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Simulation on temperature field of TIG welding of copper without preheating
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Abstract: According to the conservation of energy principle and technology characteristics of tungsten inert gas(TIG), a model of
non-steady three-dimensional temperature field for red copper’s TIG welding with a locomotive arc was established. The temperature
field of welding pool was calculated with finite element software ANSYS. Indrafted the heat enthalpy conception and the surface
distribution dual-ellipsoid model, the demands of welding numerical simulation was primely satisfied. Aimed at bad weldability of
red copper, the TIG welding of thick-wall red copper was studied adopting Ar+N, without preheating. The results show that the
heating effect of arc is evidently enhanced, it is viable to achieve the no preheating TIG welding of red copper. Comparing the
experimental values with the calculated ones under different technological parameters, the results indicate that the model and
practical course are well matched, which proves that the model is reliable and correct.
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1 Introduction

Fusion welding of red copper easily leads to many
defects, such as backing’s lack of fusion, groove’s hard
of through-welding, bad surface forming. All these have
relations with thermophysical performances of red
copper. The heat conductivity of red copper is good, so
we should choose welding methods with high heat
efficiency and concentrated heat quantity. It is benifical
if the heat efficiency is high and the energy is
concentrated. TIG welding has prominent virtues of
stable arc, concentrated energy capacity, good protection
effect and flexible operation. It has already replaced
traditional gas welding, carbon arc welding and manual
electric-arc  welding, and become one of the most
widespread melting welding methods for thick-wall red
copper.

The welding is a non-equilibrim, transient and quite
non-uniform physicochemical metallurgy process, it is
difficult to realize real-time, efficient and on-line control.
To establish mathematical model of the welding pool
using the science method and describe the heat transfer
and liquid flow of the welding pool, not only the
simulation of complex welding phenomenon can be
achieved and the best technological parameter can be
confirmed[1-6], but also the foundation for achieving

intellectualized control of welding process can be laid. In
recent years, many researches about simulation on
temperature field of TIG welding the world were
developed all over, and many achievements were made
[7-10].

In this paper, a non-steady
three-dimensional temperature field for TIG welding
with a locomotive arc was established and the
temperature field was calculated with ANSYS. Aimed at
the weldability of red copper and in order to improve the
welding quantity, the TIG welding of thick-wall red
copper was studied adopting Ar+N, under non-warming-
up condition.

model of

2 Model description

2.1 Construction of control formula

Fig.1 shows the schematic diagram of TIG welding
process with a locomotive arc (unfilled with welding
wire). As shown in Fig.1, the arc moves along the X-axis
at a certain speed uy. The heat of the electric arc melts
the base metal to form welding pool. According to the
distributing of the temperature field, the welding pool is
divided into two parts of the foreside and the rearward.
In the foreside, the input heat wins the outer spread heat.
In the rearward, the out spread heat wins the input heat,
so it gets solidified.
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Fig.1 Schematic diagram of TIG welding system

3-Dimensional model of the welding pool had been
built under instable condition. To simplify the calculation,
the liquid metal in the welding pool is unable to be
pressed sticky fluid and its hydro-mechanical moving is
a laminar flow[11]. The supposition that the surface of
the welding pool is not deformed, has been proved by
both theoretic calculation and experiment[12,13].

In the certain coordinate, the energy formula of the
un-pressed fluid is
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where p is the density; ¢, is the specific heat of certain
pressure; 7 is the temperature; k is the coefficient of heat
transfer; u, v, w are the fluid’s corresponding velocities in
x, ¥, z dimension of the liquid metals in the welding pool,
respectively.

Both of the liquid welding pool and the solid around
it are included in the data realm of Eqn.(1). So in the
whole data realm, it is a problem between convection
and conduction. But for the velocity of the fluid in the
solid is zero, actually it is a pure heat transfer calculation
in the solid realm[14]. So the result of such calculation
will provide the temperature distribution in the solid and
the liquid for us. They will be automatically tallied in the
interface between the solid and the liquid.

The work piece is in the solid state prior to the
welding. After igniting arc, the work piece absorbs the
heat of the electric arc. The heat that absorbs with the
work piece increases gradually, the temperature also rises
gradually, the welding pool appears in the molten bath.
With the extension of the welding time, the welding pool
is expanding continuously. When the welding pool
reaches a certain size, the total amount of heat that the
welding pool absorbs just means the heat transmits into
the batch and the heat spread out through the work piece
surface. It will be in the stable state at this moment. And
the welding pool at this moment has an invariable form,
and can be regarded as the invariable temperature field

which moves with the heat source centre along x-axle at
the same speed as the electric arc.

As to the flowing movement that the fluid in the
welding pool should satisfy the momentum equation, and
its momentum equations are

Along x direction:
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Along z direction:
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where u is the viscidity coefficient.

In addition, according to the law of conservation of
quality in classical mechanics, the systematic quality is
unchangeable. The fluid field should also satisfy an
additional demand, namely the continuity equation:
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The equations mentioned above just describe the
control equations of the fluid field and the heat field of
welding pool in the transient state, which are influenced
by the locomotive electric arc.

2.2 Border condition

The solution area of control equations includes the
welding pool and the metal around it. In the whole value
range, the solid state area takes mainly solid condition
heat-conduction, and the welding pool area takes mainly
convection with the liquid metal at a high temperature.
The welding process in this study is in the unstable state.
So there will be the heat of the electric arc in the surface
of the welding pool, and the losing heat of the welding
border convection and radiation. Because the heat-
conduction rate of copper is high, a large amount of heat
will be conducted out from the heating area rapidly
during welding. And because of the symmetry of the
welding pool, which is in the welding speed direction,
we should calculate one half of temperature field of the
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work piece. The border condition on the surface of the
work piece is

ka—T:q(r)—h(T—TO) ©)
Oz

where ¢(r) is the density of the thermal current of the
electric arc, / is the equivalent coefficient of the
radiation and convection heat, respectively.

2.3 Latent heat of phase transition

During TIG welding, melting and solidifying and
other phase transitions of the weld metal occur in the
welding pool at the same time. It will absorb or give off
the latent heat while in phase transition, namely latent
heat of phase transition. There is the discontinuity with
temperature gradient in the phase transition interface,
absorbs the latent heat while melting, and releases the
latent heat while solidifying. One method of dealing with
phase transition is to adopt the enthalpy method, just
define the material’s enthalpy which alternates with the
temperature to consider the latent heat. Its relational
expression can be shown as

A (T = OT pe(r)dr @)

where p is the density of material, kg/m® ¢ is the
specific heat, J/(kg'K), respectively.

2.4 Mode of heat resource

The Gauss distribution function was adopted to
solve the thermal current problem of TIG welding. The
longitudinal vertical thermal current was neglected when
calculating the heat resource distribution by the
two-dimensional heat conduction equation. So only by
calculating in three-dimensions, can we actually realize
the heat course of welding. The dual-ellipsoid thermal
current distribution model was adopted, which was
named by GOLDAK et al[l5]. We can simplify the
dual-ellipsoid model to the surface distribution dual
ellipsoid model, for the depth of the TIG welding pool is
relatively shallow. To this model, the energy density of
the foreside half of the welding pool can be expressed as

a,bn a, b*

where f; is the distribution index of the energy density
of the foreside half of the welding pool by the total input
thermal power; 7 is the lagging factor of the electric arc
at the initial moment; QO is the inputting rate of heat; x
with &-axle at the moment, is just the distance in axle
direction from the heat resource centre, and the same as z
with £-axle, respectively.

The energy density of the rearward half of the

welding pool may be pressed as
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where f; is the distribution index of the rearward half of
the welding pool by the total input thermal power.

The a; and b of the foreside of the welding pool that
are independent of the @, and b of the rearward, can
represent different data, as shown in Fig.2, where £ is a
moveable coordinate.

Fig.2 Schematic diagram of surface bielliptic model of heat
distribution

2.5 Thermophysical performances parameter of

material

Whether the thermophysical performance para-
meters of material are correct affects the accuracy of
computation results directly. In this paper, the model of
the welding pool on TIG welding of T; copper plate with
thickness of 10 mm was studied. Its thermophysical
performance parameters are shown in Table 1.

Table 1 Thermo-physical properties of T; red copper

Parameter Value
Density/(g-em ™) 8.94
Melting point/'C 1083
Heat conductivity/(W-m - K™ 391
Specific heat/(J-g - 'C™) 0.384
Cocfficient of linear expansion/(10 K ™) 16.8
Linear contraction rate/% 2.1
Interfacial force/(10°N-cm ™) 1300
Ambient formation/K 300

3 Formation of non-uniform grid

Three-dimensional model is utilized to analyze and
calculate the heat course of the TIG welding. The
calculating grid is shown in Fig.3. Because in the
welding course, the temperature gradient of the welding
pool which is closed to the heat resource is great, and the
changes are especially great, and the farther away from
the thermal resource the smaller gradient of the
temperature. We can’t solve the contradiction between
the computational precision and speed by adopting the



LEI Yu-cheng, et al/Trans. Nonferrous Met. Soc. China 16(2006) 841

uniform grid. The expanding grid in x, y direction was
adopted in this paper[16]. The expanding coefficient of
the gird is 1.05. But it adopts the thinner uniform grid in
z direction.

Fig.3 Schematic diagram of non-uniform grid system
4 Calculating results and discussion

Because of the strong arc light interfering during
welding and the violent moving of the liquid metal in the
welding pool, it is very difficult to measure the
temperature field of the welding pool in experiment. So
we can prove the exactness by comparing the calculating
data value and experimental data value of the melting
width and depth during welding. Because the electric arc
power of nitrogen is triple of the electric arc power of
argon under the same electric current and arc length. We
can notably improve the heating effect of the electric arc
of argon by mixing a certain proportion of nitrogen. So
the mixed protection of argon and nitrogen is applied to
the TIG welding in case of no preheating in this
experiment. The welding parameters are as follows: the
welding electric current is 380 A, the welding speed is
400 mm/min, the flux of Ar gas is 20 L/min, the flux of
N, gas is 8 L/min, the diameter of the tungsten electrode
is 5 mm. Fig.4(a) shows the form of welding pool’s
lateral section which obeys above-mentioned parameters,
and Fig.4(b) shows the form of its corresponding
temperature distribution. Figs.5 and 6 show the changes
of weld width and weld depth under different parameters,
it is easy to find that the computation results and
practical measuring results are well matched, which
proves that the model is correct and rational.

4.1 Impact of welding electric current on temperature

field

Fig.5 shows the effect of welding current on the
heat input. It is easy to find that both the welding width
and the welding depth are correspondingly increased
with the increasing welding current. The welding linear
energy increases correspondingly with the increasing of
welding current. The heat input of all positions of the
work piece will increase, thus causes the temperature of
the work piece to rise up wholly, and the temperature
distribution range increases correspondingly.

MX=1801K
L=1531K
K=1401K
J=1271K
I=1141K

(b)
Fig.4 Cross section image (a) and corresponding temperature
distribution (b) of TIG welded joint
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Fig.5 Effect of welding current on heat input: (a) Transfor-

mation of weld width under different currents; (b) Transfor-

mation of weld depth under different currents
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4.2 Impact of welding speed on temperature field

Fig.6 shows the effect of welding velocity on the
heat input. As shown in Fig.6, both the welding width
and the welding depth decrease with the increasing the
welding speed. This is based on the situation that the heat
inputting of the unit time does not change. The increase
of the welding speed shortens the action time in each
position of the electric arc and the work piece. The
welding heat input decreases in each position of the work
piece. Such reasons cause the melting width and the
melting depth of the welding pool to decrease.
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Fig.6 Effect of welding velocity on heat input: (a) Transfor-
mation of weld width under different weld speeds; (b) Transfor-

mation of weld depth under different weld speeds
5 Conclusions

1) The surface distribution dual-ellipsoid model of
the TIG welding that was treated by the moving electric
arc was established. The heat effects of electric arc by
mixing the nitrogen of certain proportion in the argon
have been notably improved. The experimental results
proved that it was feasible to apply the no preheating

welding of red copper.

2) The temperature field of the TIG welding with
different technical parameters have been calculated, and
the relationship between different technical parameters
and the melting width and the melting depth were
established. The results indicated that the experimental
value and the calculated value were well matched, just
proved that the model that we set up was correct and
rational.
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