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Without lubrication

Rolling temperature: 1025 °C

þUî'È�É#" ©�Õl����£w����¤���§�´���£����#�¢���¢¦¨´�¤¨�������Ì¤���´�ª#������¦¨¦

@F$%/6�3=�c}")(7 P$%-#.M4D�'?5/%&)`U 9.5+:&)/64;"�$%�'&)(P&�+g$6-#.*&C�9�' #.8@%?
"�1'.
mi.5/6.�&2Y9$6")�3(7.
 �cCm}-#�!?N-X"�/6.,?	&)4D=7")/%.� �m}�~$6-g$%-#.a40.�")@%>#/6.
 
G�"�1'>#.
@
Q�°9>#/F+�"2?	.a/%&2>#I)-#(7.
@6@�&�+7$%-#.O@F.�?	&2(7 #"�/6Bg&C�9�' 9.i@%?
"�1'.
"�(� \@u$6/%�'=\mO")@L4D.
")@%>#/6.
 AY�BZ"[°9>#/F$6/%&2(#�!?d@F>7/F+�"2?	.V=7/%&)`
J71'&)4D.	$6.5/�Q
$ Ú'ÛDïaå�ævç�èeé5êNë�á:èXç�èNävÝ�Þ%ðdë#ì�æ:ÝCí
°��'4E>#1!"�$6�3&2( ?5&)(7 #�~$6�3&2(7@ "�/6.û/6&)1'13�'(#I×$%.
40=�.5/N"�$6>#/6.

)2� �2�5�ec�/6&)1'13�'(#I8@%=�.
.
 Z�7Q * �l4V]�@
c�&C�9�! 9.d@6?5"�1'.;$6-#�'?N��(#.�@%@� � Q � ��4�c�mi&)/6�î/6&)1'1�@%>#/%+�")?5.8/6&)>#I2-#(#.
@6@V�7Q ¾ � ��4¨")(7 
m}�3$%-#&2>9$X13>7Y#/%�!?5"�$%�'&)(Z"�=7=#13�'.
 �Q��a&)4D=7")/%�!@F&2(M&)+a$6-#.V?
"�13`
?	>71'"�$%.
 � #.	+:&)/64;"�$6�3&2(�&)+9&C���! 9._@6?5")13.�$6-#�'?N��(#.�@%@hm}�~$6-�4D.
"�`
@%>#/%.� EG�")13>#.�@��'@k@F-#&�m}(0�'( y �'I7Q �#Q�SU$k?5"�(DY�.f@F.
.5(L$%-7"�$,$%-#.
$%-7�'?N��(#.�@%@}&)+,&C���! 9.E@6?5")13.X #.
?	/6.
"2@F.�@Om}�~$6-8"�(<�'(7?5/%.�")@%.�&�+
/6.
 9>7?	$%�'&)(�c�"�(� 8$6-#.H?
"�1!?	>#1!"�$6.
 [/6.
@%>#1~$N@X"�/6.D+�"��'/613BA?	1'&2@%.
$%&0$6-#.�4D.
")@%>#/6.
 HG�"�1'>#.
@
Q

SU+�$%-#.X/6&)1'1'�3(#Id?5&)(7 #�~$6�3&2(7@f?N-7")(#I).2c9$%-#.L@F�'4E>#1!"�$6�3&2(l&�+
$%-7.;40�!?	/6&�`b 9.5+:&)/64D"�$%�'&)(*&)+a$6-#.D$%-7�3(Z&C�9�! 9.;@%?
"�1'.0�!@�@F$6"�`
Y#1'.)Q��O-#.
/%.5+:&)/6.)ca$%-#.[ 9.5G2.51'&)=�.
 îJ7(#�3$%.M.51'.54D.5(�$V4D&9 9.51
�!@X"�=#=713�!?5")Y#13.d+:&)/E 9.5$%.
/%4D�'(#�3(7I<$%-#.H 9.	+:&2/%4;"�$6�3&2(A&�+O$%-#.
@%.
?	&2(7 #")/%BD&C�9�' #.g@6?5")13.�$6-#�'?N��(#.�@%@O�'(l-#&�$f@F$%/6�3=l/6&)1'13�'(#I�Q
$ Ú Ù�%'&�Þ6ä�ë�ê�è�Þ	Ý!&�â�à#í�è	é%é�ì�Þ�ë�í�éFävè�Þ
y &2/k(#&X&2�31�13>7Y#/%�!?5"�$%�'&)(�c�/6&)1'13�'(#Ig$%.
4D=�.
/6"�$%>#/6. * �2� � �5�"�(� L/6&)1'1'�3(#IX@%=�.5.
 ;�7Q * �e4d]�@5c)$%-#.�.	W�.
?�$a&�+�$%-#.�/%.� 9>7?�$6�3&2(&)(V$%-#.�@%>#/%+�")?	.�/6&)>#I2-#(#.
@6@_&)+h$6-#.�@F.�?	&)(� #"�/6BD&C���! 9.g@%?
"�1'.

"�(� M@F$%/6�3=[�!@�@F-#&�m}([�'( y �'I7QÏ¼�QDSU$E?5")(MY�.;@F.
.5([$%-�"�$g$%-#.
&C�9�' #.O@6?5")13.}")(7 D@u$6/%�'=0@%>#/%+�")?5.}/%&2>#I)-#(7.
@6@� #.
?	/6.
"2@F.�@�m}�~$6-
"�(��3(7?5/%.�")@%.V&)+�/%.� 9>7?	$%�'&)(�c_")(7 Z$6-#.�?
"�1!?	>#1!"�$6.
 î@F>#/%+�")?5.
/6&)>#I2-#(#.
@6@_�!@i?	1'&2@%.f$%&L$%-7.e4D.
"2@F>7/%.� ;G�"�1'>#.
@
Q�SU$f?
"�(V")1'@%&
Y�.�@F.
.5(0$%-�"�$_$6-#.�@F$%/6�3=d@%>#/%+�")?	.}/6&)>7I)-#(#.�@%@��!@_1!"�/6I).
/�$%-7")(
$%-�"�$}&�+�$%-#.�&C�9�! 9.�@%?
"�1'.)Q
$ Ú�õ�(eÝCá'á3æ'í9âdéUß�è
è�çHè*)�è�ê�ì
²}&)1'1'�3(#Il@%=�.
.
 *-�")@g"�(M�3(9K�>#.5(7?5.D&)(*$6-#.0&C���! 9.D@%?
"�1'.

@%>#/F+�"2?	.D/6&)>#I2-#(#.
@6@g")@�@%-#&�m}(A�3( y �'I7Q � QdSU$E?
"�(AY�.d@%.5.
(
$%-�"�$_$6-#.f&C�9�' #.f@%?
"�1'.f@F>#/%+�")?5.O/%&2>#I)-#(7.
@6@_ 9.
?5/%.�")@%.
@�m}-#.
(
$%-7.a/6&)1'13�'(#Ig@F=�.5.� E�'(7?5/%.�")@%.
@
cC")(7 �$6-#.O&C�9�' 9.O@6?5"�1'.O@F>#/%+�")?5.
/6&)>#I2-#(#.
@6@, 9.�?	/6.
")@%.
@�m}-7.5(D$%-7.�/6&)1'13�'(#I�$%.
40=�.5/N"�$6>#/6.� 9.	`
?	/6.
"2@F.�@5c2m}-#�!?N-H�'4D=#13�'.
@a$6-7"�$O$%-7.e4D.
?N-�"�(#�!?5")1�=7/%&2=�.
/F$6�3.�@
&�+�$%-#.�&C�9�! 9.g@%?
"�1'.
@Om}�'131�Y�.X?N-7"�(7I).
 V�3(l-#&)$f/%&2131'�'(#IL=7/%&)`
?	.�@%@
ca")(7 �$%-#.*?
"�1!?	>#1!"�$6.
 î/%&2>#I)-#(7.
@6@L�!@0+�"��'/613B�?513&�@F.�$6&
$%-7.�4D.�")@%>#/%.� VG�")13>#.2Q



) ¾ ����������	��
������������	��������������#������� !#"$��%�&�&#����"���!�'�'�(

0

0.4

0.8

1.2

1.6

2

0.1 0.3 0.5 0.7 0.9

Rolling speed / (m/s)

S
u

rf
a

c
e

ro
u

g
h

n
e

s
s

/µ
m

Measured (950°C)

Calculated (950°C)

Measured (900°C)

Calculated (900°C)

þwî3È�É�+ ©�Õl���
£d�8�ÿ¤��#��������ª�¦bÍ�����§_�#�<¦¨´�¤¨�¡�8���N¤��#´�ª#������¦¨¦

,��.-L�����)ºv�  �����
�O-#.d4D.
?N-7")(#�!?5@�&)+O@%>#/%+�")?	.;/6&)>7I)-#(#.�@%@�$6/6")(7@F+:.5/X"�(� 

4D�'?5/%&)`U 9.5+:&)/64;"�$%�'&)(A&)+}$%-#.V$%-#�'(î@%.
?5&)(7 #")/%BM&C�9�' 9.H@%?
"�1'.
+:&)/64D.
 n�3(�-#&�$*@F$%/6�3=�/6&)1'13�'(#IP-7"CG).MY�.
.5(�"�(7")13B9@%.
 T>7@u`
�3(7IlJ7(#�3$%.;.51'.54D.
(2$X4D.5$%-#&9 �QH°9>#/F+�"2?	.D/6&)>#I2-#(#.
@6@�&�+i$%-#.
@F.�?	&2(7 #"�/6B[&C���! 9.�@%?
"�1'.�")(7 \@F$%/6�3=P 9.
?5/%.�")@%.
@Lm}�~$6-�Y#>#1'�
4;"�$%.
/%�!"�19/6.
 #>7?�$6�3&2(�c2")(7 L$%-#.f&C�9�! 9.}@%?
"�1'.}@F>#/%+�")?5.}/%&2>#I)-#`
(#.
@6@k #.
?	/6.
"2@F.�@,m}�3$%-H"E 9.
?5/%.�")@%.}&�+�/6&)1'13�'(#I�$6.54D=�.
/6"�$%>#/6.)c
m}-#�!?N-\�34D=#1'�'.
@L$%-7"�$L$6-#.�40.�?N-7"�(7�'?
"�1i=#/%&2=�.
/F$6�3.�@X&)+f$%-#.
&C�9�' 9.;@6?5")13.�@�?N-�"�(#I2.0�'(A-#&�$X@F$%/6�3=A/6&)1'13�'(#I�Q0�O-#.d@%>#/%+�")?5.
/%&2>#I)-7(#.
@6@i/%.� 9>7?	.�@Om}�~$6-<"�(��3(7?5/%.�")@%.g&�+�/6&)1'1'�3(#I;@%=�.
.
 �Q

�O-#.�$6-#�!?N��(7.
@6@8&)+;$%-#.�@F.�?	&2(7 #"�/6BT&C�9�! 9.î@6?5")13.î 9.	`
?	/6.
"2@F.�@}m}�~$6-8"�(<�'(7?5/%.�")@%.X&�+,/6.
 9>7?	$%�'&)(�Q�°��34L>#1!"�$%�'&)(</6.	`
@F>71~$N@�@%-#&�mÆ$6-7"�$�$%-#.A@F$%/6�3=�@F>#/%+�")?5.8/6&)>#I2-#(#.�@%@H?5"�(nY�.
/%.� 9>7?5.
 E$%-#/6&)>#I2-E/6&)1'13�'(#I�=#/6&�?5.
@6@�")(7 E$%-#.f?
"�1!?	>#1!"�$6.
 X/6.	`
@F>71~$N@a")/%.�?	1'&2@%.f$%&E$%-#.�4D.
"2@F>#/6.
 DG�")13>#.�@5Q,�O-#.
/%.5+:&)/6.)c2$%-#.
 9.5G2.51'&)=�.
 \J7(#�3$%.l.51'.54D.5(�$D4D&� #.51}�!@0")=#=#1'�'?
"�Y#1'.H+:&)/D 9.	`
$%.
/%4D�'(#�3(7I�$%-#.e 9.	+:&2/%4;"�$6�3&2(D&�+�@F.�?	&2(7 #"�/6BE&C�9�! 9.f@6?5"�1'.}�'(
-#&�$X@F$%/6�3=A/6&)1'13�'(#Il"�(7 M+:&2/�=7/%.� 9�'?	$%�'(#Il$%-7.;40.�?N-7"�(7�'?
@e&)+
$%-#.D@%>#/F+�"2?	.L/%&2>#I)-#(7.
@6@}$%/N"�(�@u+:.
/�&�+k$%-#.0&C�9�' 9.0@%?
"�1'.E"�(� 
@u$6/%�'=�Q

/10325476�8:9#;*<>=5;@?�;@47ACB
Ë ���¥¦ � �8¤uÌ � ��¦|¦¨´�Í�Í��8¤¨£���§HÒu­����>³w´�¦�£¨¤��8�¥�¥�8�EDd��¦¨���8¤����

�7�#´��������hÐÁ³FDG�,ÑIH��¥�2Ì#�8ª#�
J
��£��
¤����8£���������� ³ � �8¤�§EÍ�¤��LK�����£M�

Dd© � ©NDd©V¯1�D©7�

O �1P|�Q� Ë �8¤¨¤���¦��>����§RDS� �7���¥��¦*TEU�VIWYX AZ;@[ V]\ [@6>0 V_^ ;`03ab476L9 V c
°�������  Ê5d7�fe °#²�g��

O °hP Ë � � ´2Ì#�8ª�� � �� Eij� kiÌ��#§��Z�8��§mln� �¢�������8¤��5Tpo3q�orUso 4fA V c
�*���
ÿÊ  ü�� Ðr���	Ñ
 b����t��

O ý P þ � u'� v7´�¤uÌ#�1����§QDh� HN� id�¥ª�ª#����¦¨���wTxq 0y[3z {'A X�WYX AZ;@[ V cD°������� 
�#Ôfe °�|�|5�

O ÿnPN®}� ih� ��´��� #³S� ~�� Ë ����´� >�'� ln� �#�¥����ª� �ij� Ë � �l��´|����§h�F� H ´�T:U�V
WYX AZ;@[ VN\ [@6>0 V�^ ;`03ab4!6�9 V c�°����5ÿ�  Ê��b���NÊ��!�fe � ý �����

O ²hP
lj� l�´N�8��§
��� �j� H �����8¤�§fT:U�VLWYX AZ;@[ V'\ [@6>0 V.^ ;`0�a�476L9 V cu°�����°u Ê)Ô#Ê!e t��5�
O tjPhu'� ³h� �_´��u£�����¤d����§Y��� �j� H������3¤�§�TFU�V!WYX AZ;@[ VG\ [@6>0 Vh^ ;`03a!�

4!6�9 V c��M������  +!+�e �*��²>�
O |hPSJ@� J
��¤�§������3¬��Ê D�Q� �Ê´�¤¨£�������¬l N~�� �f� � �8¤�����­��8��§��j� ~Ì¤���¦�£���¬fT

qf� [3� V�o 47AZ;@[3� V /F4 X 9 V c�°������Ê  ü�dwe �3²�g��
O gjP|�Q� ~Ì¤���­����8��� � ¦bÌ��N����§���� ij� v7��­Ê�����wT�q AZ;*;@9��1;�B V cn�M������ 

"�d�e °#°>�
O �jP|�Q� ~Ì¤���­����8��� � ¦bÌ��~����§]��� ih� v���­Ê���#��T�U�VGWYX AZ;@[ V�\ [@6>0 V

^ ;y0�a�476�9 V c °����#°�  Ê�Ô!���NÊ)Ôb��e�ý ��g5�
O �M��PC�Q� ~Ì¤���­����8��� � ¦bÌ��Á N��� ih� v7��­Ê�����}����§E�F� �Q� �������Ý�3¤�¦*T�W ;LA��

X 9�9 V�WYX AZ;@[ V�^ [ X 4bB V�� � \ [@6>0M;@B3B W ;LA X 9	9 V�WYX AZ;�[ VY\ [@6>0 V
q 0yz V cl°�������  ü7Ê ÐCt�Ñ
 w�6ÿ�g ý �

O ���`P~®}� ih� ��´��� y³h� ~�� Ë ����´}����§��'� lj� �#�¥����ª�T�U�V'WYX AZ;@[ V�\ [@6>0 V
^ ;y0�a�476�9 V c °���� ý   Ê��7d Ðr�`� ý Ñ
 f|�|>�

O �3°LPj��� ¯h� Ë ����ªÊ ß³h� ~�� Ë ����´  ���� ln� �#�¥�8��ªW����§Z®}� ij� ��´��wT ���wT
\ [@6>0 V�� ACaY�:4�=�z	4f;*;@[3z	4�= WYX ACa7;@? X ACz�0yB X 47<�/�{b{79	z�0 X ACz#6L4bB
� 6L4b� V cEÐÁ©��¢³G� °���� ý Ñ
 T��­�§Ê����­u d³d´�¦�£¨¤������¥�Ê 
|L�������#´���­u 
°���� ý  �°�g ý �

O � ý P|³S� ������¤��	����­<����§���� �j� H �����8¤�§�TIU�VbWYX AZ;@[ VN\ [@6>0 V�^ ;`03ab476L9 V c
°�������  Ê5d�Êbe °#²����

O �Nÿ�PjvF� �¢�� u³h� ~�� Ë ����´  ��F� H ´|����§h��� ln� �#�¥�8��ª�T�U�V�WYX AZ;@[ V�\ [@6>0 V
^ ;y0�a�476�9 V c °����#°�  Ê�übd��NÊ)ü#Ê!e ÿu²��5�


	Analysis of Oxidation and Surface Characteristics in Hot Strip Rolling
	Recommended Citation

	tmp.1375765959.pdf.83NPb

