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ABSTRACT 

Ine r t -gas - sh ie lded a rc welding processes 
widely used for quali ty welds comprise MIG, 
TIG - and P l a s m a . The technologica l advances 
which have t aken p lace since their in t roduct ion , 
can b e broadly c lass i f ied in t e rms of p rocess -
design and p r o c e s s - p a r a m e t e r s . 

The general deve lopments in process-design 
encompass the puls i f ica t ion of the a rc cu r r en t 
and m a g n e t i c control of a r c . The advances 
in MIG cover nar row gap welding, welding in 
thermal ly ionized gas, synergic pulse mode 
and spot welding. Ho t -wi re , o rb i t a l and mu l t i -
e l ec t rode techniques a r e some of the p roces s -
design deve lopments in TIG. Another r e c e n t 
modi f ica t ion is the SERIES MIG-TIG welding. 
The above technologica l advancemen t s con t r ibu te 
to the super ior i ty of the welded s t r u c t u r e f r o m 
the view point of meta l lu rg ica l and mechan ica l 
p roper t i es , higher degree of au tomat ion , ease 
of accessab i l i ty , in-si tu opera t ion , re l iabi l i ty 
and e c o n o m y . 

The deve lopments in p r o c e s s - p a r a m e t e r s 
include combined e f f e c t of anode / ca thode geo-
met ry and type of shielding gas on the p e n e t r a -
tion c h a r a c t e r i s t i c s in TIG, and .high . deposit ion 
r a t e wi th e l ec t rode nega t ive polar i ty in MIG. 
Arc s tab i l i ty and achievabi l i ty of keyhole weld 
with i n t e r m e d i a t e p lasma and po ten t i a l i ty of 
microplasma in the f ield of precision f ab r i ca t ion 
have been highlighted by the au thors with due 
emphas is . 

1. INTRODUCTION 

The d i f f i cu l t i e s posed by the usage of 
powerfu l f luxes needed to f o r m a t rue ly p r o t e c t i v e 
fluid siag on the easily oxidised magnesium during 
fusion joining gave r i se to t h e technique of 
p ro tec t ing the welding a rc and mol ten pool 
by afgon or helium gases (1). These gases being 
chemica l ly iner t provide very e f f e c t i v e p ro tec t ion 
against pick-up of oxygen, n i t rogen and o the r 
a tmospher ic impur i t i e s . The iner t gas-shielded 
arc welding p rocesses recognised for producing 
quality welds compr ise TIG ( tungs ten inert gas), 
MIG (me ta l inert gas) and P l a sma . 

The •uthors are wi th Materials 4 Metallurgy Group, Vikram 
Sarabhai Space Centre, Trivandrum - 695 022. 

TIG is basical ly a non-consumable e l ec t rode 
process employing tungs ten e l e c t r o d e . In MIG, 
the consumable e l ec t rode serves the purpose 
of e l ec t rode as well as f i l ler wi re . P lasma 
process is c h a r a c t e r i s e d by a cons t r i c t ed p lasma 
colunm. Since the i r in t roduct ion, these welding 
processess have conceived a new genera t ion in-
her t ing the f ru i t s of a d v a n c e m e n t . The presen t 
paper highlights the various technological advan-
ces in iner t -gas-sh ie lded a rc welding processes 
and their r e s p e c t i v e advan tages over the conven-
tional p r a c t i c e s . 

2. CLASSIFICATION 

The technological advances which have 
taken p lace can be classif ied in two ca tegor i e s 
namely , process-design and p r o c e s s - p a r a m e t e r . 
The process-design encompasses the develop-
ments in the ha rdware of the process and modi-
f ica t ions in the var iables of the process t echno-
logy fall under p r o c e s s - p a r a m e t e r . The various 
advances in iner t -gas-shie lded arc welding p r o c e -
sses a re summarised in Fig.1 based on the above 
c lass i f ica t ion s c h e m e . It is evident f r o m the 
f igure , t ha t the deve lopments viz . puls i f ica t ion 
of a r c - cu r r en t and magne t i c control of a r c 
are the common to TIG, MIG and P la sma . 

TIG Hot Wire Technique 

This technique is c h a r a c t e r i z e d with the 
heat ing of f i l ler wire by r e s i s t ance or induction 
means prior to deposi t ion. In r e s i s t ance hea t ing , 
the wire always remains in c o n t a c t with the 
weld puddle in order to make the e lec t r i ca l 
c i rcui t comple t e (Fig.2). 

Higher deposit ion a t a lower dilution level 
is the main f e a t u r e of the hot wire process 
and thus makes it very e f f e c t i v e for sur fac ing 
appl ica t ion . Additionally, due to prehea t ing , 
the vola t i le s u r f a c e con taminan t s of the fi l ler 
wire get e v a p o r a t e d , ' l e a d i n g to to ta l e l iminat ion 
of the en t rapped poros i t ies . Even for appl ica-
tions which do not call for high deposit ion, 
this technique can be readily used with increased 
welding speed resul t ing higher product ion r a t e s 
(3 to 4 t imes) . 

Orbital TIG 

Orbi ta l TIG welding is a r e c e n t development 
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to car ry out s e m i - a u t o m a t i c c i r c u m f e r e n t i a l 
seam welding of pipes and tubes . The same 
is acquired by close t o l e r a n c e control in pipe 
p repara t ion , head posit ioning accuracy in in-situ 
ope ra t ion ,osc i l l a t ion of to rch , weld speed p rog ra -
mmer and weld c u r r e n t p rogrammer in order 
to t ake c a r e of var ia t ions in weld position (2). 

The process finds' ex tens ive appl ica t ion 
in the welding a i r c r a f t ex t e rna l fue l tanks (3) 
and CANDU type nuclear r e a c t o r s (2). Naval 
ship repair fac i l i t i e s employ ex t ens ive ly ' the 
a u t o m a t i c orb i ta l welding process to weld pipes 
and tubes (4). Consumable inser ts of d i f f e r e n t 
shapes can be successful ly used to ge t a re l iable 
pa t t e rn of pene t ra t ion in pipe and tube welding. 

Multielectrode Technique 

This process employs more than one e l e c -
t rode . In two e l e c t r o d e process , the f i r s t e l ec -
t rode impar t s the p rehea t ing to the b a s e m e t a l . 
This in turn , r educes the residual s t resses , 
hot c racking tendency and gives deeper pene-
t ra t ion and higher welding speeds . Another 
r e c e n t development adopts four e l ec t rodes . 
The f i r s t e l ec t rode provides the necessary p r e h e a t , 
the second one makes the fus ion-pass and the 
last two e lec t rodes which a re accompanied 
by fi l ler wire c o m p l e t e the fi l ler passes (Fig.3). 
Application of this technique yields higher 
p roduc t ion- ra te s (5). 

Electrode Geometry and Shielding Gas 

Con t r a ry to the accep ted p r a c t i c e , Savage 
et al (6) r epor t ed tha t the weld dep th /wid th 
ra t io increased as the e l ec t rode ve r t ex angle 
was changed f rom 30° to 120°. Spiller e t al (7) 
car r ied out a ser ies of expe r imen t s on s ta in less 
s tee l p la tes of 6.4 and 3.2 mm thickness to 
provide b e t t e r unders tanding of the above conf l i c -
ting evidence and p r a c t i c e . They r e p o r t e d t ha t 
it was more appropr ia t e to consider t h r ee classes 
of p la te th ickness : ' t h in ' (pene t ra t ion be tween 
70 and 100%), ' i n t e r m e d i a t e ' (30 to 70%) and 
' th ick ' (lesser than 30%) and found t ha t bead 
width is a l inear func t ion of ve r tex angle and 
dec reases as the angle inc reases . However , 
depth of pene t r a t i on depends on ver tex angle 
and th ickness of the p l a t e . Increased ver tex 
angle yields lesser pene t r a t i on in case of ' th in ' 
p la tes and v ice-versa for ' th ick ' p la tes (Fig.4). 

This is explained on the basis tha t bell 
shaped envelope is fo rmed by the plasma jet 
str iking the pool s u r f a c e and being r e f l e c t e d 
by i t . The vor tex angle of 120° shows a comple t e 
absence of plasma j e t . The pool s u r f a c e on ' th in ' 
p la tes is more easily depressed . The s igni f icant 
depression with pronounced ca thode plasma je t 
tends to t r a p the p lasma and ' he r eby increases 
the e f f i c i ency of hea t t r ans fe r in the ver t i ca l 
axis in the ' th in ' p l a t e case (Fig.5). 

The r e s u l t s o f the s tudies ca r r ied out by Key(8) 
show tha t shielding gas mix tures containing 
high ionization po ten t ia l hel ium gas improve 
pene t ra t ion by increasing the overa l l volume 
of the fusion zone without having s t rong e f f e c t 
on dep th /wid th r a t i o . 

MIG Narrow Gap Welding 

This process is designed for the welding 
of heavy and very thick p la tes and primari ly 
calls for the usage of a "square bu t t joint with 
a narrow gap (6 to 9 hnm) regard less of the 
th ickness and welding position (9). The various 
narrow gap welding techniques a imed towards 
ensuring comple t e fusion on both the sides 
and high di f fus ion r a t e s , are schemat i ca l ly 
shown in F i g . 6 . 

E c o n o m y , re l iabi l i ty and possibility of 
in-situ opera t ion are the o the r a t t r a c t i v e f e a t u r e s 
of this process . It f inds ex tens ive appl ica t ions 
in ship-building and pressure-vesse l industr ies . 

Synergic Pulse MIG 

In this sys tem, the unit pulse principle 
has been adopted to produce a fully a u t o m a t e d 
control s y s t e m . The WAVE unit pulsed cur ren t 
would de tach one droplet of me ta l for each 
pulse. In order to ensure ma te r i a l t r a n s f e r with 
each pulse, t he pulse must have a minimum dura-
tion. Villeminot e t al (10) r epor t ed t ha t this 
threshold level dec reased slightly as the pulse 
ampl i tude was inc reased . 

In p r ac t i c e t he r e is a r ange of unit pulses 
which is de t e rmined by ma te r i a l composi t ion 
and the wire d i ame te r to de tach droplet of 
spec i f ic volume (11). Once the range is . f i x e d 
the power source is p r e - p r o g r a m m e d . 

Spot Welding 

MIG spot welding process is a t t r a c t i v e 
both as a f ab r i ca t ion technique and for cladding 
s t ruc tu ra l ma te r i a l s for corrosion r e s i s t a n c e . 
The process uses a s tandard MIG torch with 
a special nozzle f i t t e d wi th legs to main ta in 
i t ' a t a p rese t d i s tance f rom the work-p iece . 
Jordan et al (12) inves t iga ted the e f f e c t s of 
the MIG spot welding p a r a m e t e r s on weld d imen-
sion, shape and soundness and r e p o r t e d t ha t 
increased weld t ime resu l ted in Cesser poros i ty . 

This t echn ique has an advan tage over 
r e s i s t ance welding technique for the f ab r i ca t ion 
and cladding of s t r u c t u r e s and vessels, in the 
sense t ha t it r equ i res accessab i l i ty only f rom 
one side of the joint and can be used for similar 
as well as dissimilar jo ints . The cladding 1.2 mm 
thick 90/10 copper-n ickel shee t to mild s tee l 
wa te r boxes of 25 mm or more thick p la tes 
for sea wate r dis t i l la t ion plant appl icat ion is a 
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Fig.4 - Re la t ionsh ip Be tween Various P a r a m e t e r s 
For 6.4 m m Sta inless S tee l P l a t e With Travel 
Speed Of 150 m m / m i n (Vor tex Angle Of E lec t rode 
With Conica l Tip) 
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common example of welding the dissimilar m a t e -
r ia ls by MIG spot t echn ique . 

Electrode Negat ive Polarity & Shielding Gas 
Composition 

E l e c t r o d e nega t ive opera t ion (13) in MIG 
welding yields high' deposi t ion r a t e s (Fig.7). But 
the d e t e r r a n t f a c t o r with the process is t h a t 
it r e su l t s in fa i r ly high s p a t t e r levels and f i nge r -
type p e n e t r a t i o n wi th the possible risk of lack 
of fusion (14). Nor r i sh (15) ca r r i ed out some 
e x p e r i m e n t s to s tudy the e f f e c t of var ious 
shielding-gas combina t ions on the s tab i l i ty of 
arc and regu la r i ty of m e t a l t r a n s f e r with e l e c -
t rode nega t i ve a r c s . He r e p o r t e d t h a t mix tu res 
of argon with f2 to 10% 0 2 and 10% C 0 2 ' or 
'0 to 5% 0 2 and 12% C 0 2 ' provided s t ab l e a r c s . 

3. SERIES MIG-TIG WELDING 

N o r m a l MIG welding process general ly 
resu l t s in lack of fus ion, if not used with high 
cu r r en t spray t echn ique . To o v e r c o m e th is l imi-
t a t ion , two a l t e r n a t i v e s exis t : (a) to inc rease 
the c u r r e n t to work . wi thout increasing the 
amount of wire f eed and (b) to p r ehea t the 
we ldment su i t ab ly . F i r s t a l t e r n a t i v e is not 
possible, as in consumable e l ec t rode process , 
t he wire feed r a t e cont ro ls t h e cu r r en t leve l . 
To p r e h e a t a la rge amount of pa ren t p l a t e is 
not c o s t - e f f e c t i v e . 

An a l t e r n a t i v e method of increasing the 
e f f e c t i v e hea t - i npu t for a given amount of 
wire is to o p e r a t e a TIG a rc ahead of MIG a r c . 
Once both the a rc s a re es tab l i shed , it is not 
necessary for work-p iece to have any connec t ion 
with the power source (Fig.8) . 

C a r t e r e t al (16) s tudied the welding c h a r a c -
t e r i s t i c s of SERIES MIG-TIG process and -reported 
t h a t a rc cu r r en t with r e s p e c t to MIG arc in 
the MIG-TIG process was the s a m e as t h a t of 
the MIG process a lone . 

4. PLASMA 

Microplasma 

Due to ' cons t r i c t ion of a rc in the p lasma 
process , the r e su l t an t h e a t - s o u r c e t akes t h e 
form of a s t ab le , un id i rec t iona l , high ene rgy -
densi ty j e t (17). It provides good t o l e r a n c e to 
s t and -o f f d i s t ance f rom torch to the work. 
A change of a rc length of 1.2* mm for P lasma 
welding is equiva len t to a 0.12 mm change in 
TIG a r c length (Fig .9) . At low c u r r e n t s (0.1 to 
10A) it is e x t r e m e l y d i f f i cu l t to weld with a TIG 
arc due to ins tabi l i ty with very shor t a rc with 
the va r ia t ions in the t o r c h - t o - work d i s t a n c e . 
Another d i f f i cu l ty wi th short TIG arc is the 
tungs ten inclusion in the weld pool. These a re 
o v e r c o m e in the mic rop lasma process by v i r tue 

of the long and s t i f f a rc column and the f a c t 
tha t the "e lec t rode is conta ined within the body. 

Precis ion welding of very thin m a t e r i a l s 
fa l ls in the range of mic rop lasma appl ica t ions 
which include the welding of p ressure t ight 
m e t a l bellows and d iaphragms, f i l t e r s for a e r o -
space indust ry , p la t inum-rhod ium probes f rom 
1/2 m m hypodermic tubing and encapsula t ion 
of e l e c t r o n i c componen t s . 

Intermediate Plasma 

The p r a c t i c a l advan tages ^ j t a i n e d wi th 
p lasma a t both iow and high c d f r e n t s led to 
the deve lopmen t s of power sources which o p e r a t e 
a t c u r r e n t s upto 100A. In addit ion to good 
to l e r ance to to rch s t and-of f d i s tance , a r c s t a b i -
l i ty and lack of tungs ten con tamina t ion , this 
cu r r en t r a n g e provides the abi l i ty to weld with 
keyhole t echn ique . The keyhole e f f e c t is achieved 
by increasing the p lasma flow until a hole is 
punched through the p l a t e . As the welding 
progresses , s u r f a c e tension fo rces cause the 
mol ten me ta l to f low in behind the keyhole 
to f o r m the weld bead (18). This technique f inds 
appl ica t ion where high joint in tegr i ty with 
r e s p e c t to c e r t a i n t y of ful l pene t r a t i on and 
the higher dep th to width r a t io in the r e s u l t a n t 
weld a re sought . 

5. PL ASMA-MIG WELDING 

In MIG welding t h e r e is a possibili ty of 
varying the t e m p e r a t u r e of the shielding gas . 
Thermal ly ionized gas, i .e . a p lasma g e n e r a t e d 
by a s e p a r a t e a r c d ischarge provides very , high 
ambien t t e m p e r a t u r e around the wi re . Initial 
designs for the process in tended as a low p e n e -
t r a t ion techn ique for joining and over laying 
were given by Taver and Shorshorov (4). The 
design by Mac Nary (24) ma in ta ins a TIG a rc 
b e t w e e n the work and a cyl indrical tungs ten 
e l e c t r o d e ' and feeds the f i l ler wire through the 
axis . In the se t -up r e p o r t e d by Essers e t al (21) 
the f i l le r wire is in t roduced axially through a 
copper nozzle into the a r c p lasma which isj 
ma in ta ined b e t w e e n an o f f - s e t tungs ten e l ec t rode 
and the work (Fig. 10). It can be used for deep 
pene t r a t i on joining as well as for low pene t r a t ion 
sur fac ing appl icat ion (22). 

When the the rmal ly ionized gas, which 
has high e l ec t r i c a l conduct iv i ty is brought around 
a wire which is a t a su i tab le po ten t i a l , the f low 
of the e l e c t r i c a l cu r r en t f r o m the 'Wire is no 
longer dependent on i ts own arc d i scharge . This 
o f f e r advan t ages like spontaneous s t a r t , inc reased 
s tab i l i ty and b e t t e r cont ro l over m e t a l t r a n s f e r 
and h ea t - i n p u t (23). 

Pulsif ication of Arc Current 

The magni tude of the cu r r en t is modu la ted 
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b e t w e e n a 'h i^h ' level and ' low' level (Fig.11). 
At 'h igh ' posit ion of thus pulsed cur re i j t , welding 
t akes p l a c e . During ' low' period the" torch is 
man ipu l a t ed . P a r a m e t e r s a re so ad jus t ed t h a t 
e l e c t r o d e is kept su f f i c i en t l y hot and the ionized 
column is r e t a i n e d so t h a t the a rc is not ex t in -
guished during low level of c u r r e n t . The weld 
bead so ob ta ined is in the shape of over lapping 
nugge ts having a regular p i t c h . C o m p a r e d with 
a cont inuous a r c , t he pulsed a r c inc reases the 
p e n e t r a t i o n wi th lesser hea t input and min imizes 
porosi ty (5). 

Villeminot e t al (10) brought ou t in their 
s tudies on pulsed c u r r e n t MIG process t h a t a p a r t 
f r o m being equiva len t to a low h e a t - i n p u t s t eady 
cu r r en t process , it yields axial spray m a d e of 
me t a l t r a n s f e r ins tead of slow and i r regular 
l a rge drops . Use of pulsed TIG process for joining 
windings to c o m m u t a t o r bars in t r a c t i o n motor 
a r m a t u r e e l imina ted the building up over and 
under p e n e t r a t i o n condi t ions (24). Pulsed micro -
plasma obv i a t e s the hea t build-up p rob lem which 
makes the process pa r t i cu la r ly su i tab le for 
a u t o m a t i c o rb i t a l pipe welding appl ica t ions (17). 

Magnetic Control of Arc 

Keeping in view, the f o r m a t i o n of a na tu ra l 
m a g n e t i c f ie ld in the case o f 1 mu l t i - a r c A.C. 
welding, Mandel ' berg e t al (25) conduc ted some 
e x p e r i m e n t s to study the e f f e c t s of an e x t r a -
neous t ravel l ing m a g n e t i c f ie ld on the d i s t r ibu-
tion of welding pool m e t a l and joint f o r m a t i o n . 
As shown in the Fig .3 , th is f ie ld can be g e n e r a t e d 
in two ways . They found t h a t r a t e of d i sp lace-
men t of the pool and weld shape could be c o n t r o -
lled by varying the s t r e n g t h of the cont ro l l ing 
magne t i c f i e l d . Successfu l t r ia l s w e r e also 
p e r f o r m e d for using the control l ing m a g n e t i c 
f ield to hold liquid m e t a l in the welding of 
jo in ts on inclined and cyl indr ica l s u r f a c e s . 

Keyhole t echn ique (26) which is widely 
adopted for p lasma a r c welding of medium thick 
p l a t e ( 6 mm ) does not posses the s tab i l i ty 
of keyhole fo rma t ion being fa i r ly sens i t ive to any 
change of welding condi t ions like a r c c u r r e n t , 
working gas f low r a t e , t rave l l ing veloci ty and 
so on . Imposit ion of cusp m a g n e t i c f ield to the 
p lasma r e su l t s in marked broadening of f eas ib le 
r ange of welding ope ra t i on by keyhole t echn ique . 
Also, nar row deep p e n e t r a t e d weld bead was 
ob ta ined as an o u t c o m e of m a g n e t i c d e f o r m a t i o n 
of a r c . 

6 . CONCLUSION 

By v i r tue of super ior i ty of me ta l l u rg i ca l 
and m e c h a n i c a l p rope r t i e s of the welded s t r u c t u r e , 
higher deg ree of a u t o m a t i o n , e a s e of acces sab i -
li ty and possibil i ty of in-s i tu ope ra t i on , t he se 
a d v a n c e m e n t s a r e b :nging about a rapid change 
in the h a r d w a r e and s o f t w a r e of the convent iona l 

iner t -gas -sh ie lded a rc welding p rocesses . They 
also r e su l t in m o r e re l iabi l i ty and c o n t r i b u t e 
d i rec t ly or indirect ly to economy. To ep i tomise , 
the technologica l advances which have t aken 

.p lace in ine r t -gas - sh ie lded a r c welding p rocesses 
are f inding ever increasing appl ica t ion in the 
a reas of industr ia l and spec ia l s t r u c t u r a l welding. 
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Fig.10 - Schematic Representation Of Piasma-
MIG Welding 
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Future Needs 
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University of Roorkee 

The abovement ioned confe rence is 3rd in the 
ser ies being organised to provide a common 
p la t fo rm to sc ien t i s t s and technologis ts f rom 
developing and advanced countr ies so as to 
exchange or share their exper iences in the 
area of welding technology. 

The confe rence is intended to focus the s t a tu s 
of welding technology with special r e f e r e n c e 
to the t rends in the m a n u f a c t u r e of welding 
equipments and consumables , weldment design 
and evaluat ion , welding in repair and ma in tenance , 
quality control and assurance . In the area of 
r e sea rch and development , it is proposed to 
s t ress on the mechanisat ion and au tomat ion 
in welding, improvements in welding consumables , 
non-conventional welding processes and spec i f ic 
case s tudies . 

Call for papers has been announced. Last da te 
of submission of abs t r ac t is January 31, 1988, 
and comple ted manuscr ipts in camera ready 
form must be submi t ted by May 30, 1988. The 
papers will be accep ted a f t e r a review by., a 
technical exper t c o m m i t t e e . 

All correspondence on presenta t ion of technical 
papers should be addressed to -

Dr. S.R. Gupta, Co -Chairman, 
Technical Publication Committee, 
Department of Mechanical & Industrial Engg. 
University of Roorkee, Roorkee - 247 667 
U.P., INDIA 

For regis t ra t ion fo rm and other deta i ls , 
wri te to 

Prof. P.C. Gupta, Organising Secretary, 
International Conference on Welding Technology 
in Developing Countries - Present Status & 
Future Needs at the abovementioned address. 
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