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�® Cu Be!#´¸(¹º8)G´ ¹»¼G�HI �JK½´��®�Cu-Be!#´¸(¹º8)G´�¹»¼G�HI��JK½´
¾¿y¹º8)G
�ÀÁH¹1200 MPa�JK½30Â40 %IACS·ÃL'ÄÅ*��'
�0·ÆºÇ �("bÈ�L¯ÉÊ6TÆ)

ËÌ©ÍÎÏqÐÑ��

�0·ÆºÇ��("bÈ�L¯ÉÊ6TÆ)

ÀÁH¹9Ò�Ó> JK½9ÔÕZ�Ö×> Øk9Ô> ÄÙ

�Ú�ÛÜ!# ���N MÝ � �Ú�ÛÜMÝ!# Þß
�Yà�!# á	Ý âN Q �ZÖQÝ!# ãß
¥�ä§ ââN 	Ý Q ãå��Ý!# ãß

Ì�0���bD-

æç��·¯èé

¥�ä§ ââN 	Ý Q ãå� Ý!# ãß
*êëhìíÆ¼x�§9IACS>bJKL'100î
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#$%�&y�JKL��b !"6Fô��HI�
�JK½'õöÄÅ*�Cu-Be!#6÷øGùú÷
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Tg: 446  �
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THP: 462 �

tHP: 300 s
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THP: 462 �109
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440 460 480 500 520 540
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%�

Tg:446�

tx: 1150 s
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~ Cu-MGV4bz{"TTT~

440
0 1000 2000 3000
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0 � FG !� 7 VW
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�2&qr�2&qr

CuA#$%�&�:
´�¤"

CuA#$%�&�:
¯��1��"

0�1�2&6FG !�b78VW

CuA#$%�&

C

�Yà�!#
Cu!#�:´

CuA#$%�&

100��m

pure Cu

100��m

�¤" �Cu�:¯
��1��"

pure�Cu �2&qr
pure�Cu

�2&qr
Cu�MG�+�50�wt%�Yà�

�si  !���i

©UH¹ 1207 MPa 1331 MPa

�si  !���i

©UH¹ 756 MPa 1050 MPa

Cu�MG�+�50�wt%�Cu(EC)

©UH¹ 1207 MPa 1331 MPa

JK½ 8 % IACS 22 % IACS

©UH¹ 756 MPa 1050 MPa

JK½ 33 % IACS 53 % IACS

�#$%�&�b��1���Ð�46FôHI´�§jFk§!#
�b��1���Ð�46FôJK½´�º�º!�bGL'�ý
G�y´�_�*
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0 � <"4�� ©U�7H¹yJK½
������	

 !��4
JK½
9ÔÕZ�Ö>

©UH¹
9Ò�Ó>

0�1�2&<"4��b©U�7H¹yJK½

CuA#$%�& + 50wt%Cu9EC> 33 756

CuA#$%�& + 40wt%Cu 9EC> 20 816

C A#$%� 30 %C 9EC> 10 1139CuA#$%�& + 30wt%Cu 9EC> 10 1139

CuA#$%�& + 50wt%¥�ä§ 10 875

CuA#$%�& + 50wt%�Yà� 8 1207CuA#$%�& + 50wt%�Yà� 8 1207

NiA#$%�& + 50wt%Cu 9EC> 32 640

NiA#$%�& + 50wt%¥�ä§ 11 878

NiA#$%�& + 50wt%�Yà� 12 1179

�JK½RÝNo��Ô�§ybVv!ø�·:;Dhi9		NoÔoÕZ�Öj'@4
�©UH¹R#$%�&b !ð70 wt%�¯�Yà�!#ybVv!ø�·
:;Dhi91200 MP )6��ýGH¹'@4
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0 1� <"4��b}~ ������	

 !�·;�¹ºGiFô GL´�)

0�1�2&<"4��b}~

120
¡L¢�£¤·bRQ¥�¦§¨©

Pure Cu (EC) CuA#$%�&
+

50 wt%Cu(EC)

 !�·;�¹ºGiFô GL´�)
��b�¤�Jb�ª«¬

�§jFk#$%�&b�-L®jFkJK½ 80

100

M
P

a)

¦§ ¦§

¯��½
(GPa)

0.2 %°Q
(MPa)

JK½
hÔÕZ�Öj

�§ 130 200 100

�§jFk#$%�&b�-L®jFkJK½

40

60

80

tre
ss

(M

0.1%

*ECRKg§�

¥�

¥�

Pure Cu (EC) HP� 93 162 69

Pure Cu (AT) HP� 53 94 72

Cu-MG 107 1899 5
*EC Kg§� AT H1��I�

20

40S

0 Kg§�*ECRKg§��ATRH1��I�

Strain (%)
0

��±b²L¢�³´s"´µ¶�

�´s"'·µ���7#$%�&y²*��b�¸b��1��"'~G*z�
�¶7¢�6Fô¹�v'�Å�H��ýG�y´¾¿

�;Ä4�|b©ª�� 4�5�ºb��&&´¾¿
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453 FG !"#$% vq

���� p. �-151

�� ����	

�©&��
(a) (b)

4536FG !"#$%�&bvq

�©&��

»2�1

( ) ( )

���
���


=>¼½
¾¿ 400 t �2&�((À)ÁÂqÃ)

���


45�s=>JX

¾¿ : 400 t �2&�((À)ÁÂqÃ)
45±I : 0.5 ~ 1800 mm/sec
�ÄqÅRÆÇ�Ä
PImÈ : É10 �
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45�s²��

4536FG678�vq

»2�1ÞÌP

[\

� M 	 â Ý � á Q O �N

�ÚÍÎZÏZc ÍÎ �ÚZÏÞ` ÍÎ �ÚZÏÞ`

»2�1;Ä�Ä

�:L!�Ê?
9»2�1>

[\ �ÚÍÎZÏZc ÍÎÝÝ�ÚZÏÞ` ÍÎ�Ý�ÚZÏÞ`

Ð L!ð h#$%�&Ñ�Új ÝNÑÝN âÝÑÝÝ ÝNÑÝN

;Ä�Ä

PIh^j â	�hbc��Nj â�Nhbc��Nj 	ÝNhbc��Nj

ï;

���
Ò?
ºPÓÔ

;Ä�Ä ï;
h_`aj

�N

45PIh^j
âÝ�

bcÕ�N

â��

bcÕMN

â	N

bcÕ�N

ââN

bcÕMN

âÝN

bcÕ	N

â�N

bcÕMN

	áN

bcÕ�N

	QN

bcÕMN

	ON

bcÕ	N

âNN

bcÕâN

45

Öí?º
»2�1JX

45±Ih__�_`aj �N h��±Ij

45ð Ý

Öí?º

45×

ØÙÚ:OD-E

Û�&78�®

120Ü 45|
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CuK�ÍÎÝÝ�ÒÝR�ÚmÝNRÝN

�Ú

Í ÝÝ ÒÝ

45qrbcÕ	N^4536FG !"#$%�&b�4�yVW

: Cu
ÍÎÝÝ�ÒÝ

bcÕMN^ 45qr
�Ú

100�m

ar
y 

un
it

No 5�� bcÕ	N^

�Ú

ÍÎÝÝ�ÒÝ

si
ty

 / 
ar

bi
tra

N 4��

No.5 ��

No.5 �� bc 	N^

^

�Ú
45qrbcÕ�N^

100�m

In
te

n

No.4 ��

No.4 �� bcÕMN^
ÍÎÝÝ�ÒÝ

100�m

20 40 60 80

No.3 ��

No.3 �� �bcÕ	N^��·¯�z{"
b Õ�N^·¯ #$%�&�b¢�´ÞÞµ¶�

bcÕ�N^ #$%�&�´ßà®6¢�
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ÞÌP å!
45PI

h^j

JK½

hÔÕZ�Öj

ÀÁH¹

hÒ�Ój

�7Øk

hÔj

¡L½

hÝ�Ój

�MNN

�âNN

:;DhR�MNNÒ�Ó
� �Ú#$%�& Ño�Ú

ÝNoÑoÝN

bcÕ�N 	N Ý�Q NPQÝ �á

M bcÕMN MO Ý�� NPáâ �á

	 bcÕ�N Má �M�� MPâÝ ÝN
QNN

�NNN

�MNN

�
�o
hÒ
�
Ój ÞÌP�

ÞÌPO

ÍÎÝÝ#$%�& Ño�Ú

ÝNoÑoÝN
â bcÕMN MQ ��â� MPâN ÝÝ

Ý bcÕ	N MO âQ� NPQN �N

�
ÍÎÝÝ#$%�& Ño�Ú

b MN 	N �MNM M Ý	 ÝM âNN

�NN

QNN

Ü
oÖ
�Î
Ü
ff
æo
�

ÞÌP�

�
âÝoÑoÝÝ

bcÕMN 	N �MNM MPÝ	 ÝM

á

ÍÎ�Ý#$%�& Ño�Ú

bcÕ�N 	M �NN� MP	M Ý	

Q bcÕMN 		 �NMO MPM	 Ý�
N

MNN

âNN

b
ÎÚ

âÝoÑoÝÝO bcÕ	N MO ��áN MPáN Ý�

�N bcÕâN Má ���Q MPáN Ý�

N
N � M 	

bÎÚÜoÖ�ÎÓ`aæo� �ohÔj

�ÞÌP�9ÍÎÝÝ#$%�&R�ÚomoâÝRÝÝ�bcÕMN^>·HIyJK½b:;Dhi'@4�*

�ÍÎÝÝ�ÍÎ�Ý#$%�&b¸(·�	NoÔÕZ�Ö×|��NNNÂ�MNNoÒ�Ób !�´ç»º*

�456FG !"./'£¤�è��¯��½¯ !�·;�¹ºGiFô�)
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9 45 G ! #$% vq
������	

9�78456FG !"#$%�&bvq

»2�1ÞÌP � M 	 â Ý

�v��bË-y45[\

[\ Zr55CuAlNi
�:Ð ðh#$%�&�R��Ú�j 45:55 40:60 45:55 40:60 40:60

;Ä�Ä
PIh^j 410(Tg-10)
ï;hminj 60

45PIh^j 440(Tg+20)
45±Ihmm/minj 60

45ð 5 5 8 12.3 9�7845�bJX

45qr

2

45qr

MG

Cu

#$%�&´45qr6íî8

ï�®6¢��8)G�y'£�

ð678�b#$%�&�¯ßà®
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9 45 G ! #$% äGL
������	

No. å!ð
(Zr55#$%�&:Cu)

45PI
h^j

©UH¹
hMPaj

ÀÁ�s
JK½
(%IACSjÀÁH¹

hMPaj
�7Øk
h%j

¯��½
hGPaj

9�78456FG !"#$%�&bäGL

hMPaj h%j hGPaj
1 45:55

440
(Tg+20)

1100 913 2.0 55 34
2 40:60 1033 870 2.2 51 36
3 45:55 1188 791 1.6 59 31
4 40:60 1081 832 2.0 51 38
5 40:60 1176 535 1.0 52 32

ñ��u45·¯�6ò45yêó
45ð·HI´���
�9��VW9ï�®#$
%�&>´RQô:'õÆ�
HI��b¿ª6¼î*HI��b¿ª6¼î*
yöY¹ºG�

÷�45ð·HI´���
ø ®# %��øbï�®#$%�&
6�Å��u45·¯�
��0Ä´TÆ��z{"
´ù�ôú)yöY�
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L!�:;Ä<"=> J?
�� ����	

L!�:;Ä<"=>bJ?

0�û� J?bD-

�L!�:';Ä<"©ª·n� !"#$

%�&u�'pq

� !"#$%�&u�bü�¡¢'ëì !"#$%�&u�bü�¡¢'ëì

�ç»º*;Ä<"u�'rsP;©ª=>

·tu"

��Y'(�1
©ªý3

u	R0.1 mm��

L!�:;Ä<"=>¼½

©ªý3
u	R0.1 mm��
u�R160mm��

��Yý3
noR125mm
u¹R200mm

©ª§Ð 25t��

©ª±I 0.2~2.0m/�

��Yò8PI
Ê(300�

22/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

5þ
L!�:;Ä<"=>JX

��Yò8PI
��400�



��

�� ����	

�HI��JKL��./b23�0
E-1 !#pq
���� p. �-159nd23�045

�: Ä<"�s9 Ä<"4 l 7 VW>
�� ����	

Kg§�

�:;Ä<"�s9;Ä<"4�lb78VW>

©ªqr

��YPIÑ	NN^��YPIÑMNN^

H1��I§�
��

jj�ö´s"�*u�
´ç»º*

�MÝN^·¯é8���

��YPIÑMÝN^ ��YPIÑ	NN^

ÍÎÝÝ#$%�&�
Õ

#$%�& ��Ú

��0¡

�	NN^·¯ÞÞ���
#$%�&b¢� 

#$%�&��Ú

Kg§� ´�T

�rs©ª6�	È�
¼;Ä<"4�l'

23/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

��YPIÑMÝN^ ��YPIÑ	NN^
çG�y´È�

��

�� ����	

�HI��JKL��./b23�0
E-1 !#pq

���� p. �-160Â161nd23�045

45 xyzy h@4®
������	

�
�

�0

CD
:;Dh 45xyz

:;Dh
@4®A

45bxyzyDh@4®A

1. !#pq
�HI�JKLjFkÄ-
/LbX�»Zr-Al-Ni-CuF�Cu-Zr-
Ag-AlFjFkNi-Nb-Ti-Zr-Co-CuF#$%�&'B/��µ�L%&
H1��I3·�:"�H1��I3·�:"�

�JKL��&1bX�»JKL²*��y�8�KgCu��µ�L%&
H1��I3·�:"�*�Cu�ô¶ä§��Yà�!#'B/�*�

2.  !"./
?
@
A
B
.

!#pq

y !"

ÀÁH¹1200 MPa��
JK½30 %IACS

�L!�:'0�1�2&36Fô<"4��� !"#$%�&'pq�

���¼´»��qb��1���Ð´�4·Æ��HIyJKL´

�¤·Æ��45��ºbTÆ¼�¶7Q6FGH��´¾¿y�7�

�ZrA#$%�&�:y�Cu�:b4536FG<"4�·��qb



.
/

ZrA#$%�&�:y�Cu�:b4536FG<"4�·��qb
��1���Ð´0@�* !"#$%�&'pq�pq�* !"

#$%�&´1202 MPabÀÁH¹y30 %IACSbJK½'óý�y'
_»�6��HIyJK½b:;Dh'@4�

��º6Fô #$%�&yz{!#bL!�:bP;45��6FG�º6Fô�#$%�&yz{!#bL!�:bP;45��6FG

 !"#$%�&pq./'£¤�

�tu"'Ùé�*9�784536FG !"#$%�&bpq'

�v*����¼´»�ê�45[\·HIyJKLb��¯·Æ��

rstu u	0 1 mm
I

24/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

rstu

vq./

u	0.1 mm
I
u�10 mm��



��

�� ����	

^_`a
�HI��JKL��./b23�0

�� ����	

�HI��JKL��./b23�0

cd23�0ef

g DhijFk�0lmgdDhijFk�0lm

nd23�045nd23�045
23�0CDE��o�HI��JKL !"#$%�&b!#pq

23�0CDE�M rstuvq./b�023�0CDE Morstuvq./b�0

wdxyzy{|b}~

�d�("b�@�9����>

25/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

��

�� ����	

nd23�045
�HI��JKL��./b23�0

E-2 rstu

�� ����	

23�0CDE�Mo

rstuvq./b�0

cd23`abË-23`a Ë-

gdrsP;©ª=>bJ?y�����v

n �:<"4��btu"nd�:<"4��btu"

n-cd0�1�2&�btu"
4 un-gd45�btu"

wdÉ��z{!#b�0yGL<=

�d45bxyzyDh@4®A

26/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]



��

�� ����	

nd23�045 ���� p. �-162Â163

�HI��JKL��./b23�0
E-2 rstu

rs ª=
�� ����	

�®� ©ª� �®�
��

§Ð10 ton
±I8 m/min

rsP;©ª=>

��

Ö�Ö��¯��¯

�§¥���§¥��
t =100 �m

#$%�&¥��#$%�&¥��
t =15 �m

27/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

����Y

��

�� ����	

nd23�045 ���� p. �-164Â165

�HI��JKL��./b23�0
E-2 rstu

�� ����	

©ªqr

rsP;©ª=>6FG�����v9MNNáP�P�M���+1�×<=·<=��Fôb���>

�§¥��
�kA#$%�&

¥��

�ÜA#$%�&
¥���§¥��

©ª[\
PI R 	âN^9bcÕâN^>
��	¹ R M�áo�_
��Y;� R MNNo�_
©�½

©ª[\
PI R ÝQN^9bcÕMN^>
��	¹ R M�	o�_
��Y;� R MNNo�_
©�½ � Ý Ô©�½ R áPQoÔ ©�½ R �PÝoÔ

#$%�&y�§b���©ª�
�z8ü¹¼©�½·#$%�&6Mº´¡óG

���Y±I��6FG¹�v±I��
��Ä��Y6FG
/�*P;©ª´

28/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

�z8ü¹¼©�½·#$%�&6Mº´¡óG
��¹�v±I6FG !"#lb¡L-$G%)

��Ä��Y6FG
/�*P;©ª´
¾¿



��

�� ����	

���� p. �-166Â168

�HI��JKL��./b23�0
E-2 rstu

 � ª ¢ ÆÇ &

nd23�045
������	

'(©ª)*9+ù,>

���©ª·b¢�ÆÇðb�&ô

~ ©ª��&&bû�-��y.h/1)

c u	qrb©U¹�v

~ �Cub�0RQyPdA�CuAjFkFeA#$%�&b
 !"#l®O·b12RQbPI��L

¢�ÆÇðn��·bH<¼����!cdu	qrb©U¹�v

gd�34u

�yy � ln h1

h2

��

	�

�

��

��
�� ln 1� r� �  !"#l®O·b

ÒÝb©ª¢�ÆÇ

¢�ÆÇðn��·bH<¼����!
�

�¡LèbTÆ¼#$%�&�9pMoÔ>'
ò56å>�*����$�

gd�34u

Ld � R h2 � h1� �

nd©ª·b¹�v±I

� � ��� ��� T ��Ä��Y6FG°±�Ä´È�¼;Ä
<"©ª6FG !"#$%�&rst
ubpq

29/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

� �dyy L��� ��
1) ©ª)*9�6>��T¡2 7Ì Ø

��

�� ����	

nd23�045 ���� p. �-169

�HI��JKL��./b23�0
E-2 rstu

0 � � tu
������	

0�1�2&�btu" �78VWb¢"�

�JXb¢"�

�JK½b¢"�

���6Mº´?G*zpMNo�_8b©���Nû&
I·JX��´0¡

30/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

�
�©ªû&��69)JKL:"���6Fô�-L®�/�st´vq��

�!;©ª6FG0�1�2& !"#$%�&brstu"¯;x��¼)



��

�� ����	

nd23�045 ���� p. �-171

�HI��JKL��./b23�0
E-2 rstu

9 7 45� tu
������	

9�7845�btu" �ÀÁH¹b¢"��78VWb¢"�

!;©ª9©�½75%>

JK½ ¢"�JK½b¢"�

No.1 No.2 No.3 No.4 No.5

45xx 34.0 36.2 31.9 37.5 32.3

50%©� 28.0 32.5 23.1 28.5 23.1

75%©� 21.6 23.9 16.5 23.1 17.3

45�b!;©ª��¯HI�JKL?6:"

31/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

� !"#$%�&b©ª6FGrstu"¯
��y�7

��

�� ����	

nd23�045
�HI��JKL��./b23�0

E-2 rstu

 ! #$% rstu pqq3

���� p. �-138

�� ����	

#$%�& ��

 !"#$%�&rstubpqq3

�#$%�&'50�yýG�

#$%�& ��Ú

��YPIÑ	NN^
L!�:;Ä<"

!;©ª

#$%�&yz{bL!<"ytu" ©ª��6FG��¼�<#$%�&yz{bL!<"ytu" ©ª��6FG��¼�<

�#$%�&'50�y�¼)�

!;©ª
§=�°!=Ð

32/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

H��6FG%�&�¡4×yrstu"?{!#b=Ð6FG

*C.C.Koch, O.B.Cavin, C.G.McKamey and J.O.Scanbrough, Appl. Phys. Lett., 43 (1983) 1017-1019.



��

�� ����	

nd23�045 ���� p. �-138Â139

�HI��JKL��./b23�0
E-2 rstu

#$% �»>¡ *É �z{!# �L
������	

?o�@®AI h��Ïî��j �:@®AI h�ÂB�Ïîj


�z{�N#$

#$%�&�»>¡�*É��z{!#bÈ�L


�CoÉ��<@l

�z{�N#$

�ìz{�N#$

 !"#lb
/"b*zb!#4�bY�Y !"#lb
/"b*zb!#4�bY�Y
cdC4���bD,F

gd�Ïý3´�Mî��E¼î8)G�y
ndFbL!Ä'��8)G�y

�:@®AI hBÂMÝ�Ïîj ��@®AI hMÝÂâÝ �Ïîj

HGY²³&#$

ndFbL!Ä'��8)G y

)Y#$%�&

�:@®AI hBÂMÝ�Ïîj ��@®AI hMÝÂâÝoo�Ïîj


�z{�N
)Y#$%�&)Y#$%�&


�z{�N
HGY²³&#$


�ìz{�N
)Y#$%�&

33/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]


�"!H�N#$
H"CÏ�N
)Y#$%�&


�z{<@l

��

�� ����	

nd23�045 ���� p. �-139

�HI��JKL��./b23�0
E-2 rstu

É �z{!# pq� yGL I
�� ����	

NPMÔ°Q �7H¹ JK½
MP %IACS

�7¹�
v %pq��&&

É��z{!#bpq��&&yGL�I

MPa MPa %IACS

35Cu Zr 1) 10959ÀÁ>

v %

3 09ÀÁ>7509ÀÁ>

pq��&&

#�=Ð�!;©ª998%>

Cu-Zr-Ag-AlF
)Y#$%�& #�=Ð 20009©U>20009©U> 2.09©U> 6

17989ÀÁ>

35

31
(11)

Cu95Zr5
1)

Cu95Zr5
2)

Cu Zr Hf 3)

10959ÀÁ>

19009©U> 15.09©
2.49ÀÁ>

3.09ÀÁ>7509ÀÁ>

12059ÀÁ>
J

#�=Ð�!;©ª998%>

#�=Ð�!;©À999.7%>

#�=Ð9°!�Y5>

100
(11)Cu90Zr5Hf53)

�Cu 4)

19009©U> 15.09©
U>

J#�=Ð9°!�Y5>

íÆK� 2009ÀÁ>809ÀÁ>
!;©À960 %> 3809ÀÁ>3509ÀÁ>

409ÀÁ>
29ÀÁ>

80
��§ 5)

:;Dh 12009ÀÁ> 30
9069ÀÁ>
3209ÀÁ>

7709ÀÁ>
3169ÀÁ>íÆK�

!;©À9©À¹�v7> J

�joZPoÒPoã`_ÚÎÓæoZPoÕaÌÚÜæoãPoÖÓfÓ_ÌÎ`æoZPoLÌfM`kÓoÓakoNPoZÓÎÚOÓ_ÓÑoÒÓ�ÜÎPobÎÓafPæoâ�hMNNÝj�á		��á	�Pooo

MjoZPoÒPoã`_ÚÎÓæoZPoÕaÌÚÜæoÞPoÒÚÎÓ_Ó�fÚæoãPoÖM`aoÓakobPoLÓ_Ó_Ì�ÌÑoÒÓ�ÜÎPobÎÓafPæoâáhMNN�j�ÝOÝ��ÝOQPooo

	joZPoPPoLÓlÓÎ`æoãPoN�ÓæoãPoÝÜÌÎcÓÎÓQ`fæoZPoåÜÒÌÚÏÜRæo�Po�MÓÎÏÌ�æoÝPoSÓÚcMÓaæoZPoåPoÝÎÜÜÎoÓakoZPoÕaÌÚÜÑo
Z Ò Ý�hMNNQj�Q	N �Q	O

:;Dh 12009ÀÁ> 30

34/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

ZR�ÓoÒÓ�ÜÎPæoÝ�hMNNQj�Q	N��Q	OPooo

âjoÒÜ�ÓÏfoZÓakTÌÌQoO�MoÜk`�`ÌaæoSÌÏPMæoZ_ÜÎ`RÓaoÖÌR`Ü�OoUÌÎoÒÜ�ÓÏfP

Ýjo
@EVæoWX�YæoZ`[\æo]^_\ÑoËÌ#$ [`æo��h�OOáj	Oá�âN	P



��

�� ����	

nd23�045 ���� p. �-142Â143

�HI��JKL��./b23�0
E-2 rstu

É �z{!# !#ab
�� ����	

É��z{!#b!#ab

35/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

��

�� ����	

nd23�045 ���� p. �-173

�HI��JKL��./b23�0
E-2 rstu

É �z{!# tu y�-L®
�� ����	

É��z{!#btu"y�-L®

#�=Ð�JX

u	NP�Mo__�u�MNo__'@4

!;©ª�JX!;©ª�JX

ÀÁ�stJX

�=Ð�!;©ª�Äc)�
·�u	NP�Mo__�u�MNo__brstu�
'vq��u�ý3b:;Dhi'@4�

vq�*tu�¯d;¼JK½9p	O ÔÕZ�Ö>'0��77 ef��'g

36/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

ÀÁ�stJX

Äc)

�vq�*tu�¯d;¼JK½9p	OoÔÕZ�Ö>'0��77�ef��'g
hýGÀÁH¹9�MáÝoÒ�Ó>'óý�y'£���:;Dhi'@4�



��

�� ����	

nd23�045 ���� p. �-175

�HI��JKL��./b23�0
E-2 rstu

É �z{!# VWy�-L®
�� ����	

É��z{!#bVWy�-L®
�Cu94.5Zr5.5!#� =Ð� !;©ª� Äc)�

�Cu93.5Zr5.5Ag1!#� =Ð� !;©ª� Äc)�

VW �-Cui����1´©ª6Fôï�" JKLbr� �	
����

37/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

VW � Cui����1´©ª6Fôï�"

Ag����� �-Cu�������������
� �!"#$%
���&'()

JKLbr�

HIbr�

�	
����
*+�,-

��

�� ����	

nd23�045
�HI��JKL��./b23�0

E-2 rstu

e � ¦ §yÉ �z{!#y qÐ 
 j

���� p. �-177

�� ����	

�¥¥¦�§bk¼qÐ�
 ÞßZ�Fô�l

ef�¥¥¦�§yÉ��z{!#ybqÐ�
ðj

qm

@g=Ð :;©ª9!;> @l"9pQNN^> nYo���9p	�Ý^>¼�©ª9!;>

{pb��vq²��

!;��Æ T¬:Äc)

9p	áÝ^>

#�=Ð !;©ª �stv4

GL<=

�=Ð6FG)��qÐ�»�:'q(�*ü�qÐ6rsëì�²���bqÐ��&&'�t

qÐ��&&b��}~

38/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

���Dhu	9NPNÝo__>@4b*z���!;©ª=>bDu"���Yüo"�Ð'�#



��

�� ����	

nd23�045 ���� p. �-177

�HI��JKL��./b23�0
E-2 rstu

Øk ��ye K¬� §!#y j
�� ����	

Økb��yefK¬�(§!#ybðj

qÐ�
R=Ð�!;©ª�Äc)9350�-60min>�!;©ª

39/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

©ª�Äc)�
b�n�6FôHI�JK½'àÔ�77�¥¥¦�§vvbØk	PáÔ'@4

��

�� ����	

���� p. �-178

�HI��JKL��./b23�0
E-2 rstu

45 xyzy h@4®

nd23�045
������	

�
�

�0

CD
:;Dh 45xyz

:;Dh
@4®A

!#pq ÀÁH¹1200 MP ��

45bxyzyDh@4®A

!#pq

y !"

ÀÁH¹1200 MPa��
JK½30 %IACS

1.  ���3bFGrstu"
��Cu�yPdAjFkFeA#$%�&¥��'()���36Fô�Cu�yPdAjFkFeA#$%�&¥��'()���36Fô
tu"'�v*����¼´»��z8ü¹¼©�½·Mº'¡ó*�

�'(©ª)*6FG¢�ÆÇ�&ô�»����3·b !"#$

%�&rstubvq¯�¹�v±I��y�Ä��Y´�7�*�

?
@
A
B
.

rstu

vq./

u	0.1 mm
I
u� �

2.  L!�:<"�brstu"
�0�1�2&3jFk4536FG !"#$%�&<"4��'

!;©ª6Fôtu"�*´�HI�JKL96:"�*� 
.
/
vq./ u�10 mm�� 3.  É��z{!#brstu"

�#$%�&¡4b4��'�(��,*6Cu-Zr-Ag-AwFÉ��z{
!#'�0�*�Ì!#6!;©ª�Äc)'#ý�y6Fô�ÀÁH

¹1275 MPa�JK½39 %IACS'ç8:;Dhi'@4�*�¹1275 MPa�JK½39 %IACS'ç8:;Dhi'@4�*�
�Ì!#·�20 mm�	¹0.12 mm�u¹200 mmbrstu'vq��
rstubý3Dhi'@4�*�

4.  �����b�v

40/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

�����vmb<=z5�»�
'�n��Øk3.7%'@4�*�



��

�� ����	

^_`a
�HI��JKL��./b23�0

�� ����	

�HI��JKL��./b23�0

cd23�0ef

g DhijFk�0lmgdDhijFk�0lm

nd23�045nd23�045
23�0CDE��o�HI��JKL !"#$%�&b!#pq

23�0CDE�M rstuvq./b�023�0CDE Morstuvq./b�0

wdxyzy{|b}~

�d�("b�@�9����>

41/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

��

�� ����	

wdxyzy{|b}~

J�0òxyz

�HI��JKL��./b23�0

���� p.�-1Â11

�� ����	
J�0òxyz

�4�O«I �4MN«I �4M�«I !�

xó[º N 	 N 	xó[º N 	 N 	

yz{�º N N N N

*|�}~ N M N M

��0ò Ý O 	 �á

�� N N N N

G�5� N M N MG�5� N M N M

G�ý�Æ45

�#$%�&�:yJKL²*��'L!�<"�8 !"#$%�&#$%�&�:yJKL²*� 'L! <"�8 !"#$%�&
'pqýG !"./'£¤�HIyJKL·:;Dh'@4�

�#$%�&¡4b4��'�(���ÚAÉ��z{!#',*6
�0 �0 *!#´� ¦�§'�hýG ÀÁH¹�0��0�*!#´�¥¥¦�§'�hýG�M�NoÒ�ÓbÀÁH¹
y	�oÔÕZ�ÖbJK½jFk	PáoÔbØk'óý�y'£���u�ý
39�MNo__�	¹NP�Mo__>y?6:;Dh'@4�

42/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

��ÚAÉ��z{!#'()8��K�(ÖÕÒX�����'�v�



��

�� ����	

���� p. �-178wdxyzy{|b}~

�� h@4 r *{| }~y��

�HI��JKL��./b23�0

�� ����	

�
�

�0

CD
��Dh {|b}~

��Dh@46r±*{|b}~y��

1. !#pq
�!#V4jFk©ª�Äc)[\b�á"6FôHIyJK½br�����Dh

b��@4'D�ý�

�<"4��y�8HIyJKL'0�·ÆG#$%�&jFkz{!#bVv!ø�

!#pq

y !"

ÀÁH¹1500 MPa��
JK½60 %IACS

'�ab�

2.  !"./
�pq�* !"#$%�&6;z�Cu��b¹�vbJ?6Fô !�b¯��½

?
@
A
B

'r�¹�G�y·���(K¬���y�8bá('ëì�

� !"ytu"'õöÄÅ*L!�:;Ä<"36FG !"./'£¤�� !"

#$%�&bü�qÐ./'£¤�

3 É��z{!#brstu".
/

rstu u	0 05 mm
I

3.  É��z{!#brstu"
��sb+u©ª'�u6�Ð�u	b��Dh90.05 mm>b��@4'D�ý�
�ef�¥¥¦�§yê½bu�²����x�'Ùé��É��z{!#�:'()

*�:;Ä<"=>9�Ä��Y�>6FGü�qÐ./'£¤�
rstu

vq./

u	0.05 mm
I
u�50 mm�� 4.   !"#$%�&L!�:<"�brstu"

�L!�:;Ä<"3·vq�* !"#$%�&tubP;©ª¼�<��b�#�

5 �����b�v

43/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

5.  �����b�v
�HIjFkJKL'���*��'()�����b�v'��ýG

��

�� ����	
{| �0 �

wdxyzy{|b}~
�HI��JKL��./b23�0

���� p. �-16

�� ����	

�4M�«I �4MM«I �4M	«I

c !#pq

{|b�0&����Y

��Dhb@4cd !#pq
�É��z{!#bGLr�

�#$%�&L!�:bV!��ëì

HIyJK½��
©ªÄc)��&&�á"

��GLbr�

��Dhb@4

V!��ëì

gd  !"./
� !�b¯��½r�

;¹�vJ?

K¬�á(�b��z

�L!�:;Ä<"3'�(�* !"
#$%�&tubü�qÐ./£¤

n rstuvq./

;Ä<"3bA�ëì

ü�qÐ./£¤nd rstuvq./
����36FGtu"

��:<"�6FGtu"

����$�¢�

P;©ª¼�<��ëì

�Ä��Y�s

��Dhb@4

�É��z{!#brstu"

����	y�vb��
�+ù�vy��

�Cù�vy��
��ù�vy��

!#V4«�6FGGL��

��Y�Ð6FGtu"

ü�qÐ./b£¤

44/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

���	y�vb�� ��ù�vy��



��

�� ����	

^_`a
�HI��JKL��./b23�0

�� ����	

�HI��JKL��./b23�0

cd23�0ef

g DhijFk�0lmgdDhijFk�0lm

nd23�045nd23�045
23�0CDE��o�HI��JKL !"#$%�&b!#pq

23�0CDE�M rstuvq./b�023�0CDE Morstuvq./b�0

wdxyzy{|b}~

�d�("b�@�9����>

45/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

��

�� ����	

�d�("b�@�9����>
�HI��JKL��./b23�0

���� p. �-9

�� ����	

�úé·âNN��Y'�ÅGe�

�ê`��RâÝM� �¡9�4MN«c¡>

�� �¢� x p£�����¢�bQNîx·p£

���� ef

úéb�����bör

���K��t��2»�i��YX-��¤2¥¼¦�b¸(

�����bef

�Dm§� ¡¢�RR��bG���Y"6FG�������

���K�bD��"R@��������1�X-��Ý�Ö���&�

�¤2¥b�21�(&"R����ºbKÏmÈ"�X�
»��H)��

46/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

¤2¥b�21�(&"R����ºbKÏmÈ"�X 
»��H)��
ib�ºb��




