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ABSTRACT 

R e c l a m a t i o n t e c h n i q u e s a r e gaining m o m e n -
t u m due to t h e cos t and d o w n t i m e involved 
in t h e r e p l a c e m e n t cos t of worn ou t c o m p o n e n t s 
One of t h e l a t e s t t e c h n i q u e s for r e j u v e n a t i n g 
worn ou t c r i t i c a l m a c h i n e r y c o m p o n e n t s is to 
c o m b i n e t h e p l a sma spraying and p l a sma welding 
t e c h n i q u e s in a s e m i - t r a n s f e r r e d • a r c m o d e . Arc 
is con t ro l l ed independen t ly and p rec i se ly so 
t h a t o p t i m u m depos i t ion and welding c u r r e n t s 
can be used to m e l t and spray t h e m e t a l powder s 
of i n t e r e s t and then weld it to t h e base m e t a l . 
Thus t h e p roces s provides a good m e t a l l u r g i c a l 
bonding wi th min imum h e a t input and avoids 
w a r p a g e which is a v i t a l p a r a m e t e r in c a s e of 
c r i t i c a l c o m p o n e n t s w h e r e d imens iona l s t ab i l i ty 
to c lose t o l e r a n c e a r e i m p o r t a n t . 

Many i m p o r t a n t m a c h i n e r y c o m p o n e n t s have 
been r e p o r t e d to be r e c l a i m e d using th is t e c h n i q u e . 
H o w e v e r , t h e s u c c e s s of t h e p rocess depends 
on many i m p o r t a n t p a r a m e t e r s like cho ice of 
powder m e t a l , jo in t f i t - u p , m a c h i n e s e t t i n g s , 
con t ro l of gas f lows , powder f e e d r a t e , a r c 
l eng th , e t c . The paper desc r ibes in de ta i l t h e 
p roces s used for r e c l a m a t i o n of a c r i t i c a l a i r -
c r a f t c o m p o n e n t using p r o g r a m m a b l e p l a sma 
weld s u r f a c i n g m a c h i n e and also m e n t i o n s e v a l u a -
t ion t e c h n i g u e s used for a s s e s s m e n t of qua l i ty 
s t a n d a r d of weld s u r f a c i n g . 

1. INTRODUCTION 

Therma l p l a sma t e c h n i q u e s w e r e being appl ied 
for s p e c i f i c app l i ca t ions a lmos t a hundred yea r s 
ago, a l though it was only in t h e l a t e 50 's t h a t 
it b e c a m e viable and a t t r a c t i v e m e t a l p rocess ing 
r o u t e s to o v e r c o m e p r o b l e m s of prolonged down 
t i m e , saving in fo re ign e x c h a n g e , e t c . R e c l a m a -
t ion t e c h n i q u e s by var ious p roces se s l ike e l e c t r o -
p la t ing , welding and t h e r m a l spraying e t c . a r e 
a t t r a c t i v e m e t h o d . One of t h e l a t e s t and a t t r a c -
t i v e t echn igue for r e j u v e n a t i n g worn ou t c o m p o -
n e n t s , is p l a sma weld s u r f a c i n g which c o m b i n e s 
t h e p l a sma spraying and p la sma welding t e c h n i q u e . 

* N a v a l C h e m i c a l and Me ta l l u rg i ca l L a b o r a t o r y , 
Nava l D o c k y a r d , Bombay - 4 0 0 023 . 

The p a p e r was p r e s e n t e d in t h e IIW Bombay Branch 
Seminar 1987 

Of t h e var ious p r o c e s s e s ava i l ab le , p l a sma weld 
s u r f a c i n g prov ides a m e t a l l u r g i c a l bonding b e t w e e n 
over l ay and s u b s t r a t e using low h e a t input which 
avoids w a r p a g e . Thus, s t r o n g build up having 
s t r e n g t h as t h a t of t h e base m e t a l can be ach i eved 
w i thou t any w a r p a g e . 

The o b j e c t i v e of this pape r is to r ev i ew t h e 
bas i c s of t h e p l a sma weld s u r f a c i n g as it appl ies 
to t h e r e c l a m a t i o n of t h e worn ou t c o m p o n e n t 
and to high l ight t h e s imi l i a r i t i e s and d i f f e r e n c e s 
b e t w e e n o t h e r t h e r m a l p r o c e s s e s . E x p e r i m e n t 
c a r r i e d ou t in Nava l C h e m i c a l and Me ta l l u rg i ca l 
L a b o r a t o r y , Bombay to build up worn out c o m p o -
nen t , "Brake disc" of an a i r c r a f t has also been 
desc r ibed and r e s u l t s o b t a i n e d has been e v a l u a t e d 
for t h e s p e c i f i c a p p l i c a t i o n . 

The c o m p o n e n t was r equ i r ed to be r e c l a i m e d 
for t h e c o r r e c t d imensions for r e - u s e . The b r a k e 
disc c o m e s in c o n t a c t wi th f r i c t i o n a l lining 
during o p e r a t i o n and in p r o c e s s of use, t he s u r f a c e 
of the b r a k e disc g e t s f r e q u e n t l y worn o u t . It is, 
t h e r e f o r e , of i m p e r a t i v e n e c e s s i t y to impa r t 
in the bui ld-up m a t e r i a l , add i t iona l wea r r e s i s t a n t 
p r o p e r t i e s c o m p a t i b l e with t h e l ine m a t e r i a l . 
The c o m p o n e n t is m a d e up of two p a r t s namely 
(a) Housing and (b) b r a k e disc as shown in F i g . 1. 

M a t e r i a l of b r a k e disc is plain ca rbon s t e e l . 
Compos i t i on of housing is a low ca rbon s t e e l 
having ca rbon c o n t e n t of 0 .14%. 

2. SELECTION OF THE P R O C E S S 

Conven t iona l welding p roces se s like TIG, 
MIG, MMAW lead to w a r p a g e due to the i r i nhe ren t 
high h e a t input . The rma l spraying and e l e c t r o p l a -
ting cons ide red to be cold p r o c e s s e s lacking in 
bond s t r e n g t h . H e n c e , s e l ec t i on of the p roces s 
was d i f i c u l t . 

It was then dec ided to employ the l a t e s t 
t e c h n i q u e p l a s m a weld s u r f a c i n g t e c h n i q u e , 
in s e m i - t r a n s f e r r e d a rc m o d e . The t e c h n i q u e 
can give good m e t a l l u r g i c a l bonding b e t w e e n 
s u b s t r a t e and s u r f a c e d layer ensur ing e l imina t ion 
of t o t a l w a r p a g e by con t ro l l ing judiciously var ious 
welding p a r a m e t r e s . Nicke l ba se al loy powder 
was s e l e c t e d for t h e r e c l a m a t i o n work cons ider ing 
app l i ca t ion and c o m p a t i b i l i t y wi th base m e t a l 
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Diesel engine wear par t s 
Wear rings and pla tes 
Oil drill tool bi ts 
Pump journals 
Cu t t e r blades 
Turbine blades and roots 

e. CONCLUSION 

Using l a t e s t we ld surfacing technique, 
judicious use of various welding pa ramete r s , it is 
possible to cr i t ical a i r c r a f t component like brake 
disc. 

REFERENCES : 

1. Technical L i t e r a tu r e M/s. Wall Colmonoy L t d . U.K., 
not published. 

2. Payne B.E. "Nickel-base Welding Consumables for 
dissimilar me ta l welding applicat ions" 
Metal Construct ion and British Welding 
Journal , Dec.1969, VolJ_, Number 12S. 

Table I 

P a r a m e t e r s for plasma weld sur fac ing of Brake Disc 

Plasma Arc Curren t 

Transfer red Arc cur ren t 

Reduced to 

Powder flow 

Shielding gas flow 

Plasma gas flow 

Oscillation s t roke length 

Oscillation f requency 

Rota to r : ro ta t ion speed 

Transfe r red arc cur ren t decav 

80 A 

120 A 

80 A 

3 cm /min 

12.5 l i t /minute 

8.0 l i t /minute 

2.5 cm 

6 cyc le /minu te 

6 min/revolut ion 

-4 sec 

HOUSING 

AREA TO BE 
RECLAIMED 

Fig-1 Sketch Showing Break Disc Area To Be 
Recla imed 

Fig .2 P lasma weld surfac ing unit 
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3. ADVANTAGES OF PLASMA WELD SURFACE 
PROCESS 

P lasma weld su r f ac ing gives p rec i se cont ro l 
of p e n e t r a t i o n into base m e t a l , which can be 
Yield to as low as 0.12 m m . Dilution level of 
weld m e t a l with base m a t e r i a l can be held down 
upto 5%, if des i red . It is possible to m a k e very 
thin deposi t s of 0.25 mm and thick deposi t s upto 
6 mm in a single pass . Mult iple passes build up 
much higher th ickness , if r e q u i r e d . P l a s m a weld 
su r fac ing gives f l a t t e r , and smoo the r deposi ts 
o t h e r than fusion p rocess . High gual i ty deposi ts 
may be made on any s u r f a c e with l i t t l e or no 
s u r f a c e p r e p a r a t i o n . Depos i t s have t he ful l densi ty 
and in tegr i ty of any o the r welding process in 
which m e t a l is m e l t e d and so l id i f ied . It gives 
high weld su r f ac ing e f f i c i e n c y upto 95% and 
more of t he m e t a l powder fed into the p lasma 
used up as fused depos i t . The process can be 
comple t e ly Automated with proper f ix tu r ing for 
cont inuous su r fac ing f r o m p a r t to pa r t whe re 
high deposi t ion r a t e upto 4 kg /hr , can be ach ieved . 

4 . EQUIPMENT USED 

A s e m i - t r a n s f e r r e d type p lasma weld s u r f a -
cing mach ine ^(Fig.2) was used for th is purpose . 
The sys t em works by s t r ik ing a pilot a rc be tween 
the e l e c t r o d e and the nozz le . In s e m i - t r a n s f e r r e d 
mode , a rc es tabl i shed is then t r a n s f e r r e d be tween 
e l e c t r o d e and work p iece w h e r e a s in p lasma weld 
su r fac ing , the pilot a r c m e l t s the f i l ler m e t a l 
initially and the reby allows the hea t input of 
t r a n s f e r r e d a rc b e t w e e n t he e l e c t r o d e and work 
p iece to be ma in ta ined at the lowest level . 
The pilot and t r a n s f e r r e d arc can be var ied in-
dependent ly and prec ise ly so t h a t t o t a l cont ro l 
over hea t input is ob t a ined . 

A s c h e m a t i c d iagram explaining the pr inc ip le 
of s e m i - t r a n s f e r r e d a r c p lasma weld sur fac ing 
used is shown in F ig .3 . P l a sma is f o r m e d by ioni-
sing a gas in t he e x t r e m e hea t energy f r o m 
the a r c . A p lasma is a gas of s u f f i c i e n t energy 
c o n t e n t t h a t a s ign i f i can t f r a c t i o n of t he spec ies 
p resen t a r e ionised. It cons is t s of a m i x t u r e 
of e l ec t rons , ions and neu t r a l spec ies and in 
such propor t ions t h a t t he overa l l is e l ec t r i ca l ly 
n e u t r a l . The ionised conduct ing p lasma is then 
fo rced through a cons t r i c t ing o r i f i c e and the reby 
the p lasma je t is . acce le ra ted to sonic veloci ty 
(12 m/ sec ) with in tense h e a t . 

Meta l and alloy powder is s to red in a hopper . 
Argon ca r r i e r gas conveys the powder frorn hopper 
to the t o r ch . Argon/Hydrogen gas m i x t u r e is-
used as shielding gas which p r o t e c t s weld pool 
and m e t a l powder f r o m a t m o s p h e r e . Meta l p a r t i -
c les h e a t e d su f f i c i en t l y in the p lasma and then 
deposi ted on the work p iece The homogeneous 

deposi t f u se s to t he work fo rming a p e r m a n e n t 
bond The weld su r fac ing sys tem conf igu ra t ion 
cons is ted of power pack , p lasma to rch , c a r r i age 
and osc i l l a to r moun ted on work horse , r o t a t o r , 
Argon gas b o t t l e s . 

5. EXPERIMENTAL WORK 

Schema t i c d iag ram of weld s u r f a c i n g cyc le 
used in t he r e c l a m a t i o n work is shown in F ig .4 . 

Number of t r i a l runs w e r e conduc ted during 
e x p e r i m e n t a l s t a g e for es tabl ishing c o r r e c t welding 
cyc le p a r a m e t e r s . The cons idered p a r a m e t e r s 
a r e : 

Opera t ing cycle , Gas f low, C u r r e n t , 
Powder f low, Movemen t of - to rch and 
work p i e c e . 

Thpse p a r a m e t e r s a r e r equ i red to be se t 
b e f o r e t h e su r fac ing cyc le begins . P e r m u t a t i o n 
and combina t ion of these p a r a m e t e r s lead to 
i n n u m e r a b l e e x p e r i m e n t a l condi t ions . Hence , 
se lec t ion of proper p a r a m e t e r s b e c o m e e x c e e d -
ingly d i f f i c u l t t a sk . 

It is essent ia l to know the e f f e c t s of t he se 
p a r a m e t e r s on weld pool. This will help in unde r -
s tanding t h e e f f o r t s requi red for ob ta in ing c o r r e c t 
solution to t he p r o b l e m . 

E f f e c t s of t h e s e p a r a m e t e r s .on the qual i ty 
of weld a r e br ie f ly descr ibed in the succeeding 
pa ragraph : 

a) Ope ra t i ng Mode 

T r a n s f e r r e d Arc S e m i - t r a n s f e r r e d Arc 

Dilutio n level high Dilution level low 

High hea t input lead-
ing to d is tor t ion 

b) Gas Flow 

Powder f low 

- Excess p ressure 

- Less p ressure 

P la sma gas flow 

- Higher gas f low 

- Lower gas flow 

- Powder b lockage 

- Insuf f i c ien t powder 
flow 

- H o t t e r base m e t a l 

- Under c u t t i n g 

- Colder base m e t a l 

- Improper fusion 
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Fig.5 En 9 p l a t e plasma a r c weld su r faced 

F ig .3 Schemat ic diagram i l lustrat ing principle of 
s emi - t r ans f e r r ed a rc plasma weld surfacing 

ELECTRODE 

TORCH 

NOZZLE 

POWOER FLOW 
•WORK PIEC£ 

F i g . 7 B r a k e D i s c d u r i n g r e c l a m a t i o n 

FUBCTIOW CTCLE DIAGRAM 

Brake Disc be fo re r ec l ama t ion Fig.6 

Fig .4 Schemat ic diagram of weld sur fac ing cycle 
used in the r ec l ama t ion work 

Fiq.8 Brake Disc a f t e r r ec l ama t ion 
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Shielding gas f low 

- Higher gas f low - H o t t e r ba se m e t a l 

- Under c u t t i n g 

- Lower gas f low - Ingress of oxygen f r o m 
sur rounding air l ead ing 
to d iscoloured oxidised 
s u r f a c e . 

c) C u r r e n t 

P l a s m a a r c and t r a n s f e r r e d a rc c u r r e n t . 

Thin c o m p o n e n t s : 

- High p la sma a rc c u r r e n t - 1500 a m p . max 

- Low t r a n s f e r r e d a r c c u r r e n t - 5 -30 a m p . 
min . Low d i lu t ion , no d i s to r t i on , low h e a t 
inpu t . 

L a r g e c o m p o n e n t s : 

- Low p l a sma a r c c u r r e n t 

- High t r a n s f e r r e d a r c c u r r e n t to m a i n t a i n 
good weld poo l . 

High depos i t ion r a t e , high h e a t input . 

d) P r e w e l d C u r r e n t 

For p r e c i s e con t ro l of t e m p e r a t u r e r i se 
in smal l p a r t s , to avoid w a r p a g e and m e l t i n g . 

For p r e h e a t i n g of • c o m p o n e n t s w h e r e ca rbon 
equ iva l en t va lues of ba se m a t e r i a l a r e h ighe r . 
This is n e c e s s a r y to avoid weld d e f e c t s 
l ike c r a c k s . 

e ) C u r r e n t D e c a y 

T r a n s f e r r e d a r c c u r r e n t is slowly r e d u c e d 
to ze ro in 20 seconds (Max) a f t e r welding cyc le 
is over t h e r e b y avoiding welding d e f e c t s like 
c r a t e r and sh r inkage c r a c k s . 

f) P o w d e r F l o w 

Powder f low dec ides t h e a m o u n t of m a t e r i a l 
depos i t ed i .e . layer t h i ckness con t ro l and 
s ize of b e a d . 

Higher f low r a t e leading to co lder weld 
pool . This r e s u l t s in e i t he r low di lut ion or 
s o m e t i m e s i n s u f f i c i e n t f u s ion . 

It should be ensured t h a t t h e powder f low 
is s t opped b e f o r e a r c is ex t ingu i shed . Phas ing 
ou t of t h e s e e v e n t s b e c o m e exceed ing ly 
i m p o r t a n t to avoid weld ing d e f e c t s . 

Se lec t ion of p roper s i ze of m e t a l al loys 
powder is to be done c o r r e c t l y . F i n e powder s 

do not f low . p roper ly th rough condui ts , and 
c o a r s e powder p a r t i c l e s block t h e f low 
leading to improper m a t e r i a l d e p o s i t i o n . 

g) M o v e m e n t of Torch and Work P i e c e 

I n t e r a c t i o n t i m e b e t w e e n a r c and work p i e c e 
has d i r e c t bea r ing on gua l i ty of w e l d . Use 
of imprope r i n t e r a c t i o n t i m e leads to welding 
d e f e c t s like m e l t i n g of p a r t s , high d i lu t ion , 
uneven and u n f u s e d depos i t ion . 

I n t e r a c t i o n t i m e b e t w e e n a r c and work p i e c e 
will depend on : 

Osc i l l a to r s t r o k e length and s t r o k e r a t e ^ 
RPM of r o t a t o r , 
Sequenc ing of s t a r t and s top posi t ion of 
t o r c h osc i l l a to r and r o t a t o r ? 
Se l ec t i on of t i m e a t t h e begining and 
a t t h e end of osc i l l a to r s t r o k e . 

h) P r e h e a t 

P r e h e a t s e l ec t i on is based upon shape , s ize 
and c h e m i s t r y of ba se m e t a l . Higher p r e h e a t 
than o p t i m u m al lows lower t r a n s f e r r e d a rc 
c u r r e n t and higher r a t e of depos i t ion a t 
t h e s a m e a r c c u r r e n t . H o w e v e r , lower p r e -
h e a t than o p t i m u m may lead to h igher r a t e 
of coo l ing . This chi l ls t h e weld pool and 
p r o d u c e s unsound w e l d . 

6. R E C L A M A T I O N OF BRAKE DISC 

It is s t a t e d t h a t a se t of p a r a m e t e r s used 
for one c o m p o n e n t d i f f e r s f r o m t h e s e t used 
for any o t h e r c o m p o n e n t . H e n c e , n u m e r o u s t e s t 
p i eces w e r e m a d e dur ing th is e x p e r i m e n t a l s t a g e . 
These t e s t p i e c e s w e r e s u b j e c t e d to var ious t e s t s 
l ike dye p e n e t r a n t , r a d i o g r a p h y , e t c . 

The c o r r e c t p a r a m e t e r s w e r e e s t ab l i shed 
Table 1) for "this p a r t i c u l a r Work. F igs . 5 ,6 ,7 ,8 

show the b r a k e disc passing th rough the var ious 
s t a g e s of r e c l a m a t i o n . Test s amp le s p r e p a r e d 
using t h e s e approved p a r a m e t e r s w e r e t e s t e d 
for dye p e n e t r a n t , r ad iog raphy , m e t a l l o g r a p h y , 
ha rdnes s survey and EPMA s tud ie s , for eva lua t ion 
of t h e qua l i ty s t a n d a r d of t h e s u r f a c e d layer 
F igs . 9 ,10 show t h e m i c r o s t r u c t u r e of t h e deposi 
t e d m e t a l and t h e s u b s t r a t e r e s p e c t i v e l y . 

The r e c l a i m e d b r a k e discs have undergone 
f ie ld t r i a l s s u c c e s s f u l l y . 

7. OTHER C O M P O N E N T S 

Some o t h e r c r i t i c a l c o m p o n e n t s which can 
be r e c l a i m e d succes s fu l l y using p la sma weld 
s u r f a c i n g t e c h n i q u e a r e l i s ted below : 
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Fig .10 M i c r o - s t r u c t u r e of subs t ra te showing 
pear l i te f e r r i t e 

Fig .9 Micro-s t ruc ture of deposi ted m e t a l showing 
dendridic s t r u c t u r e 

International Welding Conference-

I n t e r n a t i o n a l C o n f e r e n c e o n W e l d i n g T e c h n o l o g y 
i n D e v e l o p i n g C o u n t r i e s - P r e s e n t S t a t u s &. 
F u t u r e N e e d s 

S e p t e m b e r 2 6 - 2 8 , 1 9 8 8 , R o o r k e e , I n d i a . 
O r g a n i s e d by 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 

U n i v e r s i t y o f R o o r k e e 

The abovementioned conference is 3rd in the 
series being organised to provide a common 
p la t fo rm to scientists and technologists f rom 
developing and advanced countries so as to 
exchange or share their experiences in the 
area of welding technology. 

The conference is intended to focus the status 
of welding technology w i th special reference 
to the trends in the manufacture of welding 
eguipments and consumables, weldment design 
and evaluat ion, welding in repair and maintenance, 
qual i ty contro l and assurance. In the area of 
research and development, i t is proposed to 
stress on the mechanisation and automat ion 
in welding, improvements in weld ing consumables, 
non-convent ional welding processes and specif ic 
case studies. 

Cal l for papers has been announced. Last date 
of submission of abstract is January 31, 1988, 
and completed manuscripts in camera ready 
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