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Summary 

The e f f e c t of va r i a t i on in seme upset butt we l -
ding parameters such as, current way(10-12mm) 
and welding way(14-20mm) on the microstruc-
ture and hardness of d i f f e r en t reg ion of HAZ 
and the toughness of the we ld in h igh s t ren-
gth low a l l o y stee l weldnu it have been stu-
d i e d . The weldment has been found to have 
a coarse grain ba in i te at the central reg ion 
of the we ld f o l l owed by a reg ion of f ine g ra -
in tempered martensite at both the ends of 
i t . The increase in current way and welding 
way coarsens and r e f ines the central reg ion 
microstructure of the we]d r e s p e c t i v e l y . In 
the weldment a h igh hardness has normal ly 
been found at the weld centre . The increase 
in welding way enhances the nardness of cen-
tra l reg ion of the we ld . The increase in cur-
rent way shows a sharp increase in hardness 
at the we ld centre e s p e c i a l l y when i t i s kept 
at 12mm. The increase in current way from 
10-11.5mm moderate ly increases the C o m p a c t 
energy of the weld centre f o l l owed by a 
sharp increases wi th a fur ther increase in 
i t -to 12mm. The increase in welding way has 
been found to decrease the C^ impact energy 
of the weld centre . 

1. Introduction 

The high strength a l l oy (HSLA) s tee l s have r e -
c e i v ed a w ide acceptance in var ious structural 
app l i ca t ions such as p ipe l ines [ 1 ] o f f sho r e 
p la te forms [ 2 , 3 ] e t c . , due to the i r h igher 
y i e l d strength to t ens i l e strength and strength 
to weight r a t i o s . During fabr i ca t i on of these 
structures welding of var ious components is 
a common p rac t i c e . As such a due cons ide ra -
tion on the w e l d a b i l i t y of HSLA s tee ls under 
var ious weld ing processes has become a fact 
of immense impor tance .The w e l d a b i l i t y of HSLA 
s tee ls has so far been studied under d i f f e r en t 
welding processes start ing from the manual 

metal arc welding to the h i gh l y soph is t i ca ted 
processes l i k e e lec tron beam and laser beam 
we ld ing . However , unfortunately not much l i -
terature is a v a i l a b l e on the w e l d a b i l i t y of 
these s t ee l s under f l ash butt welding and up-
set butt welding processes which are having 
a h igh degree of automation and h igher ra te 
of product ion o v e r a range of sect ion, s i z e 
and shape of the components. 

So fa r as the mechanical p rope r t i e s of the 
weldment are concerned, the toughness of the 
jo int has been g i ven a p r imary importance in 
any structural app l i ca t i on . During f l a sh butt 
welding of s t e e l , in general the weld has 
been found to possess a low toughness [ 4 ] . 
In f l a sh butt weld ing and upset butt welding 
processes the extent of current f l ow and we l -
ding way cons ide rab l y a f f e c t the weld p r o p e r -
t ies due to the i r inf luence on the. thermal c y -
c le and the extent of upsett ing in the we ld . 
Considering the above f a c t s , in th is i n ves t i ga -
tion, an e f f o r t has been made to determine 
the e f f e c t of current way and welding way 
on the microstructure and mechanical p r o p e r -
t i es such as the hardness and toughness of 
the weld centre , in case of upsett butt we lds 
of a High Strength Low A l l o y (HSLA) s t e e l . 

2. Experimentation 

2.1 Welding Procedure 

The HSLA stee l having chemical composit ion 
as shown in t a b l e - I , and of cross sect ion 
36 mm x 10 mm was upset butt we lded in a 
f lash butt welding machine by keeping i t s we l -
ding speed su f f i c i en t l y h igh so that the we l -
ding i s per fo rmed without f l a sh ing . The sche-
matic diagram of the weld ing process has 
been shown in f i g . 1. In th is process out of 
two se l f cool ing g r ipp ing jaws of the weld ing 
machine, one is f i x e d and the other one 
moves during welding upto a certa in distance 

INDIAN WELDING JOURNAL, JANUARY, 1989 
428 



Fig. 2 Microstructure of the 
fine grain region of HAZ. 

VVz -WIDTH OF FINE GRAIN REGION IN HAZ 

V\4 = WIDTH OF FINE GRAIN REGION OUTSIDE THE GRIP 
W2=WIDTH OF FINE GRAIN REGION INSIDE THE GRIP 

F i g . 3 Schematic diagram of the l o ca t i on of d i f f e r e n t 
microstructura l region in HAZ. 

INDIAN WELDING JOURNAL. JANUARY, 1989 6 



ca l l ed the "Welding Way" and the result ing 
gap between the g r ipp ing jaws is ca l l ed the 
" f ina l jaw d istance" ( F i g . l ) . Within the we l -
ding way , during movement of the jaw upto 
a certa in distance (current way ) the current 
f l ows through the jaw and the jaw t rave rses 
rest of the welding way without current . The 
work p iece exper i ences an upsetting operat ion 
during the ent i re welding way . The schedule 
of the welding parameters used in ' th is work 
has been shown in t a b l e - I I . 

Chemical Composition of SAIL-MA300 

Material Chemical composition (Wt 

c Si Mn Nb P S 

HSLA 
(SAIL-MA 300) 0.16 0.226 1.6 0.072 0.022 0.028 

Schedule of the welding parameters used in this work 

SI. Current Welding Upsetting Clamping Initial Final 
No. way way Pressure Pressure Jaw Jaw 

dis- dis-
tance tance 

(min) (mm) (bar ) (bar ) (mm) (mm 

1. 10 15 65 100 30 15 

2. 11 15 65 100 30 15 

3. 11.5 15 65 100 30 15 

4. 12 15 65 100 30 15 

5. 11 14 65 100 30 16 

6. 11 17 65 100 30 13 

7. 11 20 65 100 30 10 

2.2 Microstructure Study 

The specimens co l l e c t ed from each weld were 
prepared by standard meta l lographic procedure 
and etched in 2% nital solution. Under a g iven 
set of o ther welding parameters , the e f f e c t s 
of var ia t i on in current way from 10mm to 12mm 
and also the va r i a t i on in welding way from 
14mm upto 20mm on the widths of var ious mi-
crostructural reg ions in heat a f f e c t ed zone 
(HAZ) were studied under opt ica l microscope. 

2.3 Hardness Test 

The inf luence of var ious welding parameters 
on the d is t r ibut ion of hardness in the we ld -
ment between i t s centre l ine to base metal was 
studied under V i c k e r ' s hardness tester at a 
load of 10 kg . 

2.4 Impact Test 

At a g iven welding way of 15 mm the e f f e c t 
of var ia t ion in current way from 10-12mm and 
at a g iven current way of 11mm the e f f e c t of 
var ia t ion in welding way from 14-20mm, on the 
toughness of weld centre was studied by car -
ry ing out charp.y V-notch impact ( C ^ ) test at 
the temperature of 233K. The dimension of the 
impact specimens was 10x10x55 mm having a ' 
2mm deep 45° V-notch of root radius 0.25mm 
placed at the centre l ine of the we ld . 

3. Results 

3.1 Microstructure of HAZ 

The heat a f f e c t ed zone of the weldments p ro -
duced by upset butt welding process is found 
to have two d ist inct zones consisting of coarse 
and f ine grain microstructures. The coarse mi-
crostructural reg ion is obse rved at the central 
region of the weld having baini te and acicu-
lar proeutecto id f e r r i t e . The f ine microstruc-
tural regions having f ine grains of poss ib l y 
tempered martensite as t y p i c a l l y shown in 
f i g . 2 are found on both s ides adjacent to the 
coarse microstructural region towards the g r i p 
The locat ion of these d i f f e r en t microstructural 
regions in a weldment have been shown sche-
mat ica l ly in f i g . 3 where , D is the f inal jaw 
distance, W^ is the width of coarse micro-
structural region and V\'2 is the width of f ine 
microstructural reg ion. At a l l combinations of 
process parameters used in th is work, i t has 
been obse rved that the total width of HAZ es -
timated as (W + 2W ? ) i s a lways more than 
the f inal jaw distance D. This behav iour ind i -
cates that the f ine microstructural regions e x -
ist ing at both ends of W^ are extended upto 
a certain distance within* the gr ipp ing area. 
In f i g . 3 the widths of f ine microstructural r e -
gions present outside and ins ide the gr ipp ing 
area are shown as W'r, and W"2 r e s p e c t i v e l y . 
The W'^ i s est imated as 

W ' 2 = (D-W 1 ) /2 . . . . ( 1 ) 

and W"7 is est imated as 

W"2 = [ ( W 1 + 2W 2 ) -D ]/? . . . . ( 2 ) 

At a g iven l e v e l of current (66 KVA) the e f f -
ects of duration of current f low contro l led by 
var ia t ion in current way from 10mm upto 12mm 
and the result ing movement of the jaw beyond 
the current way from 5mm to 3mm r e s p e c t i v e l y , 
on the width of HAZ {VI + 2 W J , the widths 
of coarse (W ) and f ine ( W 9 ) microstructural 
regions and fne width of f ine microstructural 
reg ion ( W " ) within the g r ipp ing area in HAZ 
are shown in f i g . 4 where , the welding way 
(15mm) and the f inal jaw distance (15mm) are 
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MOVEMENT OF JAW BEVONO CURRENT WAV ( m m ) 

5 4 3 

20 

WIDTH OF HAZ (W, + 2 W 2 ) 
WIDTH OF CENTRAL COARSE 
MICROSTRUCTURAL REGION (W) ) 
WIDTH OF FINE MICROSTRUCTURAL 

REGION(W 2 ) 
WIDTH OF FINE MICROSTRUCTURAL., 
REGION WITHIN GRIPPING AREA ( W 2 ) 

WELDING WAV 15 mm 
FINAL JAW DISTANCE 15mm 

/ 

10 11 
CURRENT WAY I m m ) 

12 

Fig. 4 

20 

16 

J 12 

a f f e c t of current way on the width of d i f f e r e n t 
•nicrostructur .1 regi on in HAZ. 

MOVEMENT OF THE JAW BEYOND CURRENT WAY ( m m ) 

3 4 5 6 , 7 8 9 -I 1 1 T 
CURRENT WAY 1 1 m m 

> WIDTH OF HAZ (WJ + 2 W ? ) 
J WIDTH OF CENTRAL COARSE 

MICROSTRUCTURAL REGION ( W , ) 
< WIDTH OF F INE MICROSTRUCTURAL 

REGION ( W 2 ) 
i FINAL JAW DISTANCE ( D ) 
1 WIDTH OF F INE MICROSTRUCTURAL „ 

REGION WITHIN GRIPPING AREA ( W 2 ) 

14 15 16 17 16 

WELDING WAY ( m m ) 

19 20 

10 

21 

P ig . 5 E f f e c t of aelding way on the width of d i f f e r e n t 
microstruetura l re r ion in HAZ. 

24 

2 0 -

4 -

1 6 -

ui 12-
u 
z < 
t— U1 
5 8 - 1 
1 

( W , + 2 W 2 ) 

CURRENT WAY 12 m m 
F INAL JAW DISTANCE 1 5 m m 

• CURRENT WAY 1 1 m m 
FINAL JAW DISTANCE 16 m m 

MOVEMENT OF JAW BEYONO 
CURRENT WAY 3mm(CONSTANT ) 

1 
( w , ) 

n 
(w2) 

k : 
(W j ) 

Fjjg. 6 At a given movement of Jaw beyond the current way 
the e f f e c t of current way on the width of d i f f e r e n t 
raicrostructural region in HAZ. 
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Fig. 7 Microstructure of 
base metal. 
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kept constant. The f i gure shows that the in-
crease in current way from 10mm to 12mm en-
hances the value of (W^ + 2W2 ) and W^ from 
15.5mm to 21mm and 9.5mm to 14mm r e spec -
t i v e l y . The rate of the i r increment are found 
s igni f icant during the increase in current way 
beyond 11mm. The increase in current way 
from 10mm to 12mm shows ( f i g . 4 ) a tendency 
to increase the value of W2 by 0.25mm. How-
e v e r , the same increase in current way increa-
ses the value of W"9 from 0.35mm to 3.0mm 
and here the rate of i ts increase is also 
found s igni f icant during the increase of current 
way from 11mm to 12mm. 

At a g iven current way of 11mm the e f f e c t s 
of var ia t i on in welding way from 14mm upto 
20mm and the result ing movement of the jaw 
beyond the current way from 3mm to 9mm r e s -
p e c t i v e l y , on the f inal jaw d i s tance (D ) , the 
width of HAZ (W + 2W ) , the widths of co-
arse ( W . ) and f ine [ W „ ) microstructural r e -
gions ana the width o r f ine microstructural 
regions wi thin the gr ipp ing area ( W " 2 ) in HAZ 
are shown in f i g . 5 . The f i gure shows that the 
increase' in welding way from 14mm to 20mm 
decreases the f inal jaw distance from 16mm 
to 10mm as the in i t ia l jaw distance is kept 
constant at 30mm. The width of HAZ and the 
width of coarse microstructural region of HAZ 
are found to decrease with the increase in 
welding way . The width of f ine microstructu-
ral reg ion ex is t ing at the end of HAZ is found 
to show a tendency to increase upto about 
0.7 mm with the increase in welding way . The 
enhancement in welding way has also been 
found to extend the width of f ine microstruc-
tural reg ion wi thin the gr ipp ing area. How-
e v e r , in case of the enhancement of welding 
way from 17mm to 20mm the rate of decrease 
in (W + 2VV'2) and IV ̂  have been found compa-
r a t i v e l y l ower and the rate of increase in U'0 

and W" have been found to be compara t i ve l y 
h igher than that obse rved in e a r l i e r range of 
welding way , when the movement of the jaw 
beyond the current way r i s es from 6mm to 
9mm. 

At a g iven movement of the jaw (3mm) beyond 
the current way the inf luence of var ia t i on in 
current way from 11mm to 12mm on the width 
of HAZ (W + 2W^), the widths of coarse (W ) 
and f ine t w „ ) microstructural regions of HAZ 
and the width of f ine microstructural reg ion 
within the gr ipp ing area ( W " „ ) are shown in 
a histogram presented in f i g . o , where , in the 
two cases the f inal jaw distances are kept at 
16mm and 15mm r e s p e c t i v e l y . The f i gure shows 
that insp i te of reduct ion in f inal jaw distance 
the increase in current way increases the (W.+ 
2W 2 ) , W r W2 and W"2 of HAZ. 

The microstructure of the base metal having 

f c r r i t e and f ine pea r l i t e has been shown in 
f i g . 7 . The change in microstructure at the 
central reg ion of the weld with a var ia t i on 
in current way at. the l e v e l of 10mm, 11mm 
and 12mm are shown in f i g . 8 ( i ) , ( i i ) 6 ( i n ) 
r e s p e c t i v e l y where , the welding way and the 
f inal jaw distance are kept constant at 15mm 
each. The microstructures r e v ea l that the mat-
r i x contains coarse hcicular f e r r i t e ( f i g . 8 ( i i i ) 
when the current way is kept at 12mm but a 
decrease in current way to 11mm and 10mm pro -
duces a compara t i ve l y f iner morphology of a c i -
cular f e r r i t e along with baini te in the matr ix 
as shown in f i g . 8 ( i i ) and ( i ) r e s p e c t i v e l y . 
However , during welding at the current way 
of 12mu a narrow decarbur ized zone of about 
1.4mm in w id th , which is having a d i f f e r en t 
microstructure from the one that has been obs-
erved" ( f i g . 8 ( i i i ) in the HAZ adjacent to i t , 
e x i s t s at the centre of the weld as shown in 
f i g . 9 . The Zone consists of polygonal f e r r i t e 
and ba in i te/ f ine pea r l i t e . 

At a g iven current way of 11mm the var ia t i on 
in the microstructures of the central reg ion 
of the weldments produced during welding at 
vary ing welding way of 14mm, 17mm and 20mm 
are shown in f i g . 10 ( i ) , ( i i ) and ( i i i ) r e spec -
t i v e l y where , the f inal jaw distances are also 
v a r i ed to 16mm, 13mm and 10 mm r e s p e c t i v e l y 
The microstructures show that the morphology 
of the matrix containing acicular f e r r i t e and 
baini te become f iner with the increase in we l -
ding way . 

3.2 Hardness Behaviour 

At a g iven welding way of 15mm the e f f e c t of 
var ia t ion in current way at the l e v e l s of 10mm, 
11mm and 12mm on the var ia t ion of hardness 
of the weld between i t s contre l ine and base 
metal are shown in f i g . 11 . S imi la r l y the hard -
ness d is t r ibut ion in between the base metal 
and the centre l ine of the welds produced at 
d i f f e r en t welding way of 14mm, 17mm and 20mm 
where , the current way is kept constant at 
11mm are presented in f i g . 12. Both the f i gures 
mentioned above show that as one proceeds 
from the base metal towards the central reg ion 
of the weld the hardness increases . It has 
been obse rved in f i g . 11 that the hardness of 
the weld centre increases abrupt ly upto about 
168 VHN when the welding is ca r r i ed out at 
the current way of 12mm. The hardness of 
the central reg ion of the weld has been found 
to increase ( f i g . 12) with the increase in we l -
ding way . 

3.3 Cy — Impact P rope r t y 

The inf luence of increase in current way from 
10mm upto 12mm on the C„ impact energy 
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0<1) 

Fig. 9 Microstructure of the 
centre of an weld prepared at 
the current way of 12 mm. 

i r . 8 E f f e c t o f c u r r e n t w ~ y o n t h e m i c r o s t r u c t ' j r e o f c e n t r a l 
r e s - i o n ( ' ; / . ) o f t h e w e ] - i } ( i ) 1Cmrc, ( i i ) 11 ran i r i d ( i i i ) ' 2 m m . 

F i e . 1 0 . . . f f e e t o f w e l d i n g w a v o n t h e m i c r o s t r u c t u r e o f c e n t r a l 
r e g i o n ( V J o f t h e w e l d ; ( i ) 1 4 m m , ( i i ) 1 7 m m a n d ( i i i ) 2 0 m m . 
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absorp t i on at the we ld cent re t es ted at 233K 
has been shown in f i g . 13. The f i gu r e d e p i c t s 
that the inc rease in current way from 10mm 
upto 11.5mm g radua l l y inc reases the impact 
energy of the we ld cen t r e . H o w e v e r , a f u r -
ther inc rease in current way to 12rnm inc r ea -
ses the impact energy of the we ld centre s i g -
n i f i c a n t l y . At a g i ven current way of 11mm 
the e f f e c t of inc rease in we ld ing way f rom 
14mm upto 20mm on the impact ene rgy 
abso rp t i on at the we ld cent re t es t ed at 233K 
has been shown in f i g . 14. The f i gu r e sho\vs 
that the inc rease in we ld ing way dec reases 
the impact ene r gy abso rp t i on capac i t y of the 
we ld cen t r e . 

4. Discussion 

In the present we ld ing p rocess the movement 
of jaw upto a d is tance of current way r esu l t s 
a smooth f l o w out of the fused mater ia l f rom 
the j o in t as bu lg ing . Thus, i t causes a r educ -
tion in amount of heat conducted from the 
jo int to the r eg i on away f rom i t by p r o v i d i n g 
a h i g h e r sur face area causing c o m p a r a t i v e l y 
f a s t e r heat r emova l f rom the j o b . During the 
movement of the jaw beyond the current way 
the mater ia l g r adua l l y coo l es down. As such 
during in i t i a l s tage of we ld ing way the hot 
mater ia l may continue to bulging out smooth ly 
but, subsequent ly i t s ta r ts o f f e r i n g an i n c r ea -
sing r e s i s tance to p l a s t i c de fo rmat i on . The e x -
tent of p l a s t i c de format ion beyond a ce r ta in 
l im i t may cause a s i gn i f i can t amount of heat 
generat ion in the w e l d . As the j aws g r i pp ing 
the j o b a re hav ing se l f coo l ing f a c i l i t y to 
they a l so in f luence the thermal c y c l e of the 
we ld and i t s ex tent i s gove rned by the f ina l 
jaw d i s tance . Thus, the thermal c y c l e of the 
upset butt we ld i s c on t ro l l ed b y four pheno-
mena ( i ) the heat input c on t r o l l ed by the 
l e v e l and durat ion of current f l ow ( i i ) the e x -
tent of heat r emova l due to bu lg ing , ( i i i ) the 
heat generat ion due to l a r g e p l a s t i c d e f o rma-
tion and ( i v ) coo l ing under the in f luence of 
j a w s . 

4 .1 Mic ros t ruc ture of HAZ 

The inc rease in the w id th of HAZ (tt^ + 2 W ? ) , 
the w id th of course micros t ruc tura l r eg ion in 
HAZ (W^) and the w id th of f i ne micros t ruc tu-
ra l r eg i on w i th in the g r i pp ing area of the jaw 
( W " 9 ) w i th the inc rease in current way ( f i g . 4 ) 
are a t t r i bu t ed to the inc rease in heat input . 
H o w e v e r , during the inc rease in current way 
upto, 11mm, p o s s i b l y the movement of the jaw' 
beyond current way as l e ss as 4mm i s s u f f i -
c ient to f l o w out maximum p o s s i b l e h i g h l y 
heated mater ia l f rom the jo in t resu l t ing into 

s i gn i f i can t r emova l of heat and keeps the ra t e 
of inc rease of (1A^ + 2 W ? ) , tV^ and W" com-
p a r a t i v e l y l o w . In th is p e r i o d the heat gene-
rat ion due to p l a s t i c de fo rmat ion can not be 
o v e r - r u l e d but i t may not be su f f i c i en t to r i s e 
the temperature to compensate the l o s s of heat 
mentioned a b o v e . In case of inc rease in cur -
rent way beyond 11mm the a v a i l a b l e movement 
of the jaw f u r t h e r beyond the current way 
(4mm) becomes so l e ss that the out f l ow of 
a s i gn i f i can t amount of h i g h l y heated mater ia l 
from the jo in t i s not a c h i e v e d . Thus, a great 
extent of the heat input wh ich i s increased 
w i th the inc rease in current way from 11mm 
upto 12mm, enhances s i g n i f i c a n t l y the va lue 
of (W + 2 W 2 ) , W and and W " 2 . Th i s phe -
nomena of heat input acting as a p r i m a r y f a c -
tor in cont ro l l ing the w id th of va r i ous m i c ro -
structura l r eg ions in HAZ i s f u r t h e r con f i rmed 
in f i g . 6 w h e r e , at a g i v en movement of the 
jaw beyond current way (3mm) i n sp i t e of a 
l owe r f ina l jaw d is tance (15mm) the w id ths 
(W + 2W ) , W , W2 and W"2 in the weldment 
produced at the current way of 12mm have 
been found h i g h e r than those o b s e r v e d in the 
weldments produced at the current way and 
f ina l jaw d is tance of 11mm and 16mm r e s p e c -
t i v e l y . 

During the inc rease in current way f rom 10mm 
to 12mm, i n s p i t e of a s i gn i f i can t inc rease in 
W" a c o m p a r a t i v e l y much s l o w e r r i s e in the 
va lue , of W may have occured because of s i g -
n i f i cant reduct ion in W ' 9 due to c ons i d e r ab l e 
inc rease in W^ at a g i v en f ina l j aw d is tance 
of 15mm. 

At a g i v en i n i t i a l jaw d is tance of 30mm the 
inc rease in we ld ing way reduces the f ina l jaw 
d i s tance . Thus , at a g i v en current way (heat 
input ) of 11mm the inc rease in we ld ing way 
reduces the w id th of HAZ (W 1 + 2W 2 ) and the 
w id th of coa rse micros t ructura l reg ion (W^) 
in HAZ ( f i g . 5) by l ower ing the heat ing area 
of the we ld due to c loseness of the coo l ing 
j a w s . H o w e v e r , in th is r e ga rd the r o l e of r e -
duction in heat input due to l e s s r e s i s tance 
heat ing resu l t ing from the l owe r ing of j ob 
length can not be i gno r ed . The ra te of r educ -
tion in (W^+2U'2 ) and U'0 during the inc rease 
in we ld ing way f rom 17mm to 20mm has become 
l o w e r than that o b s e r v e d during the inc rease 
in we ld ing way from 14mm to 17mm as shown 
in f i g . 5 p o s s i b l y due to the heat generat ion 
in the we ld due to e x c e s s i v e p l a s t i c d e f o rma-
t ion when, the movement of the jaw beyond 
the current way has been e x c e e d e d beyond 6mm 
The increase in W"9 p r i m a r i l y depends on the 
in t ens i t y of heat ad jacent to the j a w , wh ich 
inc reases w i th the dec r ease in f i na l jaw d i s -
tance and the inc rease in amount of heat in 
the w e l d . Thus, the d e c r ease in f ina l jaw 
d is tance w i th the inc rease in we ld ing way f rom 
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14mm to 20mm has enhanced the W" as shown 
in f i g . 5 . However , in addi t ion to th is the 
heat generation due to e x c e s s i v e p las t i c d e f o r -
mation in the weld during the increase in we l -
ding way from 17mm to 20mm as discussed 
above has enhanced the rate of increase of 
W" in th is region than that obse r v ed in the 
ea r l i e r reg ion ( f i g . 5 ) of welding way . Inspi te 
of the decrease in f inal jaw distance the in-
crease in W„ with the increase in welding way 
from 14mm fo 20mm ( f i g . 5 ) is p r imar i l y caused 
by the s ign i f i cant increase in W" but, the 
extent of i ts increase has been found lower 
than that of W" ? because the increase in we l d -
ing way decrease W at a compara t i v e l y lower 
rate than that of Tinal jaw distance. Thus, 
i t decreases the width ( W " 2 ) of f ine micro-
structural reg ion outside the g r i p . 

A sui table rate of cooling at the l ower in t e r -
c r i t i c a l temperature range of the a l l oy ex i s t 
at a- certa in distance wi thin and adjacent to 
the g r ip may have caused the formation of 
f ine grain microstructural reg ion ( W 2 ) p oss i b l y 
of tempered martensite as shown in f i g . 2 . The 
ex istance of compara t i v e l y slow cooling at the 
central reg ion of the weld in the upper in t e r -
c r i t i c a l temperature range of the a l l o y is p r i -
mar i ly r espons ib l e f o r the formation of coarse 
microstructure consist ing of ac icular f e r r i t e 
and ba in i te , in th is region (W^) as shown in 
the microstructures presented in f i g . 8 ( i ) , ( i i ) 
and ( i i i ) . The ref inement of the microstruc-
ture of central reg ion of the weld marked by 
the presence of a compara t i v e l y f ine r acicular 
f e r r i t e wi th the decrease in current way as 
shown in f i g . 8 ( i i i ) , ( i i ) and ( i ) where , the 
current way are kept at 12mm, 11mm and 10mm 
r e s p e c t i v e l y may have at t r ibuted to the in-
crease in the extent of p las t i c deformation 
within the in t e r c r i t i ca l temperature caused by 
a l a rge r movement of the jaw beyond the cur-
rent way ( f i g - 4 ) . Occurrence of the narrow 
microstructural ( f i g . 9 ) reg ion at the centre 
of the weld produced at the current way of 
12mm having a s i gn i f i can t l y d i f f e r en t morpho-
logy and consist ing of compara t i v e l y f ine grair 
f e r r i t e and the patches of f ine pear l i t e/ba in -
i te may have associated wi th mic ropo lygon i -
sat ion. The micropolygonisat ion may occur due 
to deformation at a sui table e l e va t ed tempera-
ture ach i eved at the current way of 12mm and 
i s in agreement to the observa t i on [ 5 , 6 ] r e -
ported e a r l i e r . The compara t i v e l y h igh coo-
l ing rate imposed by the reduction in f inal 
jaw distance in combination with the s i g n i f i -
cant degree of deformation result ing from the 
cons iderab le increase in the movement of jaw 
beyond the current way . ( f i g . 5 ) , has r e f ined 
the central reg ion microstructure of the weld 
with the increase in welding way as shown 
in f i g . 10 ( i ) , ( i i ) and ( i i i ) where , the we l -

ding way is kept at 14mm, 17mm and '20mm 
r e s p e c t i v e l y . 
4.2 Hardness 
In a l l the we lds produced in th is inves t i ga -
tion the h igher hardness obse r v ed in the cen-
tral reg ion of the welds ( f i g . 1 1 and f i g . 1 2 ) 
than that of i t s adjacent region and the base 
metal is e ssen t i a l l y caused by the formation 
of ac icular f e r r i t e and ba in i te in th is reg ion. 
The occurence of a substantial ref inement in 
microstructure of the central reg ion of the 
weld with the increase in welding way as d i s -
cussed above may have at t r ibuted to a compa-
r a t i v e increase in hardness of th i s regions as 
shown in f i g . 12. However , insp i te of decarbu-
r i zat ion the abrupt increase in hardness 
obse rved at the centre of the we ld produced 
at the current way of 12mm ( f i g . 11) may have 
predominent ly caused by the occurence of mi-
cropo lygonisat ion in th is reg ion. 

4.3 c y ~ I m P a c t P r ope r t y 

The increase in the value of impact energy 
with the increase in current way ( f i g . 13) has 
been caused due to presence of more/coarser 
f e r r i t e in the matr ix as shown in the micro-
structures presented in f i g . 8 . It is - in te res t -
ing to note that a s ign i f i cant increase in amo-
unt of f e r r i t e ( f i g . 9 ) due to decprbur izat ion 
along with the poss ib l e micropolygonisat ion 
at the centre of the weld produced at the 
current way of 12mm has resul ted in a s teep 
increase in impact energy value of th is reg ion . 
S imi la r l y the occurence of f ine r acicular f e r -
r i t e in the central reg ion of the weld with 
the increase in welding way as shown in the 
microstructure presented in f i g . l O ( i ) , ( i i ) and 
( i i i ) has caused reduction in the impact 
energy as dep i c t ed in f i g . 1 4 . 
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SPONGE IRON POWDERS FOR WELDING 

A sure way to 
improve welding 
productivity 
and welding 
characteristics 

Grade Particle Electrode Deposi t ion Main 
Character ist ics Type Eff ic iency % Appl icat ions 

1) Wl 100-25 Microporous irregular with very large specific Basic low 100-120 Flux cored wires 
surface for increased electrical conductivity of Hydrogen type Thin coated electrodes 
coating. 

2) Wl 4D-24 Microporous irregular with larger Basic and 100-150 Flux cored wires 
particle size rutile Thin coated electrodes 

3) Wl 40-29 Dense, rounded to irregular Basic low 120-175 AWS 7018 
Hydrogen Medium coated electrodes. 
and rutile 

4) Wl 40-37 Highly dense, smooth spherical for easy Basic, rutile- 120-250 AWS 7028 basic 
extrusion basic and Zr basic electrodes 

Zr-basic Heavy coated electrodes 
5) Wl 40-370X Highly dense surface oxidized powder (with Basic, rutile- 120-250 Basic electrodes with high 

very low carbon! to suppress carbon and basic and content of carbonates Stainless 
silicon in the weld metal Zr-basic steel electrodes to achieve minimum 

carbon content in deposit. 
6) Wl 40-37CQX Highly dense particle with high carbon (for pore Rutile and 150-250 AWS 7024 to decrease pore 

elimination) and high oxygen content (for acid formation 
depositing finer droplets with low silicon and Hardfacing electrodes 
microslag inclusions) 

One tauicc <iix c^rade<i c&a<ti£tcut quality 
Market ing Office : Saha janand Complex , 2 4 1 6 East Street, Pune - 411 001, Phone : 6 7 7 0 2 

Works : D - 9 7 M I D C Industrial Area, A h m e d n a g a r - 4 1 4 1 1 1 , Phone : 8 4 9 8 
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