
Welding Machines for Electrofusion 

by D. Usclat (France) 

1. Introduction 

The e lec t ro fus ion technique for the jointing of 
po l ye thy l ene p ipes i s today internat ional ly 
acknowledged in the gas indust ry . Indeed it 
is the most s imple to opera te , the most r e l i -
able and the most economic technique a v a i l -
able [ 1 ] . For th is reason Gaz de France chose 
this technique as ea r l y as 1975 [ 2 ] . Today 
more than a mi l l ion* e l ec t ro fus ion f i t t ings 
have been insta l l ed on the gas d is t r ibut ion 
network in France ( f o r 26,000 km of p i p e l i n e s * ) 

The control of the e l e c t r i ca l energy app l i ed 
to the e lec t ro fus ion f i t t ings i s an essent ia l 
element of th is technique. 

The studies and exper i ence accumulated by 
Gaz de France ove r more than 10 years have 
led to the deve lopment , in co l laborat ion with 
severa l manufacturers, of equipment and tech-
niques we l l adapted to a l l pract i ca l situations 
encountered. 

2. Technique 

The e lec t ro fus ion f i t t ing ( coup ler or tapping-
t ee ) contains a metal co i l which is implanted 
by in ject ion during manufacture. An e l e c t r i c 
current passes through the r es i s t o r which 
p rov ides su f f i c i ent energy by the Joule e f f e c t 
to melt l o ca l l y the po l ye thy l ene of the p ipe 
and the f i t t i n g . A f t e r coo l ing, pe r f e c t cohesion 
of the assembly is obta ined. 

It i s s t i l l d i f f i c u l t today to exp la in exac t l y 
the phys ico -chemica l processes that occur 
during fusion between two po l ye thy l ene mate-
r i a l s . The mechanism of molecular d i f fus ion 
seems however to be the most important process 
and this hypo thes i s has now been conf irmed 
exper imenta l l y [ 3 ) . 

Th is study demonstrates in part icular that 
to guarantee e f f e c t i v e molecular d i f fus i on , 
the parameters which determine the phenomenon 
must have cor rec t va lues , in part icu lar the 
temperature-t ime va r i ab l e couple. 

The jo int is good i f the depth of penetrat ion 
is su f f i c i en t , i . e . i f the surfaces have been 
in contact at high temperature fo r a g iven 
t ime. 

In o rder to obtain a good jo int by e l e c t r o -
fusion, i t is not mere ly su f f i c i en t to supply 
a certa in o v e r a l l quantity of e l e c t r i ca l energy . 
At each ins tant ( t ) of the appropr ia t e fusion 
t i m e ( t s ) the correct e l e c t r i c p o w e r [ P ( t ) ] must 
be p r o v i d e d . 

However , the e lec t ro fus ion technique presents 
a certa in f l e x i b i l i t y as there i s no optimum 
d i f fus ion state , but a r e l a t i v e l y w ide range 
within which the jo int obtained is s a t i s f a c t o r y . 

It may be assumed that a c o r r e c t l y designed 
f i t t ing w i l l accept , without any de ter iora t ion 
of the j o in t , var ia t ions in power [ P ( t ) ] of 
fusion time ( t s ) as long as the i r cumulated 
e f f e c t s do not cause the o v e r a l l fusion energy 
( E s ) to dev i a t e by more than ±10% of i ts nomi-
nal va lue . 

Th is f l e x i b i l i t y makes i t poss ib l e to accept , 
within certa in l imi ts : 

- e i the r the inev i t ab l e f abr i ca t i on tolerances 
of the f i t t ing ( va lue of e l e c t r i ca l r e s i s t ance ) . 

- or the accuracy of the adjustment of power 
and fusion time by the welding machine. 

- or the temperature var ia t ions of the f i t t ing 
due to the weather condit ions on the s i t e . 

2.2 The l im i t s 

In o rder to s p e c i f y the l im i t s , i t is necssary 
to study in deta i l these d i f f e r en t var ia t ions 
and to take account of the fusion method used 
( p r ede f i n ed parameters or s e l f - r e gu l a t i on ) . 

2 .2 .1 Fabrication tolerances of the fitting 

At present , as regards the fabr i ca t ion of the 
e l ec t ro fus ion f i t t ings the tolerances on the 
v a l u ^ of the e l e c t r i ca l res is tance are genera l l y 
equal to ±5% of the nominal va lue . 

Narrower tolerances are poss ib l e , but they 
would i n v o l v e the cons iderab le ex t ra expense 
of determining v e r y accurate ly the length of 
the e l e c t r i c w i r e , i ts cross sect ion and i t s 
r e s i s t i v i t y . 
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2 .2 .2 Accuracy of the welding machine 

The e l e c t r i c i t y sources wh ich are g e n e r a l l y 
used (mains or independent generator d r i v e n 
by a thermal motor ) a re o f t en prone to v a r i a -
t ions of both v o l t a g e and f r e q u e n c y . Var ia t i ons 
of ±10% f rom the nominal va lue a re common. 

M o r e o v e r , depending on the t y p e of metal 
w i r e used , the e l e c t r i c a l r es i s tance of c e r ta in 
f i t t i n g s inc reases when they get hot ( e . g . 
f o r a h i g h r es i s tance pure c oppe r w i r e , the 
r e s i s t i v i t y inc reases b y 110% when i t s t empera -
ture r i s e s b y 300°C ) . 

The we ld ing machine w i l l be des igned to take 
account of these v a r i a t i ons ( source + c h a r g e ) : 

- e i t h e r by a l t e r ing the fus ion t ime in o r d e r 
to compensate f o r the induced va r i a t i ons 
in P ( t ) . T h i s method of adjustment has 
the d i sadvantage of l ink ing the fus ion p a r a -
meters of the f i t t i n g to the des ign of the 
we ld ing machine, wh i ch exc ludes a l l s imp l e 
i n t e r c h a n g e a b i l i t y p o s s i b i l i t i e s ( s e e 3 . 2 ) . 

- e i t h e r by using an adjustment stage wh ich 
modulates the power accord ing to a s imp l e 
p r e d e f i n e d law ( e . g . adjustment to constant 
v o l t a g e ( U ( t ) = C t e ] , or constant in t ens i t y 
[ I ( t ) - C te ] or constant power [ P ( t ) 
C t e ] ) . The method of adjustment to constant 
v o l t a g e i s today the most commonly used . 

• Adjustment i s g e n e r a l l y by means of t h y r i s -
t o r s , wh i ch maintain U constant w i th in a 
range of ±2% of the programmed va lue . In 
o r d e r to measure the e n e r g y , a s imp l e c l i c k 
i s then s u f f i c i e n t . An accuracy of w i th in 
one second i s easy to obta in f o r low fus ion 
t imes , i . e . a fus ion t ime to l e rance of around 
1 to 2%. 

2 .2 .3 Temperature variations 

The i n i t i a l t emperature ( i . e . b e f o r e f u s i o n ) -
•of the j o in t may v a r y c o n s i d e r a b l y ( f r om -10°C 
to 45°C as r e g a r d s the s i t e s in F rance ) depen-
ding on the weather cond i t ions on the s i t e 
and on whe the r the p i p e i s e x p o s e d to the 
sun. 

The fus ion ene rgy must be c o r r e c t e d to take 
account of the l a r g e t emperature d i f f e r e n c e s 
wh ich .may e x i s t ' f r om one j o in t to another 
With the mater ia l manufactured t o d a y , the 
ene rgy supp l y must be c o r r e c t e d by between 
0.4 to 0.7% pe r °C , depending on the des ign 
of the f i t t i n g . 

2 . 2 . 4 Welding with the "predef ined parameters" 
method 

The fusion method i s the most w i d e l y used 
at present as i t i s the most p ra c t i c a l to a p p l y . 
The optimum parameters [ P ( t ) and t s ) ] f o r 
the fus ion of the f i t t i n g at an i n i t i a l t empe ra -
ture of 20°C are de te rmined b y l a b o r a t o r y 
t e s t s . 

On the s i t e , the f i t t i n g i s fused using machines 
wh ich are ad jus ted accord ing to these pa ra -
meters ( w h i c h are no rma l l y the v o l t a g e and 
the fus ion t ime ) and to wh ich i t i s necessa ry 
to add the co r r e c t i on of one of these p a r a -
meters ( g e n e r a l l y t ime ) to take account of 
the i n i t i a l t emperature of the j o i n t . 

When th i s fus ion method i s used, the ope ra t o r 
must measure the t emperature of the f i t t i n g . 
I f on ly the ambient temperature i s measured 
( e . g . using a p r obe bui l t into the we ld ing 
machine ) bad we lds may resu l t when, f o r exam-
p l e , the f i t t i ng and the we ld ing machine a re 
not e x p o s e d to the same t empera ture . 

2.2.5 Fusion with the "se l f - regu lat ion" method 

Th i s fus ion method makes use of the p o s s i b i l i t y 
of s topp ing the fus ion p rocess when the matter 
at the p i p e - f i t t i n g i n t e r f a c e i s at a s u f f i c i e n t 
t emperature and c o r r e c t p r e s s u r e . 

The technique has been s tud i ed in c o l l a b o r a -
t ion w i th an e l e c t r o fus i on f i t t i n g manufacturer 
and i t i s used f o r the en t i r e range of innogaz 
f i t t i n g s . 

F i gure 1 shows the ope ra t i on of th i s t y p e 
of f i t t i n g : a h i g h l y l o c a l i z e d d isp laement 
of matter i s de t e c t ed by a sensor wh ich t rans -
mits the in format ion concerning comple t ion 
of the fus ion to the machine. The machine 
then automat ica l l y cuts o f f the e l e c t r i c i t y 
Supp ly . The sensor i s bu i l t into the connection 
l e a d . 

In th i s t echn ique , the s ta te of the matter 
in the v i c i n i t y of the i n t e r f a c e , wh i ch i s 
an essent ia l parameter of a good fus ion , f o rms 
part of the regu la t ion l oop wh ich cont ro l s 
the fus ion . 

The c u r v e in F i g . 2 shows that the fus ion t ime 
is automat ica l l y c o r r e c t e d when the e l e c t r i c 
power v a r i e s . S im i l a r cu r v es are obta ined 
accord ing to the i n i t i a l t emperature of the 
j o i n t . ' 

Th i s s ys t em t h e r e f o r e acts as a v e r y accurate 
ene rgy r e gu l a t o r , c apab l e of p r o v i d i n g ene rgy 
to w i th in 10% of the i d e a l fus ion ene r gy r e q u -
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Information used to ' 
control the generator/ 
Information pfflotant 
le generateur d'energie 

3050 Generator / 3050 

Electr ical connection 
of the f i t t ing / Borne d'aLimentation 
du raccord 

PE pipe / 

Electr ical wire / 
Fi l resistant 

Sensor / Capteur^ 

The melted material 
flowing up activates 
the sensor during fusion/ 
Remontee de matiere 
activant le capteur 
au cours du soudage 

Tube PE 

Innogaz control box / Boite de controle " innogaz" 

F ig . 1. Self regulating f i t t i n g . 

i r ed wh i l e accepting cons iderab le var ia t ions 
in power (±25%) and car ry ing out automatic 
temperature correc t ion . 

3. The welding machine 

3.1 . Design and accuracy 

The design and accuracy of a welding machine 
depend on the t ype of f i t t ing used and on 
the condit ions in which i t i s to be fused. 
Tables 1 and 2 present d i f f e r en t poss ib l e cases. 

In the "p r ede f ined parameters '' fusion mode 
( Tab l e 1 ) i t can be seen that under certa in 
circumstances it is not necessary to correc t 
temperature, as long as (case N o . l ) : 

- h igh prec is ion mater ia ls are used ( e . g . 
± 1% on the e l e c t r i c res istance ( R ) of the 
f i t t ing and on the vo l tage regulat ion (U ) 
of the welding machine ) . 

- the temperature d i f f e r ences between two 
jo ints on any s i t e do not exceed 20° C. 

These condit ions are cos t l y and unreal is t ic 
( pa r t i cu l a r l y as regards the temperature ) . 
We, t h e r e f o r e , p r e f e r the second solution; 
(case No. 2 ) which is bet ter adapted to the 
requirements of industr ia l manufacture ( to le rance 
fo r R: ±5%, tolerances fo r U, or I : ±2%) but 
which resul ts in the need for temperature 
cor rec t i on . However , i t may be noted that 
th is correc t ion does not need to be h i gh l y 
accurate and the temperature measurement may 
be ca r r i ed out to ±5°C. 

The " s e l f - r egu la t i on " fusion mode ( T a b l e 2) 
has many advantages , as the fusion energy is 
a lways p e r f e c t l y contro l l ed (w i th ±10%) even 
though there are s igni f icant var ia t ions in power 
(±25%) and temperature (~30°C, +60°C) 

Requirements f o r mater ia ls are the r e f o r e low 
( e . g . +5% fo r the e l e c t r i ca l res istance of the 
f i t t ing and ±10% f o r the v o l t a g e . or current 
from the welding machine ) , and of course, 
the jo int can be fused at any temperature 
without any need f o r i t s measurement. 
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3.2 Universality and interchangeability 

Today the f i t t ings used are fused using machi-
nes s p e c i f i c to each brand, or universal machi-
nes. 

The use of universa l machines has many advan-
tages : 

- p o s s i b i l i t y , at any point in t ime, of choo-
sing the best f i t t ing at the best p r i c e . 

- guaranteed supply of f i t t i ngs . 

Of course, these universa l welding machines, 
which must be ad justab le to d i f f e r en t t ypes of 
brands of f i t t ings , i n v o l v e s l i g h t l y h i gher 
investment costs . 

3.3 Electricity and safety 

In o rde r to use e l e c t r i c energy in the trenches 
on s i t e , which are genera l l y v e r y wet , i t 
is necessary to respect the normal sa f e ty p r e -
cautions to avo id e l e c t r i c shocks . 

Three categor ies of vo l tage are de f ined in 
the international standards (0-24, 25-48, 48V) 
and the degree of protect ion depends on the 
vo l tage category of the system used. 

The category 0-24 V does not ca l l f o r any 
spec ia l protect ion. However , these low v o l -

tage r equ i r e high intens i t ies (around 100A) 
fo r l a rge s l e eves (d ia .200 mm) which r equ i r e 
a fusion power of around 2 kW. 

Systems which operate in the category 25-48 V, 
with the usual sa f e ty precautions (doub ly insu-
lated l eads , protected e l e c t r i c connection t e r -
mina ls ) , are the re f o r e chosen in p re f e r ence . 

3.4 Standard or specif ic generators 

When a connection is made with the mains or on 
a standard generator (110 or 220 V ) , a unit 
to adapt the vo l tage l e v e l should be placed 
behind the source. 

A transformer is a s imple and sa fe solut ion. 
I ts major drawback i s that i t alone consumes 
a la rge proport ion of the power a va i l ab l e 
at the s tar t . In consequence, in o rder to fuse 
200 mm diameter p ipes at 2 kW using a mains 
or standard generator power supp ly , the com-
panies must be equipped with power fu l genera-
tors — which are v e r y cos t l y — capable 
of supply ing at least 3 kW. 

The use of a s p e c i f i c generator , whose a l t e r -
nator is spec i a l l y designed to supply the r i ght 
amount of current or vo l tage results in trans-
former savings and in a reduction in the power 
and hence the s i z e of the generator r equ i r ed . 
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F i g . 2 . Self regulating of the fusion t ime. 
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Table I 

Electrofusion in predetermined parameters mode 

Variation in fusion energy 
Case No.l Case No.2 

Fabrication tolerances of the 
electrical resistance of the fitting ±1% ±5% 

Tolerances on the control of 
energy supplied by the welding 
machine ±3% ±5% 

e.g. for a weld at constant 
voltage ±1% ±2% 
tolerances for II ( A l l ) ±1% ±1% 
tolerances for t ( A 11 = 
AE2 = 2 Au ^ t 

Total ±4% ±10% 

Admissible maximum ±15% ±15% 

11% 5% 
Available energy variation = 
acceptable initial temperature 
difference without energy correction 20 to 10°C difference without energy correction 

25°C 

Table 2 
Electrofusion in "self-regulation" mode 

Effect on fusion power 

Fabrication tolerances of the 
electrical resistance of the 
fitting 

Tolerances for the control of power 
supplied by the welding machine 

e.g for a weld at constant voltage 
tolerances for U ( 4 D ) 

Total 

Admissible maximum ( for power) 

Tolerances for energy (according 
to the accuracy of the sensor) 

Admissible maximum 

Initial acceptable temperature 
range 

±5% 

±20% 

±10% 

±25% 

±25% 

<±10% 

±15% 

-30°C, + 60°C* 

* This range is theoretically limitless. Satisfactory results 
were obtained over the range -30°C, +60°C with the Innogaz 
system. 

4. Solutions 

A f t e r reading the paragraphs above i t is easy 
to understand that the construction of a welding 
machine requ i res cons iderab le r e f l e c t i on in 
order to determine the parameters to be r e -
tained . 

Gaz de France has become invo l v ed in th is 
r e f l e c t i on process , in co l laborat ion wi th certa in 
manaufacturers, and has thus de f ined a set 
of mater ia ls and equipment corresponding to 
the d i v e r s e requirements of the companies 
who c a r r y out e l ec t ro fus ion process . 

4 .1 The "Julie" system 

This system, deve l oped by J.Sauron S . A . , 
was designed f o r companies who wish to work 
automatical ly with s eve ra l brands of f i t t i n g , 
operat ing with the " s e l f - r egu la t i on " or " p r e d e -
f ined parameters" method, using a standard 
or s p e c i f i c generator . The concepts of un iver -
sa l i t y and automation of adjustment have been 
made compat ib le by associat ing with the we l -
ding machine a l i ght pen which acquires the 
information necessary to the adjustment of 
the machine. Th is information is contained 
in a ba r - code , on a labe l attached to each 
f i t t ing ( F i g . 3 ) . 

The control box "Ju l i e " contro ls , according 
to the information read by the l i gh t pen : 

— e i the r an in t e r face , the Thermosplast 201, 
compris ing a transformer and a regulat ion 
system capable of using the energy p r o v i d e d 
by the mains or by a standard generator . 

— or a s p e c i f i c generator , the 4060 generator , 
equ ipped with a regulat ion unit wh ich , 
d i r e c t l y contro l led by "Ju l i e " , suppl ies 
any des i r ed l e v e l of current or vo l t age . 

The un i ve rsa l i t y of the system is to ta l , as 
i t operates both at constant vo l tage or intensi ty 
and at constant power . The "Ju l i e " system 
can the re f o r e accept a l l brands and types 
of f i t t i n g , ex is t ing now or in the future. To 
be ab le to fuse a new f i t t i ng , it i s s imp ly 
necessary to pr int the labe l containing the 
corresponding adjustments. 

The "Ju l i e " system operates equa l l y we l l in 
the "p r ede f ined parameters" mode and the 
" s e l f - r egu la t i on " mode. 

In the "p r ede f ined parameters" mode, a thermo-
meter probe d i r e c t l y connected to " Jd l i e " mea-
sures the temperature of the j o in t . The i n f o r -
mation is then used d i r e c t l y to cor rec t automa-
t i c a l l y the fusion energy according to the 
correc t ion law re levant to the f i t t i n g . The 
parameters of th is law are acquired from the 
information contained on the bar -code of the 
l a b e l . 

In the " s e l f - r egu la t i on " mode, the information 
in the bar -code p r o v i d e s the correc t vo l tage 
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Control box " J u l i e " / 
Boite de controle " j u l i 

Thermoplast RS 201 

4 0 6 0 Generator / Ge'nerateur 4060 

l e v e l (between 0 and 48 V ) and current l e v e l 
(be tween 0 and 100 A ) . The sensor in the 
connection lead then takes ove r to de f ine the 
fusion t ime. 

4.2 The Innogaz system 

A company which dec ides to use only f i t t ings 
which are fused using the Innogaz system ( s e l f -
regulat ion at a vo l tage of 39V ±10%) can work 
wi th a l i gh t and compact fusion k i t f o r , as 
we have seen, the system has few r equ i r e -
ments as regards accuracy of power se t t ings , 

and the energy regulator i s l im i ted in prac t i ce 
to a sensor p laced in the connection l ead . 

The control box which can function at a vo l tage 
of 50 to 60V at any g iven power , can opera te : 

- e i the r on a standard generator ( o r mains) 
coupled with a s imple t rans former . 

- or d i r e c t l y on a small s p e c i f i c generator , 
s imple and easy to handle ( F i g . 2 ) , s p e c i a l l y 
designed for th is app l i ca t i on . Th is generator 
is designated as 3050. 
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4.3 Modular solutions 

The control box Innogaz combined with the 
3050 s p e c i f i c generator ( l i g h t , compact, econo-
mica l ) are idea l f o r any company using s e l f -
adjust ing f i t t ings at 39V (Innogaz p roduc t s ) . 

For a company launching into e l ec t ro fus ion 
and planning to use d i f f e r en t brands in the 
long term, i t i s of course not a lways poss ib l e 
to invest from the outset in the "Julie"/4060 
s p e c i f i c generator se t . On the other hand, 
they could start up with an Innogaz control 
box and a s i m p l i f i e d ve rs ion of the 4060 gene-
rator in o r d e r , l a t e r on, to adapt the generator 
and to acquire a "Ju l i e " control box so as 
to be ab le to use other brands wh i l e conserv ing 
an en t i r e l y automatic fusion procedure . 

5. Conclusion 

Simple and e f f e c t i v e , mono-voltage (36-42 V ) 

se l f - r egu la t i on appears today to be the idea l 
system to choose. 

Th is progress is integrated in the "Ju l i e " 
system which i s neve r the l e s s capable of fusing 
the o ldes t products ( p r ede f i n ed parameters , 
mul t i - vo l tage or cur r en t ) . I t today constitutes 
the idea l tool f o r any company which wishes 
to remain f r e e to choose the f i t t ings to use 
wh i l e benef i t t ing from en t i r e l y automatic fusion 
procedures . 

Doc. IIS/IIW-907-86 ( e x doc .XV I -5 -5 -86 ) submit-
ted to Commission XVI "Welding of p l a s t i c s " 
of the I IW. 

Mr .D.Usc lat works f o r Gaz de France, 361 
Avenue du Pres ident Wilson, BP, 33,932211 la 
Pla ine St.Denis Cedex , France. 

Ammendment of Subscription Rates for IIW Membership 

For quite some years, the subscription rates for the I IW membership, have been 
kept low although the costs of administration, postage, publication of the Indian 
Welding Journal etc., increased steadily causing concern. 

In the 160th Council Meeting, it was decided that, w i th effect from 16th April, 1987, 
the subscription rates for different categories of membership wi l l be amended as 
fo l lows : 

Membership Category Entrance Fee (Rs.) Annual Subscription (Rs.) 

Industrial Class 1 2000 / - 2000 / -
Corporate Class II 1000/ - 1000/ -
Member Class III 500 / - 500 / -

Fellow 100 / - 100 / -
Member 85 / - 85 / -
Associate Membei 7 0 / - 70 / -

Associate 4 0 / - 40 / -
Student 3 0 / - 30 / -

Annual subscription notices for the year, 1987-88 wi l l be sent to all members 
accordingly. 

In this Council Meeting, it has also been decided to introduce a scheme for 
Life Membership for the individual Corporate Members i.e. Fellow, Member £t 
Associate Members. The rates of subscription for Life Membership for Corporate 
Members as decided, are given below : 

Fellow Rs. 800 / -
Member Rs. 700 / -
Associate Member Rs. 600 / -

The scheme for Life Membership of IIW offers not only the advantage of paying 
the subscription at one time and forget it for a lifetime but the opportunity to save 
on a long term also. 

Interested members may write to the Hony. Secretary of IIW for further details. 
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The expandtng expertise 
W e l d i n g 
Positioners 

C o l u m n & B o o m A u t o m a t i c S u b m e r g e d 
Arc ASA-1 

Rotators Semi -Au tomat i c 
M I G / M A G 

At KEARC w e h a v e 30 years of e x p e r i e n c e in weld ing 
& cutting techno logy beh ind us. 

All our equipments from Transformers, Rectifiers to our 
sophisticated Semi-Automatic M I G / M A G & Automatic 
S u b m e r g e d Arc Weld ing incorporate excel lent design 
features, versatility & ruggedness. 

M a k e KEARC your first c h o i c e for that 'PERFECT WELD'. . 
Pulse TIG 

KKANUBHAI 
ELECTRICALS PVT. LTD 

Sir RNM House, 5th Floor, 
3B Lalbazar Street, y 
Calcut ta 700 001. X A 
Phones? < 
288507 • 2 8 8 5 0 8 • 2 8 2 2 8 3 / , < £ 
Telex: 021-3532. 
Gram: INDENTERS 
Branches at: / x i 9 ( S > M ' x P ' 
BOMBAY 
DELHI / 
MADRAS < ? \ < z 6 < \ ° / 

MIG Torch 

our range also includes 

• A i r & O i l c o o l e d S i n g l e , D o u b l e & M u l t i -
O p e r a t e d W e l d i n g T r a n s f o r m e r s 

• D C W e l d i n g R e c t i f i e r s 
• M o t o r G e n e r a t o r s 

• T I G & M I G / M A G W e l d i n g & C a r b o n A r c 
G o u g i n g T o r c h e s , E n e r g y S a v i n g D e v i c e , 
F lux R e c o v e r y S y s t e m s e t c . 

C u s t o m bu i l t W e l d i n g S y s t e m s SGS/KEPL/8/86 
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