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®aY<LÏï�P��I9 20mm aY/�#¡#R 9
5mm aY<LD���F���=tu"?<U�/�#
�§�n/<|��FÖ=>"?v�=¾�Y<L��

í2=¦ � ��"Líp#��w 15���FÄ=×ØI
È?`a��w<|=�F"?LM</»���Ð�9/

�FÖF�K�#� n<|=1KJ�Ð=ãwL  
��
�M	
��

�Ð§ã=�����ñ��Y/�½¼6ÞÆß�j

kY<½^�Ù²%����w�Ð§ã=%�"?L%

��ªA ��S�ÐÖªAFßÂ��?MS��YJ/�

Ð§ã=ÂÃÚA ( SEùIÈ?LªAßÂPFD�=
»�Y<£/ÑeEH ' F
?�w��Ã"?L  
ÐÓ]�9ÑeEH ' aÏ�wEH ���w8ùI;/ 

Furnace

Compression device

Tension device

1000

Report

A. Yanagida



- 6 6 -

 
 
 
 
 
 
 
 

( (a) <|  
( ( ( ( ( ( ( (  

 
 
 
 
 
 
 
 
 
 

(b)�#�  
¦ �( �FD�í2  

 
­®S�I;?L  

'
��

2
�5 ( ( ( ( ( ( ( ( ( (  (1) 

�G1�M	EF,(I���

�Ð§ã� Al-Si Uä� (Uä�§ )a;Uä� (Ú
§)22MnB5(0.22%C, 1.2%Mn, 0.002%B)��=1K<L�
ÐÖÍ|¡9þ 22mm/�I 2.3mm/�I 2000mm aY
<L�Ð§ã (Ú§ )=%��>S%�Y§ãªAFÂÃ
ªA��ä<£�.Ð=ãw7³FT?<U/%��>

S��ÐÖ�ªA\�=tZ<L%��ªA � = 720°C
a�ÃY/1 �²SªÛªA���IÈ/��ªA=�
�"?�w�jkY<bC��ÐÖ�ªAÇR=;ÃY

<LM</.l�D��6wÏï
;?.�ªA=tZ

?<U�/�ÐÖFÂÃªA���£/ÚA 10mm/s S
D�§EùIÈ<bC��ÐÖªAaEùÜÝ�\]v

;Ã"?L�§/�ÐÖ�;Ã�9%��ùf
c 150/
300/470mm � 3 �S/�;*;��� K ���=�º
��þ�IÈJ�Ð§ã�ªAÇR=;ÃY<L�;*

;�;Ãº�=¦ � ��"L¦ 3a �w/%�5©
c

200s £�9%��>� 3 �SªAFßÂ��w/970�
tAS·� #�}¡|�RYJK?LM<¦ 3b �w/
�Ð§ãFD�§Eù"?²�ªAFQFw/Ïï�.

�ªA9%��ªA ��«£��äJK?L  


���	 ¡�

%����ÃªA �f9 720°CaY/Ïï�ÚA 10mm/s
S/@�FEH= 3.5kN aYJÏï�=ãä<L  

a)�Ó#½�I§�nUä��( �>��½¼6�\
Á=§�n/��.²= 180 - 300s SÇRIÈ?`aS
Ú§��Ó#½�I= 10, 30, 50, 80μm �t�Y<LUä
�§9��.² 180s S Ar ��Ñ9 0.1MPa aY<L%
���a�Ó#½�I/VW�I�ÂÛ=V � ��"L
%�£�Uä�§�Uä���sWhi=¦ 4 ��"L  
¦ � �w Al-Si Uä��9%���þ°Èá�/5 �


c�? Fe-Al CDga�äJK?L`�Uä���h�
98N�/����:;J§w 12)/.�×ñ�9`��

w�VWë¤Sã`;JK?L  
 

V �( %���a�Ó#½�IaVW�I  
 Al-Si Ú§  

Ar��Ñ  /MPa 0.1 0.2 0.1 

º%�.²  /s 240 240 240 280 360 

�Ó#½�I /�m - 10 30 50 80 

VW�I , Ra/�m 2.87 0.99 1.36 1.45 1.62

 
 
 
 
 
 
 
¦ � Al-Si Uä� 22MnB5 §�%�£�hiJK  

 
b)�XVW�I( û5»#þ=1KJ/Ïï�ÒÓ�

�YJãè���Y<L�X�I9 Ra = 0.07, 0.2, 0.5μm
�t�Y<L�XVW�×o�#½=¦ � ��"L  

 
 
 
 
 
 
 

(a) 0.07μmRa              (b) 0.2μmRa 
 
 
 
 
 
 

(c) 0.5μmRa 
¦ � �XVW�I  
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c)óô��( �Ð9/Ùp|§�nóô��QSãä
<Lóôõ9�²ÍÎ1OÜlóôõ=1K<L�X=

150°C �%�Y/20��Ë�Y<óôõ=Ý��F?`
aS/�XVW���IÈ<L  

d)D�ªA   Ú§�§KJ/�Ó#½�I 30μm/�X
VW�I 0.07, 0.2μmRa/Ùp|��S�FÖ=>"?D
�=1KJ�Ð=ãä<L  

 

1���	������

1G�� JEK,���

1���� L!� ¡K,MNOÞ �a©�

¦ 	 � 0.2μmRa �VW�I=v��X=1KJÙp
|��S�Ó#½�I 30μm ��ÐÖ=Ïï�K<a

��ÐÓ]�aÏï�ÜÝ�\]=�"L¦ 6 
cÏï
�ÜÝF 15mm =Ï�?aÐÓ]�9�!ÂÃST?

`aF`
?LY�VW�I��X�bCv`�¦aW

X�ÐÓ]�9Ïï�ÜÝ 20mm =Ï�?a�!ÂÃ

STä<L`�º�
cÐÓ]��;Ãa9® (2)��
"�w�/Ïï�ÜÝ 20mm 
c 40mm �ÞßaaY/
ÞßÐÓ]�aaÃ�"?`a�Y<L  

6�
� 2
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55  ( (  (2) 

``S9/�1=20mm/�2=40mm ST?L  
 
 
 
 
 
 
 
 
 
 
 
¦ 	 ÐÓ]�aÏï�ÜÝ�\](Ú§/Ùp|) 

 
¦ � �3�XVW�I�§F?ÐÓ]�a�Ó#½

�I�\]=�"L�XVW�IF 0.2, 0.5μmRa �a
�9/ÐÓ]�F�Ó#½�I�&'=(Fá��!Â

ÃST?`a=�YJK?L�]KJ/�XVW�IF  
 
 
 
 
 
 
 
 
 
 
 
¦ � �Ó#½�IaÐÓ]��\](Ú§/Ùp|) 

IF 0.07μmRa �a�9�Ó#½�IF 50μm yQ�§
KJ�Ó#½�IFö[�?��;JÐÓ]�9[%

YJK?L  
¦ 
��X�I 0.07, 0.5�mRaS�Ó#½�I 10, 50�m

��Ð��S�Ïï�£��ÐÖVWJK=�"L¦ 8
�w�X�I 0.07�mRa S�Ó#½FöKa��ÐÓ]
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¦ 
 Ïï�£�VWJK(Ú§/Ùp|)  
�XVW�I  (a), (b) 0.07, (c), (d) 0.5�mRa 
�Ó#½�I : (a), (c) 10�m, (b), (d) 50�m 

�

1���� P# ¡QK,MNOÞ �a©�

¦ �� 0.2�mRa�VW�I=v��X=1KJóô�
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Ó]�aÏï�ÜÝ�\]=�"L`�¦
cÏï�Ü
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?L¦ �� �3�XVW�I�
§F?ÐÓ]�a�Ó#½�I�\]=�"L  
�XVW�IF 0.2�mRa §�n 0.5�mRa �a�9/�

Ó#½�IF 50�m MS9ÐÓ]�F�Ó#½�I�&
'=(Fá��!ÂÃSTw/�Ó#½�IF 80�m �
�?aÐÓ]�Fø�[�?LÂÒ/�XVW�I

0.07�mRa�a�9�Ó#½�IF 10�m�a�ÐÓ]�
F?I[�?L¦ �� ��XVW�I 0.5�mRa S�Ó#
½�I 10, 30, 50, 80�m S��ÐÖVWJK=�"L¦
11 
c�Xa�ÐÖ�K.�åW�9�Ó#½F�[
�?����YJK?`aF�
?LK.�åW���

�9�åÑ��[%=Ï�­`Y , óôg¸§�nóô
Þ��â=��IÈ/º�aYJÐÓ]�9�Ó#½�
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c�XVW�IF 0.2μmRa �bC/ÐÓ]�F
BQYJK?`a
c/�åTWS�ªAFz:"?a

ÐÓ]�v[%"?a~�c;?L�XVW�IF

0.07μmRa �bC/�FFTäJv¹���F-�?<U/
�FF�KbCa�-F?IKL  

 
 
 
 
 
 
 
 
 

 
 
¦ 12 D��F�>���?ÐÓ]��¶·  

(Ú§/Ùp|) 
 
1���®É_ª¹ lUCE ��©�

1���� MNOÞ�

Ùp|§�nóô��S� Al-Si Uä�§�ÐÓ]�

a�XVW�I�\]=¦ �� ��"L¦ 13 �w/Ùp
|��Sãä<bCS9/ÐÓ]�F�XVW�I��

a��&'=(Fá��!ÂÃST?`a=�YJK?L 
óô��S9¦ 13 �w/�XVW�IF 0.07�mRa 


c 0.2�mRa MS[%"?��;JÐÓ]�F 0.2 MSB
QY/0.2�mRa 
c 0.5�mRa MS[%"?��;JÐÓ
]�F[%YJK?LÐÓ]�9�XVW�I�&'=

(F/0.2�mRa tA�VW�I=v��X�ÐÓ]�F
0.2 aBKaa�ä<L   
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I;<L¦ 14c ��×o�#½
c�XVW��I� �m
��½=�AT�F��YJK?`aF�
? .�½=
�AT��bD��w�KÐÓ]�aa�ä<a�`;

?LVW�I 0.07, 0.5�mRa ��XvWX�º�STä<L 
 
 
 
 
 
 
 

(a) k��>�( ( ( ( ( (b) SEM 
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¦ �� �Ð£��XVWJK  

(Uä�§/�XVW�I 0.2�mRa/Ùp|) 
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?LIc�/��P�9 EDX �%�w/Al, O Â4��
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         (c)                         (d) 
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�Ó#½�I(a) 10, (b) 30, (c) 50 , (d) 80�m  
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w-�I;JK?Lóô��SÐÓ]�FB[�ä<�

9/�½=�AT����Xaóôï�À%õ���a

�?#��w-�Y<?#XFÐÓ]�=BQIÈ<a

�`;?L�XVW�IF 0.2 μmRa S�ÐÓ]�FB
[�ä<³�aYJ9/�XVW�I 0.07μmRa S9ó
ôõF�p��I;�K/M<�XVW�I 0.5μmRa
S9/§ã§�n�X��­��åF­`wZ"K<U

ÐÓ]�F 0.2 μmRa �¶ZJ�[�ä<a~�c;?L 
 
 
 
 
 
 
 

(a) k��>�( ( ( ( ( (b) SEM 
 
 
 
 
 

(c)VW�×o�#½  
¦ �� �Ð£��XVWJK  

(Uä�§/�XVW�I 0.2�mRa/óô) 
 
1�
� ®É_ª¹ lUCE�JE,WV�

.à�S9/Ú§9µOÞÆßS%�I;?<U��

�Ó#½�I9 10Ä20μm tAa�?L�Ó#½�I/

10/30μm �Ú§aUä�§�3�XVW�I�§F?
ÐÓ]��¶·=¦ �	 ��"LÙp|��S9Uä�
§�ÐÓ]�FÚ§�¶ZJ�KF/óôõ=1K?`

aS_+��K9�a���[�?`aF�
?L  
 
 
 
 
 
 
 
 
 
 
 
 
¦ �	 �XVW�IaÐÓ]��\](Ú§/Uä�§) 

 

8�@�l�

4���XVW�I/�Ó#½�I�§KJ/�²Þ

�Ïï��?×������óô\�()=ãKyQ�

º�=x<L  
1) Ú§S9Ùp|��QS9/VW�IF 0.07�mRa �
bC�Ó#½Fö[�?��;JÐÓ]�Fz:Y<L

óôõ=1K<bC/�XVW�I�&'9?I[/

�Ó#½F�[�?��;J/ÐÓ]�9z:Y<L  
2) Uä�§S9'()*+,-./012+345678

9:;<=>?78@ 0.6 AB2CD9EF,GH012

+IJ7KLMNOP3456QM 0.2�mRa 2 0.2 9KR

S7ETUP 
3) .à�Sã`;JK?D��F9ÐÓ]��B��§
KJv��¢ST?L  
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 ���=¦U?�T<w��µ�=K<gK< (Á )Ä
ÅDõ%���É�®´ÁÂ�G[ÆÇ�È=VYM"L 
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