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�1  V5Cr5Ti�HR-2� !"#$� 

Table 1  Chemical composition of V5Cr5Ti and HR-2 alloy (ω%) 

Material V Fe Cr Ti Ni Mn C Others 

V5Cr5Ti Balance - 4.08~5.09 5.06~5.11 - - - 0.045 

HR-2 - Balance 19~21.5 - 5.5~8 8~10 ¯0.045 0.3 

 

yKL2ó34506 L78÷+®Õ9�£¤;

����î
� L7:O 0.5 mm+ 

; £� 
 > <= l >? (10%HCl+5%HF+ 

85%H

2

O)@3"ôAB�!"õ�>CDEF�G

4+�
£9H, 1IJv>Ki0÷+�

¼> OLYMPUS-4000 	¹q�L(OM)éM£

¤¤ÇNéÆOÔKYKY-1010B PQ
L(SEM)�

4RS��TU(EDS)"�¤Ç�éIVÆO�f

gº����W&5�ÔFEI TECNAI F20X~
L

(TEM)"�£�YZ[IJ+ 

2  ����� 

2.1  ���� 

V5Cr5Ti/HR-2 
u�£¤��\]���I

^!" 2+û" 2-ENÂ�_ç�V5Cr5Ti´ HR-2

-Æ�`*��£¤¤Ç+4a�£¤¤ÇN��

éÐÑ´£�� V5Cr5TiSbÅ,�
Ä¤aT�

�cÅ,�[ d 15%�£�efýÂÐÑ+âz�

¹¬%&ü��g£¤hi(Åj)6[�¤Çû`

ÐÑkàÓ�ÐÑlNéÐÑl(Ô?¬%&ü��

%&ü�m[�V5Cr5Ti SbÅ,�g£�j�6

[^6d�n�mo�â[
ØÅj7m[+ 

, 2 q�Y V5Cr5Ti/HR-2 
u�£¤¤Ç"

éÆO+£�`NéÐÑ�¤Ç�Æpq(!, 2a)�

f^�cÆ�NéÐÑ�ÐÑer£�s](!,

2b)�tu¤ÇvSWÐ�´�WÐw�£�xØ5

�¹y,+z

2.2  ����	
 

`*� V5Cr5Ti/HR-2 
u�£¤¤Ç?¬%&

ü��NéÆO(, 3)[u¹¬{£�´|KIVÆO

}jË[�ÚÃ±I,~�Ô£�ÕÖY�?�q+ 

 

 

 

 

° 1  :;±²° 

Fig.1  Sketch of welding 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 2  V5Cr5Ti/HR-2�89M;;<E?�³ 

Fig.2  Appearance images of EBD welded joint for V5Cr5Ti/ 

HR-2: (a) α=60º, I=3 mA; (b) α=60º, I=3.5 mA 
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Table 2  Experiment parameter and result of EBW for V5Cr5Ti/HR-2  

Welded process Weld Test serial  

number 

Groove angle/(´) Voltage/kV  Beam/mA  

Max effective depth of 

penetration/mm  

Macro crack Micro crack 

V5Cr5Ti volume 

fusion ratio/% 

E-1-1 30 90 1.5 0.20 - - 15.3 

E-1-2 30 90 2 - - √ 30.7  

E-1-3 30 90 2.5 - √ √ 44.23  

E-2-1 45 90 2 0.50 - - 14.6  

E-2-2 45 90 2.5 - - √ 25.3  

E-2-3 45 90 3 - √ √ 34.78  

E-3-1 60 90 2.5 0.6 - - 12.1  

E-3-2 60 90 3 - - √ 23.76  

E-3-3 60 90 3.5 - √ √ 32.21  

E-4-1 70 90 3 1.05 - - 10.97  

E-4-2 70 90 3.5 - - √ 21.63  

E-4-3 70 90 4 - √ √ 22.79  

Note�- No34Yes 
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° 3  V5Cr5Ti/HR-2:;;<µ?6q¶· 

Fig.3  OM images of V5Cr5Ti/HR-2 welded joint: (a) α=30º, I=1.5 mA; (b) α=45º, I=2 mA; (c) α=60º, I=2.5 mA;  

(d) α=70º, I=3.5 mA 
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° 4  V5Cr5Ti/HR-2:;;<>?¸¹�³ 

Fig.4  Microstructures of V5Cr5Ti/HR-2 welded joint: (a) melting 

zone of HR-2 and (b) melting zone of V5Cr5Ti 
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° 5  E-3-1:;;<¤--ºJ»¼ 

Fig.5  Stress-strain curves of E-3-1 welding joint 

 

 

 

 

 

 

 

 

 

 

° 6  V5Cr5Ti/HR-2:;;<e½iO�³ 

Fig.6  Tensile fracture morphology of welded joint 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

° 7  V5Cr5Ti/HR-2:;;<>uEDSC¾ 

Fig.7  EDS analysis of area for V5Cr5Ti/HR-2 welded joint: (a) weld edge of E-3-1, (b) weld center of E-3-1, (c) weld edge of E-4-2,  

and (d) weld center of E-4-2 
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� 8  E-3-1
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Fig 8  TEM bright field images and corresponding SAED patterns of E-3-1 welded joint: (a) melting zone and (b) center of weld 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 11 V5Cr5Ti/HR-2&'()XRD�* 

Fig.11 XRD pattern of heat diffusion couple of V5Cr5Ti/HR-2 

 

 

 

 

� 9  V5Cr5Ti/HR-2&'()�����+,-. 

Fig.9  Interfacial microstructure (a) and distribution of element (b) 

for heat diffusion couple of V5Cr5Ti/HR-2 

 

 

 

 

 

 

 

 

 

 

� 10 V5Cr5Ti/HR-2&'()/0�12�3�45 

Fig.10 Microhardness and elastic modulus for heat diffusion 

couple of V5Cr5Ti/HR-2 
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 12  V5Cr5Ti/HR-2����������� 

Fig.12  Morphologies of fracture for V5Cr5Ti/HR-2 EBW 

welded joint: (a) heating crack of HR-2 side and (b) 

delayed crack of V5Cr5Ti side 
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Microstructure and Mechanical Property of Electronic Beam Melt Welded Joint of 

V5Cr5Ti and HR-2 Steel 

 

Li Yubin, He Jianjun, Wang Wei, Yang Guohua, Ren Yitao, Yang Long 

(China Academy of Engineering Physics, Mianyang 621907, China) 

 

Abstract: The microstructure and mechanical property of the welding joint of vanadium alloy (V5Cr5Ti) and HR-2 steel was investigated 

by optical microscope (OM), X-ray diffraction (XRD) and transmission electron microscope (TEM). Results show that a defect-free joint 

can be achieved using both focus point migration and inclined groove when the fusion ratio of vanadium alloy is controlled to be less than 

15%. The tensile strength is about 400 MPa, and the fracture surface exhibits a typical mixed fracture mode. The formation of phases in the 

weld boundaries is affected by the fusion ratio of vanadium alloy. When the degree of vanadium enrichment is low, Fe-Cr substitutional 

solid solution with bcc structure is formed. When the V/Fe ratio is high, intermetallics including Fe

0.1

Ti

0.18

V

0.72

 and V

2

Cr

2

Fe appear. The 

occurrence of hot cracking and cold cracking is due to the formation of vanadium-rich intermetallics as well as thermal stress 

(approximately 400 MPa) during welding cycle and residual stress (approximately 300 MPa). 

Key words: V5Cr5Ti; HR-2; electronic welding; melting ratio, microstructure; intermetallics  
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