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Fig.1  Schematic diagram of electron beam girth welding 
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Table 1  Physical properties of pure niobium  

Temperature/K 320 400 600 800 1100 1300 1400 1800 2000 2300 2800 

Density/g·cm

-3

 8660 8655 - 8630 - 8600 - 8560 - 8510 8505 

Thermal conductivity/W·(m·K)

-1

 53.7 55.2 58.2 57 - - 62.8 68 70.6 72 75.6 

Specific heat capacity/J·(kg·K)

-1

 269 277 283 288 305 314 - 339 - 360 380 
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Table 2  Other parameters used in the simulation 

Parameter Value 

Melting point/K 2768 

Boiling point/K 5042 

Laten heat of fusion/�10

5 

J·kg

-1

 

2.84 

Laten heat of evaporation/�10

6 

J·kg

-1

 

7.34 

Surface tension (at 2768 K)/N·m

-1

� 1.90�

Temperature coefficient of surface tension/ 

�10

-4 

N·(m·K)

-1

�

-3�

Gravitational acceleration/m·s

-2

� 9.81�

Ambient temperature/K� 300�

 

 

 

 

 

 

 

 

 

 

 

 

 

� 2  �� A-A������ 

Fig.2  Molten pool on section A-A 
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Fig.3  Formation of keyhole profile during EBW: (a) 0.01 s, (b) 0.03 s, and (c) 0.14 s 
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Fig.4  Evolution of the flow pattern and temperature fielding in longitudinal (a, c, e, g) and cross (b, d, f, h) section side view:     

(a, b) t=0.17 s, (c, d) t=0.24 s, (e, f) t=0.52 s , and (g, h) t=1.7 s 
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Fig.5  Simulated results of the molten pool dimensions 
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Fig.6  Schematic diagram of typical positions in the molten pool 
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Fig.7  Calculated x-velocity evolution curves 
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Fig.8  Sketch of support effect of base metal on the molten pool  

before full penetration welding 
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Fig.9  Diagram of the effect of gravity on the molten pool:     

(a) gravity in the flat molten pool and (b) gravity in the 

girth molten pool 
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Fig.10  Comparison between simulated and experimental weld 

cross-section 
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Numerical Simulation of Molten Pool Behavior in Electron Beam Girth Welding of  

2 mm Niobium Plate 

 

Yang Ziyou, Fang Yuchao, He Jingshan 

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

 

Abstract: Pure niobium girth weld seam is one of the commonest structures in the process of superconducting cavity fabrication. However, 

the circumferential molten pool behavior in electron beam welding (EBW) is seldom studied. A three-dimensional model, which was based 

on the VOF model, was established to study the dynamic behavior of circumferential molten pool in electron beam welding of 2 mm 

niobium plate. The influences of recoil pressure, surface tension and gravity were taken into account during the simulation process. The 

temperature field and flow field of the circumferential molten pool were calculated, the typical positions in the molten pool were analyzed, 

and the characteristics of the circumferential molten pool were summarized. During partial penetration EBW, the simulation results show 

that there is no obvious difference in keyhole evolution between flat welding and girth welding due to the supporting effect of the unfused 

base metal on the molten pool. After entering the full penetration stage, the tail of the molten pool extends rapidly under the influence of 

the Marangoni effect and gravity. In addition, the numerical result is in good agreement with the experimental data, which verifies the 

rationality of the mathematical model. 

Key words: niobium; electron beam welding; circumferential molten pool behavior; supporting effect; gravity 
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