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In all welding industry the demands put on welding arc constantly growing and there are two specific directions for demands; Increase in 
productivity of work and improvement of quality. 
This has necessiated, in the recent years a very, rapid development in the field of welding, power sources, automation and robotics. 
The new generation of inverter power sources are an ideal for the above needs, because of the inherent advantages of very high speed of 
response, excellent adaptability to various welding processes, good power to weight ratio and phenomenal compactness. These machines 
also provide an energy efficient operation by cutting down substantially on the losses in the welding power source Apart from all the 
excellent attributes the inverter power source has come to stay because of its high reliability and also its suitability to all welding 
processes. 

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

T r a d i o n a l w e l d i n g power sou rce 
d e s i g n s a r e u s u a l l y b a s e d on 
ma in t r a n s f o r m e r s or t r a n s f o r m -
e r s - r e c t i f i e r s w i t h e l e c t r o - m a g -
n e t i c o u t p u t c o n t r o l . T h i s ap -
p roach p r o d u c e s robus t , low cost 
of uni ts w h i c h h a v e p r o v e d to be 
a c c e p t a b l e fo r a w i d e range of 
m a n u a l and s e m i a u t o m a t i c we ld -
ing ope ra t i ons . T h e l im i ta t i ons o f 
th is d e s i g n a p p r o a c h are suscep -
t ib i l i ty to l ine v o l t a g e va r ia t i ons , 
s l o w r e s p o n s e r a t e ( e . g . f o r 
pu lsed opera t i on ) and the poss i -
bi l i t ies of c o n t i n u o u s ou tpu t va r ia -
t ion and r e m o t e con t ro l are re-
s t r ic ted . T h e s e l im i ta t i ons tend to 
res t r ic t t he u s e f u l n e s s of t h e s e 
des igns , pa r t i cu la r l y fo r a u t o m a -
t ion or w h e n m o r e soph i s t i ca ted 
con t ro l t e c h n i q u e s are requ i red . 

T h y r i s t o r i s e d c o n t r o l l e d w e l d i n g 
power sou rce d e s i g n s has been 
d e v e l o p e d to o v e r c o m e t h e s e 
p r o b l e m s . A l t h o u g h t h e y o v e r -
c o m e m a n y of a b o v e m e n t i o n e d 
l i m i t a t i o n s , t h e i r s p e e d o f re-
sponse is l im i t ed by the supp ly 
f r e q u e n c y and a m o u n t of s m o o t h -

ing as thyr is tor ised power sou rces 
p roduced h igher r ipple wh i ch can 
on ly be l im i ted by use of s m o o t h -
ing induc to r . T h e s e e q u i p m e n t s 
a l t h o u g h are l i gh te r t h a n t rad i -
t iona l equ ipmen ts , are st i l l bu lky 
and heavy to be car r ied & are not 
por tab le . T h e most essent ia l l imi -
t a t i o n is h a n d l i n g o f e l e c t r i c 
power at ma in f requency (50 Hz / 
60 Hz). As the s ize and we igh t of 
t he t r a n s f o r m e r and choke is in-
v e r s e l y p ropo r t i ona l to t h e f re-
q u e n c y of opera t ion , the s ize of 
power source is large. T h e prob-
l em due to these l im i ta t ions can 
be r e m o v e d w i th the he lp of f re-
q u e n c y conve r t i ng t echn iques i.e. 
ope ra t i ng t r ans fo rmer , chokes at 
a h igher f r equency wh ich wi l l g i ve 
a f a s t e r r e s p o n s e of o p e r a t i o n 
and a l ight we igh t power source . 
These k ind of power sou rces are 
ca l l ed i nve r te r con t ro l l ed power 
sources . 

Principle of operation 

T h e ma in A C vo l t age w i th a f re-
q u e n c y of 50 /60Hz is rec t i f ied by 
m e a n s of d i o d e b r idge rec t i f i e r 

and s m o o t h e d w i th the he lp of f i l -
te r capac i t o r " C " . T h i s rec t i f i ed 
DC v o l t a g e is i nve r ted w i th the 
h e l p o f i n v e r t e r , t h e o u t p u t o f 
w h i c h is a h igh f r equency , pu lsat -
ing s i g n a l . T h e h i gh f r e q u e n c y 
s igna l is t h e n fed to a p r imary of 
a s tep d o w n t r a n s f o r m e r . T h e low 
v o l t a g e h igh f r e q u e n c y s igna l at 
t he s e c o n d a r y of t he s tep d o w n 
t r a n s f o r m e r is t hen rec t i f i ed by a 
r e c t f i e r . T h e r e c t i f i e d s i g n a l is 
t hen f i l te red t h rough a f i l ter choke 
& the resu l tan t s igna l is ava i l ab le 
at t h e ou tpu t of i n v e r t e r p o w e r 
source . 

T h e s ize of t he t r a n s f o r m e r and 
c h o k e is d e p e n d e n t on f r e q u e n c y 
of o p e r a t i o n . T h e t hy r i s t o r con-
t r o l l ed i n v e r t e r s a re c a p a b l e of 
ope ra t i ng at a f r e q u e n c y of 5 K H z 
w h e r e a s t rans is to r con t ro l l ed in-
ve r te r s are c a p a b l e of ope ra t i ng 
at a f r e q u e n c y of 2 0 KHz . On ac-
count of th is h igh f r e q u e n c y s ig-
na l , t he w e i g h t a n d v o l u m e o f 
t r a n f o r m e r and c h o k e in an in-
ve r te r power sou rce are cons ide r -
ab l y less t h a n tha t of c o n v e n -
t iona l power sou rces . 
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The control circuit measures the 
output voltage / current signal, 
compares the same with the set 
value (Reference value) and pro-
vides an error signal which is 
then fed to the inverter control cir-
cuit so as to keep the desired 
voltage / current close to tfce set 
value. 

Salient Features of the 
Inverter 

In addition to giving all the ad-
vantages of an electronically con-
trolled welding power source, the 
welding inverter has an edge over 
this power source as described 
below : 

• Good and Versatile Charac-
teristics 

In the conventional power source 
the arc characteristics are mainly 
dependent on the characteristics 
of main circuit components i.e. 
t ransformer and choke, In the 
invertor power sources, due to 
very high adjustment speed (100 
- 400 times that of conventional 
power source) the arc character-
istics are controlled electronically. 
Here the static and dynamic char-
acteristics required for different 
welding power processes can be 
achieved in reality with the same 
power source. 

• Complete Controllability 

The welding inverter is completely 
controllable e.g. stepless current 
adjustment from minimum current 
as low as 5 Amps to the maxi-
mum current in one single range 
in CC mode and the voltage ad-
justment from min. Voltage i.e. 
14 volts to the maximum voltage 
in one single range in CP mode. 

It is possible to control both those 
from front panel of the power 
sources and remote control de-
vices. The control voltage is gen-
eral ly standardised as 0-10V 
which makes it easy to connect 
this power source to a robot or an 
automat. 

• Energy Saving 

Reduced no-load power consump-
tion, very high power factor (gen-
erally above 0.9), high operating 
efficiency (above 85%) and the 
power consumption is smal ler 
than that of conventional power 
source. 

• Portability 

The size and weight of the weld-
ing inverter is small beaucase of 
reduction in size and weight of 
magnet ic components. This 
makes the welding inver ter 
poratble. 

Applications of inverter 
power source portable 
welding equipment : 

Due to extreme low volume and 
weight phenomenon of inverter 
power sources, portable welding 
machines for DC MMA/TIG/ 
PULSE TIG welding applications 
are made available in the market, 
typical application areas being re-
pair and maintenance welding at 
shipyards, power plants, chemical 
plants, fertilizer plants, railways, 
pipelines & project sites. The fact 
that the inverter, Portable power 
sources are available to operate 
with 230V - single phase & 415V 
- Three phase input supply volt-
age, makes them useful any 
where. Due to the fact switching 
capabi l i ty of semiconductor 

power components, TIG welding 
pulse cycle time can be as low as 
20 mil l iseconds, for thin sheet 
welding. 

Square Wave AC Equipment 

The inverter power source makes 
easy to choose optimal welding 
parameters in AC square wave 
welding from the front panel or 
by the remote control unit. 

The wave from balance control 
adjusts the width of the positive 
or negative component of the 
square wave without changing the 
current amplitude or frequency, 
al lowing the welder to control 
weld penetration and the cleaning 
action of the arc. 

Synergic Pulse - MIG 
Equipment 

In the last few years the share of 
MIG welding has grown consider-
ably on cost of MMA welding. 
However, in industry there are still 
many objects which are not 
welded with MIG due to quality 
demands but with MMA or TIG, 
though the productivity of MIG 
can be clearly seen, especially 
when stainless steel & aluminium 
arc as construction materials. The 
inverter based equipments will 
still accelerate the move from the 
MMA & TIG welding to the more 
productive MIG welding. 

The synergic pulse MIG process 
demands fast response and 
stepless contro l range of the 
power source that the short 
pulses & stepless frequency con-
trol (output frequency of 35 -
350Hz) for precise droplet trans-
fer. 
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This can be real ised easily with 
inver te r p o w e r sources . In the 
synerg ic control the pulsing of 
power source is control led by pre-
p r o g r a m m i n g a c c o r d i n g to the 
wire feed speed. T h u s the amount 
of the ad justments , done by the 
we lder is considerab ly reduced. 
In principle the w e l d e r has to use 
only one control knob, with which 
he s e l e c t s the d e s i r e d cur ren t 
l e v e l . T h e d e p e n d e n s e of t h e 
pulse v a l u e s on the wi re f e e d 
speed with var ious wire mater ia ls 
and d i a m e t e r s can be pre pro-
g r a m m e d to the inver ter power 
sources & the operator just tells 
the e q u i p m e n t which mater ia l he 
will be welding and the equ ipment 
will select the opt imal pulse pa-
rameters . 

Welding Technical 
Advantages of Synergic 
Pulse MIG 

• T h e pulse - M I G is a consid-
e r a b l y m o r e p r o d u c t i v e 
method than M M A and T I G 
welding. 

• In t h e c e r t a i n reg ion m o r e 
product ive than normal M I G 
weld ing, e.g. with a lumin ium 
A 2 0 % higher output. 

• W e l d i n g Arc, which is spatter 
f ree. 

• Excellent characterist ics for 
posit ional welding with thin 
and thick materials. 

It is easy to get a weld which 
is f ree f rom faults (Porosity 
lack of fusion). 

• S m o o t h shape of the bead. 

• It is easy to join thin and thick 

mater ia l . 

T y p i c a l we ld ing current ranges 
which can be reached with the 
synergic pulse - M I G equipment 
are given below : 

D u e to the ex t reme versatal i ty of 
inverter power source, universal 
M M A / T I G / M I G power sources are 
m a d e a v a i l a b l e in the m a r k e t . 
W i t h this a qui te new we ld ing 

equipment thinking has been en-
a b l e d , th is is c a l l e d as " T H E 
S Y S T E M T H I N K I N G " where the 
multi purpose power source is the 
core of the system. T h e power 
source as it is can be used as a 
M M A power source. W h e n con-
nected to T I G Control units it can 
be used as a T I G welding system 
a n d w h e n c o n n e c t e d to w i r e 
f e e d e r as a C 0 2 / M I G w e l d i n g 
system. 

This "MULTISYSTEM" gives 
following advantages : 

It increases the productivity 
of work 

For the i m p r o v e m e n t of the pro-
ductivity of work it is possible to 
select in the M U L T I S Y S T E M the 
most productive method and most 
e f f e c t i v e e q u i p m e n t fo r e a c h 
welding job. T h e M U L T I S Y S T E M 
increases the e f f e c t i v e working 
t ime due to its c o m p l e t e remote 
control system, possibility of pre-

programming mobil i ty and ergo-
nomic construction. 

It Improves the Quality of 
Welding Work 

T h e quality of weld ing work im-
proves , b e c a u s e d u e to bet ter 
c o n t r o l l a b i l i t y , t h e w e l d i n g 
characetr ist ics are better. Due to 
the remote control the amount of 
welding defec ts will be smal l and 
the qual i ty costs will be lower. In 
the s a m e way , it is possible to 
select the qual i ta t ive best method 
for each weld ing purpose. 

A L U M I N I U M 

WIRE DIAMETER 
MM 

MIN. AVERAGE 
CURRENT 

AMPS. 

MIN.PLATE 
THICKNESS 

MM 

MAX.AVERAGE 
CURRENT 

AMPS. 

1.0 35 1.0 305 

1.2 40 1.0 360 

1.6 45 1.0 435 

STAINLESS STEEL 

1.0 45 1.0 300 

1.2 50 1.0 360 

1.6 65 1.5 500 

STEEL 

1.0 50 0.75 320 

1.2 55 0.75 430 

1.6 95 1.5 500 
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It reduces the Investment 
Costs Today and in the 
Future 

The investment costs can be re-
duced w i th the mu l t i -pu rpose 
equ ipment , because the to ta l 
amount of machines of the com-
pany will be smaller. The lower 
power consumption reduces the 
installation costs and saves the 
energy. The small size and the 
light weight enable ergonomic ar-
rangements in the planning of 
work ing p lace. Also the f loor 
space can be used more effec-
tively. The Multisystem reduces 
the investments of the future, be-
cause the system can be easily 
modified and completed to meet 
the welding requirements of time. 
In addit ion MULTISYSTEM re-
duces the amount of d i f ferent 
types of machines & thus the 
need of spare par ts wi l l be 
smaller & the service easier. 

It is ready for Mechanised 
and Robot Welding 

The MULTISYSTEM is ready for 
mechanised and robot welding. 
The standardised control system 
makes the communication with all 
kinds of computer controls pos-

sible. The welding parameters 
can be adjusted with the control 
device of the robot. Correspond-
ingly the multisystem is able to 
give the control information about 
the welding processes to the ro-
bot. Due to small space require-
ments the MULTISYSTEM equip-
ment is easy to place with the au-
tomate or robot. 

It reduces the Transport 
and Transfer Costs 

The small size and light weight of 
the MULTISYSTEM reduce deci-
sively the transport costs, if the 
welding equipment needs a lot of 
transporting. 

Future 

After the development of semi-
conductor technology, the devel-
opment of welding power sources 
has been rather rapid & the same 
development seems to continue 
further. At the moment it seems 
that the welding power source of 
the future is the inverter. The 
weight & size will still reduce to 
some extent, though there won't 
probably be such big change as it 
happened from the conventional 

power sources to the inverters of 
today. The most important im-
provements will take place in the 
system techniques of welding, 
where the good controllability and 
feasibility of the power source will 
be of great importance. 

Indian Scenario 

In Europe and America the in-
verter is more economical than 
conventional electronically con-
trolled power sources owing to the 
reduction in the material content 
of the power sources. However, 
the production and development 
of the inverter power source has 
yet to be commenced in India due 
to the constraint in the availabil-
ity of the semi-conductor devices 
and the core laminations for the 
transformer and choke. The im-
port of these components entails 
a large quantum of customs tariff 
making the inverter economically 
unviable in comparison with the 
existing power sources. However, 
with the liberalised regime it is 
hoped that a further reduction in 
duties would definitely spur the 
deve lopmen t of these power 
sources in India also. 
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