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Forgeability Tests on Titanium Alloy of 15V-3Al-3Sn-3Cr 
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The hardness test, the flow stress test, and the back-ward extrusion test of Titanium alloy of 15V-3Al-3Sn-3Cr were 

carried out. Moreover, the temperature variations of the workpiece during the forge processing were estimated by con-

sidering that the heat generation from plastic deformation and the heat transfer from the workpiece to the die assemblies. 

The forgeabilities of Titanium alloy of 15V-3Al-3Sn-3Cr were considered from these examinations. 

��� �����

'z(ef$«¬s®ò̄ 8Xò°±�×²òS

³ËQ�Xîï<�B��ýÆòðñ"ó�ük H�ò

�{'z(|}�~���iEn�o´6��*ð

ñGH��

��� ��1h�

��ef��g%[æú$°Í�jÉ�* H�

¿x� Y�1h0�Á,�£h�

�Á,�£h����
�Án£�

�� |�� p>� Ú5�

46�g�3|�3p>3Ú5� �X��l���g�3�g���g�3�g���g�3�g

��!ð�3gñî�8������

3�� ��%&�

Ò³_��Ü���o´e2���ÆòÁ!à_

zÔóì�µ	2G¼��÷����nA$¡n§

Â �dE�¶* 4��¶·�$LDEE�̧ Ë�òµ	2 E©F

EÉ�oà_zÔ$ "�EE�̧ Ë�ò�dE�¶EÉÈHà_

zÔ$¡n�L OE�¹Eî4����ÜQW$¡nE

É�o���EL �¯E�|�* 4�k��ò��¦E

$L �EE�|��*Q%Æ��

¿�� �UVY�OP�

�´� ��� �g��ñ�

Y�sé% 
�lî�X� 
��î�g�
Y��·� ���;;Ô;6>� x�;;Ô;6>�

Y�µ� ��Y�µ� �
�mnS�

�� � ÚÑÇ�p�� ÚÑÇ�p��

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
0

200

400

600

800

1000

1200

1400

¡}V��

�
�
%
&

 (M
Pa

)

��

250ñ

wx� �UVY�qr�

*æ3Rºùd9�CDç|IJ�� **ãQ�ÞxTdl�tuv ***<~����tuv



̶24̶

0 0.2 0.4 0.6 0.8 1
200

225

250

275

300

325

350

¡}V��

¢
©
Q


o
G
�

 H
V

w�� ���}wtG�

X�� £¤0¥$¦§G��

�º "F���ò@W �E��� �Ò³_��ÜEß»*

1¼Æo"EEE�¥+±²(±RSx���o¦h��

Æ���Æ��2&_`§Â[Ò�½6�gîHW

('�É
����!n�}~*$\¸��´�ú

c8¾Æ��òd´$al*^��Þ$U�îal

�*^��Ä��$�Í�Æ)îMòal�æ¿�

��$Õ>*^î)4��ò¡nEÉÈHal�b

é* H�j$S)4���

¿�� ¥$¦§G�6OP�

� � �´� ����¨©������£ª�

«/.I� 
���X� 
������
=�¬®� l���� XÜ���

�� � ÚÑÇ�p�� Ú�

¯°±²17� FG� FG�

¯°±²¿��!� ³� 46�

¯°±²´µ�{� Sn©�� ¶·��¸Òg-�

�

�<���x� ���������������

w�� �6¥0¹º�

g�� «� ¬�

¡nEÉ�o�'z(�QW$ �¯E�|�* �òl

5QW��ým���Ü���o[Ò�½6 FE�º

�¦h��ÆW('Áþ$L d<EEE�¸Ë�EkÀGH

j/=W] ��òW(',A��K�����ÄÆE

$al*^H��$al�*��Ü�@nEî�à

_zÔ�d�H�÷j/�Æo��!�nA�( 

Æ��~���X���E§¨Gýe�ù5T��

ùEUHnA�8�EUHj/=Æoò��Ò³�

�ÁYû�6T�B�ÆonAà%�ñ�Æ�IJ

Ùódü�Ê(EÆò�ô/���Ò³)*åEàÂÆ

Ã	��(ÎÆonA�/=GH�jjÆ���

g��� »T¼a�

al!���X�nA$5ÎE
GnAñ��ô

/E��jÄ>Æ��GîS¦òÄià_Z\/Ñ

Q� OE�º��Eî���X�[�7EnA��W

 �¦ò�$al��!òlC<ÁS�;dGH�

��alE��*]H>SÂT_`$�ºj@W�

3¨�ÆMò H�$��òXY7	¡Å�ÆoÉ

�ò3¨�Ò�{jÖÑÆo�H�*å_*OUÆ

��å_�#>ê�ÁYû�û$h*]oÉ�ò�

]�B�ÆònA$å;�Ñ»nA*&°GH�j

jÆ����U�î�|�lCnA�à%Æî� Ã	

���°��|��ÁYû�û�5�EòXY��

÷��ÑÆ§Â��Ò³�6Tj®E
Æ����

E �Eò��$)]:]·�EUH�`�nA��øò

��X�Ñ»nAòD�ò�òÇò}$)]:]ÀQk

Z�ònAÁYAò��òå�º* H��



̶25̶

wª� �·½¾T¼a

0 0.2 0.4 0.6 0.8 1
0

0.2

0.4

0.6

0.8

1

T m
 / 

T 0

Fo=at/R2

¿
À
¶Á»

¿
À
ÂÃ

Bi=Ä

w� ¿�´,ÂÅ�·�

�

g��� �·½¾�

ÄiÈ´�ñ� �üEfgîà_zÔ§ÂefÓi

$5Å§Â° ÙE
Æ�î������ÁÀ�ñ�

$ Ã	 ���°j$ 	òÖÑ�2(�±z(x$

"EE�¥Éõ?��püòal��$Äià_Ê$å*°W]ò

)��º�W('��GH��jÆoòû�û�

¶
Rä1²�2Q[ Fü�B�Æoñ�Æ��$5

÷E¡nEÉÈHà_zÔ�B�ÆoÄiÈ´EU

HnA���ñ�ÆònAÁÀEUHnA;d��

÷��;E���ñ�6TEUHnAEÉÈHà_

zÔ���oÄiÈ´EUHnA��ò{<�ÁÀ

EUHnA;d�ñ��Æ���]*�nA��Æ

MîH�*ñ��¡�¢Æ���'z(EìGHñ

�6T�al	A�©ª�´6H�÷ò	AL �EE�

��õÌ�3)"EE§ÂdE���õÌEìÆo5ñE
Æ��

al!E'z(���X$L dEE�¶EÀÆo�H�

5XE�
ef���o[Ò�½6 Fd�º�¦h�

�Æal�Æ��|�6T�
Æ��'z(|}$

à_zÔ�°^MòpAsX�k¸W��÷ò·�

i$@MòÞ�ef�>ó"E¼�·�nAjî4��

��ò5X�6T)*¸�ù�ýe$�ÁÀ�°�

ùýeU�k°^Mò��X�nA$;MòalÁ

þ$@��j�S)H�'z(�alÁþ$ýe[

Ò_�L "FEEó"DEE�¸Ë�* 4��

0 300 600 900 1200
0

200

400

600

800

1000

1200

�·�ñ�

�
�
%
&
�

M
P

a�

Ti

Steel

Cu

Al
Mg

w�� ½¾�'ò���%&��·ÆÇ[0V«È�

¿ª� �½¾�'ò�É[�

�
[\Ô;3

7
[ÊÔ�[\ï�

ï
ËÔ�;ï�

<�î���g�
;�ÔÉ�

46� XX�� ��g3�� Ò� ��3��

pÈ::� �Òl� ��X�3� X3� ��3Ü�

|�� ���� ��Ü�X� ���� Ü��l�

Ú?� ÒÜ�� ��3Ò�� 3ÒX� ����3�

Ç\� ���� ��ÜÜX� Ül� g�Xl�

40 50 60 70
300

400

500

600

1000

1200

1400

1600

1800

2000
50mm/s

100mm/s

200mm/s

200mm/s

100mm/s

50mm/s

=�¬® r

�
·

 (ñ
)

�
6
q
/

 (M
Pa

) 
16mm,h20mm

�6OP

w�� .ù/0�·Ìq/½¾qr



̶26̶

0 10 20 30 40 50 60
0

150

300

450

600
0

400

800

1200

1600

2000

dI}s#¶� (mm)

�
·

 (ñ
)

r=65%

Ti

Steel

Al
Cu

Ti
Steel

Al
Mg
Cu

�
6
q
/

 (M
P

a)

Mg

w�� ÍÎ1h0�·"#q/½¾qr

�µtK�o�

l�� }®���

�{'z(|}$~���$bé* H�òal

·�$ËÆM\]EdEE�¶EkÀÆò1¼����

i��gj�S]���*Ä��$½îMñ�E�

��ÓiîkOUî* ����*$ H�ò(�

h$�8�î�j�S]��*ðñÆ��i¦$Ä

���ýÆoôQz�ÌÍi�@÷HjjkEnA

ñ��ô/��æW ����

¯� °

¬IJ$òæ3Rºùd9�CDç|IJ�sô

³z/k�ÇM�IJ.(zQEÉÈHCDIÎ�

î)*ÄïÆ�k�* H�)Æoò¬ðñ$ò�

58 .ÄialO|ÏÐuEÉ�o·°Æ�k�*

 H�

9�CDç|IJ�sô³z/k�ÇM�IJ.

(zQ������28E$ò¬IJ�cRE �

�òb°îÛéY���*�����òl.(zQ

���Ñ!28E$òCDIÎ�]Èû]EÆÆo

b°îÛÒþ���*MjjkEòÓ�îÛ7î�

��*���

9�CDç|IJ�s2èe�Rä.xIJ´

ÔsMaleæ_IJ1/QR�����!28É

UÂ�� �28E$òÄ��ÄïEÆÆb°îÛ#

þ���*���

ãQ�ÞxTdl�tuv�����&E$òÄ

��f�Û����*���

<~����tuv��� r&E$òÓ�îÛ7

î���*���

��EÕÆoÖ�U�×ijÆ�jH�

±� ²

"�ß§Ø®}zÂö(1ÀÙQÌQEUH'z(æ

_ò¤¬Äial[u��ú�u� � ��.��

ÄÚÏÁ��EEd��

��Û�Ìf}JÝ2´Xj~���ss�O�Üz

~�À�4kQuCD6f+��E��EEd��

�������òÝ&Þ®ò°ßfrò��� �ò�

����!}Ä�~���Æalñ�Rä1²�

��íò� dF.ÄialO|ÏÐu��EEd�ËF�d�

Ù�|©o©���Ì��¢±à©�©à��¤��}����
Í	����á����Í�	��

Ì��	Ì�"OdO��

d������ò��� �òlbúc}âã�h��

ÆalÁþE§¨Gýe�ù�©ª��þ[7�

�ò� Ù".ÄialO|ÏÐuËÙF��"OOE��

F�âÈä|}#>ênAúN��÷H
Rä1²��

�ÍÍ@¡õõ¢¢¢©@��Í��©Í©�,Í�¥å�©�
©£@õæ����å���õ

��ÍÌ��õ��ÍÌ��©�Í���


