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Fininte element analysis of electron beam welding considering for
moving heat source

Haeyong Cho, Sukyoung Jung, Myunghan Kim, Changyong Jo, Jachoon Lee and
Jeong Suh

ABSTRACT

Simulation on the electron beam welding of Al 2219 alloy was carried out by using commercial
FEM code MARC, which encounters moving heat sources, Due to axisymmetry of geometry, a half of
the cylinder was simulated. A coupled thermo-mechanical analysis was carried out and subroutine for
heat flux was substituted in the program. The material properties such as specific heat, heat transfer
coefficient and thermal expansion coefficient were given as a function of temperature and the latent
heat associated with a given temperature range is considered, As a result, the proper beam power is
60kV X60mA and welding speed is 1~15 m/min, The residual stress in the heat-affected zone as
well as the fusion zone does not increase. It is necessary to use jgs for preventing distortion of cylinder
and improving weld quality.

Key Words
the electron beam welding, Al 2219 alloy, FEM, moving heat sources, coupled thermo-mechanical
problems, heat flux, residual stress, jgs
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Table 1 The Properties of Al 2219-T851

Properties

Value

Young' s modulus

Temperature dependent

Poisson' s ratio 0.35
Mass density 284 Mg/ nd
Yield stress Temperature dependent

Thermal Exp, Coef.

Temperature dependent

Thermal conductivity

Temperature dependent

Specific heat Temperature dependent
Emissivity 3%
Latent heat 77 kecal/kg
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(b) 1446%(2/4) step

(c) 1446 % (3/4) step

(d) 1446 x(4/4) step

Fig. 2 Temperature distribution for 60kv X 60mA,

m/min

Fig. 3 Temperature distribution of depth
for 60kv X 60mA, 1m/min

Table 2 Temperature distribution and fusion radials
for each weld condition

Beam Speed M um Fusion radials
_ . | temperature (rom)
power | (m/min)| . ge('C)
1.0 700~980 22~30
60k V*60mA 15 600~870 12~25
20 430~720 00~18
07 | below 670| 00~10
60kV*30mA
1.5 below 460 00
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(C) Magnified distribution for 1446 X (2/4)
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(d) 1446 x(4/4) step

Fig. 4 Residual stress distribution

Table 3 Maximum

for 60kv X 60mA, 1m/min

residual stress range for

each welding condition

Beam Speed | Maximum residual stress
power | (m/min) range(ke/md)
10 17.78~20.30
60kV*60mA 15 16.24~18.76
20 23.66~2710
07 18.32~2043
60kV*30mA
15 None

Table 4 Mechanical properties
of Al 2219-T851

No. of Strength (kg/mm’) Elongation
specimen | Ultimate Yield (%)
(#1) 459 339 12
(#2) 459 349 12
(#3) 458 344 12
Average 4587 344 12
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Fig. 5 Distribution of y-deformation for
60kv X 60mA, Tm/min
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Fig. 6 Distribution of z-deformation
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Fig. 7 Experiment of electron beam
welding at 60kV, 60mA, 1m/min
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