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Detailed investigations have been carried out to study the effect of welding parameters on the charecteristics of hard metal deposited by 
self shielded flux-cored wire 
The various characteristics of the deposited layer such as dilution, hardness, chemical composition etc. have been evaluted with respect to 
variation in the welding voltage current and speed. 
It has been found that welding parameters have difinite influence on the above mentioned characteristics of the deposited layer of the hard 
metal as well as on the efficiency of the deposition. 

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

Hard fac ing is the p rocess of ap-

p ly ing a layer or edge of wea r re-

s istant me ta l onto a meta l part to 

i nce rase i ts r e s i s t a n c e to ab ra -

sion, co r ros ion and impac t or any 

other t ype of c o m b i n e d wear . Sur-

face t r e a t m e n t is used to inc rease 

the l i fe of e n g i n e e r i n g c o m p o -

nents, opera ted under cond i t i on of 

wear It m a k e s la rge e c o n o m i c s 

poss ib le , w h e r e a d v a n t a g e s can 

be taken of super io r p roper t ies of 

an e x p e n s i v e a l loy by app ly ing it 

as a coa t ing to a low cost base 

mater ia l (1). 

Ha rd fac ing may be app l ied to new 

parts to i m p r o v e the i r res is tance 

to wear du r ing se rv i ce or to worn-

out par ts fo r the purpose of re-

s tor ing t h e m to se rv i ceab le cond i -

t ion. It is f requen t l y used in appl i -

cat ion w h e r e sys tema t i c lubr ica-

t ion aga ins t wea r is not feas ib le 

or i nadequa te to g i ve des i red ser-

v ice l i fe (2) 

Fo l low ing i n f o r m a t i o n is requ i red 

for hard fac ing a c o m p o n e n t (3) ; 

i. Nature of wear 

ii. Qual i t ies of hardfacing mater ial . 

ii i. W e l d i n g p r o c e s s w h i c h is 

most economica l to depos i t 

the se lec ted mater ia l . 

iv. W e l d i n g var iab les and proper 

techn ique . 

A w i d e r ange of m a t e r i a l s a re 

ava i lab le for hard fac ing such as 

a l loy steels and cast irons, Ni-a l -

l oys , C o b a l t a l l o y s , C h r o m i u m 

carb ides , Tungs ten carb ides and 

m ixed carb ides (3-5). 

H a r d f a c i n g can be done w i th a 

v a r i e t y o f p r o c e s s e s . M a n u a l , 

s e m i a u t o m a t i c and au toma t i c arc 

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

m a n u a l me ta l a rc we ld i ng , gas 

meta l arc we ld ing , f lux cored arc 

we ld ing , tungs ten inert gas we ld -

i ng , s u b m e r g e d a r c w e l d i n g , 

p l a s m a arc w e l d i n g , o x y - a c e t y -

lene we ld ing and the rma l spray-

ing. For pract ica l app l i ca t ion the 

cost fac to r has to be pr ior e x a m -

ined care fu l l y . Most of the pro-

c e s s e s i n v o l v e f u s i o n w e l d i n g , 

whe re both the ha rd fac ing meta l 

and the base me ta l me l t , j o i n and 

reso l id i fy to p rov ide the con t inu-

ous m e t a l l u r g i c a l b o n d . M o l t e n 

m e t a l is s h i e l d e d f r o m a t m o -

s p h e r e e i t h e r by f l u x or by 

she i ld ing gas (1, 5). 

T h e w e l d i n g w i t h se l f s h e i l d e d 

f lux co red w i re , o f f e r s v a r i o u s ad-

v a n t a g e s as c o m p a r e d to o ther 

p r o c e s s e s s u c h as e c o n o m y , 

good un i fo rm i t y of a l loys in de-

posi t , h igher depos i t i on rate, low 

o p e r a t i n g c u r r e n t , r e d u c t i o n in 

pene t ra t ion and d i lu t ion e tc . (6 ,7) . 

S o m e i m p o r t a n t a s p e c t s of 

ha rd fac ing are d i lu t ion , c rack ing , 

d is tor t ion , su r face roughness and 

bead pat tern. 

T o reduce the d i lu t ion p rope r se-

lec t i on of p r o c e s s a n d w e l d i n g 

pa ramete rs , is a must . Genera l l y 

ha rd fac ing is done in two or mo re 

layers to m i n i m i s e the e f fec t of 

INDIAN WELDING JOURNAL. OCTOBER, 1994 
13 



di lut ion. T e c h n i q u e of i n c r e a s i n g 

the d e g r e e of o v e r l a p of a d j a c e n t 

b e a d is a lso use fu l in r e d u c i n g di-

l u t i o n ^ ) . 

At h igh l e v e l of h a r d n e s s t h e d u c -

tility is r e d u c e d a n d c r a c k i n g as 

w e l l a s d is tor t ion c a n o c c u r a s a 

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

s t ra ins . S u c h c r a c k i n g m a y not 

s i g n i f i c a n t l y r e d u c e t h e s e r v i c e 

l i fe of t h e c o m p o n e n t as a b r a s i o n 

r e s i s t a n c e is t h e m a i n c o n s i d e r -

a t ion. T o a v o i d c r a c k s the m o s t 

c o m m o n p r e v e n t i v e m e a s u r e is to 

a p p l y p r e h e a t or to p r o v i d e a 

b u f f e r l a y e r b e t w e e n b a s e m e t a l 

a n d h a r d f a c i n g m e t a l ( 1 , 6 , 8 , 9 ) . 

W e l d i n g g e n e r a l l y p r o d u c e s a 

fa i r ly r o u g h s u r f a c e . F o r s o m e 

c o m p o n e n t s l ike rock c r u s h e r a 

p e r f e c t l y s m o o t h s u r f a c e is not 

r e q u i r e d but for s o m e c o m p o -

n e n t s l ike g e a r w h e e l or v a l v e 

sea t , p e r f e c t s u r f a c e is r e q u i r e d . 

In that c a s e m a c h i n i n g or gr ind-

ing is e s s e n t i a l . If s m o o t h s u r f a c e 

is not a s p e c i f i c r e q u i r e m e n t t h e n 

b e a d p a t t e r n is a n i m p o r t a n t f a c -

tor in h a r d f a c i n g . It f o r m s p o c k e t s 

w h i c h ho lds a b r a s i v e m a t e r i a l a n d 

i m p r o v e s the w e a r charac te r is t ic . 

O n e h a r d f a c i n g p a t t e r n wil l not 

p e r f o r m e q u a l l y w e l l u n d e r al l 

w e a r condi t ions . T h e most e f f e c -

t i v e pa t te rn can only be d e t e r -

m i n e d by tr ials ( 3 , 1 0 , 1 1 ) . 

Experimental work 

T h e h a r d f a c i n g m a t e r i a l used is 

in the f o r m of sel f s h i e l d e d f lux 

c o r e d w i r e h a v i n g d i a m e t e r of 2 . 8 

m m . T h e s u b s t r a t e m a t e r i a l is 

0 . 2 1 % mi ld s teee l . 

S i n g l e layer a n d s ingle b e a d de -

posits on the p la tes in f lat posi-

t ion, w e r e m a d e by using a S A W 

e q u i p m e n t wi th D C p o w e r source . 

T h e e x p e r i m e n t a l work w a s car -

r ied out as fo l lows: 

* W e l d depos i ts w e r e p r o d u c e d 

by v a r y i n g the a rc v o l t a g e (3 

s teps) 2 5 , 3 0 , 3 5 V a n d w e l d i n g 

c u r r e n t (3 s t e p s ) 2 5 0 , 3 2 5 , 

4 0 0 A a n d w e l d i n g s p e e d (3 

s teps) 3 0 0 , 4 0 0 , 5 0 0 m m / m i n 

at f i xed e l e c t r o d e e x t e n s i o n of 

3 0 m m . 

* P r e h e a t i n g w a s not u s e d a n d 

t h e w e l d s w e r e a l l o w e d to 

coo l in air at r o o m t e m p e r a -

ture . 

* T h e i n v e s t i g a t i o n s inc lude t h e 

s tudy of d i lu t ion of h a r d f a c i n g 

m a t e i r a l w i t h b a s e m e t a l , 

c h e m i c a l c o m p o s i t i o n of w e l d 

depos i t , h a r d n e s s of w e l d d e -

posit a n d its v a r i a t i o n of hard-

n e s s f r o m w e l d b e a d to b a s e 

m e t a l , e f f i c i e n c y of d e p o s i -

t i o n , c r a c k s a n d poros i ty in 

w e l d b e a d s . 

* F o r e v a l u a t i o n of d i lu t ion , t h e 

m a c r o p h o t o g r a p h s of po l -

i s h e d a n d e t c h e d s a m p l e s 

w e r e t a k e n a n d s u r f a c e a r e a s 

of b e a d a n d r e i n f o r c e m e n t 

w e r e m e a s u r e d . A n a y s i s of 

c h e m i c a l c o m p o s i t i o n w a s 

d o n e o n c a r b o n s u l p h e r 

a n a l y s e r a n d a t o m i c a b s o r p -

t ion s p e c t r o m e t e r . H a r d n e s s 

m e a s u r e m e n t w a s ca r r i ed out 

on V i c k e r h a r d n e s s tes te r wi th 

a load of 5 Kg D e p o s i t i o n ef -

f i c i e n c y w a s m e a s u r e d by 

w e i g h i n g t h e test p la te b e f o r e 

a n d a f t e r d e p o s i t i o n of m a t e -

rial. For c r a c k d e t e c t i o n d y e 

p e n e t r a t i o n test w a s used . 

so 

to 
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ARC VOLTAGE (V) 

Fig 1 : Effect of Arc Voltage (V) on dilution (%) 
at 300 mm/min welding speed 

Z 30 

25 30 35 AO 

ARC VOLTAGE (V) 

Fig 2 Effect of Arc Voltage (V) on dilution (%) 
at 400 mm/min welding speed 
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ARC VOLTAGE IV) 

Fig 3 Effect of Arc Voltage (V) on dilution (%) 
at 500 mm/min welding speed 

ARC VOLTAGE (V) 

Fig 5 Effect of Arc Voltage (V) on efficiency (%) 
deposition at 500 mm/min welding speed 

30 35 

ARC VOLTAGE (V) 

Fig 4 : Effect of Arc Voltage (V) on efficiency (%) 
of deposition at 300 mm/min welding speed. 

3 0 0 350 

C U R R E N T ( I ) 

Fig 6: Effect of Current (I) on dilution (%) 
at 300 mm/min welding speed 

Results and Discussions 

Inf luence of weld ing param-
eters on dilution and deposi-
tion ef f ic iency 

T h e resul ts s h o w an in te res t ing 

a s p e c t of a r c b e h a v i o u r using sel f 

s h i e l d e d f lux c o r e d w i re as c o m -

p a r e d to t h e sol id w i re . F o r all 

w e l d i n g c u r r e n t s a n d s p e e d s , t h e 

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

to the i n c r e a s e in d e p t h of p e n -

e t ra t ion a n d a lso d i lut ion wi th f lux 

c o r e d w i r e (F ig . 1 - 3 ) . w h i l e wi th 

solid w i r e d e p t h of p e n e t r a t i o n re-

m a i n s e i t h e r c o n s t a n t or d e -

c r e a s e s wi th t h e i n c r e a s e in t h e 

w e l d i n g v o l t a g e . T h e r e f o r e , for 

h a r d f a c i n g u s i n g se l f s h i e l d e d 

f lux c o r e d wi re , it c a n be r e c o m -

m e n d e d to u s e l o w e r w e l d i n g 

v o l t a g e . W i t h lower w e l d i n g volt-

a g e ( 2 5 V ) g o o d arc stabi l i ty , less 

s p a t t e r and u n i f o r m b e a d s h a p e 

h a v e b e e n o b t a i n e d as c o m p a r e d 

to h igher w e l d i n g v o l t a g e s i .e. 3 0 

a n d 3 5 volts. H o w e v e r , t h e d e p o -

sit ion e f f i c iency is the h ighest al-

m o s t in all c a s e s at 3 0 vol ts (F ig . 

4 - 5 ) . 

W i t h the i n c r e a s e in w e l d i n g cur-

rent , d i lut ion d e c r e a s e s (F ig . 6 -

7 ) . T h i s b e h a v i o u r of w e l d i n g wi th 

se l f sh ie lded f lux cored w i re for 

h a r d f a c i n g is oppos i te to tha t ob-

t a i n e d with sol id w i re . If w e con-

s ider the cr i terr ion of d i lut ion only, 

t h e n 4 0 0 A w e l d i n g cur ren t c a n 

be s u g g e s t e d as t h e best solu-

t i o n , , b e s a u s e for t h i s w e l d i n g 

current l o w e r d i lu t ion is o b t a i n e d 

for d i f f e r e n t w e l d i n g v o l t a g e s a n d 

s p e e d s . 

By i n c r e a s i n g the w e l d i n g s p e e d 

t h e d i lu t ion i n c r e a s e s (F ig . 8 - 9 ) . 

T h i s is m o r e o r l e s s s i m i l a r 

b e h a v i o u r as that o b t a i n e d wi th 

sol id w i re . 

C o n s i d e r i n g on ly t h e d i lu t ion as-

pect it can be s u g g e s t e d that the 

lower w e l d i n g v o l t a g e a n d s p e e d 

a n d h igher r a n g e of cur ren t c a n 

g i v e t h e a c c e p t a b l e d e g r e e of 
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CURRENT ( I ) 

4 0 0 450 

Fig 7 . Effect of Arc Voltage <I) on dilution (%) 
at 400 mm/min welding speed 

3 0 0 400 5 0 0 

WELDING SPEED 

Fig 9 : Effect of Welding dpeed on 
dilution (%) at 325 a welding Current 

GOO 
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WELOING SPEED 

600 

Fig 8 : Effect of welding speed on dilution (%) 
at 250 A welding current 
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S P E E D * 3 0 0 m m / m i n 

4 0 0 A 
3 2 5 A 
250 A 

20 

ARC VOLTAGE (V) 

Fig 10 : Effect of Arc Voltage (V) on hardness (Hv) 
and Chromium content (%) at 300 mm/min welding speed 

o v e r l a y w i t h m i n i m u m d i l u t i o n . 

H o w e v e r , t h e d e p o s i t i o n e f f i -

c i e n c y a s p e c t s u g g e s t s t h a t 

h igher e f f i c i ency wi l l be ob ta ined 

at m e d i u m range of we ld ing vo l t -

age and cur rent . W e l d i n g speed 

s e e m s to have no app rec iab le in-

f l uence on the e f f i c i ency of depo-

si t ion as it e i ther dec reases or in-

c reases by s m a l l a m o u n t w i th the 

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

d e p e n d i n g upon the o ther we ld -

ing pa rame te rs . 

Chemical composition 

F o r h a r d f a c i n g p r o c e d u r e t h e 

ma in task is to depos i t in the we ld 

bead as much as poss ib le the al-

loy ing e lemen ts f r om wire core as 

carbon and c h r o m i u m , c o m b i n e d 

in the fo rm of c h r o m i u m carb ide , 

usua l l y dur ing the we ld i ng pro-

cess to get the m a x i m u m hard-

ness and wear res is tance. 

The e lemen t t rans fe r in case of 

h a r d f a c i n g w i th a sel f s h i e l d e d 

f lux cored wi re , depends on we ld -

ing p a r a m e t e r s . F i g u r e s 10 -12 

show the in f luence of we ld ing pa-

ramete rs on c h r o m i u m content in 

the depos i ted meta l . It can be ob-

se rved that the c h r o m i u m conten t 

in the weld meta l dec reases w i th 

the increase in both the we ld ing 

vo l t age & speed wh i l e increase in 

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

we ld me ta l c h r o m i u m conten t due 

to d e c r e a s e in d i l u t i on . A l m o s t 

s a m e pat tern is o b s e r v e d for car-

bon and M a n g a n e s e in the we ld 

meta l . 

T h e e f f i c i ency g i ves the f i rst in-

f o rma t i on regard ing the loss of el-

e m e n t s espec ia l l y by spat ter . T h e 

c h e m i c a l c o m p o s i t i o n of we ld de-

posi t re f lec ts one o the r aspect , 

name ly the leve l of a l loy ing ele-

m e n t s t rans fe r red into the pool , 

natura l ly th is p ropor t ion cor robo-

rates wi th d i lu t ion . 
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Fig 11 : Effect of Current (I) on hardness (Hv) 
and Chromium content (%) at 500 mm/mm welding speed 
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Fig 12 : Effect of Welding Speed (V) on hardness (Hv) 
and Chromium content (%) at 300 mm/min welding speed 
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Fig 13 . Vairation of hardness in weld metal and base metal 
for different set of welding parameters 

A s per t h e c a t a l o g u e of suppl ie r , 

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

4 . 5 c a r b o n 3 0 % c h r o m i u m . H o w -

e v e r , t h e c a r b o n a n d c h r o m i u m 

leve l h a v e not b e e n a c h i e v e d in 

o n e l a y e r t e c h n i q u e d u e to di lu-

t ion wi th b a s e m e t a l . T h e h ighest 

l e v e l of c a r b o n a n d c h r o m i u m 

a c h i e v e d by w e l d i n g wi th 2 5 V 

a n d 4 0 0 A m p . is a p p r o x i m a t e l y 

C r - 2 2 % a n d C - 3 . 2 3 % at a di lu-

t ion of an a v e r a g e of 3 0 % . T h e 

w e l d d e p o s i t w i t h o u t d i lu t ion shal l 

r e a c h t h e c a t a l o g u e l e v e l s for all 

e l e m e n t s . 

Hardness of weld deposit 

T h e resul ts of the h a r d n e s s test -

ing of w e l d depos i ts , ref lect t h e 

s a m e t r e n d as o b s e r v e d in t h e 

c a s e of c h e m i c a l c o m p o s i t i o n for 

c h r o m i u m a n d c a r b o n c o n t e n t s . 

W i t h t h e i n c r e a s e in the w e l d i n g 

v o l t a g e a n d s p e e d the h a r d n e s s 

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

wi th i n c r e a s e in t h e w e l d i n g cur-

rent the h a r d n e s s i n c r e a s e s (F ig . 

1 0 - 1 2 ) . 

T h e h ighest h a r d n e s s l eve l h a s 

b e e n a c h i e v e d using the lowest 

v o l t a g e a n d h igher current w e l d -

ing p a r a m e t e r s a n d it is a r o u n d 

6 5 0 H V as the a v e r a g e of f i ve 

m e a s u r e d v a l u e s . E v e n in t h e 

c a s e of h ighes t d i lu t ion t h e hard-

n e s s l e v e l is a b o v e 5 0 0 H V . F ig-

ure 13 s h o w s the h a r d n e s s f r o m 

w e l d b e a d ( 6 5 0 - 5 2 0 H V ) to b a s e 

m a t e r i a l ( 1 6 0 H V ) for d i f f e r e n t 

set of w e l d i n g p a r a m e t e r s . At 

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

depos i t the h a r d n e s s is m e a u s r e d 

a n d it is f o u n d m o r e or less the 

s a m e . T h i s s h o w s tha t t h e a l loy-

ing e l e m e n t s a re u n i f o r m l y dis-

t r ibu ted in t h e w e l d d e p o s i t . 

Cracks and porosity in weld 
deposit 

T r a n s v e r s e c r a c k s a r e o b s e r v e d 

on c e r t a i n b e a d s ( F i g . 1 4 ) . it re-

f lec ts that h i g h e r t h e c a r b o n a n d 

c h r o m i u m l e v e l in t h e d e p o s i t , 

t h e c r a c k s a p p e a r d u e to lower 

p last ic i ty of t h e c h r o m i u m car -

b ide. T h i s a s p e c t is c o m m o n for 

m o s t of high h a r d n e s s a l loys de -

pos i ted by w e l d i n g . For p a r a c t i c a l 

a p p l i c a t i o n s this is not a n e g a -

t i v e a s p e c t of h a r d f a c i n g a n d 

d o e s not h a v e a d v e r s e i n f l u e n c e 

on t h e w e a r l i fe. 
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Fig 14 : A typical crack in 
weld deposit (x 100) 

Fig 15 : Microstructure 
of base metal (x 100) 

Fig 16 : Microstructure of 
weld deposit (x 100) 

Poros i ty is a n e g a t i v e a s p e c t of 

w e l d d e p o s i t e i t h e r in w e l d i n g or 

c l a d d i n g p r o c e s s . In t h e p r e s e n t 

e x p e r i m e n t a l w o r k , t h e poros i ty 

h a s b e e n o b s e r v e d in t h r e e c a s e s 

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

w i th h igh v o l t a g e , low cur ren t a n d 

high w e l d i n g s p e e d . It c o n f i r m s 

t h e s a m e c o n c l u s i o n to a v o i d 

s u c h g r o u p o f p a r a m e t e r s . It 

m e a n s t h a t d u r i n g w e l d i n g wi th 

too h igh a r c v o l t a g e , a s t h e length 

of a rc b e i n g longer , t h e p ro tec -

t ion of a r c a n d p o o l f r o m a t m o -

s p h e r i c air b e c o m e s d i f f icu l t a n d 

insuf f ic ient for t h e g a s e s g e n e r -

a t e d by w i r e c o r e i n g r e d i e n t s . 

Microstructure 

T h e m i c r o s t r u c t u r e s of t h e p a r e n t 

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

in F ig . 1 5 - 1 6 . T h e w e l d m e t a l m i -

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

c h r o m i u m c a r b i d e . 

CONCLUSIONS 

T h e m o s t i m p o r t a n t a s p e c t in 

h a r d f a c i n g by w e l d i n g is t h e di lu-

t i o n o f w e l d m e t a l w i t h b a s e 

m e t a l . T o s tudy this a s p e c t t h e 

o n e layer w e l d i n g t e c h n i q u e g i v e s 

t h e rea l i m a g e of the in f luence of 

w e l d i n g p a r a m e t e r s on it. It h a s 

b e e n f o u n d that t h e w e l d depos i t 

wi th lower a r c v o l t a g e a n d w e l d 

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

g i v e s t h e m i n i m u m di lut ion a n d 

in turn h igher c h r o m i u m a n d car -

bon c o n t e n t s in w e l d m e t a l . S o 

for h a r d f a c i n g a b o v e c o m b i n a t i o n 

of p a r a m e t e r s is r e c o m m e n d e d . 

T h e h a r d n e s s of w e l d depos i t is 

re f lec t ing the di lut ion l eve l a n d is 

d i r e c t l y i n f l u e n c e d by it. T h e 

h a r d n e s s is only an i m m e d i a t e 

a s p e c t of h a r d f a c i n g by w e l d i n g . 

It has to be s u p p l e m e n t e d wi th 

w e a r test a n d e v a l u a t i o n of w e a r 

c o e f f i c i e n t a s w e i g h t l o s s of 

h a r d f a c e d a l l o y c o m p a r e d w i t h 

t h e loss of mi ld s tee l u n d e r s a m e 

w e a r condi t ions . 
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