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Abstract: Based on the amalyss o the three dimensord liqud surface behaviar of TIG peretrated weld
pad , the three dimensiond shape maodels of weld pool with different vaues of the back fus on zone radus RB
were dbtained. The effects of arc an the penetrated weld pod were stud ed by numerical smuaionwith finite
elements andysis Iftware Suface Bvolver . The reaults show that the size and shape of the back weld pool are
nat affected doviously by the arc, and the tap surface of the weld pad is lavered by arc. From pulse back-
gourd to pulse pesk , the increase of the arc vdtage (or the arc light intendty) isdue totwo fadas. Oreis
the increase of the aurrent, and the aher is the lonvering of the top weld pod surface.
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1. OIntroduction

Thewdd qudity is afected by the pracess
of the wdd pool mdting and Dlidification. So
the detection and control of the wdd pool date
is amain problem to contrd the wedding quali-
ty . Ard the research of thewdd pool state isa
key for thewdding qudity control[ 2] . Anat
ysis of the inffomation of the top surface o the
weld pod is a smple method to investigate the
vaidaion d the wdd pad gdae[ 3] . But the
electric arc welding is a carplex process, < it
is difficult to achieve the infamation o the top
arface of the wdd pool accuraely thraugh ex
peaiment. However, rumericd smulation can
snplify the carplex research process] 1- 2 ard
can be usd to predia the vaidion of the weld
pool stae.

Fa the full penetrated TIG wdd pool un
de the attion of the arc, it is necessay to in
vedigate the efects o the arc an thewdd pool
for the further gudying of the three dimendonal
dhgpe d wdd pool . So the influence of the arc
on the liqud surface d the penetrated wd d paol

was analyzd in thiswork , based on the numer-
ical dnmuldion of the three dimensiond shape o
TIG weld pod .

2. OExpeaimental procedure

Finte dements aralyss software Surface
Evdver develgped by Brakkle K .A.[ 5] was
usd to sinulae the three dimenganal shape o
peretraed wad pod urder the action of the
ac.

3. 0 Three dimendona shape modd of
full penetrated weld pod

Fig.1 shows the shgpe madd of full pene
traed weld paol . A gohere (radius R) inte-
sacts with a plate workpiece ( thickness HH)
and the sphere penetrates the work piece.

Then there are two parts. One is the inte-
sation that gends far the fusion zone ; the ather
is the cavity and reddud aea tha dands for
the 0lid metd . The full penerated weld pool
can be desaribed by the tagp fusion zane radius
Rz , the back fusion zane radius Rg and the
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Fig.1. O<chemetic of three dimensonal shape model for full penetrated weld poal .

thickness o work piece HH . Different vd ues o
Rg dand for wad pool with different penetra
tionsin Fig.1.

Fig. 2 demorstraes hov to dbtan the
three dimensanal shape madel of full penerat-
ed weld pools with different vaues of Re, and
the same values Rz and HH .

4 . [ Finite dements numer ical dmula
tion of the full penetrated weld pool

4.1 . Olnitial conditions

Fig .3 dhons the division o initid grid for
peretrated weld pool with arc acting .

The aurface energy Ev, the gavitational
potentid enery Es, the solid/ liquid interface
enagy Eg and the volume oonstraint condition
were described as follaws:

Condrant 1: equation: X2+ y2 +7°=
R®; energy: Ew + Ec+ Egg; VOlume: [ wy-
ds+ [ wi ds+ [ we-ds

Condrant 2: equation X* + y* + z°= R?

Fig .2 . 0 Shematic of three- dmensional shape modd
fa pendrated wdd podl with diffeent Rg .

Fig.3. O Divisa of initial grid for full penetrated
wedd pool unde arc acting.

2 2
s
1, whee R stands far the virtud elliptic radius
[ 6] , which destribes the ac; wolume: [
WyArc: dS

Condrant 4: eguation: X+ y2 = R3;
enagy: Ew+ Ec+ Eg; volume: [ wv-ds+
[ wads+ [ we-ds

In Fig.3, @wdes V1OV ad lines E; 0 E4
were restraned by corstraint 1; lires Eg 0 Ep,
and faces Fs O Fs were restrained by oconstraint
2 X CweSVQDVQ, lines E13 O E16 and face F1
were restrained by constraint 3; codes Vs Vg
and lires Es 0 E wWere restrained by constraint
4 ; faces k1, F2 and F7 OFawere dependent an
the surfece tension.

Condrant 3: eguation:

4 .2 . 0Reaults and discusson

In order to reearch the three dimensanal
dhapesof wadd poolswith dfferent penetratians,
the values f Rz and HH arefixed (Rz=4.0
mm, HH = 1.5 nm) , and the value of Rg
vaiesfran 0.25 mmmto 3.75 nm. The sinula
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tion reallts were exhibited in Fg.4. The left
figures stand far the aignd states of weld pool
withaut arc ading, the right figures shaw the
different wed pool states under the action o
ac.

wdd podl liquid surfaces under arc acting.

06
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0O OThe detailed description o the three-d-
mensiond shape o the TIG weld pod was made
by parareters Go( ¢ cm) and As. ( onf) . Go
dands for the gravitaiioral potential energy o
the back wdd pad surface. As o stands for the
aea o lid/ liquid interface. The tgpwdd pool
arface was exactly described by characteristic
paamges Ke and AR, where Kg dands for
the covering rdtio of the liquid matd and AR
dands for the overburden width o the liquid
metd[ q .

Fig.5 dhows the results o the above pa
raveters cdculaed by numaicd sinulaion.
Fig. 6 dhows the results o the top wdd pool
chaaderidic pararges. Through the aove
results, we can snulae the liquid wurface e
quilibrium gae during the time fran impulse
backgraund to impulse peak .

Fam FHg.5 b) , the folloning can be do
taned: when Rz and HH ae oconstant, Gy is
loner under the acion o the arc. It shaws that
the top weld pod aurfece is lonered under the
attion o the arc. Conbining the red welding
process, this phenamenon dands far that, an
the pulse pek time, the weld pool top surface
is lovered, 0 the lengh of arc is longer; an
the pulse background time, the reault is qopo
site. The fact tha must be paid atention to is
that the length o arcis indirectly detected by
the arc vdtage ( o the arc licht intendty) naw.
At the same ac lagth, the increasng current
d 9 incresses the arc voltage (or the ac light
intensity) . Theefore, during the time fram
pulse backgraund to pulse pesk , the increase
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Fig.5. OSmulating results of the full penetr ated weld podl liquid surfages parameea under arc ading: (a) As. L

ORe; (b) GuORs; (9 GoUORs.
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of the arc voltege ( or the arc light intensity) is
due to two factas. One is the increase of the
aurrent; the aher is the loveing o the top
weld pad surfece. In order to detect the later
accurately , it is necessary to exdude the effect
of the former .

Fran Hg.X ©) , thefalloning can be seen
that : with the arc acting, the curve o Gpis co
inddent with thase withaut the arc acting. This
phenareron demmstrates that the arc doegi t
dfect the back weld pool size and shape dovi-
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Fram the weld pool shepe (FHg.4) , nw
mericd simulation results (Fig.5) and tagp weld
pool surface charecteridic parameters (Fig.6)
the fdlowing reaults are dotained : when Rz and
HH are cnstant, if the back fuson zone is
gmall (Re £ 2.5 mm in this artide) , the arc
obvioudly afects the topwdd pool surface char-
adteridic parargers( Keand AR) ; if the back
fusion zaone is too lamge, the arc doegi t afect
these parandges dgnificantly .
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Fig .6 . OFeature regularity of the liquid surface of full - penetrated wedd poal top under arc acting: (a) KeORg;

(b) AR ORs.

5. O Conclusions

1. When Rz and HH ae constant, if the
badck fusion neis andl ( Rg < 2.5 mm in this
atide) , the arc dfects obviaudy the tgp weld
pool aurface characteristic parameters ( Ke and
AR) ; if the back fusion 2ne is to lage, the
arc doegi t dfect theee paamaters doviaudly .

2. Whether the weld pod is dfected by
ac a na, the back wdd pool 9ze and shape
dori t vary obviously .

3. The adian of ac is to loner the top
weld pool surface. During the time fram pulse
badgraund to pulse pesk , the incease of the
ac voltage (o the arc light intensity) was due
to two factors. Ore is the incresse o the cur
rert ; the other is the lowering of the top weld
pool surfece. In order to detedt the latter acour
rately, it is necessay to exclude the éfet d

the faner.

Refaences:

[ 1] © Yarg Chunli, He Jdngshan, Wang Qilong, et 4 .,
Acquigtion of mdten pod resnance in TIG welding
with fluduant frequency aurrent. Transadionsd the
China WHding Inditution , 2000, 21(2) : 6.

[2] "Xiao Y.H., Cawsoiirg d weld pool penetration
durirg GTA welding . Proaesding of the I ntarnation-
al, 1994, (9 : 257.

[ 3] ¥ Domen J., Aidun D K., Nunaicd snulation of
the dfed gavity on weld pool shape. WHdirg
Journal , 1995, 76( 4) : 263.

[ 4] "He Jdngshan, Yang Chunli, Lin Sanbeo, € 4d .,
Numerical smulation of three dmensonal $gpe of
liquid surface of full peretrated wed pool . Materi -
alsSience and Technology , 2001, (1) : 26.

[ 5] “Brakke K .A ., Qurface Evolve Manual . Susque-
hanna Universty , 1995 .

[ 6] "He Jdngshan ., Partial and full weld penetration
sndrg with oolor imege method in pulsed TIG
welding. Harbin: Habin Inditute d Technolagy ,
2001 .



