpfy`} � q»tfxOqOqnvft�{�½`{Ry_v�¼¶Ç�}�yQ�¶r`}^v � pn{�y�}�qs¹�¼�p � �§}�qnvã�

� ¾ÉÇ � xÊzfr�z_} Þ v»y � �`}�q_r�p"qs½ � p_{"v�ÇO�nvft_v»yQ�_vÅÄQÄ �"� ¼O¼ � q�ÆOÆW|CB D r`}Rpf¹Ot_p�¼
r � v_{+Ç � t Þ � ,_zQvOpn{"v�tsvOpQr¸yQ�nv�|st �Q� �Ê{u}�q´·f�np"|Oy_vftuâ~{�� � Ç§}4qs¹�ÇO�s½Â}�y� p"qQq � y»Ç � t Þ �
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,nzQvQpn{"v»t_vOpQr¸yQ�_v �^� ¼O¼�v"qOy`{+y � yQ�nv�|st_v"Ë�} � x�{ÉtsvQ�svft_vQv

Ì Y(S�U"YÊS�jd�n[�bdU"Y1osbÑZ�Ò [ ¦ �Ê[�Z.\)]_jÍ\^bdY([�jdU"]_]O�T]_bdX4S@X�U^g6��Ufael
¾É� � |_v¸yf�npfyut_vQ�sv"t_vOv»r � v_{�q � yÃ¼
}�q_r¸yQ�np"yÂ¾ÉÇ§}"zQz�x`{"v�}�y�p_{�yQ�_v � �np"|sy_v"t
fx � y_v��
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Section A.4. Referee 3

¨iZem_X����_Zem_UfaH[cX@ÚfX@Yhmn\�Ú"X?U"Y_X�U^gAZHm_X�aeX@giX@aHX@YnS@X4[�ZeU�Zem_X4bka�UR��Yh]_�_ _jdbdS4\RZHbkUfYn[�[ebkZeX4�hbdYnS�UfaeaHX4S�Zejd��� ±È²
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yQ�nv�qnp�¼�vup"|O|nvOp"t`{u}�q¶yQ�nv»t_vQ�sv"t_v"q � v�}Q{�yf�nvÉ¼�pf¹_p �Ê}�qnv�qnp�¼�vupfy¶yf�nv»y�}�¼�v � �
Çst�}�y�}�qs¹¸yQ�_v»|_p"|nvftc�
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\"�n�saeX�[e[eX4�M ÊX@giU"aHX�]_�_ _jdbÍS@\RZHbkUfYA²
]H�;®��	��]n\^a¡\^�faH\"]_m ��¥�m_X�Ðna¡[�ZH[�[eX@YQZeX4YnS�X�[H\��O[�ZHmn\RZ�ZHm_X�
nUR��a¡\RZHX�bd[�\�gi�_YÊSÈZebdU"Y�U"g
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y_v�¼_|nvft_pfyfxst_v�p^q_r¸yQ�npfyÁ}�y´vfáQ|ÊzfpÊ}�q�{ÀÇQ�s½c� ¾É� � |nv»yQ�np"y´v"Ë_vftO½ � qnv»pf¹OtsvOvn{+Ç§}�yf�»¼`v
yQ�np"yÂ}�y¿}Q{ �"� ¼O¼ � q�y � {Ry_p"y_vup �"� ¼O¼ � q¶pn{Q{�x"¼n|sy`} � q�p"qsr¶v"áQ|ÊzQpÊ}4q¸ÇO�s½Á}�q¶yQ�npfy
|npftQy�} � xÊzfpft � p_{"v�}�y¿}f{Ãq � yÂ}È¼n| � tOysp"qsyc�2¾�Ç�}Q{���yQ�npfyÃ¼ � t_v�|nv � |ÊzfvÃÇ � xÊzfrur �
� x�{�y�yf�npfyc� J`}�t`{Ry�Ý }�y�Ç � xÊzfruvszn}È¼
}�qnpfysvÀ¼�p"qs½Ã¼
}f{Ry_p Þ v_{+yQ�npfy¶pftsv~{R½fq � qs½^¼ � x�{
Ç§}�yf�¶tsvn{"vOpft � �~}�q´r`}^v � pn{�y�}�qs¹�ÝMw_v � p"x�{^v¶}�y¶� � t � v_{ÉyQ�nvCÄOÄ�{@¼`pftOy�ÆOÆ�t_vn{"vOp"t � �nvftÊ{
y �p� �nv ��Þ yQ�nv�¼�p � � t�p_{O{�x"¼n|Oy�} � q�{ yQ�nvf½Ã¼�p Þ v�� �Ov �"� q_rãÝ }�y»¼�p Þ vn{ � zQvQpftuy � yQ�nv
t_vOpfrsvft»ÇO�s½uyQ�_v¶pn{Q{�x"¼n|sy`} � q�Ç_pn{+¼`pQrsv��
] � �ã\Rg ZHX@a�¤�Ù � � � m_U"�_jÍ��bdYn�sbÍS@\^ZeX�bkVWVWX4�_bd\^ZeX@jd�TZHmn\RZcZem_X�[e�_ n[HS�aHbk]_Z�Ô [�Õ�aeX@giX@acZeU�ZemnX�[eX4S�ZebdU"Yn[cbdY
��bk�f�_aHX)®f²
¾ÉÇ§}"zOz �"� q�{s}Rrsv"t»yQ�§}Q{1Ý�_vfy�Ý ¾¸p�¼�q � yÂ{�xst_v»yQ�§}Q{�}Q{�p¸¹ �O� r~}RrOvOp��
]H� ��\Rg ZeX4a�X4ÙQ�n\^ZebdU"Y � ��¥�m_X@aHX�bd[�\)VT\ ¦ Ufa�\"[H[��_VW]sZHbkUfYhVT\f�sX�m_X@aHX�Zemn\^Z.[�mnU"�_jÍ�MYnU^Z�]n\f[e[
��bkZem_Uf�sZ.[�UfVWX�S@U"VWVWX@YQZ�Ô [�Õ��MÎ>�.[H[e�_VWbkY_�T[�ZeX�\"�s�M[�ZH\^ZeX�Ï ��¥�m_bÍ[�\"[H[e�_VW]sZebdU"Y;�"UOX4[cZHU)Zem_X�m_X�\^aeZ
U^g�Zemnbd[�\"]_]_aHUf\"S¡mMZeUWZHm_X�ÐnjdjkbdY_�TS@\"jdS@�_jd\^ZebdU"Y�\^Yn�hX4[�ZH\" _jdbd[em_X4[cZHm_X� `U"�_Yn�n[�U^g6bÑZ¡[�\^]_]njkbÍS@\" _bkjdbkZ��"²
¥�m_X�\"�sZem_UfaH[�[em_U"�njd���sbÍ[eS@�n[H[cZem_bÍ[�]`U"bdYfZ�²
� vOzOz6Ý ¾�y � y_pszQz"½ur`}Q{"p"¹Ot_vOv�Ç�}�yQ��yQ�nv¸t_vQ�sv"t_vOv � q¶yQ�§}f{�| � }�qsyc� ³ �nvÉ¼�p � � t
fxnv_{Ry�} � q�}�q�rÊ}^v � pn{Ry�}4qs¹~}Q{�� � Ç�y � v"q�{�xstsv�yQ�nv»t�}�¹Q�Oy�tsp"qs¹_v � ���`}"zQzn}�qs¹¸y�}È¼�v
p"q_r¸¹_p"y_v»Ë_vsz �\� }�yO½c� ³ �§}Q{É|np"|_vft�Æ�{«¼`pÊ}�q �"� q � vftQqÁ}Q{�� � Ç�y �p� psz � xÊzQpfy_v�yQ�nv¸· �
p"q_rursv"y_vft^¼
}4qnv¶}R�uyQ�nv¸· � wnvCÄOÄHpn{O{O}�¹QqnvQr$ÆOÆ�y � p�{�|nv � }��`} � tQxQqOqnvftc� ³ �nv»xOq�{RysvOpQrQ½
{Ry_p"y_v�}Q{ � qÊz"½¶p�{s}RrsvuvQ�O�Ov � y�p"q_r¸�npn{�Ë_v"tO½´zn}�¼
}�ysvQr�}�¼n| � tOy_p"q � vÃrfxnv¸y � Ü º � ���
� � �"� xstÊ{"v�yQ�nv¸�_z � Ç¿}f{Ãq � y �^� qsy�}�qQx � x�{��s{Ry_vOpQrf½u{�y_pfy_v¸p"qsrÂ}Q{�pQ�Q�sv � y_vfr�ws½Ã¼�p"qs½
|npftsp�¼�vfy_v"t`{�{�x � �´pn{�yf�nv�|§}Q{Ry � q�Ç_vÊ}�¹Q�syãÝ;vfy � Ý(pszQz � �»ÇO��} � �´pft_v»t_vszfpfy_vQr»y � yQ�nv
yOt_p^q�{s}�y�} � q�| � }�qsy¶p"q_r»q � y�y � yQ�nv»|CB;D r`}^pf¹Otsp�¼�|nvftÁ{"v�� ³ �nv�xOq�{Ry_vQpQrQ½´{Ryspfy_v
vfá�}f{Ry`{ � qÊz^½Â}4q´yQ�_v~}4q§}�y�}^pOz»p"q_ru�`}�qnpOz´{�y_pf¹_vn{ � ��yQ�_v~}4q � v � y`} � q�� Ü {»p
¹_v"q_vft_pszÃtQxnzQv$ÝM�npfË`}�qs¹�p»ÇnvszOz»rsvn{O}�¹QqnvQr�| B D r`}^p"¹Ot_p�¼�Ç�}"zOzÃ|st � r"x � v¸p
{s}�¹fq§}R�`} � p"qsy´}È¼n|st � Ësv�¼�v"qsy¶}�q¶yQ�nv�|st �\� vn{O{�rsvn{O}�¹Qq��-¾�yÂ{�� � xÊzfr�w_v¸q � y_vQr»yQ�np"y´p
�fxÊzQz�|_p"|nvftur`}f{ � x�{O{O}�qs¹»yQ�_v»xQq�{Ry_vOpfrQ½�{Ry_pfysv´}Q{Ãw_vÊ}�qs¹»|stsv"|npft_vfr¸� � t¸|OxOwÊz_} � pfy�} � q
pfy�yQ�nv�|st_v_{"v"qsy¸y�}È¼�v��
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Chapter A. What The Establishment’s Scientists Say

Ì Y��"X@YnX@a¡\^j`Zem_X�Ufae�Q\^Y_b F4\^ZebdU"YhU^g1ZHm_X�]n\"]ÊX4a�bd[�[eU"VWX4��mn\RZ��cX4\^l ��Zem_X�bdYQZeaHUO�_�nSÈZHbkUfYhX�[�]`X4S@bd\"jkjd�
�sUOX4[�YnU^Z�Ú"X4ae���cX@jdjA[eX�Z�ZemnX�ZeX4S¡mnY_bdS4\^jAS@U"YQZeX@ÛQZ�giUfa�Zem_X�]�����VWX�ZHm_Us��\^Yn�;[�mnUR��m_UR��Zem_X
]_aHX4[eX@YQZ���UfaelWÐ_Z¡[�bdYfZHUTbÑZ�²
³ �nv�|st_vn{"v^qsy»Ç � t Þ r � vn{Éq � y��`}�yÂ}�qsy � |_pn{Ry¸Ç � t Þ ß7¾�yÁ{�� � Ç�{�yQ�_pfyuyQ�nv�|npn{Ry
Ç � t Þ }Q{ÃÇOt � qs¹�Ý�p^q_r»wOx§}"zfrn{Ãyf�nvÉ¼�pfyQ�nv�¼�pfy�} � pszÉyQ�_v � tO½»wnv^�§}�q_r»yQ�_v»| B D r`}^p"¹Ot_p�¼.�
¥�m_X�jÍ\"[�Z�]Ê\^a¡\^�"a¡\^]nm�U^g�Zem_X�bdYQZeaHUWbd[�S@U"Ysgi�n[eX4�ÀÔ S�UfYsgi�n[ebkY_�"Õ ²$¥�m_X�bÍ�sX�\�bdYQZeaHUs�s�nS�X��;bkYhZem_X�jÍ\"[�Z
[�X4YQZeX@YÊS�X�U"Y;]n\"�"X ��bd[cZHmn\RZ�ZHm_X�£c¢Á[em_U"�_jÍ�;ÚR\^aH��[�UfV)X4m_UR�¶�_�_aebdY_�)ZemnX�S@\^jÍS��njd\^ZebdU"YAos\^YÊ�
[��n n[�X�ÙQ�_X@YQZejd��ÚR\^aHbÍ\RZebdU"Y;��bkZem ��X@�OY_Ufjd�n[�YQ�nV# `X@a�bÍ[��sbÍ[eS@�n[e[eX4�Aos _�sZ�ZemnX�bkYQZeX4aeÚfX@Y_bdY_�WVT\RZHX@aHbd\"j
\^ `U"�sZ��fX@U"VWX@ZeaH�)X �`X�SÈZ¡[�bÍ[cbkYÊS�U"YÊ[�bÍ[�ZHX@YQZ���bÑZHm;\)�sbÍ[eS@�n[e[ebdU"YMU"gAZemnbkY_�Q[�Zemn\^Z�S4\^YhÚ�\"ae�T�s�naebdY_��Zem_X
S@\"jdS@�_jd\^ZebdU"YA²$¥�m_X�jÍ\"[�Z�Z���UT[eX@YQZeX4YnS�X�[��sUWY_U^Z�ÐnZ�ZeU"�fX�ZHm_X@a��cX@jdj§X@bkZem_X4a ��Î�ZHm_X�\"[H[��nV)]_ZebdU"Y�U^g
S�UfYn[�Z¡\^YQZ?£c¢~bÍ[�Y_U^Z�ÚR\^jdbÍ�_Ï �ãU"lR\��"oO _�sZ�bÍ[�ZHmn\RZ���mn\^Z��"U"�;\^aHX��"U"bdY_��ZeU)ZH\"jkl;\^ `U"�sZ�osU"a�\"aeX��"Uf�
�"UfbkY_�)ZHU�Z¡\^jdlh\" ÊUf�sZTÎ�]n\"a�ZHbdS@�_jd\"aejd�WZemnX�X	��X4SÈZ¡[�U^g
Zem_X��Q\RZHX�\"aeX�\"ÏQÖ
J`}�t`{Rynz^½�Ýh· � {�� � xnzfr»q � yuË_pftO½�rfxOt�}�qs¹¸yQ�_v � psz � xÊzfpfy�} � q`{»}�yÂ}Q{�p �"� q�{Ry_p"qOy¸� � t¶p
{�|_v � }R�`} � {"vfy � �utQxOqOqnv"t�{R½`{Ry_v�¼~p"q_rur`}^v � pn{Ry`}�qs¹É¼�p � �§}�qnvã���Ov �^� q_r_z"½ãÝ � q � vup"qO½
|np"t_p�¼�vfysvft�}Q{ � �np"qO¹_vQrãÝ {�x � �´pn{Ã¹_pfy_vupft_vQp$Ý;· � �_pn{�y � w_vut_v � psz � xnzQpfy_vQr�� à � Ç
yQ�_vut_vf�svft_vOv6Æ�{»{Ry_p"y_v�¼�v"qOy»· � {�� � xÊz"r»Ë_pftO½�Ý }f{�q�Æ�yut�}�¹f�sy�p"q_ruyQ�nvftsvQ� � t_vu{ � ¼�v � �
yQ�_v�� � zOz � Ç§}4qs¹¸r`}Q{ � x�{O{s} � q�}Q{�Çst � qs¹c�à � Ç~p"w � xsy¸yQ�nvu�`}�yQy�}�qs¹ "xnvn{Ry�} � q�� � �npfy�r � t_vQ�sv"t_vOv+¼�vOp^q�{Éws½�ÄOÄe�`}�y
y � ¹_vfyQ�nv"tn�6ÆOÆ'µ � yQ�nv�|np"|nv"tu�_pn{�y � w_v �^� ¼n| � {^vQr�}�q´p�tQ�O½^¼
}�qs¹�Ë_vft`{"vO� Ü qs½Q� � Ç�Ý
¹_v � ¼�vfyOt`} � psz�vQ�O�sv � y`{Ãpft_v�|npftQy � � 	_v"½Qq � zfrn{ÀqOx"¼nw_vft  et_vfË`}^v"Ç��_z^x�}Rr�¼�v � �np^q§} � { '
�
� v^q � v$ÝhyQ�_v¶vQ�Q�sv � y`{ � ��yf�nvu¹spfy_vupft_vOp¶{�� � Ç�{�yQ�np"y¶· � Ë_p"t�}^vn{Ãpn{�ÇnvszQzup^q_r»�npn{Ãy �
wnv¸t_v � psz � xÊzfpfy_vQr�� � � ÇO�np"yÂ}f{¶}4q �"� q�{O}Q{Ry_v"qOyn� � � Ç¶r � yQ�nvn{"v´{"v^qsy_v"q � vn{Àq � y��`}�y
y � ¹_vfyQ�nv"tn�
�?Y�];°non\Rg ZHX@a�¤�Ù ® � � Ì ZHm_bdY_l�ZHmn\RZ�bkZ���Uf�_jÍ�M `X�\)�"UOUs�MbÍ�sX4\�ZHUTbkYn�_bdS4\RZeX�bdVWV)X��sbÍ\RZeX4jk�MZemn\^ZZem_X�[�X�X�ÙQ�n\RZHbkUfYn[�\^aHX?]njkU"Z�ZeX��;bkYH��bk�f�_aHX��nosaH\^Zem_X4a�Zemn\"Y��c\"bÑZHbkY_��ZeUWZHm_X�Y_X@ÛQZ.[eX4S�ZebdU"Y; ÊX@giU"aHX
aeX@giX@aHaebdY_��ZeU ��bd���n²
��jÍ[�UÊo_VT\^lObdY_�)Zem_X � F �,\^ÛObÍ[�U"Y;Zem_bÍ[��faH\"]_mMjdU"�Q\^aHbÑZHm_VWbdS��cU"�_jÍ�MmnX@jd];�faeX�\RZHjk�TbdY([�m_UR��bdY_��Zem_X
�sb!�`X4aeX4YnS�X�[�bkYhZemnX�Zem_aHX@X�]_�nV)](S¡mn\"aH\fSÈZHX@aHbd[�ZebÍS@[4²
.sv"qsy�} � q§}�qs¹ÃyQ�nvu�`}�¹Qxstsv �"� xÊzfr�w_vu¹ �Q� r~}RrsvOp�wOxsyÁ¾Ãr � q�Æ�y´p"¹Ot_vOv�Ç§}�yf�u½ � x�p"w � xsy
yQ�_v´z � ¹Á{ � pszQv$Ý ¾Ãr � q � y~{"vOv�p"qs½¸wnv^qnvQ�`}�yÊ{6�
�?Y�]A²�® � \Rg ZHX@a.¤�Ù(®"® ��¥�m_X�[eU"jd�sZebdU"Y�U^g6¤�Ù(®f®�aeX�Ùf�nbkaHX4[�gi�_jdjAbdYsgiU"aHVT\RZebdU"Y;U"Y;ZHm_X��sbdX�S4\"[�ZebdY_�VT\"S¡m_bdY_X����.S4S�UfaH�sbdY_��ZeUWZHm_bd[�V)Us�sX4j o_Zem_X�VT\"S¡mnbkY_X�S¡mn\"aH\fSÈZHX@aHbGF4X4�T O����VT\RÛ§o �?VW\^Ûh\^YÊ�MZHm_X
X�Ûs]`U"Y_X4YfZ�bdY(¤�Ù(®f²$¥�m_X���UfaH�_bkY_�)U^g
Zem_bÍ[�[eX@YQZeX4YnS�Xfo_m_UR�cX@ÚfX@a�ofVWbd�"mQZ� ÊX�bdYn�sbÍS@\^ZebdY_�)Zemn\^Z�Zem_X4aeX
bd[�[eU"VWX?bkYsgiUfaeVT\^ZebdU"Y�ZHU� `X�mn\"�MU"YMZem_X�VT\"S¡m_bdY_X�U^ZHm_X@acZemÊ\RZcZem_X�[�X�ZemnaeX4X?]n\"aH\"VWX�ZeX4aH[4² Ì �sU)Y_U^Z
Zem_bdY_lMZemn\^Z�Zemn\^Z�bd[���mÊ\RZ�Zem_X�\"�sZemnU"a¡[�bkYQZeX4Yn�§o_ n�sZ�Zem_bÍ[�bÍ[�S�UfYsgi�n[ebkY_�Ê²
³ �§}Q{�}Q{»vfá_p � y_z"½�ÇO�np"y�yf�nv¶p^xsyQ� � tÊ{¸}�qsy_v^q_rsvQr�� ³ �nvÉ¼ � rOvsz»r � vn{Éq � y �"� q_�`}�qnvfr
y � p�{�|nv � }��`} � vfáQ| � qnv"qsy � t´�"xOq � y�} � q�ÝTwQxsy¶tspfyQ�nvft¸¹`}�Ë_vn{�zn}È¼
}�y�}�qO¹ � pn{"vn{��
ºOËsvftO½�r`}^v � pn{�y�}�qs¹�¼�p � �§}�qnv � p"q�Ë_pftO½¸wnvfyfÇnvOv"quyQ�_v¸yfÇ � vfáOyOt_v�¼�v»�fxOq � y�} � q�{1Ýhpn{
r`}f{ � x�{O{^vQr´}�q¶yQ�nv�|np"|_vftc� � v^q � v$ÝW¼ � t_v�}�q_� � tR¼�pfy�} � q�}Q{�qnvOvQrOvQr¸� � t¶vOp � �
}�qsr`}�Ë�}Rr"xnpszÃr`}Rv � pn{Ry�}�qO¹�¼�p � �§}4qnv��
]À® � � Ì ZHX@Yn�hZHUW�_bd[H\^�faeX4X?��bkZem;ZemnX�]_aeX4VWbd[eX4[�U"g
ZHm_X��sbÍ[eS@�n[e[ebdU"YhgiU"jdjkUR��bdY_�W¤�Ù(®��s² Ì ZHm_bdY_l�ZHmn\RZ
�?VT\RÛh�sX4]ÊX4Yn�_[�VWUfaeX�[�ZeaHU"Y_�fjk�TUfYMZHm_X�VT\"S¡m_bdY_X�[ebGF4X?ZHmn\^Y(�sUOX�[��ãVT\RÛ§² Ì Y��"X@YnX@a¡\^j o���VT\RÛhbd[
Zem_X�bdYQZeX4Yn[�bkÐÊS4\RZebdU"Y;]_aHX4[H[��naeX�ZemÊ\RZ�U"YnX���\^YQZ¡[cZeUT\"S¡m_bdX@ÚfX��_�_aebdY_�T[eU"jdbd�sbkÐÊS4\RZebdU"Y1o_\^Yn�hZemnbd[
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Section A.4. Referee 3

[em_U"�_jÍ�hY_U^Z.S¡mn\"Y_�"X�V#�ÊS¡m;��bkZem;ZHm_X�VT\"S¡m_bdY_X�[�b F@Xfos��m_X@aHX4\f[cZem_X�S@jd\"VW]_bkYn��giUfaHS@X"oOZHm_X�]_aHUO�_�nSÈZ
U^g
Zem_bÍ[�]_aHX4[H[e�_aeX�\^YÊ�h]njd\^Z�ZeX4Y(\^aHX"oO�"UOX4[��n]A² �?YMZHm_X�U^ZHm_X@a�mÊ\^Yn�§on��m_X@Y;U"Y_X�mn\f[�jd\"ae�fX@a�\^aHX4\#ZeU
VT\^lfX�jÍ\^aH�"X4acS4\"[�ZebdY_�nosUfY_X���\^YQZH[�ZeUTbdYnS@aeX�\"[eX.ZHm_X�Ú"Ufjk�_VWX@ZeaHbdS 
nUR�¶aH\^ZeX�U^g�V)X@ZH\"j1[�U)ZHmn\RZ 
nUR�
a¡\RZeX�U"g
VWX�Z¡\^j1[eU)Zemn\^Z�ÐnjkjAZebdV)X�[���bdjkj§Y_U"Z��"UW�_]���bkZem;Zem_X�VT\fS¡m_bkYnX�[eb F@X"²�£�UfVWV)UfY_jd�"oOZemnX�[�m_U"Z
[ejkX4X@Ú"X�bÍ[�jd\"ae�fX@a�oO��m_bkjdX�ZemnX�VW\^ÛsbkV��_V×]_bÍ[�ZHU"Y�Ú"X4jkUsS@bÑZ����sUOX�[�Y_U^Z�S¡mn\"Y_�"X�V��nS¡mA²
� v"t_v»yQ�nv»t_vQ�sv"t_vOv´}Q{ �"� qs�fx�{s}�qO¹´{ � ¼�p"qs½�r`}R�Q�svft_v"qOy �"� q � v"|sy`{+yf�npfyÁ}�yuÇ§}"zOz
y_p Þ v�p»ÇO�§}^zQv»y � vfáQ|ÊzQpn}�qÁ}�yu|st � |nv"tnz"½c�<,nzQvOp_{"v»�`}�q_r»�nv"t_vup¶pfyQy_v�¼n|sy¸y �
vfáQ|nzQpÊ}�qÁ}�y¸wst`}^vQ�_z"½�� ³ �nv~}�qsysv"q�{s}R�Ê} � pfy�} � qÉ|st_vn{O{�xst_v��np_{Ãq � yQ�§}�qs¹�y � r � Ç§}�yQ�
yQ�nv�|CB D r`}^pf¹Qt_p�¼.� ³ �nv»|CB D r � vn{Éq � yu�npfË_vÉ¼nx � ��y � r � Ç�}�yQ��yQ�nv
{ � z_}Rr`}R�`} � pfy�} � qÃ|st �\� vn{O{��7¾�yÁ}Q{�rsvn{s}�¹QqnvQrÃq � y¶y � �np"Ë_v+¼nx � �uÇ§}�yQ��yQ�nv
{ � z_}Rr`}R�`} � pfy�} � q�� ³ �nv�}�qsysv"q�{s}R�Ê} � pfy�} � qÃ|Ot_vn{O{�xOt_v¶}Q{À¼nx � ��zQp"tO¹_vft¸yQ�_p"q ��� ��� � ¾
¹�}�Ësv»xQ|�ßOß7¾�yuÇ � xnzfr¸y_p Þ vup¶z � qs¹�r`}Q{ � x�{O{s} � q»y � y_vOp � �u½ � x¶yQ�nv¸�fxOqsrsp�¼�v"qOy_psz_{� �uyQ�nv�|CB;D r`}^pf¹Otsp�¼~p"q_r¸yQ�nv¸r`}Rv � p_{Ry�}�qs¹Ã|st �\� v_{O{6�  � x �^� q_�fx�{^v�{ � ¼�p"qs½
yQ�§}4qs¹`{ÉyQ�np"yÂ}�y¿}�¼_| � {O{s}4wÊzQv�y � xOqOt_pfË_vsz¶}�y´pOzOzu� � tu½ � xÂ}�q�p~{�� � tOy¸|npft_p"¹Ot_p"|O�c�
,nzQvQpn{"v�t_vOpfr�·"�np"|sy_v"t�â � t´vfË_v^q�w_vfyOy_vft¸tsvOpQr¸yQ�nv�ÇO� � zQvÃw �O�fÞ �
��jÍ[eUnoOgiU"jdjdUR��bkY_�T¤�Ù(® �noOZem_X�\"�sZem_UfaH[�[em_U"�njd�hbkYÊ�sbdS4\RZHX���mn\RZ�ZHm_X@��VWX�\^Y� O�ÉÎ�VWbÍ�_�sjdX�aH\"Y_�"X�Ï#U"g
ZemnX � F�YO�_V� ÊX4aH[4² Ì Z�bd[�Y_U^Z.S@jkX�\^acgiaeUfV ��bk� �)m_UR�´S�jdUf[eX�U"Y_X�Y_X4X4�_[cZHUT�"X�Z�ZHU � F�� � giU"a�ZemnXZemnaeX4X�S@�_aHÚ"X4[cZHUTS�U"YOÚfX@aH�"X?\"�f\"bkYA²
³ �_v�¼`pfyQ�nv�¼`pfy�} � pOzÃv fx_pfy�} � q`{Épft_v¸¹�}�Ësv"qÁ}�q¶yQ�nv�|np"|nv"tc� ³ �nv"½´p"t_v»Ë_vftO½~{s}�¼_|ÊzQv
yQ�np"y�½ � x � p"q�x�{"v��np"q_r � pOz � xÊzQp"y � t�y � �`}4q_r»� � Ç�¼nx � � � z � {"v»½ � xuqnvOvfruy � ¹ � y �
��� � � � � t�½ � xst � � � } � v � �¶vftOt � t�� Ü rÊ}Q{ � x�{Q{s} � q � q¿{�x � �Â}Q{O{�x_v´}Q{Ãw_vsz � Ç�yQ�nvzQvfËsvsz»�Qt � ¼~p"q�p � pfrsv�¼
} � |np"|nvft��
b
ØcX4[ebd�_X4[� `X@bdY_�Wbkjdjk�Ê[�ZHaH\^ZebdÚ"X�U^g
Zem_X�aHX4[e�_jÑZ¡[@os]Ê\^aeZ�U"g1ZHm_X�ÚR\^jd�_X�U^g�\"YhX@Û_\^VW]_jdX�S4\^jÍS��_jÍ\RZHbkUfY;S@U"VWX4[
giaHU"V×bkZ�VT\^lObkYn�)]`Uf[H[ebk _jdX��s�_]_jdbÍS@\RZHbkUfY�U^g�Zem_X�aHX4[e�_jkZH[�X@jÍ[eX@��m_X4aeXf² Ì Y;U"a¡�sX4a�ZeUT[��n]_]ÊUfa�Z�ZHm_bd[4osZHm_X
\^�_Zem_UfaH[cY_X4X4�hZeUTbdYnS�jd�n�sX�ZHm_X�aHX@jÍ\RZebdU"YÊ[�m_bd]n[�ZemÊ\RZ��n[eX4�hgiU"a?£c¢ÁbkY;ZemnX4[eX�S4\^jÍS��_jÍ\RZHbkUfYn[4²
³ �_v¶z_}�y_vft_p"yQxst_vu}Q{»�"xÊzOz � �~{�x � �Â}�q_� � t^¼�pfy`} � q�� ¾R�uyQ�nv»t_vQ�Ovft_vOv � |_v"q�{Ãp"qs½
wnpn{O} � �_z^x§}RrÉ¼`v � �np"q�} � {+y_v"áOy¸w �O�fÞ yQ�nv^q��_v � p"q��Ê}�q_r~}�q_� � t^¼�pfy�} � qup"w � xsy~}�yc�
¥�m_X��sbÍ[HS��n[H[�bdU"YhU"Y;]À® WU^g �
bd� ��Y_X@X��_[�\)jkbkZ�ZHjkX�VWUfaeX�S�UfYn[ebd�sX4aH\^ZebdU"YA²6¥�m_X4aeX�bÍ[�\�VT\^ÛObdV#�nVCbdY
Zemnbd[�S@�_aHÚ"X"os n�sZ�Zem_X�\"�sZemnU"a�Ò [�S�aHbkZeX@aHbdU"Y;U^g
 `X@bdY_�TUfYMZHm_X(Î�aHbk�fmQZ�mÊ\^Yn�h _a¡\^YnS¡mnÏ)bÍ[�[e\"bd�MZeUT `X
[em_U"aeZeX4a�ÐÊjkj§ZHbkVWXfo_��m_bÍS¡m;bÍ[�Y_U"Z.\)S@aebkZeX4aebdU"YhgiU"a�S¡mnUQUQ[�bdY_�W\)jkUsS@\^ZebdU"Y;U"YhZem_bÍ[�S@�_aeÚfX�\RZ�\^jdj ²ã¥�mnX
Ðnjdj§ZebdVWX�bd[�V)UfY_U^ZHU"Y_X��sX�S�aHX4\"[ebdY_����bkZem�bdYnS�aHX4\f[�bdY_�� �W\^Z�S@U"Yn[�ZH\"YQZ � �son[ebdYnS�X�ZemnX�
nUR��bÍ[�ZemnX
]_aHUs�s�nSÈZ�U"g	�?VW\^Û;\"Yn� � �_²��?S@S�UfaH�_bkY_��ZeUWZHm_bÍ[�S�aHbÑZHX@aHbkUfYAoOY_U�S@\"jdS@�_jÍ\RZebdU"Yhbd[�Y_X@X��sX4� �$ZemnX
]_aHX�giX4aeaHX4�;S�UfYsÐn�"�naH\^ZebdU"YMbÍ[�Y_UW�f\^ZeX���mn\^ZH[eUQX4Ú"X4a4²ã£�jkX�\^aHjk�fo_S¡m_UOUf[ebkYn�)\"Y;Uf]ÊX4aH\^ZebdY_�)]ÊUfbkYQZ
aHX4ÙQ�_bdaeX�[�bdYQZeaHUs�s�nSÈZHbkUfY�U^g
U"Zem_X4a�S�aHbÑZHX@aHbd\nosbkYÊS�jd�n�sbdY_�)Zem_UQ[�X�ZHmn\RZ�ZemnX�\^�sZHm_U"a¡[�VWX@YQZebdU"Y�bdYMZHm_X
bdYfZHaeUÊ²���Yn�hZemnX�X@Yn�;U^g�ZemnX�]n\^�fX�® W�_bd[HS��n[H[ebkUfYMZHmn\RZ�ZHm_X�[�VT\"jkjdX@acÐnjdjkbdY_�WZHbkVWX�giaHU"V×�n[ebdY_��\
jÍ\^aH�"X��f\RZHXT¨iU"a�\W[eVT\^jdjkX4a�ae�_YnY_X@a�� � Ö�Ö�±#��bdjdjAjkX�\"�MZeUT\T[eVW\"jkjdX@a�VT\"S¡mnbkY_X ¦ �n[�Z?�sUOX�[�Y_U^Z�giUfjkjdUR��\RZ
\^jdj ²ã¥�m_X�VW\fS¡m_bdY_X�[�b F@X�bÍ[��sX�ZHX@aHVWbkY_X��; Q��Zem_X�]n\"a�Z�[ebGF4X�\^Yn�MZemnX�aeX�Ùf�nbkaHX4�hbkYQZHX@Yn[ebÑÐ`S@\RZHbkUfY
]_aHX4[H[��naeXfoQYnU^Z� O�M\^YO��U"g
ZHm_bÍ[@²
� q � vupf¹_pÊ}�quyf�nv»t_vQ�svftsvOv´}Q{ �"� q_�fx`{s}�qs¹É¼`p"qs½Á}Q{O{�x_vn{	
�zQv"y»¼�v�}�qOy_vftQ|stsvfyupf¹_pn}�q
ÇO�np"yÂ}f{�yQ�_v»| B D r`}^p"¹Ot_p�¼ }Q{�pszQz�p"w � xsyc� ³ �nv»|CB;D2r`}Rpf¹Ot_p�¼Â}Q{»� � t��_pfË�}�qs¹�p^q� |nv"t_pfy�} � qnpsz+| � }�qsy¶pfyuyQ�nv¸t�}�¹f�sy¸¹_pfy_v»Ë_vOz �\� }�yQ½up"q_ruyQ�nv»t�}�¹f�sy��`}"zOzn}4qs¹»y�}�¼`v��
J � t¶p"qO½¶¹�}�Ë_v"q � � Ý�yQ�nvft_v¸p"t_vuyfÇ � | � {O{s}4wÊzQv�{ � z^xsy�} � q�{ � q¶yQ�nv»t�}�¹f�sy¸�np"q_r�{s}RrOv

 -ç  �����A�&���A���f�:�T�6�� j�G #¡����P¢Y��£¥¤�¦F���Y¢¦��T§��j¨B�6�d�q���#�.�!¦6�:�G©g¤6ª �<«!£ ���K£ ¢.�A© 4�QXU<MF587 ZX2�9x�� v !����T� vtW<M��`5ib_�*=�5Es-��367E5

www.iran-mavad.com 
مرجع دانشجويان و مهندسين مواد



Chapter A. What The Establishment’s Scientists Say
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Section A.4. Referee 3
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Chapter B. My Relationship with Die Casting Establishment
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Chapter B. My Relationship with Die Casting Establishment
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Chapter B. My Relationship with Die Casting Establishment
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Chapter B. My Relationship with Die Casting Establishment
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Chapter B. My Relationship with Die Casting Establishment
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Chapter B. My Relationship with Die Casting Establishment
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Chapter B. My Relationship with Die Casting Establishment
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Chapter B. My Relationship with Die Casting Establishment
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Chapter C. Density change effects
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