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ABSTRACT 

The effect of welding current, arc voltage, electrode diameter, 
electrical stickout and flux type on the wire feed speed during 
AC submerged-arc-welding has been studied. The results show 
that wire feed speed is influenced by welding current, electrode 
diameter and electrical stickout. A mathematical model to 
predict wire feed speed from welding parameters has been deve-
loped from the data. 

1. INTRODUCTION 

The impor t ance of control l ing wire f e e d speed 
(W.F.S.) is r e f l e c t e d by the incorpora t ion of 
digital W.F.S. m e t e r s in s e m i - a u t o m a t i c and 
au tomat i c -we ld ing equipment of r e c e n t design. 
Since hand-held wire feed s p e e d o m e t e r s a re 
now readi ly avai lable , it is possible to measu re 
the W.F.5. on all welding equipment whe the r 
new or old . Because W.F.S. can be measu red 
easily and a c c u r a t e l y and is a good indicator 
of deposi t ion r a t e and a means of quali ty assu-
r ance , knowledge of i ts re la t ionship wi th o the r 
welding p a r a m e t e r s is des i rab le . 

Chandel and Malik (1) made the f i r s t a t t e m p t 
to c o r r e l a t e wire f eed speed with d i r ec t cu r r en t 
(D.C.) s u b m e r g e d - a r c welding p a r a m e t e r s and 
r e p o r t e d the following equat ions : 

W.F.S. (mm/s ) (for DCRP) = 

0.618 I + 0.00001 I2L - 7.31 _ 

Di rec t cu r r en t r e v e r s e polar i ty 

W.F.S. (mm/s) (for DCSP) 

0.878 I + 0.00001 I2L - 9.23 

D i r e c t cu r r en t s t r a igh t polar i ty 

Where, I - welding cu r r en t (A) 

d - e j e c t r o d e d i a m e t e r (mm) 

L - e l e c t r i c a l s t i ckout (mm) 

Recen t ly AC squa re -wave power sources have 
become increasingly popular , pa r t i cu la r ly for 
submerged -a rc na r row-gap welding appl ica t ions 
(2,3). T h e r e f o r e , the aim of this work is to 
s tudy the e f f e c t of AC submerged-a rc -we ld ing 
p a r a m e t e r s on wire f eed speed . 

2. EXPERIMENTAL WORK 

The basfe m a t e r i a l used for the e x p e r i m e n t a l 
work was a 19 mm thick ASTM A 36 s tee l 
p l a t e . This p l a t e was cut into 600 x 150 mm 
pieces and both s u r f a c e s w e r e sand b l a s t ed . 
Lincoln L-60 e l e c t r o d e s of 3.2, and 4 mm d i a m e -
ter w e r e used along with Linde 124 and OP121TT 
f luxes (basic i ty indices 1 and 3 r e spec t ive ly ) . 

A Miller AC squa re -wave 1000 power source 
was used which o p e r a t e s in a c o n s t a n t - v o l t a g e 
mode . The expe r imen ta l work was designed 
such t h a t the e f f e c t s of welding c u r r e n t , a rc 
vo l tage , e l e c t r o d e d i a m e t e r , e l ec t r i c a l s t i ckout 
and flux bas ic i ty on W.F.S. could be s tud ied . 
Welding cu r ren t and a r c vo l tage were r eco rded 
on a c h a r t r eco rde r for every weld, while the 
corresponding W.F.S. was measured by a hand-
held d ig i t a l -w i re - f eed s p e e d o m e t e r . F o r t y - e i g h t 
bead -on-p la t e welds were deposi ted, and their 
p a r a m e t e r s and corresponding w i r e - f e e d speeds 
a re given in Table - 1. 

3. RESULTS AND DISCUSSION 

R . S . C h a n d e l is w i t h C a n a d a C e n t r e of M i n e r a l 
and E n e r g y T e c h n o l o g y , P h y s i c a l M e t a l l u r g y 
R e s e a r c h L a b o r a t o r i e s , O t t a w a , C a n a d a . 

Figure - 1 shows the e f f e c t of welding c u r r e n t , 
e l e c t r o d e diamfeter and e l ec t r i ca l s t i ckou t on 
w i r e - f e e d speed . It can be sfeen t h a t , for a 
given e l e c t r o d e d i ame te r and e l ec t r i c a l s t i ckou t , 
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TABLE - 1 

Welding Parameters and Wire Feed Speed 

W.F.5. (mm/s) 

Linde 124 Flux OP121TT Flux 

ire d i am. C u r r e n t Voltage 25.4 mm 76.2 mm 25.4 mm 76.2 mm 
(mm) (A) (V) ESO ESO ESO ESO 

3.2 400 30 21.15 24.53 23.26 26.40 
3.2 500 30 26.43 35.95 29.61 36.20 
3.2 600 30 38.00 50.76 40.18 50.76 
3.2 700 30 47.37 67.68 46.53 70.10 
3.2 400 34 21.15 25.38 23.26 26.20 
3.2 500 34 26.64 35.95 29.61 36.40 
3.2 600 34 "37.64 48.64 38.10 49.34 
3.2 700 34 47.30 67.68 46.95 70.30 

4.0 450 32 16.10 16.92 

4.0 550 32 21.15 23.26 

4.0 650 32 25.38 31.72 

4.0 750 32 32.14 40.20 

4.0 450 36 16.00 16.92 

4.0 550 36 21.35 23.25 

4.0 650 36 25.18 31.72 

4.0 750 36 32.23 40.30 
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Fig. 1 E f f e c t of welding c u r r e n t , wire d i a m e t e r 
and e l ec t r i c a l s t rckout on the wire f e e d 
speed . 

the re is an inc rease in wire f e e d speed with 
an increase in welding c u r r e n t . The f igure also 
shows t h a t for a given c u r r e n t , higher w i r e - f e e d 
speeds a re ob ta ined when a s m a l l e r - d i a m e t e r 
e l e c t r o d e and longer e l e c t r i c a l s t i ckout is 
used. The a rc vol tage and flux basic i ty do 
not seem to have any in f luence on w i r e - f eed 
speed . 

In order to develop a meaningfu l m a t h e m a t i c a l 
model r e l a t ing wire feed speed and the welding 
p a r a m e t e r s , a mul t ip le regress ion equat ion of 
the type r e f e r e n c e d above (1) was developed, 
which is as fol lows : 

W.F.S. = 0.71 J _ + 0.000007 P L 
,2 .2 

9.7 Eq. 3 

The val idi ty of this equat ion is evident f r o m i ts 
ex t r eme ly high c o - e f f i c i e n t of co r re l a t ion and 
Figure 2, which shows t h e re la t ionship b e t w e e n 
computed and measured values of- w i r e - f e e d 
speed . 
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Fig. 2 Compar i son of ca l cu l a t ed and measured 
values of wire f eed speed . 

The above expression ind ica tes t h a t the c o - e f f i -
c ien t of the f i r s t t e r m (which is W.F.S. due 
to a rc h e a t ) is higher than t h a t for D C R P and 
lower than t ha t for DCSP compar ing Eq . 3 with 
Eq. 1 & 2. However , the c o - e f f i c i e n t of the 
second t e r m (which is W.F.S. due to Joule 
heat ing) is smal ler than t h a t of DCSP or D C R P . 
This ind ica tes t h a t r e s i s t a n c e hea t ing and the 
e f f e c t of e l e c t r i c a l s t ickout is less pronounced 
during AC welding than DC welding. This is 
con t r a ry to the f indings of Demyan t sev ich (4) 
and Robinson (5) who r epo r t ed t ha t the res i s -
t ance -hea t i ng e f f e c t was the same for AC and 
DC welding. Desp i te this con t roversy , the above 

A m a t h e m a t i c a l express ion has been 
developed success fu l ly to c o r r e l a t e wi re -
feed speed and welding c u r r e n t , e l e c t r o d e 
d i ame te r and e l ec t r i c a l s t i ckou t . 

re la t ionship s e e m s to be very useful and can 
predic t w i r e - f e e d speed and mel t ing r a t e s during 
AC submerged -a rc welding. 

4. CONCLUSION 

Wire - feed speed during AC submerged 
welding is in f luenced by welding c u r r e n t , 
e l ec t rode d iamete r and e l ec t r i ca l s t i ckou t . 

Arc vol tage and flux type do not have 
any s ign i f ican t e f f e c t on the w i r e - f eed 
speed . 
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