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ABSTRACT 

The influence of polarity at various levels of welding currents 
varying from 300 Amp to 700 Amp between the arc voltage 
of 28 volt and 32 volt on the melting rate, and the bead geo-
metry has been investigated. It has been observed that at a 
given value of welding current and voltage the melting rate 
is larger at DCEN as compared to that at DCEP. At a given 
arc voltage the difference in melting rate increases with the 
increase in current. However, at a given welding current the 
variation in crc voltage shows an insignificant e f f e c t on melting 
rate under straight polarity (DCEN). The DCEN produces an 
irregular bead shape due to piling up of metal deposition and 
gives lower penetration along with lower bead width and higher 
bead height than those observed at DCEP. 

1. INTRODUCTION 

A large number of variat ions in the technique 
of Submerged Arc Welding (SAW) have been 
prac t iced to increase deposition r a t e . These 
include use of mul t ia rc mult iple power sources 
in various combinat ions with r e f e r e n c e to (i) type 
(AC/DC) and number of power sources used, (ii) 
a r r a n g e m e n t of a rc (ser ies /paral le l ) . Lately 
r e f e r e n c e s have been made about the use of 
s t ra ight polari ty for increasing melt ing r a t e , 
however , no prac t ica l data are available indica-
ting the ex ten t of increase in melt ing r a t e 
using s t ra igh t polar i ty . Also there is no evidence 
available suggesting the use of s t ra ight polari ty 
by m a n u f a c t u r e r s in ac tua l f ab r i ca t ion . This 
may be due to lack of da ta regarding t he suitabi-
lity of weld bead geomet ry as well as the micro -
s t ruc tu re of the mult i layer welds obta ined by 
using s t ra igh t polar i ty Submerged Arc Welding 
process . 

The present work is the f i rs t s tep of a large 
p rogramme to establish the inf luence of polari ty 
on (i) melt ing r a t e (ii) weld bead geometry 
and (iii) mic ros t ruc tu re of weld me ta l and 
its inf luence on mechanical proper t ies in . a 
multi layer weld. 

T h e a u t h o r s w i t h W e l d i n g R e s e a r c h L a b o r a t o r y 
D e p t t . of M e c h a n i c a l & I n d u s t r i a l E n g g . , 
U n i v e r s i t y of R o o r k e e , 
R o o r k e e - 2 4 7 6 6 7 , I n d i a . 

2. MELTING RATE 

Melting of f i l ler wire as well as parent meta ls 
is obtained by the hea t genera ted in the a rc . 
Hea t in the arc is genera ted by e lec t r ica l r eac -
tions at the anode and ca thode regions and 
also within the p lasma. The energy corresponding 
to reac t ions in plasma column does not direct ly 
cont r ibu te to melt ing of ca thode and anode m a t e -
r ials . It, however , inf luences the ca thodic and 
anodic hea t ing . 

In addition to the energy supplied by the welding 
arc , t h e e lec t r i ca l res i s tance heat ing of the 
e lec t rode by welding cur ren t also a f f e c t s the 
e lec t rodes melt ing r a t e . This e f f e c t is par t icular ly 
s ignif icant in welding processes which use small 
d iameter e lec t rodes . 

Considering the above f a c t o r s the melt ing r a t e 
(MR) can be expressed as : 

MR r al + bLI2 

where, a - the cons tant of proport ionali ty for 
anode or c a t h o d e heat ing its 
magnitude is dependent upon compo-
sition and polar i ty in case of d i rec t 
cur ren t a rcs . 

b - the cons tant of proport ional i ty for 
e lec t r ica l res i s tance heat ing and 
includes the e lec t rodes res is t iv i ty . 
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L - e l ec t rode ex tens ion 

I - welding c u r r e n t . 

The value of 'a ' have been found grea t ly d i f f e r ing 
for D i r e c t C u r r e n t S t ra igh t Pola r i ty (DCEN) and 
D i r e c t Cur r en t Reve r se Polar i ty in case of MIG 
welding. It is higher in case of Di rec t C u r r e n t 
S t ra ight Pola r i ty as compared to Di rec t C u r r e n t 
Reve r se Polar i ty resu l t ing in a higher mel t ing 
r a t e with D i rec t cu r r en t s t r a igh t po la r i ty . No 
d i f f e r e n c e in value of 'b' is r e p o r t e d when working 
with DCEN and D C E P . 

U n f o r t u n a t e l y no da t a a re ava i lab le regard ing 
the value of ' a ' in case of Submerged Arc Welding, 
al though it has been ind ica ted by severa l au thors 
(1,2,3,) t h a t the deposi t ion r a t e is higher in case 
of DCEN. But t he r e is g r e a t var ia t ion in the 
e x t e n t of inc rease in mel t ing r a t e . It var ies 
f rom 10 - 15% as sugges ted by (1) to 30 - 40% 
as given by (2-3). F u r t h e r m o r e , inspi te of higher 
mel t ing r a t e , the use of DCEN has not been 
adopted by the m a n u f a c t u r e r even in mul t i l ayer 
welding, special ly for f i l ler runs . This s i tua t ion 
calls for an inves t iga t ion into the in f luence of 
polar i ty on mel t ing r a t e as well as bead c h a r a c t e -
r i s t i c s and m i c r o s t r u c t u r e of the d i f f e r e n t layers 
in case of mul t i l ayer submerged a r c welding 
using DCEN. The p resen t inves t iga t ion is a 
f i r s t s t ep in this r e f e r e n c e . 

3. EXPERIMENTAL DETAILS 

Bead on p la t e s w e r e depos i ted on 15 mm thick 
mild s t ee l p l a t e s by using 3.15 mm d i a m e t e r 
LS2NiMO fi l ler wire and OP41TT flux under 
d i f f e r e n t welding cu r r en t and polar i ty a t the 
a rc vo l tage of 28 Volt and 32 Volt, for s tudying 
the in f luence of change in polar i ty on mel t ing 
r a t e s of the fi l ler wi re . 

Each spec imen was weighed b e f o r e and a f t e r 
welding. The d i f f e r e n c e b e t w e e n the two weights 
H ivided by bead length and mul t ip l ied by t rave l 
speed provided the deposi t ion r a t e in gms/min 
which was la ter on conve r t ed to k i logram/hour . 
The bead width and bead height were measu red 
with the help of a vernier cal l iper a t severa l 
points along the length of t h e bead and the 
average has been r e p o r t e d . The p e n e t r a t i o n was 
measu red with the help of op t ica l mic roscope . 

A. RESULTS AND DISCUSSIONS 

E f f e c t of Polarity on Deposition Rate 

The var ia t ion in deposi t ion r a t e with the change 
in cu r r en t under d i f f e r e n t polar i ty have been 

Note ; Straight polarity means Electrode negative (EN) 
and reverse polarity means Electrode positive (EP). 
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Fig. 1 E f f e c t of welding c u r r e n t on the deposi -
tion r a t e under d i f f e r e n t polar i ty a t an 
a rc vol tage of 28 Volt . 

CURRENT, Amp. -

Fig. 2 E f f e c t of welding cu r r en t on the deposi-
tion r a t e under d i f f e r e n t polar i ty a t an 
arc vo l t age of 32 Volts. 
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Fig. 3 Under s t r a igh t polar i ty p e r c e n t a g e increase 
in deposi t ion r a t e with the inc rease of 
welding c u r r e n t . 

shown in Figs . 1 & 2 for d i f f e r e n t a r c vo l tages 
of 28 Volts and 32 Volts r e s p e c t i v e l y . The va r ia -
tion of p e r c e n t a g e inc rease in deposi t ion r a t e 
b e t w e e n the d i f f e r e n t polar i t ies , with the change 
in cu r r en t has been shown in' F ig . 3 a t the 
arc vo l tages of 28 Volt and 32 Volts . The deposi-
tion r a t e inc reases s teadi ly with the inc rease 
in c u r r e n t following a l inear mode . T.his may 
be a t t r i b u t e d to the increase in h e a t input 
with inc rease in c u r r e n t . It is ev ident f r o m 
Figs . 1 & 2 t ha t with e l e c t r o d e nega t ive deposi-
tion r a t e is higher as compared to e l ec t rode 
posi t ive . The g r e a t e r amount of deposi t ion 
r a t e in case of d i rec t c u r r e n t e l e c t r o d e nega t ive 
(DCEN) can be a t t r i b u t e d to higher ca thod ic 
hea t ing . 

C a t h o d i c hea t ing qc is given by the fol lowing 
r e l a t i on , 

qc ^ [Vc - (€• + 3KT/2e)]I 

where , 
Vc - ca thod ic drop in vol ts 

•& - the work func t ion (volts) of the 
m a t e r i a l 

3KT/2e - the t h e r m a l energy of e l ec t rons , 

whereas anodic qa is given by 

qa ^ [Va + (-0- + 3KT/2e)]I 

where , 
Va - anode drop in volts 

In case of mos t of s t r u c t u r a l s t ee l s the values 
of Vc, 6- and 3KT/2e have been r e p o r t e d as 
follows (4) 

Vc ^ 15 volt 

•fr - A.5 vol t but r e d u c e s to 3 - 3.5 vol t 
due to s u r f a c e c o n t a m i n a t i o n . 

3KT/2e r 0.5 

for an a rc t e m p e r a t u r e of 6,000 K in case of 
most f e r rous m e t a l s . 

T h e r e f o r e , 
qc - [15 - (3 + 0.5)31 

^ 11.51 

with e l e c t r o d e posi t ive , Va - 3V and t h e r e f o r e , 

qa - (3 + 3.5)1 - 6.51 

The d i f f e r e n c e in the value of qc and qa is 
responsible for the d i f f e r e n c e in mel t ing r a t e 
at d i f f e r e n t po la r i t i es . 

Unlike Tungsten Inert Gas Welding (DCEN), 
in Submerged Arc Welding of s tee l the emission 
of e l e c t ron is by the mechan i sm of Field Emission 
whereby a few ca thode spots a re fo rmed a t 
the e l e c t r o d e end. These c a t h o d e spot keep 
on moving f r o m one point to another point and 
in th is process , c l imb the s u r f a c e of e l e c t r o d e . 
This causes besides higher c a t h o d e drop, larger 
s u r f a c e being h e a t e d resul t ing in larger amount 
of mel t ing al though the t e m p e r a t u r e of the 
mol ten drop is less as compared to the t e m p e r a -
ture of the drop in case of DCEP or also when 
using a c t i v a t e d c a t h o d e . Larger ca thode drop 
with DCEN (as compared to ca thode drop in 
DCEP) is par t ia l ly due to this cl imbing of c a thode 
spo t . This is ev ident f r o m the f a c t t h a t in 
case of a c t i v a t e d c a t h o d e the c a t h o d e drop 
is less wi th consequent r educ t ion in ca thode 
hea t ing resul t ing in smal ler amount of deposi t ion 
r a t e . 

E f f e c t of Polarity on Penetration 

The p e n e t r a t i o n increases wi th the cu r r en t for 
both the polar i ty as shown in Fig . 4 . It may 
be a t t r i b u t e d to increase in hea t input which 
causes the higher amount of m e l t . It is also 
seen f r o m Fig . 4 t ha t the r a t e of inc rease 
in p e n e t r a t i o n is much higher a t values of 
cu r r en t above 500 Amp. This is due to s ign i f i can t 
inc rease in a rc p lasma pressure above 500 Amp. 
The increased a rc pressure d isplaces the mol ten 
me ta l f r o m the weld pool and thus increases 
the p e n e t r a t i o n , It is c lear f rom the F ig . 4 
tha t the p e n e t r a t i o n wi th the DCEP is larger 
as compared to DCEN. This may also be due 
to the higher ca thod ic hea t ing , the workpiece 
being ca thode in th is ca se . 

INDIAN WELDING JOURNAL, JULY, 1987 230 



Fig. 4 Variat ion of p e n e t r a t i o n wi th the change 
in welding cu r ren t under d i f f e r e n t po la r i ty . 

E f f e c t of Polarity on Bead Width 

The e f f e c t of cu r r en t on bead width is i l lus t ra ted 
in F ig . 6 . This shows t ha t the bead width inc rea -
ses with increasing cu r ren t in both the cases , 
DCEP and DCEN, but p e r c e n t a g e inc remen t 
in bead width wi th inc rease in cu r ren t r educes 
as cu r r en t inc reases . It is likely t ha t beyond 
a c e r t a i n value of cu r r en t (beyond the scope 
of this work), bead width may d e c r e a s e with 
fu r the r inc rease _ in c u r r e n t . This is due to the 
f a c t t h a t with increasing c u r r e n t the increse 
in p e n e t r a t i o n r ises s igni f icant ly with a conse-
quent reduc t ion in the r a t e of inc rease in 
weld width . 

E f f e c t of Polarity on Bead Height 

F ig. 7 p re sen t s the re la t ionship be tween bead 
he ight and c u r r e n t . The bead height increases 
with c u r r e n t in both DCEP and DCEN. 

Fig. 5 E f f e c t of cu r r en t and polar i ty on p e n e t r a -
tion and bead shape . 
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The F ig . 5 (a to c) show the pene t r a t i on and 
bead shape a t d i f f e r e n t cu r r en t values i .e . 
300, 500 and 700 Amp. r e spec t i ve ly . The e f f e c t 
is a l ready being discussed. 

F u r t h e r , a t all c u r r e n t levels , t he bead width 
is g r e a t e r for DCEP owing to higher ca thoding 
hea t i ng . 

WELDING SPEED — 
ARC VOLTAGE -

. ELECTRQOE 
EXTENSION -

300 Amp. 
DCEN 
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T r r 
WELDING SPEED - <0 c m / m i n 
ARC VOLTAGE - I I V 

_ELECTRODE 
EXTENSION — 2? mm 
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The increase in bead height can be a t t r i b u t e d 
to the f a c t t h a t with inc rease in cu r r en t the 
deposi t ion r a t e inc reases but the inc rease in 
weld width is r e l a t ive ly less, accordingly , bead 
height inc reases . The inc rease in bead • height 
with inc rease in cu r r en t is r e l a t ive ly larger 
in case of DCEN. This is due to the f a c t t h a t 
the inc rease in deposi t ion r a t e with increase 
in c u r r e n t is also g r ea t e r in case of DCEN as 
shown in Fig . 7 whereas the inc rease in weld 
width is of the same magni tude as in case 
of D C E P . 

Influence of Polarity on Appearance 

The Fig 8 (a & b) show the in f luence of polar i ty 
on the bead appea rance a t various values of 
c u r r e n t . The F igs . 8 (a & b) c lear ly show tha t 
the bead appea rance is smooth when welding 
with DCEP in all cases , whe rea s bead appears 
to be i r regular when welding with DCEN. The 
beads a re compara t ive ly more s t r a igh t in DCEP . 
The i r regula r i ty in shape of bead can be a t t r i b u -
ted to larger shapeless ( i r regular shape) d rople t s 
which may be a t t r i b u t e d to low t e m p e r a t u r e 

CURRENT , Amp. 

Fig. 6 Variat ion of bead width with the change 
in welding c u r r e n t under d i f f e r e n t po la r i ty . 

T i T 
WELDING S P E E 0 — 4 0 c m / m i n . 
ARC VOLTAGE — 2 6 V 

. E L E C T R O D E 
EXTENSION - 2 5 m m 

D C E N . 

<00 5 0 0 

C U R R E N T , Amp. 
7 0 0 

Fig. 7 Variat ion of bead height with the change 
in welding cu r r en t under d i f f e r e n t po la r i ty . 

( b ) 

Fig. 8 E f f e c t of polar i ty on beard a p p e a r a n c e 
with varying c u r r e n t . 
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of mol ten drople ts in DCEN. The lower t e m p e r a -
tu re r e su l t s f r o m climbing of ca thode spot 
and consequent hea t ing of larger volume e l ec t rode 
end . Lower t e m p e r a t u r e causes inc rease in 
s u r f a c e tension allowing drops to grow to larger 
s ize b e f o r e being d e t a c h e d . This r esu l t s in 
piling of cold me ta l giving r i se to i r regular 
bead . 

5. CONCLUSIONS 

1. The deposi t ion r a t e in submerged arc 
welding is higher with e l e c t r o d e nega t ive (DCEN) 
than e l e c t r o d e pos i t ive (DCEP) and d i f f e r e n c e 
is larger a t higher c u r r e n t s . 

2. The pene t r a t i on is lower in case of DCEN. 

3. The bead shape is qui te i r regular in welding 
wi th e l e c t r o d e nega t ive (DCEN), showing piling 
of cold m e t a l . 

4 . The DCEN gives higher deposit ion r a t e 
with lower p e n e t r a t i o n and can t h e r e f o r e be 
employed in mul t ipass submerged a rc welding 
provided the mechan ica l p rope r t i e s a re a d e q u a t e . 

This cal ls for f u r t h e r inves t iga t ions of t h e 
weld m e t a l mechan ica l p rope r t i e s in case of 
mul t i layer submerged a rc welding welds DCEN. 

There is a possibil i ty t ha t i r regular piling up 
of me t a l may be improved by osci l la t ing the 
wire in case of mul t i l ayer welding. The e f f e c t 
of pendulum mot ion of e l e c t r o d e over bead 
shape in DCEN may t h e r e f o r e be also inves t iga-
ted in case of mul t i l ayer submerged a rc welding 
welds wi th DCEN. 
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WELDING ROTATORS 

• Capacity: 1 tons to 150 tons • Drive: DC Variable, AC constant speed 
• Wheels: Hard rubber tyres, Steel wheels. • Special: Low cost track system, 
sturdey construction. Constant centerline Version, Motorize trolleys for mounting 
rotators. 
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