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I N T R O D U C T I O N 

M I G W e l d i n g is w i d e l y used fo r 

we ld i ng of a l u m i n i u m and its al-

loys. It is a fas t , a d a p t a b l e pro-

c e s s a n d i ts a b i l i t y to d e p o s i t 

la rge q u a n t i t i e s of w e l d me ta l in 

any pos i t i on in a c o m p a r a t i v e l y 

shor t pe r iod of t i m e m a k e s it ex -

t r e m e l y a t t a rac t i ve . A l so , it can 

be e m p l o y e d fo r w i d e range of 

t h i cknesses . H o w e v e r , fo r c r i t i ca l 

a p p l i c a t i o n s w h e r e h igh q u a l i t y 

we lds are requ i red ; M I G w e l d i n g 

p rocess is o f t en o v e r l o o k e d s ince 

it is f e a r e d by m a n y fab r i ca to rs 

tha t it w o u l d not be poss ib le to 

ma in ta i n the h igh qua l i t y requ i re -

m e n t s w i th th is p rocess . T h o u g h 

there are s o m e typ ica l p r o b l e m s 

assoc ia ted wi th th is p rocess but 

they are not unsu rmoun tab le (1). 

Poros i ty f o rma t i on is cons ide red 

as a m a j o r p rob lem in M I G we ld -

ing. Lack of penet ra t ion , lack of 

fus ion and b u m th rough in root 

pass we ld ing are the o ther c o m -

m o n d e f e c t s e n c o u n t e r e d w i t h 

conven t i ona l M I G we ld ing of a lu-

m i n i u m . Hence it is v i ta l ly impor -

tan t t ha t a d e q u a t e a t t e n t i o n is 

pa id to su i tab le we ld ing cond i -

t ions. T h e proper man ipu la t i on of 

w e l d pool , use of back ing fo r root 

pass w e l d i n g , p r o p e r i n t e r p a s s 

c l e a n i n g to r e m o v e t h e o x i d e 

layer, con t ro l l ed ag i ta t ion of w e l d 

poo l can br ing in a q u a n t u m leap 

in the qua l i t y of M I G w e l d s of a lu-

m i n i u m . 

T h e i n t r o d u c t i o n of s y n e r g i c M I G 

p r o c e s s has r e v o l u t i o n i s e d t h e 

we ld i ng of a l u m i n i u m w i th its spe-

c ia l C h a r a c t e r i s t i c s , it p r o v i d e s 

c o n t r o l l e d m e t a l t r a n s f e r a n d 

eas ie r m a n i p u l a t i o n of t he we ld 

poo l by p rov id i ng sp ray t rans fe r 

at ve r y low a v e r a g e cu r ren ts com-

pared w i t h t h o s e of c o n v e n t i o n a l 

M I G we ld i ng . T h u s , it has g rea t ly 

e x t e n d e d t h e p r e v i o u s l y l im i t ed 

s c o p e of t he c o n v e n t i o n a l M I G 

process . T h e d e v e l o p e d coun t r i es 

w e r e q u i c k to adop t th is p rocess 

but t he po ten t ia l is ye t to be ex-

p lo i ted in our coun t ry . 

Zn Mg Mn Zr Cr Sii Fe Ti Cu Al 

Base metal 3.8-4.8 1.8-2.2 0.25-0.45 0.1-0.25 0.05 max 0.2 max 0.3 max 0.05 max 0.1 max Bal. 
Filler wire 0.2 max 5 .0 -55 0.6-1.0 - 005-0 .2 • 0.05-0.2 0.1 max Bal. 
5556A BS2901 
Part 4 

Table 2 : ARGON GAS SPECIFICATIONS 

Impurities PPM/Max. Impurities PPM/Max. 

Oxygen 6.0 Nitrogen 50.0 
Moisture 6.0 Hydrocarbons 2.5 
Carbon dioxide 1 0 Super Compounds Nil 
Carbon monoxide 1.0 Mercury Nil 
Oxide of Nitrogen 1.0 Chlorine Nil 
Hydrogen 3.0 

Table 1 : CHEMICAL COMPOSITION OF BASE METAL AND FILLER WIRE 
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T h e s e a s p e c t s to i m p r o v e t h e 

qua l i ty of M I G w e l d s in a l u m i n i u m 

have been d i s c u s s e d in th is pa-

per. 

T h e de ta i l s a re based on the ex-

pe r ience g a i n e d o v e r the yea rs in 

M I G w e l d i n g of a l u m i n i u m and i ts 

a l l o y s a t W R I . C o n v e n t i o n a l 

t r a n s f o r m e r rec t i f i e r t y p e of ind ig-

enous m a k e M I G w e l d i n g equ ip -

m e n t a n d A W P M 4 5 0 P S 

syne rg i c M I G W e l d i n g e q u i p m e n t 

were used e n t e n s i v e l y for t hese 

works . H o w e v e r , spec i f i c s tud ies 

as r e p o r t e d in th i s p a p e r w e r e 

c o n d u c t e d w i th pa r t i cu la r a lum i -

n ium a l loy , f i l le r w i r e and sh ie ld -

ing g a s of w h i c h de ta i l s are g i v e n 

in T a b l e 1 and 2. 

Conventional MIG Welding 
of Aluminium and Its 
Limitations 

It is we l l k n o w n tha t the sp ray 

m o d e of me ta l t r ans fe r is mos t 

su i t ab le f o r w e l d i n g a l u m i n i u m . 

To a c h i e v e sp ray m o d e in con-

v e n t i o n a l M I G w e l d i n g c u r r e n t 

and v o l t a g e se t t i ngs mus t be kept 

h igh e n o u g h e.g. fo r 1.6 m m di-

a m e t e r w i re w h i c h is c o m m o n l y 

used (ow ing to w i re f e e d i n g prob-

l ems w i t h s m a l l e r d i a m e t e r w i res) 

fo r s e m i a u t o m a t i c M I G we ld i ng ; 

m i n i m u m r e a s o n a b l e c u r r e n t in 

the range of 1 8 0 - 2 0 0 A and vo l t -

age in the range of 2 2 - 2 4 V are 

requ i red to a c h i e v e spray m o d e 

of me ta l t rans fe r . T o m a t c h these 

set t ings , w i re f eed rate has to be 

m a i n t a i n e d a c c o r d i n g l y w h i c h wi l l 

be in the range of 5.8 -6 m / m i n 

and if h igh cu r ren ts of 300 -350 A 

are used , t he w i re feed ra te w o u l d 

be 8 - 9 m / m i n . T h e MIG we ld ing 

car r ied out w i th above pa ramete rs 

cause cer ta in d i f f i cu l t ies as enu-

m e r a t e d be low. 

Control of Root Penetration 

W e l d i n g in spray m o d e w i th w i re 

f e e d rate in the range of 6 - 9 m / 

m in wi l l p roduce large we ld poo l 

at lower we ld ing speeds ( < 400 

m / m i n ) l e a d i n g to w e l d p o o l 

f l o o d i n g or w e l d m e t a l r unn ing 

a h e a d o f a rc w h i c h can c a u s e 

lack of penet ra t ion de fec ts in t he 

root run. Hence , arc t rave l speed 

shal l be kept su f f i c ien t l y h igh to 

avo id these p rob lems . H o w e v e r , 

at h igher speeds , the probab i l i t y 

of lack of f us ion and lack of pen-

e t ra t ion increases par t icu lar ly in 

th ick we lds . Conve rse l y , if arc is 

pushed at l i t t le lower s p e e d s it 

w o u l d cause excess pene t ra t ion 

and bu rn t h r o u g h d e f e c t s . T h e 

p r o b l e m can be very ser ious w i th 

th in shee t w e l d i n g s ince occu r -

r e n c e of t h e s e d e f e c t s w i l l be 

qu i te h igh e.g. for root we ld i ng of 

6 m m th ick jo in ts of s ing le v e e 

h a v i n g root gap of 2 m m and w i th 

spray t rans fe r us ing 1.6 m m dia 

w i r e a rc t r a v e l s p e e d sha l l be 

kept mo re than 700 m m / m i n to 

a c h i e v e good we ld i r respec t i ve of 

we ld ing posi t ion. It can be eas i ly 

unders tood that how d i f f icu l t it wi l l 

be fo r the we lde r to con t ro l the 

w e l d poo l in th is s i tuat ion. If the 

jo in t g a p is reduced or IIP th ick-

ness is i n c r e a s e d and w e l d i n g 

speed is man ipu la ted , it m a y ei-

the r cause lack of pene t ra t ion or 

e x c e s s p e n e t r a t i o n a n d b u r n 

t h rough de fec ts . Fur ther , if in ten-

t iona l or un in ten t iona l c h n a g e s in 

a rc l eng th and w i re e x t e n s i o n are 

c a u s e d to c o n t r o l t h e d e p t h of 

p e n e t r a t i o n a n d m a n i p u l a t e t h e 

w e l d poo l to a c h i e v e con t ro l l ed 

pene t ra t i on it m a y lead to lack of 

fus ion or su r f ace poros i ty . T h u s 

to a c h i e v e j o in t s w i t h con t ro l l ed 

pene t ra t i on in u n b a c k e d j o in t s is 

p rac t i ca l l y i m p o s s i b l e w i t h con -

v e n t i o n a l M I G we ld i ng . 

Lack of Fusion and other 
defects in Multilayer Butt 
and Fillet Welds. 

In w e l d i n g o f t h i c k p la te mu l t i -

layer j o in ts the p r o b l e m s as d is-

cussed unde r Para 21 can lead to 

lack of s ide wa l l f us ion , in te r layer 

lack of f us i on d e f e c t s if p roper 

ca re is not o b s e r v e d in man ipu l a -

t ion of w e l d poo l to a v o i d we ld 

poo l f l ood ing i r r espec t i ve of we ld -

ing pos i t ion . It can a lso lead to 

poor shape , unde rcu t and poros-

i ty de fec ts . 

Use of Backing 

Use of b a c k i n g ba rs and s t r ips 

( t e m p o r a r y o r p e r m a n e n t ) ce r -

t a i n l y h e l p s in a c h i e v i n g g o o d 

root w e l d s w i th c o n v e n t i o n a l M I G 

we ld ing . W h e r e v e r poss ib le it is 

bet ter to use t e m p o r a r y back ing 

b a r s w i t h s u i t a b l e g r o o v e to 

a c h i e v e s m o o t h b e a d s . F o r 

c u r v e d and non - l i nea r j o in t sui t -

able back ings f r o m coppe r or aus-

ten i t i c s ta in less s tee l s t r ips can be 

d e v e l o p e d to su i t t he pa r t i cu la r 

c o n f i g u r a t i o n . H o w e v e r e v e n 

w h e n back i ng bars or s t r ips are 

used the w e l d poo l f l o o d i n g as 

w e l d i n g p r o g r e s s e s c a n c a u s e 
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lack of fus ion , lack of penet ra t ion 

and uneven root beads wi th suck 

back at root. Hence , enough care 

is requi red to p rov ide good f i t -up 

of jo in ts w i th su f f i c ien t root gap. 

Positional Welding of Butt 
and Fillet Joints 

In case of s tee l , shor t c i rcu i t ing 

mode of me ta l t rans fe r is used 

with conven t i ona l M A G / C 0 2 we ld-

ing p rocess for out of pos i t i on 

we ld ing . Howeve r , shor t c i rcu i t ing 

mode is not cons ide red su i tab le 

for a l u m i n i u m we ld ing s ince we ld 

pool ge ts co ld qu i te fast . The use 

of spray t rans fe r is found ideal for 

pos i t ioned we ld ing . S t r inger bead 

t e c h n i q u e s a re g e n e r a l l y e m -

ployed for we ld ing a l um in i um wi th 

c a r e f u l m a n i p u l a t i o n to a v o i d 

large we ld pools lead ing to de-

fects such as cold lap, lack of fu-

s ion and o x i d e i ndus ion . Thus , 

specia l a t ten t ion is needed to a 

h igher deg ree c o m p a r e d to we ld-

ing in f lat pos i t ion. 

Welding of Thin Sheets 

It is d i f f icu l t to ach ieve good qual-

ity in th in sheet we lds of th ick-

ness be low 3 m m even wi th 1.2 

m m d i a m e t e r w i re and be low 5 

m m wi th 1.6 d i a m e t e r w i re s ince 

current and vo l tage set t ings are 

t oo h i gh w i t h s p r a y t r a s f e r of 

mode caus ing burn th rough de-

fects even th rough h igh we ld ing 

speeds ( < 600 m m / m i n ) are em-

p loyed (2). 

Welding technique and skill 
of welder 

It is w ide ly accepted pract ice in 

M I G we ld ing of a l u m i n i u m that 

we ld deposi t is made by t ravers-

ing the gun in the fo rehand di rec-

t ion wi th the gun inc l ined at 10-

15° f rom the ver t ica l i r respect ive 

of the jo in t posi t ion. A sl ight ro-

tary mot ion of the gun is neces-

sary to ensure that the arc is ac-

tual ly rotated to agi tate the we ld 

pool. Th is helps in proper fus ion 

b e t w e e n w e l d t o e s a n d b a s e 

plate, Improves the bead shape, 

s lows the coo l ing rate and re-

duces the poros i ty leve l . W i d e 

weaves should be avo ided as the 

w e l d d e p o s i t m a y b e c o m e 

ox id ised due to insuf f ic ient argon 

coverage. Normal ly weld ing gun 

is held by both hands to man ipu-

late the weld pool, in pract ice arc 

length of 4.0-6.5 m m is consid-

e red s a t i s f a c t o r y . H o w e v e r fo r 

root pass weld ing in butt and f i l let 

we lds arc length of 3 m m can be 

used for better fusion. 

W i t h manua l we ld ing , it is d i f f i -

cu l t to c o n t r o l t he g u n ang le , 

n o z z l e to w o r k d i s t a n c e a n d 

t rave l speed to the s a m e degree 

as in t he c a s e of m e c h a n i s e d 

weld ing. O v e r and a b o v e greater 

a t t en t i on is a l w a y s requ i red to 

avc id we ld pool f l ood ing leading 

to ser ious we ld de fec ts . The de-

fects are cont ro l led to cer ta in ex-

tent by man ipu la t i ve ski l l of the 

we lder but s l ight lack of concen-

t r a t i o n p a r t i c u l a r l y w h e n l ong 

jo in ts , abrupt changes in d i rec t ion 

a n d p o s i t i o n a l w e l d i n g is per-

f o r m e d it may lead to poor qual-

ity of we lds (3). 

Synergic MIG Welding and 
its inherent advantages for 
Aluminium welding 

S y n e r g i c M I G w e l d i n g is a 

t r a n s i s t o r i s e d c o n t r o l l e d pu l sed 

M I G w e l d i n g p r o c e s s w h e r e i n 

c o n t r o l l e d m e t a l t r a n s f e r is 

ach ieved in such a way that for 

each pulse one d rop is de tached 

PEAK C U R R E N T ( 1 ? ) 

Tp 

/ 
SPRAY TRANSFER 
CURRENT RANGE 

AVERAGE C U R R C N T ( l a v ) 

a 

Tb \ BACKGROUND C U R R f N T 

d b ) 

I av X T = Ip Tp + lb Tb, T = Tp + Tb , F = 1/T 

Fig 1 : Output wave form of current in synergic MIG welding 
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Fig.2. Bead on Plate : Synergic MIG. 
Ip - 350 A lb - 50 A Tp - 4 ms Th-10ms 
Ave.l - 136 A WS- 350mm/min t iWF - 4.3m.'mm T - 6 mm 

Fig.5. Macrosecticn of root bead without backing : Synergic MIG 

Fig.3. Bead on plate : Conventional M.'G 
l-f-ZZOA I y.27 V | WS -SOOmm/min I WF-SJm/mm I T - 6 m m l 

, M 
[ ip-350 A lh - 50 A 1 Tp - 4 ma Th-10ms 1 
I Ave.l-136.5 A WS- 320mm/mm WF -4 4nvmm T- 6 mm | 
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Ip - 300 A lh - 50 A Tp - 3 ms Th -10 ms 
Ave.l -112 A WS- 300mm/min WF - 3.3m/mm T - 6 mm 

Fig.7. Macrosection of root bead with badong: Synerg.c WIG. 
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hav ing a d i a m e t e r m o r e or less 

equa l to w i re d i a m e t e r . Cur ren t is 

pu lsed b e t w e e n low leve l (back 

g r o u n d c u r r e n t ) a n d h i gh l e v e l 

(peak cur ren t ) fo r su i t ab le du ra -

t ion so tha t a v e r a g e cu r ren t is 

kept in the shor t c i r cu i t i ng range 

but m e t a l t r a n s f e r is a c h i e v e d in 

sp ray m o d e . T h e h igh peak cur-

rent pu lse is kept we l l a b o v e the 

t rans i t i on z o n e w h e r e on ly sp ray 

t r a n s f e r is a c h i e v e d . T h e l o w 

leve l b a c k g r o u n d cu r ren t is ma in -

ta ined wh+ch is su f f i c i en t to ma in -

ta in the arc but it is be low t h e 

t rans i t ion cur ren t (F igu re 1). T h u s 

at ve ry low a v e r a g e cur ren t sp ray 

t r a n s f e r m o d e c a n be o p e r a t e d 

wh i ch is i m p o s s i b l e to a c h i e v e in 

c o n v e n t i o n a l M I G w e l d i n g e.g. fo r 

1 .6 m m d i a m e t e r w i r e , s p r a y 

m o d e of m e t a l t r a n s f e r can be 

a c h i e v e d at an a v e r a g e cur ren t of 

90 A, (Ip = 2 6 0 A , T p = 3 m s , lb = 

50A and T b = 15 ms) , w i th a w i r e 

feed rate j us t 2 .3 m / m i n , It is pos-

s ib le to a c h i e v e sp ray m o d e e v e n 

at an a v e r a g e cu r ren t of 60A . 

It can be eas i l y u n d e r s t o o d tha t 

we ld poo l f l o o d i n g and assoc ia ted 

p r o b l e m s as o b s e r v e d in c o n v e n -

t iona l M I G w e l d i n g can be ove r -

c o m e to a g rea t ex ten t by us ing 

t h i s p r o c e s s . F i g u r e . 2 a n d 3 

shows the b e a d on p la te t r ia ls on 

6 m m p la te w i t h c o n v e n t i o n a l and 

syne rg i c M I G . S y n e r g i c can pro-

d u c e b e a d s w i t h l e s s r i p p l e s 

s im i l l a r to T I G we ld i ng . Th in m a -

te r ia l can be w e l d e d w i t h re la-

t i ve l y l a rge d i a m e t e r e l e c t r o d e s 

and bu t w e l d s c a n b e w e l d e d 

w i t h o u t b a c k i n g ba rs w i t h c o n -

t ro l led pene t ra t i on w i th less sk i l l 

r e q u i r e m e n t s and w i t h low heat 

input (F igu re 4 and 5). Roo t run 

we ld ing wi th back ing can be per-

f o r m e d wi th m u c h ease c o m p a r e d 

w i t h c o n v e n t i o n a l M I G w e l d i n g 

(F igure 6 and 7). Mo reove r , posi-

t iona l we ld ing can be p e r f o r m e d 

w i th re la t i ve ease w i th des i rab le 

penet ra t ion , bead shape and w i th 

neg l ig ib le spat ter at m u c h s lower 

we ld ing speeds. 

T h e d i rec t ion of t rave l , gun ang le 

and m a n i p u l a t i v e t e c h n i q u e are 

bas ica l ly the s a m e as w i th con-

ven t i ona l M IG we ld ing . H o w e v e r , 

we lde r us ing pu lsed MIG wi l l be 

ab le to a p p r e c i a t e the d i s t i n c t 

changes in opera t ing charac ter is -

t i cs w h i c h w i l l o c c u r w i t h w e l d 

pool area c o m p a r e d to c o n v e n -

t iona l M I G we ld ing . G o o d f i tup is 

essent ia l and by p rov id ing sui t -

ab le we ld ing cond i t i on and t r ave l 

speeds h igh in tegr i ty we lds can 

be p rov ided . Fur ther , it a l lows the 

use of large d i a m e t e r e lec t rodes 

for w ide range of th i cknesses w i th 

c o m b i n e d a d v a n t a g e of i m p r o v e d 

q u a l i t y and f r e e d o m f r o m w i re 

f e e d i n g p r o b l e m o f t e n e x p e r i -

enced w i th sma l l d i a m e t e r w i res . 

Fu r t he rmore the r isk of poros i ty 

is also s ign i f i cant ly reduced s ince 

it p rov ides s t i r r ing act ion in the 

we ld poo l (4,5). 

F igu re 8 and 9 show the bead 

shape , mac rosec t i ons of va r i ous 

butt and f i l let j o in ts w e l d e d w i th 

c o n v e n t i o n a l and s y n e r g i c M I G 

in hor i zon ta l / ve r t i ca l pos i t ion. T h e 

de ta i l s of we ld ing cond i t i ons are 

g i ven thereo f . It w a s f ound tha t 

s y n e r g i c M I G p r o d u c e s w e l d s 

hav ing m u c h bet ter and un i f o rm 

bead shape w i th su f f i c ien t pen-

e t ra t ion at lower ave rage cur rent 

and s lower we ld ing speed prov id -

ing easy m a n i p u l a t i o n of the arc 

and thus reduc ing the s t ra in on 

the part of w e l d e r to p roduce bet-

te r qua l i t y we lds . H o w e v e r , w i th 

su i t ab le w e l d i n g c o n d i t i o n s and 

g r e a t e r a t t e n t i o n c o n v e n t i o n a l 

M I G w e l d i n g in sp ray m o d e can 

p r o d u c e b e t t e r q u a l i t y w e l d s 

w i th in its l im i ta t ions . 

Methods to control porosity 
formation and other 
common effects 

A l u m i n i u m a l l o y s a re f a r m o r e 

suscep t ib le to poros i ty f o r m a t i o n 

t han all o the r s t ruc tu ra l meta ls . 

H y d r o g e n is t he d o m i n a n t cause 

of po ros i t y in a l u m i n i u m w e l d s 

because the so lub i l i t y of hyd rogen 

in s u p e r h e a t e d l iqu id a l u m i n i u m 

„ is 19 t i m e s g rea te r t h a n the solu-

bi l i ty in l iqu id of so l id i f i ca t ion t em-

pera tu re . T h u s sma l l concen t ra -

t ion of h y d r o g e n c o n t a m i n a t i o n in 

a l u m i n i u m we lds can cause se-

v e r e poros i ty . T h e s o u r c e s of hy-

d r o g e n mos t c o m m o n l y encoun -

te red in c o m m e r c i a l we ld i ng prac-

t i ce are h y d r o c a r b o n s (g rease , oi l 

etc.) hyd rogen and m o i s t u r e con-

t a m i n a n t s on s u r f a c e s o f t h e f i l ler 

me ta l , p la te a n d sh i e l d i ng gas . 

B o t h p r i m a r y p o r o s i t y ( f o r m i n g 

f r o m t h e l i qu id ) and s e c o n d a r y 

poros i ty (p rec ip i ta t i ng f r o m sol id) 

m a y o c c u r in w e l d s . T h e s ize , 

shape d is t r i bu t ion and a m o u n t of 

the hyd rogen pores g e n e r a t e d in 

the w e l d are d e p e n d e n t upon the 

so l id i f i ca t ion m o d e , coo l i ng rate, 

deg ree of c o n v e c t i v e f lu id f low, 

we ld i ng p a r a m e t e r s , bead shape , 

sh ie ld ing gas m i x t u r e and exter -

nal p ressure (6). 
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Ftg.9 Macrosection of fillet weld Synergic MIG. 
Flg.8. ^acrosection of fillet weld : Conventional MIG Ip - 400 A lh -60A Tp - 3 ms T h - 6 ms 
I-220 A | V- 26 V | WS -450mm/min | WF - 6.6m/min | T.- 9mm Avs.l -173 A WS- 340mm/min WF - 5 6m/min T - 0 mm 

•Welding position - Horizontal / Vertical (2F) Welding position - Horizontal / Vertical (2F) 

REGIONS OF OXIDE LAYER FORMATION 

AFTER 1 S t PASS IN M U L T I P A S S WELDING 

FIG 1 R E G I O N S OF OXIDE LAYER AND POROSITY 

FORMATION IN M U L T I P A S S W E L D I N G * 

Flg.11. X-Ray Photograph : Linear porosity formation 
in multipass welding; 14mm thick butt joint. 

F l g . 1 1 X-Ray Photograph : 14mm thick butt weld with 
proper interpass cleaning (Conventional MIG). 

INDIAN WELDING JOURNAL, JULY, 1994 

33 



In c o m p a r i n g the G T A W : G M A W 

we lds are m o r e suscep t i b l e to po-

ros i ty fo r t w o p r i m a r y r easons . 

Fi rst , the la rge su r f ace area as-

s o c i a t e d w i t h s m a l l d i a m e t e r 

w i res requ i res fo r G M A W p rov ide 

a m p l e o p p o r t u n i t y f o r s u r f a c e 

c o n t a m i n a t i o n and v i r t ua l l y al l t he 

mo is tu re , g r e a s e and o ther hydro-

ca rbon c o n t a m i n a n t s on the w i re 

s u r f a c e a r e i m m e d i a t e l y 

v a p o r i s e d in t h e a rc a n d c o n -

v e r t e d i n t o a t o m i c h y d r o g e n 

w h i c h is t h e n a v a i l a b l e fo r ab-

s o r p t i o n i n t o t h e m o l t e n w e l d 

pool . S e c o n d , the h ighe r d rop le t 

t e m p e r a t u r e in G M A W inc reases 

the a m o u n t of h y d r o g e n absorp -

t ion du r i ng m e t a l t r ans fe r ac ross 

the arc. H y d r o g e n bear ing ox ide 

f i lms and inc lus t i ons on the p la te 

and w i re a lso con t r i bu te to poros-

i ty f o r m a t i o n in M I G w e l d i n g . 

Hence , s t o rage and c l e a n i n g of 

j o i n t e d g e s b e f o r e w e l d i n g a re 

v e r y i m p o r t a n t c o n s i d e r a t i o n s . 

Lack of f us ion lack of pene t ra t i on 

and ox ide i nc lus ions are the o ther 

c o m m o n d e f e c t s . F e w m e t h o d s 

have been a l ready d i scussed to 

c o n t r o l t h e s e d e f e c t s i n c l u d i n g 

the use of s y n e r g i c M I G we ld i ng . 

A p a r t f r o m t h e bas i c c o n s i d e r -

a t i o n s , t e c h n i q u e s a n d p r e c a u -

t ions g e n e r a l l y o b s e r v e d for a lu-

m i n i u m we ld ing ; the fo l l ow ing fac-

to rs are to be g i v e n to con t ro l t he 

poros i ty f o r m a t i o n and to a c h i e v e 

super io r qua l i t y we lds . 

Removal of oxide layer and 
interpass cleaning. 

A n ox ide laye r is a lways present 

on a l u m i n i u m and its a l loys. A lu -

m i n i u m ox i d i ses m o s t read i ly in 

m o l t e n s t a t e in a i r i .e . a b o v e 

600°C. The proper gas f low rate 

and c o v e r a g e of we ld pool is ve r y 

impor tan t to avo id f o r m a t i o n of 

ox ide layer . T h e a l u m i n i u m ox ide 

has ve ry h igh me l t i ng t e m p e r a -

ture (2060°C approx ) and there-

fo re in te r fe res in we ld ing caus ing 

imp rope r wet t ing and lack of fu-

s ion de fec ts . Hence , r e m o v a l of 

th is th ick or th in ox ide layer is 

v e r y e s s e n t i a l f o r s u c c e s s f u l 

we ld ing . Th is ox ide layer has to 

be r e m o v e d by m e c h a n i c a l 

m e a n s l ike b rush ing , s c r a p p i n g 

a n d f i l l i n g . T h e l i g h t e r w e i g h t 

g r i nd i ng m a c h i n e s w i th me ta l l i c 

end cur t fe rs and hav ing t ips of 

d i f f e r e n t s h a p e s can be e f f e c -

t i ve ly used for r e m o v a l of th is ox-

ide layer in mu l t i l aye r we lds in 

butt and f i l let jo in ts . 

W i t h M I G we ld ing of a l u m i n i u m , 

pos i t i ve polar i ty is used for the 

e lec t rode and this is very benef i -

c ia l in b reak ing of ox ide layer . 

T h e c lean ing ac t ion takes p lace 

at the root of arc. H o w e v e r s o m e 

t h i n l a y e r of o x i d e is a l w a y s 

f o r m e d at the ad jacen t reg ions 

wh ich has to be r e m o v e d essen-

t i a l l y b e f o r e d e p o s i t i n g f u r t h e r 

passes. In our exper ience , the re-

g ions (as shown in F igure 10) are 

prone to ox ide layer f o rma t i on in 

m u l t i l a y e r we lds . T h i s sha l l be 

th rough ly r e m o v e d by m e c h a n i c a l 

m e a n s as c l e a n i n g w i t h w i r e 

b r u s h i n g a l o n e m a y no t be 

enough . A lso, the uneven beads 

f o rm ing cav i t ies , large r ipp les and 

r i dges sha l l be g r o u n d s m o o t h 

before depos i t ing next pass. E v e n 

t h o u g h it c o n s u m e s s o m e t i m e 

and e f for t but the t roub le is wor th 

to a c h i e v e supe r i o r qua l i t y we lds . 

Fur ther , t hese reg ions con ta in ing 

ox ide layer if not c l e a n e d prop-

er ly not on ly i n te r f aces w i th we ld -

ing but a lso g i v e r ise to f o r m a t i o n 

of s e c o n d a r y p o r o s i t y of l i nea r 

t y p e n e a r t h e e d g e or f u s i o n 

bounda ry and poros i ty in t he w e l d 

as app l i cab le d e p e n d i n g upon the 

n u m b e r of passes in each layer 

(F igure 11). It has been a l ready 

repor ted tha t ox i de and o the r in-

c lus ions act as nuc le i du r i ng so-

l id i f i ca t ion lead ing to g rea te r po-

rosi ty (6). In w e l d i n g of A l - Z n - M g 

a l l o y s t h e d e g r e e o f o x i d e , 

b lackspo t layer and spa t te r for-

m a t i o n w a s f o u n d c o n s i d e r a b l y 

h i g h e r c o m p a r e d to a l u m i n i u m 

s i l i c o n a l l o y s . T h e s e d e p o s i t s 

h a v e to be r e m o v e d e v e r y t i m e 

b e f o r e l a y i n g t h e nex t pass to 

a v o i d poros i ty and int-erlayer and 

s ide wa l l lack of f us ion de fec t s in 

mu l t i l aye r we lds , F igu re 12 shows 

the X- ray p h o t o g r a p h of 14 m m 

th ick but t w e l d m a d e w i th p roper 

In te rpass c lean ing . 

Controlled Agitation of Weld 
Pool 

T u r b u l e n t c o n v e c t i v e f l u i d f l ow 

d u r i n g s o l i d i f i c a t i o n h a s b e e n 

s h o w n to p r o d u c e a subs tan t i a l 

r e d u c t i o n in po ros i t y and g ra in 

s ize in a l u m i n i u m we lds depos i ted 

by the G a s T u n g s t e n A r c W e l d -

ing p rocess . It is we l l k n o w n tha t 

d y n a m i c s imu la t i on that i nduces 

ex t rao rd ina ry l eve l s of tu rbu len t 

c o n v e c t i o n in the me l t wi l l tend to 

t r a n s p o r t hea t p u l s e s v ia f l u i d 

f l o w in t h e c e l l u l a r d e n d r i t i c 

i n t e r s t a c l e s c a u s i n s e c o n d a r y 

a r m s to m e l t o f f p r o v i d i n g a 
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m e a n s of g ra in mu l t i p l i ca t i on , It 

has been f o u n d tha t e l e c t r o m a g -

net ic s t r r ing p r o d u c e d subs tan t ia l 

reduc t i ons in the poros i ty in a lu-

m i n i u m w e l d s . C o n v e c t i o n ap -

pears to be v i ta l in acce le ra t i ng 

the n u l c e a t i o n g r o w t h and u l t i -

mate e s c a p e of b u b b l e s f r o m the 

mo l ten poo l (6). 

Th i s p h e n o m e n o n w a s c o n f i r m e d 

as w e l d s p r o d u c e d by s y n e r g i c 

M I G w e l d i n g s h o w e d m u c h less 

poros i ty c o m p a r e d to w e l d s m a d e 

by c o n v e n t i o n a l M I G w e l d i n g 

s ince pu lsa t i on b e t w e e n low and 

h igh l e v e l o f c u r r e n t p r o d u c e s 

c o n v e c t i v e f l u id f l ow and s t r r ing 

a c t i o n p r o v i d e d by s t i f f a rc of 

p u l s e d M I G w e l d i n g w h i c h re-

duces f o r m a t i o n of both p r imary 

and s e c o n d a r y poros i ty . 

It was f ound tha t in c o n v e n t i o n a l 

M I G we ld i ng , p r o n o u n c e d rotary 

mo t i on to ag i ta te the w e l d poo l 

by t h e m a n i p u l a t i o n o f g u n 

grea t ly r e d u c e d the f o r m a t i o n of 

poros i ty . Th i s w a s f o u n d one of 

t h e m o s t e f f e c t i v e m e t h o d s o f 

con t ro l l i ng the poros i ty and tech-

n ique has to be a d o p t e d to l iber-

ate the gas be fo re the su r face of 

the poo l f r e e z e s (3). W i t h m a n u a l 

w e l d i n g t e c h n i q u e , t h i s is 

a c h i e v e d read i l y by m a i n t a i n i n g a 

large but con t ro l l ab le w e l d poo l 

a n d a g i t a t i n g it s u f f i c i e n t l y to 

e l im ina te the gas bubb les by use 

of s l igh t ly h igher cu r ren ts and gas 

f l ow ra te . T h i s t e c h n i q u e c o m -

b ined w i th syne rg i c M I G we ld i ng 

f u r t h e r e n h a n c e d i ts c a p a b i l i t y 

and p r o d u c e d w e l d s of m u c h su-

p e r i o r q u a l i t y s i n c e w e l d p o o l 

cou ld be con t ro l l ed in m u c h bet-

te r w a y c o m p a r e d to conven t i ona l 

M I G we ld ing owing to w e l d pool 

f l ood ing p rob lems assoc ia ted wi th 

th is p rocess as a l ready d iscussed. 

Bead shape and welding 
position 

It w a s obse rved that we lds hav -

i ng c o n v e x b e a d s h a p e w e r e 

f o u n d c o n t a i n i n g m o r e po ros i t y 

c o m p a r e d to we lds w i th c o n c a v e 

or f lat bead shape. Consequen t l y 

in mu l t i l aye r we lds c o n v e x beads 

h a v e to be g r o u n d s m o o t h to 

a c h i e v e s u p e r i o r qua l i t y w e l d s . 

G o o d q u a l i t y w e l d s c o u l d be 

a c h i e v e d w i t h s u i t a b l e w e l d i n g 

cond i t i ons ; howeve r , par t i cu la r l y 

the we lds m a d e in ver t i ca l posi-

t ion we re f ound hav ing ve ry sh iny 

beads, m u c h less b lack spot layer 

f o rma t i on and porosi ty c o m p a r e d 

to we lds m a d e in o ther pos i t ions. 

Preheating 

T h e t he rma l conduc t i v i t y of a lu-

m i n i u m is t h r e e to f o u r t i m e s 

h i g h e r t h a n s tee l , a l t h o u g h i ts 

m e l t i n g po in t is r e l a t i v e l y l ow 

(660°C). It is d i f f i cu l t espec ia l l y 

w i th th ick w o r k p i e c e s of a lum i -

n i u m to a c h i e v e a su f f i c ien t l y in-

t ens i ve heat bu i ld -up w i th we ld -

ing so that the we ld pool r ema ins 

su f f i c ien t l y w a r m enough and in 

fac t unt i l degass ing is comp le te . 

Th is app l ies in par t i cu la r to the 

we ld start . A good w a y of inhib i t -

ing heat d iss ipa t ion is to preheat 

the w o r k p i e c e s (7). 

T h e preheat t empe ra tu re of 100-

150°C is c o n s i d e r e d e n o u g h to 

a c h i e v e good resul ts . Th is cer-

ta in ly he lps in reduc t i on of poros-

ity and a lso to a c h i e v e s m o o t h 

and be t te r bead s h a p e . T h e pre-

hea t ing of back i ng bar he lps in 

reduc t i on of poros i ty in root run 

we ld ing . 

Use of Gas Mixtures 

A r g o n gas is w ide l y used fo r a lu-

m i n i u m M I G we ld i ng . T h o u g h for 

th ick w e l d s it is be t te r to use Ar -

gon and H e l l i u m gas m ix tu re in 

d i f f e r e n t r a t i o s v a r y i n g f r o m 

7 5 : 2 5 , 5 0 : 5 0 a n d 2 5 : 7 5 . T h e 

s h i e l d i n g g a s m i x t u r e of A r g o n 

and H e l i u m is f o u n d bet ter w i th 

regard to f r e e d o m of we ld i ng f r o m 

po ros i t y . H e l i u m p r o v i d e s m o r e 

heat in the arc and t hus inc reases 

the dep th of pene t ra t i on . T h e hot-

t e r m o l t e n p o o l l e a d s to s l o w 

coo l ing and less poros i ty f o rma -

t ion. 

CONCLUSION 

C o n v e n t i o n a l M I G w e l d i n g of a lu-

m i n i u m can be p e r f o r m e d a d v a n -

t ageous l y to p r o d u c e h igh qua l i t y 

w e l d s j o i n t s h a v i n g t h i c k n e s s 

a b o v e 5 m m (wi th 1.6 m m d i a m -

e ter w i re ) in butt and f i l let we lds 

in all pos i t i ons us ing sp ray m o d e 

of me ta l t rans fe r w i t h p rope r at-

ten t i on and su i tab le we ld i ng con-

d i t ions. Syne rg i c M I G we ld ing can 

o v e r c o m e the l im i t a t i ons of con-

v e n t i o n a l M I G w e l d i n g to p e r f o r m 

r o o t p a s s w e l d i n g , w e l d i n g in 

spray t r ans fe r m o d e at l ower av-

e rage cu r ren t s fo r be t te r m a n i p u -

la t ion of w e l d poo l , easy pos i -

t i o n a l w e l d i n g a n d t h i n s h e e t 

we ld ing . W i t h a d e q u a t e a t ten t ion 

pa id to ce r ta in aspec ts in p rov id -
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i ng s u i t a b l e w e l d i n g c o n d i t i o n s 

l ike p roper m a n i p u l a t i o n of gun , 

con t ro l l ed ag i ta t i on of w e l d pool , 

use of back ings , i n te rpass c lean-

ing to r e m o v e o x i d e layer , de-

fec ts l ike poros i t y f o r m a t i o n , lack 

of pene t ra t i on , lack of f us i on can 

be e f f ec t i ve l y con t ro l l ed or e l im i -

na ted to p r o d u c e w e l d s of h igh 

in tegr i ty . 
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