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In this paper sxperimentzl weld pools has been created 1n axisymemic specunens of low carbon sieel by
autogensous gas wngsten arc (GTA). Different conditions of arc current, nozzle size and arc me have bean
investigated, The weld pool profile has been measured and ploned in eack case. A numerical heat wanster
model that takes into account thud flow in the weid pool was employed to sumuiaie the cevelopment of
GTA welding process. The mode! has been tested against the experimentai results to deduce the optimum
volues of arc efficiency and heat dismibution parameter. The model provides far bemer fit to the
experimental resulls for the whole investgated range of parameters as compared to previous models. The
degree of accuracy of the model is not affected by the arc time within the investigated range The resulis
have been discussed and interpreted.

INTRODUCTION

4 growing recognition of sigmficant finid flow during fusion welding has been monifested in previous
investigaoons. Vanous mathematical models have been foruulated to desenbe heat and flurd flow in several
welding processes including Gas Tupesten Arc{ GTA) (1], Gas Metal Arc ( GMA) (23], Elecron Beam (
EB) [4], spot [5](SW) and Laser Beam (LB) (6) welding. The accuracy of the nbained numencal resalts
depends upon the selection of such parameters as arc efficiency and heat disoribution parameters. [n a recent
work [3], an amempe has been devoted i study the influence of these parameters on the weid pool profiles
in GTAW and GMAW. [t has been conciuded that the hext distributoa parameter has a considerable
influence on the depth of the weid pool. The width of the weid pool was found to be more sensifive ©
vonauons of are efficiency. Hitherto, the chowce of these model parameters has been based on mere
assumplions.
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in the present investigation, 2 wansient heart wrznsfer model has been used with an expenmental program 1o
model GTA weld pools. Experumenal results arc used with the previously deveiuped numencal model to
deduce most accurate values of model parametcrs. The selection of these values is based on testing the
model againsc expeamental weld poc! profiles under different welding conditions.

EXPERIMENTAL PROCEDURE
Weld Pool Generation

Gas nungsten arc has been used to create  weld poois at the center of cross sectign : along the axis off
identical mild steel cylinders of 45 mm dizmeter X 40 mm hzight. A fixture is specially desigaed to hold
the specimen (axis in verticat position). The head of gas tungsten arc (GT.) has been used to deveiop a
moiten pool. dunng a predetermined arc expesure time, at the center of one face of the cylinders. The arc
current has been varied to inciude the vaiues 100, 150. and 200 amp. The invesngated arc exposure imes
are 3, 3, §. and 12 Sce. Two nozzie sizes of 9 and 12 mm diameter has been used.

The specumess.afier exposure o the GTA were wstaoly unmersed in water. The speaumens were then
secuoned longitudinally and then polished and etched to reveal the weid pool bowadary, Two traversing
perpendicwar micrometers have been used. to obtain the coordinates of

the contour points. Special precautions were taken (0 insure megsurcment along the diamerer of the pool for
width measuremerts and maxdmum value was also taken {or weld pool depth.

MATHEMATICAL MODEL

Fig 1 shows o schemauc representadon of the arc weld pool imeracton in gas mngsten arc, The arc is
struck between 2 mogsien noa consumable clectrode and a molten metal pool formed due o the heor flux
falling co.the metal surizce. The problem is defined as 2 spaniaily and time depeadent hear received by the
metal block at the free suriace as well as the:uasteady growth of the weld pool.

Following previcous iovesuganons the proposed model is based oo malhemadical representanon wunder the
following assumptuons:

- Both heat transfer and. fiuid Bow inside the moiten pool are adequately descrived by an axasymemc
constant density modcl using the vorticity sweam funcuon formulation

- o the present case low cuwrent welding is assumed. therefore the mrbulent nanwre of flow can be
neglected_

- The fluid flow field represented. in the, weld pool is driven by a combination of buoyancy, sarface tension.
and  slecoomagnetc forces.

- To avoid the compiexaty of coergy loss that occur from arc (o the metal , an efficiency n 15 used (o
quantify he energy made available by the arc. to (the mewd surface.

= The power dispibution of the. heat source is considered as Gaussian profile.

The effect of vaporizadon on convection and the heat lost from the sucfaces i the form of radiznon are
negleczed.
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Based on the above assumpaons the governing equarons take the following form:
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Where w 15 lhe siream [uncton, @ 1§ the voracry, U and V denote the veloaity components w the axaal 2
and. radial r direcoons respectvely. p, pand T are the thamnodynamic properaes (density, pressure, 2nd
temperamre) of the mollen pool . v, G and k are the kipemaacs velocity, specthc heai and thermal
conductivity respecinvelv. AH s the energy exchange betwesn the spray droplets and molten pool, for the
case of GMAW, whiie for GTAW, AH=0. The two last terms in equation (1} represeni the buoyancy and
elecromagnene forces respecuvely.

The derated equations and the data used {ov the pumencal cormputanons are givea ua details m the authers
previous work (3].

The above cquanoos are used io calculate the lemperanire disiribudcn and the weld pool
copfiguratior of the workpiece, wth the belp of the following boundary condions:

1. Thz heat transfer berween the, suriace of the workprece and the arc is descrbed by a Goussian
dismbuton.

1. The heat transferat the bortom of the workpiece 1s calculated by equating the conducnon heat flux with
hear flux due to ¢onvecton from Lhe metal.

3. The no slip conditons are imposed atong the solid liquid marerface.

4. At the surface of Lhe pool, the swrface lensioo vanauons with lemperature must be balunced by fluid
shear: Therefore, the sheac stress aLtbe surface is cquated.io the gradient of surface tension.

5. On the 2ds of symmetry |, ie, atr=0, the corditons of symmetry are applied
A computuondl medel is developed o investgate the flud flow and the heat transfer dunag the welding

precess. The above goveming equanons e descriuzed using the finite difference technique with a non-
uniform mesh grid. The cquadons are then 1ntcgrated numerically ustng an imphicit ADL method.

RESULTS AND DISCUSSION:

A recent medel by the same authors (3] predicted a weld pool of about the same depth but of fairly laczer
width thao the expenmenial one. It has been also stated that the accuracy of numerical weld pool profile
depends on the selected values of the heat dismbuuon parameter 1, and the arc efficiency parameter (7).
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Chnsensen et al. [7] reported values berween 0.66 and 0.69 for arc efficiency () for GMAW of mild steel.
Essers et al (8] aflocate a value of 0.7120.03 (0 tbe same parameter. However bittie 15 known about Lhe
useful rnge of r,. The prescat finite differcace model is used here-in 10 correlare the weld poot depth to the
paramelcr ©, at differenz values of 1, welding current and arc ume. These numerical results are shown 1o
Fig. 2.As previously concluded, Lhe fignres show that the depth of the weld pool increases as the vaiue of 1,
iOCTCASES.

These Ogures are used to predict the opomum values of 7 and.r, for the present experimentation in the
following procedure:

Using figure 2, three values of the parameter r, s obtained for a givern experunent at cenaia arc tme ,
zozzle size and arc curenrby measuning the corresponding experimental depth of the weld pool and the
valuc 15 ploaed 25 a bonzeatal siraight line on Fig. 2, to find r, for the three different values of n .

For the two different nozzies the vaiues obtauped ia siep 1 are plotted (0 obtain corrclaucn of arc
sarameters for difercar nozzle diamerer, arc ime and arc cucrent . This correlabon are shown in Fig. 3.

The arc efficiency parameter 1) is 2ken o be 0.70. for the two nozzies, and 2ccordingly the values of r, for
sach curreat and nozzle diameter can be obtained from figs 3 as shown . wble (1)

Tabie | Hear dismbunon parameter as dedyced from correlanon

Arc curreat Nozzie size Hear dismbuOcn paramerer
(amp) {mm) (rb)

9 182x 107

100
12 3.50 x 107
9 3.30 = 107

150
12 4.95 x 10
9 5.85 x 10™

200
2 563 x 107

!

[n the rapge of experimentat investigation \kyimportant (o aotice from Figs.3 that the values of 1y and 1y do
not depend. practicaily on the arc time and therefore, Lhese parameters are considered constant dunng the
fuelting process forany arc nme:

The- developed model is used 10 predict the experimental weid pool using the revised values of ry, . The
ibeorencal profiles are compared to the experimental onés as shown in Figs. 4+ [tis shown from the
comparison hat the model provides better fit to the experimental results , for all the invesugated range of
parameters as compared (0 previous iovestgatons [2&3]. The devianons benween aumerical and
experimental weld profiles in the width direction are negligible as compared to the previous sudy (3). It is

also wnporaat 1© note that the degree of accuracy of the model is not affected by the arc time from the
range from 3 to 12 sec.
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The wnfucoce of nozzle dinmerer on the resulung pool has been aiso studied. Fig. 5 shows the protiile of the
weld pool ar different conditons of nozzic size and arc current. The figure elucrdates (hat at low current
the nozzie diameter has a considerable induence on both weid pool width and depth. Large nozzie provided
wider aad decper weld pool. Meanwiule. the edfect of nozzle size becomes negligible at high current This
1s allermaavely sbown i Fig. 6. This fgure indicates thar ar high cucrear the ;afluence of nozzle size on
both the depth and the width s ncgligible, whereas ar low current considerable effect is manifested
specially on the depth of the weld pool. A narrow nozzle is associated with a considerable drop of melung
tate as the current 1s decreased beyood a certain limin(see Fig, 7). It seems that the meitng efficiency in the
case of narrow nozzle drops sharply at low current Probably high fracnon of the arc heat is dissipated (o
the nozzle walls as compared to the case of higher current and/ or wider nozzls.

The model has been used 1o plot the the sweam funcoon and the velocity contours of the weld pools at an
ac ume of 12 sec. Figs. 3&9 show these results for the two nozzles under 1nvestgainon at arc cucrent of
100 and 200 amp. The small nozzle is associated with a smaller weld pool and lower Juid flow velocity .
The velocity field is obvigusly time dependent and is affecied by the wicosity of the arc currenL A
recirculauon flow  zone i the weld pool is showm wa fig, § in the counterclockwase direcunon The fow
moves downward near the electrode axas and uwpward neac the cooler solid ligu:d intedface. The scale
length of this circulanon zone depends on the nozzle diameter specially at low currenw. Simdar canclusion
are drawn for the flow velocides from Fig. 9 whese the effect of nozzle dizmeter is more pronounced at low
current. At 100 amp. arc curreat maximam velocity of 15.7 movsec and 33.3 mmv/sec are obtaiced for 9
mm a0d 12 mm oozzle dumeter respecavely. At 200 amp. the maxumum velecities reaca 80.] and 82.4
mmy/sec for the small and large nozzie respectively. :

CONCLUSION

A wmansient heat transfer model that takes inoto account fwd fow 1o the weld pool was empioved to
numencally simulate the development of GTA weld pools. The model has been tesied against
expenmental results covering ranges of welding curreol arc ume 2nd nozzle size. The cpumam  vaiues of
arc efficiency and heat dismbunon parameter nas been deduced. The foliowng coactusions can be drawal

1. By choosing the approprinte values of beat distribuoon parameter the model provides far benter £t to
the experimesnml results for the whole invesneated range of parameters  as compared (0 previous
maodels.

2. The cffect of arc ciciency 1s not signuficant of the beat dismibudon parameteris correctly selected
accordingly. At low  welding current the nozzle size has a considerable effect on weld pool . Narmow
nozzie yizided a narrow but shallow weld pool.

3. At high current, both the expenmental and analyucal results showed negligible mfluence of nozzle size
on the weid pocl geometry- ;
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Fig. 1 Schematic of the gas rungsten arc
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