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Fig.1  Weld pool models for EBW of thin Niobium plates: 

(a) downward EBW and (b) horizontal EBW 
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Fig.2  Physical model for horizontal EBW 
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Fig.3  Meshing for different types of molten pool: (a) bowl shape, (b) nail shape, (c) cone shape-1, (d) cone shape -2, (e) cone shape -3, 

and (f) cone shape -4 
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Table 1  Physical properties of the material used in the simulation

[10,11]

 

Temperature/� 20 100 300 500 800 1000 1100 1500 1700 2000 2500 

Density, ρ/g·cm

-3

 8.660 8.655 - 8.630 - 8.600 - 8.560 - 8.510 8.505 

Thermal conductivity, λ/ W·m

-1

·K

-1

 53.7 55.2 58.2 57 - - 62.8 68 70.6 72 75.6 

Specific heat capacity, c/J·kg

-1

·K

-1

 269 277 283 288 305 314 - 339 - 360 380 

Surface tension, σ/N·m

-1

 - - - - - - - - - - 1.90 

Nb plate 

Molten pool 

Nb plate 

L
o
w

 
p
r
e
s
s
u
r
e
 
e
n
v
i
r
o
n
m

e
n
t
 

L
o
w

 
p
r
e
s
s
u
r
e
 
e
n
v
i
r
o
n
m

e
n
t
 

a 

b 

c 

d 

e 

f 



�1898�                                          ��������                                            ! 47" 

%UÒND*XV; F$á F=1nWXÕYZ 9�

[Y�ôÒÚ\]}á F=0nWXÕYZ �ÓYô

Ò�Z }á 0<F<1nWXÕYZ �çÖZ $ 

VOF��KL�^_�GJ 

0

F F F F

t x y z

µ ν ω

∂ ∂ ∂ ∂

+ + + =

∂ ∂ ∂ ∂

                365 

�HF;Z Ñ�ôÒÒN²¾$ 

�ôÒôFGH`S$%HåÒÒN²¾aå

Ò�bipc0$öF��¿õR�dn�R�$

%Hô��ôõ�ôÒÒN�¿ÀRS$%� Fe$

Y#fg�#hi3geo-reconstruction5j�k��õ

R�nlåÒ<ÁÕÖ�Kæ$ 

��������������

�¾eü�FGHfgü_H`�çÖ�#x`

��mçn�ØÙ 4ÚÛ$ 

315ÍåçÖ3wall5JYçÖ�12;����

1232468 45��(k$ 

325[åçÖ3interior5J�çÖQ=>ÕÖ·É$ 

335Í[çÖ3wall5JYçÖ�[Ò12��

`��(k$ 

345��o3wall5JYpÖ12;o1 300 K� 

 

 

 

 

 

 

 

 

 

 

 

� 4  	
#$� 

Fig.4  Sketch of the physical model 
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Table 2  Welding parameters used in the experiment and 

the simulation 

Parameter I II III IV V VI 

Acceleration voltage/kV 60 60 60 60 60 60 

Beam current/mA 30 40 50 45 55 60 

Welding speed/mm·s

-1

 8 8 8 6 6 10 

Penetration form Half Half Full Full Full Full 
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Fig.5  Molten pool states for EBW with 30 mA beam current and 8 mm/s weld speed 

Solid-liquid 

interface 

Vacuum chamber 

Nb plate 

Molten pool 

Nb plate 

Gas-solid 

interface 

Gas-liquid 

interface 

Gas-solid 

interface 

Vacuum chamber 



! 6-                                 ./012����� 3 mm345���,                             �1899� 

 

 

 

 

 

 

 

 

� 6  ���% 55 mA&�'() 6 mm/s*+,�67�, 

Fig.6  Molten pool states for EBW with 55 mA beam current and 6 mm/s weld speed 
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Fig.7  Cross-sectional bead shape for different EBW parameters: (a) parameter I, (b) parameter II, (c) parameter III, (d) parameter IV, 

(e) parameter V, and (f) parameter VI 
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Fig.8  Weld width under different heat input 
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Molten Pool State for Horizontal EBW on 3mm Niobium Plate 

 

Fang Yuchao, Yang Ziyou, He Jingshan 

(State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology, Harbin 150001, China) 

 

Abstract: In the case of downward EBW with full penetration, defects such as underfill and collapse on the face of weld may occur due to the 

recoil pressure. Proper horizontal EBW parameters were used to obtain weld with front reinforcement in accordance with the technical 

requirements. A 2-D model of the horizontal welding process for 3 mm niobium plate was established, and molten pool models with different sizes 

and shapes were built for different welding parameters. The VOF method was applied to simulate the free-surface state of molten pool metal in the 

welding process, and the evolution of molten pool for different welding parameters was obtained. Experiment results indicate that the weld width 

increases with the rise of heat input, and the simulation results agree with the experimental. 

Key words: EBW; horizontal welding; molten pool state; niobium 
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