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Recent Advances in Inverter Controlled, Gas Shielded 
Arc Welding Power Sources and other Applications 
Hideyuki Yamamoto 

This report summarizes trends of arc welding processes and power sources, especially, recent advances of inverter controlled power 
sources with various kinds of new current wave control method for gas shielded metal arc welding process. 

The features of inverter controlled machine are not only compact and lightweight design but also various improvement of weldability 
and control of arc welding phenomena such as metal transfer arc plasma characteristics, bead formations etc and features will 
contribute to much more automization of arc welding 

INTRODUCTION 

The mos t o u t s t a n d i n g fea tu res of a d v a n c e s m a d e in 

the f ie ld of arc w e l d i n g in t he last few yea rs m a y be 

c h a r a c t e r i z e d by rap id d e v e l o p m e n t s in a u t o m a t i o n , 

r obo t i za t i on and s y s t e m a t i z a t i o n of w e l d i n g p r o c e s s 

and fu r ther sp read a n d app l i ca t i ona l e x p a n s i o n of 

g a s sh ie lded arc w e l d i n g p r o c e s s in c o n c e r t w i t h t he 

f o r m e r , a n d n e w t e c h n i c a l d e v e l o p m e n t s have b e e n 

m a d e in all a s p e c t s s u c h as re la ted w e l d i n g mater ia ls , 

w e l d i n g e q u i p m e n t a n d w e l d i n g p r o c e s s . Espec ia l l y , 

t he i m p r o v e m e n t o v e r f u n c t i o n a n d p e r f o r m a n c e of 

a g a s sh ie l ded arc w e l d i n g e q u i p m e n t b a s e d o n the 

i n t r o d u c t i o n of t r ans i s to r inver ter c o n t r o l t e c h n o l o g y 

s ta r ted f r o m 1982 is par t i cu la r l y r e m a r k a b l e , a n d a 

part it p l a y e d in a u t o m a t i o n of w e l d i n g is very g rea t . 

Here, t h e pos i t i on a n d t rend of g a s sh ie lded arc 

w e l d i n g in the f ie ld of arc w e l d i n g in t he last t en 

yea rs are s u r v e y e d to b e g i n w i t h a n d a h is to r i ca l 

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

c o n t r i b u t e d to tha t d e v e l o p m e n t as we l l as a ro le in 

recent inver te r i za t ion are d e s c r i b e d t o g e t h e r w i t h a 

t ry t o feel ou t s u b j e c t s fo r fu tu re . 

Spread and advance in automation rate of gas 
shielded arc welding process in Japan 

In t he event of s u r v e y i n g the a p p l i c a t i o n rat io of 

w e l d i n g p r o c e s s e s to o c c u p y w i th in t h e en t i re arc 

w e l d i n g , it is genera) to look into t he MITI 's (M in is t ry 

of In te rna t iona l T r a d e and Indus t ry ' s ) s ta t i s t i cs o n 

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

mate r ia l s ( e l e c t r o d e s a n d w i res) . In t he c a s e of ( i ron 

and) steel , t h e p r o d u c t i o n of w e l d i n g mate r ia l s of arc 

w e l d i n g o n t h e w h o l e w a s c h a n g i n g near ly w i t h i n t he 

level of 300 ,000 to 400 ,000 t o n s f r o m 1975 a n d o n 

c o r r e s p o n d i n g to b u s i n e s s f l u c t u a t i o n s a l t h o u g h 

the re had b e e n u p s and d o w n s in t h e m e a n t i m e . 

H o w e v e r , in v iew of va r i ous w e l d i n g p r o c e s s e s , un l i ke 

the c o v e r e d e l e c t r o d e w h i c h w a s c o n t i n u i n g to 

d e c r e a s e near ly m o n o t o n o u s l y in t he pas t t e n years , 

w e l d i n g w i res for g a s sh ie l ded arc w e l d i n g have b e e n 

inc reas ing o n t h e w h o l e a n d o u t s t r i p p e d t h e c o v e r e d 

e l e c t r o d e for t h e f irst t ime in 1978. 

Fig. 1 I temizes ra t ios of w e i g h t s ac tua l l y d e p o s i t e d 

o n w e l d m e n t by va r i ous w e l d i n g p r o c e s s e s o n the 

a s s u m p t i o n es t ima t i on of t he e f f i c i ency of d e p o s i t i o n 

s h o w n in t he f i gu re as b a s e d o n the a f o r e m e n t i o n e d 

p r o d u c t i o n s ta t is t ics . As c a n be u n d e r s t o o d f r o m the 

f igure , a p p l i c a t i o n rat io of g a s s h i e l d e d arc w e l d i n g 

is n o w c o m p l e t e l y reve rsed tha t of c o v e r e d e l e c t r o d e 

w e l d i n g . B e s i d e s , a s o - c a l l e d a u t o m a t i o n r a t e 

( i nc lud ing the s e m i - a u t o m a t i o n rate of g a s sh ie lded 

arc w e l d i n g ) i nc lus i ve of s u b m e r g e d arc w e l d i n g has 

r e a c h e d 7 5 % in 1988. 

Fig. 1 : Deposit Weight Ratio of Various Welding Processes 
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Fig. 2 c o m p a r e t h e t rans i t i on in p r o d u c t i o n s by 

mate r ia l s f o r g a s s h i e l d e d arc w e l d i n g w i re . The 

g r o w t h of s tee l w i r e s c e n t e r e d abou t w i r e s for CO2 

g a s / M A G w e l d i n g s l o w e d d o w n f r o m t h e b e g i n i n g of 

1980 a n d t e n d e d to b e sa tu ra ted bu t i n c r e a s e d 

rap id l y in 1988 d u e t o a sha rp e x p a n s i o n in d o m e s t i c 

d e m a n d . In the c a s e of s ta in less steel, s p r e a d of 

c o r e d w i r e f r o m 1983 a n d o n w a s p a r t i c u l a r l y 

r e m a r k a b l e . F u r t h e r m o r e , M I G w i r e for a l u m i n i u m 

a l loy a n d T I G arc w e l d i n g e l e c t r o d e fea tu re that t hey 

are i n c r e a s i n g s tead i l y w i t hou t hard ly i n f l uenced by 
e c o n o m i c a l t r ends . 

2 0 -
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Fig. 2 : Transition in Annual Production of GMA 
Wires 

In th is w a y , t he a p p l i c a t i o n rat io of g a s 

sh ie lded arc w e l d i n g p r o c e s s is sti l l in an 

i nc reas ing t r end , i ts a p p l i c a t i o n s to s u c h 

as h igh -c lass s tee l a n d n o n f e r r o u s me ta l 

are e x p e c t e d to e x p a n d par t i cu la r l y , and 

m o r e o v e r its ro le as a lead ing w e l d i n g 

p r o c e s s fo r fu tu re d r i ve to a u t o m a t i o n . 

The c h a n g e in o u t p u t c o n t r o l s y s t e m of arc 

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

c o n d i t i o n s of an inver te r c o n t r o l l e d w e l d i n g 

p o w e r s o u r c e 

the w e l d i n g p o w e r s o u r c e w a s i m p r o v e d . Af ter that , 

M I G pu l sed arc w e l d i n g s o u r c e a n d m a k i n g c a p a c i t y 

larger w e r e p u s h e d f o r w a r d a n d have b e e n m u c h 

used as a p o p u l a r C 0 2 / M A G w e l d i n g p o w e r s o u r c e 

even day . Early in 1980, a p o w e r t r ans i s to r of a large 

c a p a c i t y c a p a b l e of c o n t r o l l i n g in h ighe r s p e e d t h a n 

the t hy r i s t o r a p p e a r e d , a n d the s e c o n d a r y s ide 

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

w h i c h u s e s the f o r m e r d e v i c e w a s d e v e l o p e d . A n d 

then , in 1982, a CO2 arc w e l d i n g p o w e r s o u r c e of 

t rans is to r inver te r c o n t r o l c a p a b l e of fu r ther h igh-

s p e e d c o n t r o l l i n g w a s d e v e l o p e d for t he f irst t ime, 

a n d its a p p l i c a t i o n has a lso a d v a n c e d to s u c h as a 

p u l s e d / M A G w e l d i n g p o w e r s o u r c e , A C C O 2 / M A G 

w e l d i n g p o w e r s o u r c e r e c e n t l y . A l s o f o r 

n o n - c o n s u m a b l e e l e c t r o d e g a s sh ie l ded t u n g e s f e n 

arc (GTA) w e l d i n g p o w e r s o u r c e s s h o w n in Fig. 3 (b) , 

t he c o u r s e of t he c h a n g e f r o m thy r i s to r c o n t r o l to 

t rans is to r c h o p p e r c o n t r o l a n d t h e n to inver ter c o n t r o l 

w a s near ly t he s a m e as for t he c o n s u m a b l e e l e c t r o d e 

(GMA) t y p e even if the i r d e v e l o p m e n t t i m e s d i f fe red 

b e t w e e n t h e s e t w o t y p e s . A n d t y p e s of a p p l i c a b l e 

w e l d i n g p o w e r s o u r c e s also have e x p a n d e d f r o m a 

DC w e l d i n g p o w e r s o u r c e in t he b e g i n n i n g to p u l s e d 

T IG arc w e l d i n g p o w e r s o u r c e a n d t h e n A C T IG o r 

p l a s m a arc w e l d i n g p o w e r s o u r c e . 
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Fig. 3(a) : Change in Output Control System of GMA Welding Power Source 

Fig. 3 a r r a n g e t h e c h a n g e in a n d s p r e a d 

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

w e l d i n g p o w e r s o u r c e s be ing u s e d in g a s 

sh ie lded arc w e l d i n g in J a p a n as we l l as 

t he d e v e l o p m e n t t i m e of ma in w e l d i n g 

p o w e r s o u r c e s . Fig 3(a) is re la ted to the 

c o n s u m a b l e e l e c t r o d e ( G M A ) t y p e . 

A r o u n d 1970, t h e t h y r i s t o r w a s a d o p t e d in 

a DC p o w e r s o u r c e fo r t h e f irst t i m e as an 

o u t p u t c o n t r o l d e v i c e in p l a c e of a n 

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

u p to tha t t ime , a n d t h u s the f u n c t i o n of 
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Fig. 3 (b) : Change in Output Control System of GTA Welding Power Source 

INDIAN WELDING JOURNAL, JULY 1993 
.16 



Fig. 4 compares relations between the control device 
of control system of welding power sources and their 
output control frequency and proves that the change 
in control system shown in Fig.3 has a very close 
relation with transi t ion in speedup of contro l 
frequency of a control device as described later. 

Control 
frequency 

100Hz-

1000Hz 
(1 KHz) 

1000 Hz 
(10KHz) 

50000 Hz 
(30 KHz) 

Magnetic 
amplifier 

Phase 
Control 

Tyristor 

Phase 
Control 

Inverter 
control 

Power transistor 
Power MOS FET 

Chopper 
control 

Inverter 
Control 

Fig. 4 : Control Devices and Control Frequency of Welding 
Power Source 

Present condit ions and features of an inverter 
controlled welding power source 

• 

In the thyristor controlled type which is used to be 
the mainstream of arc welding power sources, the 
input voltage is first stepped down by a transformer 
directly connected to the commercial frequency 
power source'to a voltage suitable for welding, and 
this output is than regulated by controlling the firing 
phase angle of the thyristor in synchronism with the 
commercial frequency and finally supplied to the arc 
through a smoothing DC reactor. 

In contrast to the former, in a new inverter controlled 
type, the alternating current of the commercial power 
source is converted to the direct current once, it is 
normally converted again to a high-frequency 
alternating current of about 10 to 50 kHz, then the 
voltage is stepped down by a high-frequency 
transformer, and finally the direct current is supplied 
after being rectified and smoothed again. For power 
devices of the thyristor to control this output, a 
module bipolar transistor and a module or discrete 
power MOS FET are being run in parallel at the 
operating frequency of under and above 20 kHz, 
respectively, and are used in combination with 
various inverter types as shown in Table 1. 

TABLE 1 : MAIN CIRCUIT SYSTEM AND POWER DEVICES 
OF INVERTER CONTROLLED WELDING POWER SOURCE 

Device Bipolar transistor MOS FET 

Operating frequency 7 - 16 KHz 20 - 50 KHz 

Inverter types Full-bridge Full-bridge 
Half-Bridge Forward converter 
Forward converter 

Maximum 150A 500V 50A 450V Operation 
ratings of Darlington in parallel 
device 200A 500V Single 10A 500V Operation 

in parallel 

The main circuit composition of an inverter controlled 
AC arc welding power source which is lately 
attracting attention of the field is as shown in Fig. 
and components and functions up to the DC reactor 
on the secondary side of the transformer are the 
same as a corresponding DC arc welding power 
source, but the secondary inverter is also provided 
in the subsequent step to the DC reactor in this 
circuit to convert the output to the alternating current 
again. The secondary inverter is lower in frequency 
than the primary inverter and normally about 100 Hz, 
but it features a fast response speed in inversion and 
thus offering the square wave alternating current. 

In the case of the inverter controlled type as 
described so far, its basic features are that the 
frequency of an alternating current impressed to the 
transformer is a few 100 times that of the conventional 
thyristor controlled type, and for that account, the 
transformer which is a major component part of the 
welding power source and the smoothing reactor to 
follow the rectification on the secondary side of 
transformer can be extensively miniaturized and 
made lighter in weight and can quicken the response 
speed of output current. 

Fig. 6 compare the weight against the rated 
secondary current of various inverter controlled arc 
welding power sources (inverter types) which have 
been put on the market up to now with that of thyristor 
controlled welding power sources (thyristor types). 
For a small capacity of below 100 A, a handy type 
of approximately 10 Kg. has been also materialized 
lately. 

At the beginning of development for inverter types, 
their technical development advanced as centered 
about such a functional aspect as miniaturization and 
making themselves lighter in weight in comparison 
with the conventional type, and they have been in 
fierce competition for speedup in the operating 
frequency. After that, however, much efforts have 
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Fig. 5 : Main Circuit Composition of Inverter Controlled AC Arc Welding Power Source 

be fo re has b e c o m e poss ib l e , a n d a t ta in ing the p r o p e r 

o u t p u t cu r ren t a n d v o l t a g e w a v e f o r m m e e t i n g the 

p u r p o s e has b e c o m e c o m p a r a t i v e l y eas ier . 

Reced Secondary C u r r e n t (A) 

Fig. 6 : Weight Comparison of Various GMA Welding Power 
Sources 

b e e n f o c u s e d o n i m p r o v e m e n t s of we ldab i l i t y o r 

w o r k a b i l i t y f i t t e d t o v a r i o u s k i n d s of w e l d i n g 

p r o c e s s e s a n d o n the i r re l iabi l i ty . Espec ia l l y recen t l y , 

va r i ous w a v e f o r m c o n t r o l s y s t e m s to c o n t r o l d i rec t l y 

t h e arc w e l d i n g p h e n o m e n a t h e m s e l v e s have b e e n 

p r o p o s e d by m a k i n g g o o d use of a h i g h - s p e e d 

respons ib i l i t y o f t he i r o u t p u t , a n d t hese c o n t r o l 

a l g o r i t h m has b e e n i n c o r p o r a t e d in a lmos t al l t he 

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

ARC welding phenomena and a role of an inverter 
controlled welding power source (inverter type) 

S ince any o n e of a rc st r ike, e l e c t r o d e c o n s u m p t i o n , 

me ta l t rans fe r , m o l t e n (weld) p o o l f o r m a t i o n a n d 

o t h e r p h e n o m e n a is a h i g h - s p e e d a n d in t r i ca te 

p h e n o m e n a , it had b e e n t a k e n fo r g r a n t e d tha t to 

c o n t r o l d i rec t l y t h e m b y o u t p u t regu la t i on of a 

w e l d i n g p o w e r s o u r c e is d i f f icu l t to d o . H o w e v e r , 

s i nce t h e adven t of inver te r c o n t r o l l e d w e l d i n g p o w e r 

sou rces , o u t p u t c o n t r o l of by far h igher s p e e d t h a n 

In c o n s e q u e n c e of th is , not on l y m a n y i m p r o v e m e n t s 

o n the f unc t i ona l aspec t as d e s c r i b e d be fo re but a lso 

r e m a r k a b l e i m p r o v e m e n t s w e r e p r o m o t e d o n aspec t 

of w e l d i n g p e r f o r m a n c e , a n d thus , n e w p e r f o r m a n c e s 

not seen b e f o r e are b e g i n n i n g to b e b r o u g h t fo r th . 

Tab le 2 a r r a n g e s the p h y s i c a l o p e r a t i o n t i m e ( t ime 

c o n s t a n t ) o r t h e n a t u r a l f r e q u e n c y of l e a d i n g 

p h e n o m e n a re la ted to p e r f o r m a n c e s of arc w e l d i n g 

a n d the c o n t r o l l a b l e f r e q u e n c y of m a j o r o u t p u t 

c o n t r o l d e v i c e s of a w e l d i n g p o w e r s o u r c e as we l l 

as of t he c o n t r o l s y s t e m aga ins t t h e f o r m e r in con t ras t 

to each o the r . Wi th s p e e d u p in t h e o u t p u t c o n t r o l 

by inver te r i za t ion of a w e l d i n g p o w e r s o u r c e , that a 

h i g h - s p e e d c o n t r o l b e c o m e s p o s s i b l e at a s p e e d 

su i ted to va r i ous p h e n o m e n a a n d the o b j e c t s of 

c o n t r o l are e x p a n d i n g o n the h i g h - s p e e d s ide c a n 

be u n d e r s t o o d . 

If t he latest c o n c r e t e o b j e c t s of c o n t r o l in g a s sh ie lded 

arc w e l d i n g a n d the i r e f fec ts are m e n t i o n e d , the re 

are : 

1. H i g h - s p e e d s tab i l i za t ion of arc t h r o u g h m a k i n g 
t h e o u t p u t cu r ren t a n d vo l t age of h ighe r a c c u r a c y , 

2. I m p r o v e m e n t o n a rc s ta r tab i l i t y (s t r ikeab i l i t y ) 
b a s e d o n i m p r o v e m e n t a b o u t t h e t r a n s i e n t 
cha rac te r i s t i c in start (arc st r ike) a n d e n d and 
m a k i n g c o n d i t i o n s of c ra te r t r e a t m e n t (crater 
fi l ler) p r o p e r , 

3. R e d u c t i o n in spa t te r by va r i ous k i n d s of cu r ren t 
w a v e f o r m c o n t r o l s in s h o r t - c i r c u i t t r a n s f e r 
w e l d i n g , 

4. S tab i l i za t ion of me ta l t rans fe r a n d c o n t r o l o n th»" 
b e a d s h a p e by p u l s e cu r ren t c o n t r o l o n arh i ta r \ 
f r e q u e n c y a n d arb i t ra ry w a v e f o r m , 

5. C o n t r o l o n p e n e t r a t i o n of base meta l a n d e x c e s s 
w e l d me ta l b a s e d o n arb i t ra ry se t t i ng of t he 
p r o p e r cu r ren t at e a c h e l e c t r o d e a n d e l e c t r o d e 
nega t i ve /e l ec t r ode pos i t i ve (EN/EP) rat io c o n t r o l 
of AC w a v e f o r m , e tc . 
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T a b l e 2 : RELATION BETWEEN OPERATING FREQUENCY OF ARC WELDING P H E N O M E N A AND CONTROL FREQUENCY O F 
VARIOUS KINDS O F POWER SOURCES 

Operation tine (S) I s 0 . 1 s 0 . 0 1 s lms 0.1ns O.Olis 

Tab le 3 a r r a n g e s the o u t p u t w a v e f o r m s of the 

c o n v e n t i o n a l w e l d i n g p o w e r s o u r c e a n d p o i n t s at 

issue ( p r o b l e m s ) fo r t he a f o r e m e n t i o n e d p u r p o s e s 

as we l l as va r i ous o u t p u t w a v e f o r m s c o n t r o l s of 

inver ter c o n t r o l l e d w e l d i n g p o w e r s o u r c e s p r o p o s e d 

and pu t to p rac t i ca l use u p to n o w as t hey are 

c o r r e s p o n d e d . 

Features c o m m o n to these respec t i ve w a v e f o r m 

c o n t r o l s y s t e m s are that con t r o l l ab l e p a r a m e t e r s are 

sharp ly i nc reased ove r t h o s e of t he c o n v e n t i o n a l 

s y s t e m , a n d as resu l ts of th is , p rec i se a d a p t a t i o n 

c o n t r o l b e c o m e s p o s s i b l e , bu t o n the o t h e r h a n d , 

se lec t i on of w a v e f o r m b e c o m e s c o m p l i c a t e d , a n d 

t h u s t h e n e c e s s i t y of f i t n e s s o n e - k n o b c o n t r o l 

( syne rg i c con t ro l ) is all t he m o r e inc reas ing . 

I m p r o v e m e n t o n w e l d i n g p e r f o r m a n c e a n d 

a d a p t a b i l i t y t o w a r d s a u t o m a t i o n of v a r i o u s a rc 

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

A u t o m a t i o n of arc w e l d i n g p r o g r e s s e d w i t h sp read 

of g a s sh ie l ded arc w e l d i n g p r o c e s s , a n d par t i cu la r l y 

a t t ended w i t h recent g e n e r a l use of arc w e l d i n g robo t , 

an a d v a n c e f r o m s e m i - a u t o m a t i c w e l d i n g to ful l 

a u t o m a t i c w e l d i n g is r e m a r k a b l e . He re p r i nc ipa l 

a c c o u n t s c e n t e r e d a b o u t t h o s e new ly p r e s e n t e d in 

the pas t o n e o r t w o years r e g a r d i n g a ro le of an 

inver ter c o n t r o l l e d w e l d i n g p o w e r s o u r c e in t he area 

of w e l d i n g a u t o m a t i o n a n d c o n c r e t e resu l ts are 

c o m p i l e d as f o l l ows : 
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TABLE 3 : VARIOUS EAVEFORM CONTROL SYSTEMS FOR ARC WELDING POWER SOURCE 

CO2/MAG Arc Welding 

The consumable electrode, gas shielded metal arc 
(GMA) welding centered about carbon dioxide arc 
welding has many advantages over other welding 
processes with respect to efficiency and cost 
workability, but also has much subjects to be 
improved with respect to repetitive welding which is 
indispensable in automatic welding and securing of 
repeatability. As problems peculiar to arc in CO2 arc 
welding in particular, (1) much weld spatter and 
remedy for adhesion to weld zone neighborhood and 
nozzle needed, (2) reliability of arc start lacking, (3) 
unsteady arc in a high speed welding, (4) had bead 
pppearance, etc. may be mentioned. 

For these problems, various systems to control 
directly short- circuit transfer phenomena of metal 
have been presented numerously up to now, as 
described before, and it becomes possible to control 
the spatter generating rate considerably. Besides, 
making the pulse waveform proper in pulsed MAG 
arc welding to replace CO2 arc welding is promoted 
as well as the "Pulse short-circuit system" which 
makes use of advantages of both the pulse transfer 
and the short-circuit transfer is developed recently, 
and the stabilization of arc and a reduction of spatter 
in a high-speed welding are further advanced. 
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Fig. 7 s h o w s a n i n s t a n c e of n e w cu r ren t w a v e f o r m 

c o n t r o l s y s t e m fo r sho r t - c i r cu i t t rans fe r s y n c h r o n i z e d 

w i t h pu lse . 

cz u 

CT a 

T line 

a) Current control for short circulating during pulse duration 
b) Current control for Instantaneous short circulating 
c) Electronic reactor control during short circulating 

Fig. 7 : Current Waveform Control System in Pulsed MAG 
Welding 

Fig. 8 s h o w s s o m e e x a m p l e s of ef fect of r e d u c t i o n 

of s p a t t e r b e t w e e n t h e c o n v e n t i o n a l t h y r i s t o r 

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

inver ter c o n t r o l l e d C 0 2 / M A G arc w e l d i n g p o w e r 

s o u r c e . 

1 . 0 

3 . 0 

? . n 

I . 0 

l\nnc mn n! : Ml I it nl rr I 
UI r n s 1 ? e : 1 . ?nHn/ 

Shielding f>ns: cr>2, ArlC02 
Current : ?50A 

Ihyr i s Lor C02 

lc r CO? 

MAO 
tional pulsetl HAG 

-J-
21 23 25 27 20 31 33 

Arc Voltaic (V) 

R e g a r d i n g the i m p r o v e m e n t o n arc s tar tab i l i t y , t oo , 

m a k i n g use of q u i c k r e s p o n s e of s ta r t i ng cu r ren t 

w h i c h is t he b i g g e s t a d v a n t a g e of inver ter con t r o l , a 

t e c h n i q u e is d e v e l o p e d to g r o w arc i ns tan taneous l y 

by c o n d u c t i n g a sha rp p e a k cu r ren t at a m o m e n t 

t h e t ip of w i r e sho r t - c i r cu i t s w i t h t he base meta l 

su r face , and the i n s t a n t a n e o u s arc s tar tab i l i ty is 

i m p r o v e d t o n e a r l y 1 0 0 % , c o n t r i b u t i n g t o 

i m p r o v e m e n t o n o p e r a t i n g e f f i c iency of a w e l d i n g 

robo t . 

A l t h o u g h t he re are m a n y f a c t o r s s u c h as g r o o v e 

c o n d i t i o n s , sh ie ld ing g a s a n d w i re c o m p o s i t i o n that 

i n f l uence a h i g h - s p e e d w e l d i n g , w e l d m e n t of abou t 

1 m / m i n . in t he past has b e e n s p e e d e d up to abou t 

2 m / m i n . by s tab i l i za t ion of arc a n d arc f o r c e c o n t r o l 

at t he i n t r o d u c t i o n of a inver te r c o n t r o l l e d w e l d i n g 

p o w e r sou rce . 

As a latest t o p i c , an i ns tance of a p p l y i n g the AC 

w a v e f o r m c o n t r o l to the c o n s u m a b l e e lec t rode , Gas 

s h i e l d e d m e t a l a r c ( G M A ) w e l d i n g h a s b e e n 

p resen ted . Pay ing a t ten t i on to a po in t that t he w i re 

me l t i ng rate a n d t h e base me ta l me l t i ng rate d i f fer 

as d e p e n d e d o n po la r i t y ( e l ec t rode ) , th is m e t h o d 

m a k e s use of a h i g h - s p e e d inve rs ion cha rac te r i s t i c 

of inver ter c o n t r o l to s e c u r e t h e A C arc s tabi l i ty w h i c h 

is sa id to be d i f f icu l t l o a t ta in in t he past a n d at the 

s a m e t i m e c a n set t he e l e c t r o d e nega t i ve /e l ec t r ode 

pos i t i ve (EN/EP) rat io arb i t ra r i l y . Fig. 9 s h o w s a 

re la t ion b e t w e e n th i s E N / E P rat io and the b e a d shape . 

For w e l d i n g of a th in p la te a n d in t he case of a 

b i g - g a p g r o o v e , e f f e c t s of s u c h of c o n t r o l is 

r e c o g n i z e d , a n d a d a p t a t i o n c o n t r o l c o u p l e d w i t h t he 

fu tu re senso r f u n c t i o n has b e c o m e the sub jec t of 

c o n s i d e r a t i o n . 

T I G / P l a s m a Arc W e l d i n g P r o c e s s 

TIG a n d p l a s m a arc w e l d i n g p r o c e s s e s are g o o d w i th 

respec t to w e l d i n g p e r f o r m a n c e in pa r t i cu la r and 

e f fec t ive for a u t o m a t i o n of w e l d i n g for n o n f e r r o u s 

mate r ia l s as we l l as spec ia l mater ia ls . H o w e v e r , (1) 

s l o w e r w e l d i n g s p e e d t h a n of t h e c o n s u m a b l e 

e l e c t r o d e (GMA) t ype , (2) l a c k i n g in repeatab i l i t y in 

repet i t ive or c o n t i n u o u s Rid ing d u e to c o n s u m p t i o n 

of an e l ec t r ode , (3) i n f l uence of h igh- f r e q u e n c y 

s tar t ing (arc str ike) o n p e r i p h e r a l e q u i p m e n t , e tc . 

have b e e n p o i n t e d ou t . 

Fig. 8 : Comparison in Spatter Generating rate of Various Arc 
Welding Processes and Power Sources 
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Fig. 9 : Fielation between the Bead Shape and the Electrode 
Negative Ratio in AC C02/MAG Welding 

As a n i m p r o v e m e n t m e a s u r e for we ld ing eff ic iency, 
a m e t h o d of increasing the arc stiffness b a s e d o n 
appl icat ion of h igh- f requency pu lse is a l ready put to 
pract ica l use, a n d a s y s t e m of control l ing the heat ing 
c u r r e n t of filler w i r e w h i c h is i n d i s p e n s i b l e to 
a u t o m a t i o n in s y n c h r o n i s m wi th t h e arc current is 
also d e v e l o p e d . 

In D C T I G / p l a s m a arc we ld ing for such as a lumin ium 
alloy, for e x a m p l e , adapta t ion of a d o u b l e inverter 
c o n t r o l l e d w e l d i n g p o w e r s o u r c e is r a p i d l y 
advanc ing , and lately, its effects in c o m b i n a t i o n wi th 
cer ia ted or lanthani ted tungsten e lec t rode in p lace 
of thor ia ted tungs ten e lec t rode are be ing cons idered . 

Fig. 10 s h o w s e x a m p l e s of reduct ion effects o n 
e l e c t r o d e c o n s u m p t i o n b y s i n u s o i d a l w a v e 
al ternat ing current of t h e convent iona l we ld ing p o w e r 
source a n d by u n b a l a n c e d square w a v e direct current 
of t h e inverter cont ro l type , respect ively. 

B e s i d e s , s i n c e h i g h - f r e q u e n c y s u p e r p o s i t i o n 
b e c o m e s no longer n e e d e d in arc restriking by the 
square w a v e direct current of the d o u b l e inverter 
contro l t y p e , the re is a b ig a d v a n t a g e of reduc ing 
t h e radio inter ference to c o m p u t e r p rocess ing and 
per iphera l control l ing device . 

•a o Ii 
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Fig. 10 : Comparison in Electrode Consumption between 
Thyrostor and Inverter Controlled Power Sources 

of AC GTA Welding 

Future subjects 

At tended wi th inverter izat ion of an arc we ld ing p o w e r 
s o u r c e , p r o b l e m s in r e s p e c t of f u n c t i o n o f 
p e r f o r m a n c e that had b e e n an o b s t a c l e to a u t o m a t i o n 
of we ld ing h a v e b e e n substant ial ly i m p r o v e d as 
descr ibed so far, a n d their adaptabi l i ty has b e e n 
e x p a n d e d . 

Regard ing an exclusive w e l d i n g p o w e r source to b e 
used in c o m b i n a t i o n w i th a n arc w e l d i n g robot , that 
w h i c h bui lds in the interface wi th t h e robot , that w h i c h 
c a n contro l t h e output u p o n tak ing var ious c o m m a n d 
signals direct ly f r o m the robot into t h e p o w e r source 
and that for w h i c h cons idera t ion had b e e n paid to 
we ld ing character is t ics c o n f o r m e d to arc sensor 
funct ion, o n e of sensors n e e d e d to e x p a n d the 
adaptabi l i ty of an arc we ld ing robot , h a v e b e e n 
d e v e l o p e d 1 6 

Fig. 11 a r ranges several subjects of i m p r o v e m e n t s 
in t h e future o n we ld ing e q u i p m e n t , we ld ing p o w e r 
source in part icular , in v iew of push ing o n a u t o m a t i o n 
and robot izat ion of g a s shie lded meta l arc ( G M A ) 
weld ing . 

With respect to p e r f o r m a n c e , d e v e l o p m e n t s of new 
contro l s y s t e m b a s e d of further e luc idat ion of we ld ing 
p h e n o m e n a are e x p e c t e d , a n d systemat ic s tudies of 
on - l ine contro l f o u n d e d o n the f e e d b a c k of we ld ing 
cfisujts are n e e d e d conjoint ly wi th d e v e l o p m e n t of 
sensor t e c h n o l o g y . 
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Moreover, with respect to function, however, 
combinability with a rapidly advancing peripheral 
computer equipment such as for digitalization in 
waveform control ot the power source and an arc 
welding robot must be improved. 

Furthermore, with respect to welding control, such 
as a functional improvement that can cope with data 
basing and artificial intellectualizing (Al'ing) of 
welding conditions may be mentioned, and further 
new subjects are much remaining. 

Inprovcmcnt of 
workability 
(Repeatability) 

Fig. 11 : Subject for Improvement of GMA welding Equipment 
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