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Fig. 2 : Welding with an agglomerated flux 10.62 and wire OK 12.10 = 5 mm 

INTRODUCTION 

Cont inuous improvement and devel-
opment of arc we ld ing sys tems are 
result ing in ex tended appl icat ions on 
larger and heavier workp ieces pro-
duced o n - o f f o r i n smal l batches. 

M e c h a n i z e d and f l ex ib le ma te r ia l 
handl ing are often integrated in the 
weld ing systems, wh ich encompass 
quality moni tor ing as an integrated 
part. 

To reduce the set up t ime in a high 
investment s imulat ion an off l ine pro-
g r a m m i n g s y s t e m s must be intro-
duced. 

The weld ing process itself is also im-
proved to realize unmanned weld ing. 

Some examp les on such improve-
ments and appl icat ions wil l be de-
scr ibed below. 

Square wave welding 
transformer 

To reduce magnet ic def lect ion o f t h e 
arc di f ferent measures can be taken 
e.g. keeping earth and weld ing cables 
in parallel, c lose to each others, care-
ful local izat ion of each cable connec-
tion, using a t rans former etc. Whi le 
the t ransformers e l iminates the mag-
netic blow effect on the arc, o ther less 
server d rawbacks are introduced. 

The striking of arc is not as reliable as 
with a rectifier, mainly due to l imited 
shortcircuit current inherent in a leak-
age core t ransformer wh ich has a 
constant current characterist ic. 

The arc stability in AC-weld ing is not 
as good as in DC-welding. At sinusoi-
dal output current the restriking o f t h e 
arc at zero line is a problem, espe-
cially when the workpiece becomes 
negat ive relative to the electrode. This 
effect is a result o f t he workpiece hav-
ing lower temperature than the elec-
trode and consequent ly demand ing a 
higher reigniting voltage for emiss ion 
of electrodes. The ment ioned draw-
backs are known since years. 

T o r e d u c e t h i s k ind o f p r o b l e m s 
square w a v e output power sources 
were int roduced severa l years ago, 
mainly for T IG AC-we ld ing . Hereby 
TIG-weld ing wi thout HF has been re-
al ised of great impor tance f rom EMC 
(Electro Magnet ic Compat ib i l i ty) point 
of v iew. 

The EMC-di rect ive wil l force the weld-
ing industry to drast ical ly reduce to 
use HF but also int roduce electr ical 
fi lters to reduce the radiated electro-
magne t i c rad ia t ion and conduc ted 
electr ical noise. 

The EMC-di rect ive must also be con-
s idered in a square w a v e t ransformer 
used for submerged a r cwe ld i ng . Fig-
ure 1 shows the principle power cir-
cuitry wi th a constant vo l tage output 
character ist ic. The output current and 
vo l tage w a v e f o r m s at we ld ing are 
shown in f igure 2. 

A n e l e c t r o n i c a l l y c o n t r o l l e d A C -
power source wi th feed back control 
offers other valuable benef i ts com-
pa red to a regu la r w e l d i n g t rans-
former : 

A C SO M C E S tQVMl t . W A V £ -
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Fig. 3: Plasma Welding Installation for tubes (100-1100) mm in diameter with two roller beds 
and welding head movable along 30 m long separate rails. 

Position Amp Voltage Travel speed 
A V cm/min 

1. Twin arc DC + 590 37 60 
Outside 560 38 

2. Single wire AC 520 38 60 
Inside 

n C o m p e n s a t i o n of ma ins vo l tage 
f luctuat ion. 

n V o l t a g e c o m p e n s a t i o n for long 
we ld ing cables. 

n H igh p o w e r fac tor ensur ing low 
power consumpt ion . 

n Opt imized open circuit vol tage. 

n S imple p rog ramming and present-
ing of the we ld ing parameters . 

A submerged arc we ld ing instal lat ion 
for rear ax les has been running wi th 
the parameters shown in table 1. 

Material thickness : 15 mm 
Wire : 0=2,4 mm OK 12.22 
Flux : OK 10.71 

By replacing the ordinary t ransformer 
w i th a s q u a r e w a v e ou tpu t t rans-
former for the internal we ld ing the 
we ld ing defects were drast ical ly re-
duced to a lmost 0-defects f rom about 
3%. Such a potent ial sav ing must be 
of great interest for those using regu-
lar t ransformers to avoid arc blows. 

Plasma welding 
installations 
For very demand ing appl icat ions in 
the of fshore industry p lasma weld ing 
is used for jo in ing of e.g. t i tan ium 
tubes wi th d iameters between 100 
and 1100 mm, mainly f o r the achieved 
high qual i ty we lds and higher produc-
tivity compared to TIG-weld ing. The 
product iv i ty d i f ference can be as high 
as 6-8 t imes, wh ich advantages sev-
eral No rweg ian o f fshore industr ies 
are uti l izing. 

The p lasma method is not only used 
fo r t i tan ium but also for stainless steel 
and duplex. The method is as wel l 
tested on a lumin ium. Excel lent results 
on a l u m i n i u m a re a c h i e v e d w i t h 
square w a v e output power sources in 
C N C control led instal lat ion (f igure 3) 

with integrated material handl ing for 
long pipes. Both the roller beds and 
welding heads can be moved along 
30 m long rails. 

T h e we ld i ng p a r a m e t e r s are pro-
g rammed on and stored in a micro-
computer based power source wi th a 
possibil i ty to also close the key hole. 

The inherent advantages, which the 
plasma welding process is offer ing 
are not appreciated as they ought to 
be. 

TIG Welding installation 
Another interesting application f o r t he 
offshore industry is the superduplex 
stainless steel tube umbil ical design, 
developed by Alcatel Kabel in Norway 
over the past three years. It has re-
sulted in major contracts for the sup-
ply and installation of umbi l icals for 
North Sea offshore operat ions. The 
sate l l i te f ie lds s ta t f jo rd Nor th and 
East, Sleipner Loke and Sleipner East 
will be equipped with Alcatel umbil i-
cals with a total length of 74 ki lome-
tres. 

Subsea umbil icals, f igure 4, provide 
the e l e c t r i c a n d h y d r a u l i c p o w e r 
needed to operate subsea installa-
t ions remote l y f r om o f f shore plat-
forms. By tradit ion, umbi l icals have 
been m a n u f a c t u r e d w i th hydrau l ic 
hoses made of thermoplas t ic materi-
als. 

The des ign of the new Alcate l umbil i-
cal currently on order uti l izes ten su-
p e r d u p l e x s t a i n l e s s s t e e l t u b e s 
surrounding a central electr ic core, 
wh ich consists of 28 conductors for 
power and signal t ransmiss ion. The 
ten 1/2" superdup lex tubes are heli-

Fig. 4 : The Alcatel subsea umbilical utilizes 
ten superduplex tubes which surround the 
electrical power and transmission conduits. 
The superduplex tubes have been welded 

with automatic orbital TIG welding using the 
ESAB A21-system. 
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cally w o u n d around the electr ic core 
e lement fo l lowed by convent iona l Al-
catel Kabel sheath ing and armour ing. 

Th is a d v a n c e d d e s i g n rep resen t s 
someth ing complete ly new in umbil i-
cal technology. The previous plastic 
hoses have the d isadvantages of per-
meat ion th rough the l iner wal l , hose 
co l l apse a n d incongru i t y b e t w e e n 
hose liner and l iquid. Stain less steel 
tubes overcome these problems. In 
1989, the Norweg ian company A S 
Nymo p roduced 150 k i lomet res of 
steel tube wi th an inside d iameter of 
34 m i l l i m e t e r s fo r t h e T ro l l f ie ld . 
10,200 steel tubes were we lded with 
an orbital automat ic T IG welder in a 
50- k i lometres long underwater cable. 
The Alcate l cable is even more com-
pl icated and it took approx imate ly 
three years to deve lop it. 

An evaluat ion p rogramme w a s car-
ried out in order to find the best per-
formance grade of stainless steel, the 
fol lowing main criteria were observed. 

n Corros ion propert ies 

a Weldabi l i ty 

n Mechan ica l propert ies 

n Previous exper ience 

S tee l g rade U N S S 3 2 7 5 0 / S 3 2 7 6 0 
(superduplex) w a s found to be the 
most sui table mater ia l for the fol low-
ing reasons. 

n Higher yield s t rength permit t ing re-
duced wal l th ickness. 

n Reduced weight and size of the 
umbil ical. 

n Corros ion protect ion in the fo rm of 
zinc and/or R B F C compound is not 
required. 

n Reduced forces dur ing lay-up of 
the umbil ical. 

a Better weldabi l i ty . 

W e l d i n g d u p l e x and s u p e r d u p l e x 
does not pose any problems. How-
ever , we ld ing accounts for a very 
large part of the product ion cost of 
umbi l icals and it w a s therefore neces-
sary to deve lop an eff icient and safe 
weld ing procedure. 

The manufacture of umbil icals calls 
for a special factory lay-out and pro-
duction processes. Alcate l Kabel 's 
plant in Halden in Norway is special ly 
equipped for handl ing long and heavy 
umbil icals. Three stations for weld ing 
superduplex tubes in very long length 
are included. The ongoing product ion 
of 740 ,000 metres of superdup lex 
tubes involves over 33,000 welds. 
Each we ld is 100% radiographical ly 
control led with a Real T ime Radiogra-
phy system. Three shots are taken of 
each weld and each shot is checked 
on a video screen and stored on a 
laser disk storage system. 

Pressure test ing is the last stage be-
fore the tube string is sent to the main 
plant for the lay-up and complet ion of 
the umbil ical, the work ing pressure in 
the tubes is 7,500 psi, but Alcatel 
Kabel use a test pressure of up to 
11,250 psi. 

The orbital T IG welding sys tem con-
sists of a 315 amp computer control-
led power source o f t h e inverter type, 
the MECH- TIG 315, an MEI 20 feed 
unit for feeding filler wire and the PRB 
18-40 welding head. The mechan ized 
TIG welding of tubes offers signif icant 
benefits in terms of both quali ty and 
productivity. To obtain the op t imum 
resu l ts , a p r o g r a m m a b l e , fast re-
sponse power source is needed. 

A mic roprocessor enables a large 
number of funct ions and parameters, 
such as pulsed welding current, wire 
feed, travel speed, stepless up and 
downslope, pre- and post-f low of gas, 
to be p rog rammed . The comp le te 
weld cycle can be divided into several 
sectors and the opt imum parameters 
can be selected within each sector. 
The internal memory has a capacity 
of up 100 welding programs. 

The weld ing head is pract ical and 
easy to work with. The unique tong 
principle cut sett ing-up t ime to a mini-
m u m and water cool ing permits fast, 
intensive welding with current of up to 
250 A. The welding head is quickly 
c lamped around the tube. The radial 
and axial adjustment o f t h e electrode 
is eas i l y d o n e us ing m i c r o m e t r e 
screws. 

Fig. 7 : Measuring the joint profile. 

This cable des ign is expected to be 
sold as wel l to Gulf of Mexico, South 
Amer ica and other subsea projects. 

Submerged arc welding 
installation 
Back in 1980, the first fully automat ic 
narrow gap weld ing sys tem for com-
mercial use w a s suppl ied. Close col-

Fig. 5 : Fully Automatic Butt Welding (ABW) 
head with measuring sensor and flux system. 

INDIAN WELDING JOURNAL, OCTOBER, 1993 
15 



laborat ion wi th manufac turers in the 
pressure vesse l and of fshore indus-
tr ies in part icular has resul ted in the 
deve lopment of increasingly sophist i-
ca ted s y s t e m s for s u b m e r g e d arc 
weld ing, for example . 

The latest deve lopment - an adapt ive 
we ld ing sys tem for butt jo in ts cal led 
A B W - is one examp le of the degree 
of mechan ised we ld ing that can be 
o b t a i n e d us ing m o d e r n c o m p u t e r 
techno logy and intel l igent sof tware. 

Data col lected f rom ski l led we lders 
has been tu rned into an intel l igent 
sof tware package wh ich makes fully -
automat ic mul t i layer we ld ing possi-
ble. In pract ical terms, the responsibi l -
ity for the we ld ing result is t ransferred 
f r om the o p e r a t o r w h e n i t c o m e s t o t h e 
operat ional aspects of the weld. 

The patented A B W sys tem is able to 
fill all the normal types of butt joint. 
Figure 5 shows a we ld ing head wi th 
measur ing sensor . W h e n it comes to 
the fu l ly-automat ic fi l l ing of a gas-cut 
s ingle V butt jo int in wh ich both mis-
match and gap var iat ions are possi-
b le , t o ta l a d a p t i v i t y is a b s o l u t e l y 
essential. 

A great dea l of work has therefore 
been put into the d e v e l o p m e n t of 
theor i t i ca l m o d e l s fo r the run se-
quence of the joint. The advanced 
propert ies of the A B W wil l probably 
set a new s tandard fo rqua l i t y weld ing. 

The te rm adapt iv i ty is of ten misused 

propert ies of a certain welding equip-
ment. On many occasions, this s imply 
refers to the ability of the weld nozzle 
to fol low the joint. 

There are varying levels of adapt ive 
c o n t r o l a n d m o r e s o p h i s t i c a t e d 
equipment, such as welding robots, 
featuring a certain degree of adapt ive 
contro l a lso in the deposi t ion rate 
when it comes to l imited-layer weld-
ing, but in no case known to the 
authors is the adaptivity so complete 
as it is in the A B W system. 

Fig. 6a : shows a narrow gap joint wi th 
a relatively simple run sequence con-
f igurat ion and f igure 6b the more com-
plex format ion in a single V butt joint. 

Both jo in ts have been procedure-
welded automatical ly using A B W (as 
a result of subsequent NDT, the cap 
has been machined off, however). As 
ment ioned above, the adapt ive func-
t ions have been deve loped to the 
max imum level possible in A B W . 

This means that all the decis ions re-
lating to the ful ly-automatic joint fi l l ing 
procedure are based on the measure-
ment values which are obtained con-
t inuously in the joint by the weld ing 
head measur ing sensor. 

Joint tracking 
The measur ing sensor which oscil-
lates in front of the welding head con-
t inuously measures the joint profile at 
all levels during welding. This enables 

a large number of conf igurat ion sec-
t ions (polygons) along the joint line to 
be def ined and memor ised in the co-
ordinate sys tem o f t h e control system. 

In f igure 7 these sect ions are illus-
t rated by A-B-C-D, E -F -G-H and so 
on. A s the we ld ing head posit ioning 
axis are l inked to the s a m e co-ordi-
nate system, the t ip of the electrode 
can be control led wi th great precision 
wi th the desired offset in relat ion to the 
sect ions and paral lel to the wal l o f t h e 
joint ( indicated by the arrow between 
B-F in f igure 7. 

Determining the number of 
runs in the different levels 
of the joint. 
Using the cont inuous ly memor ised 
measurement va lues in the conf igura-
t ion sect ions, the sys tem recognises 
the posit ion of each basic level for 
each new layer of runs. In f igure 8 this 
is i l lustrated by points A and B. 

Since the top o f t h e outer runs is also 
measured dur ing weld ing in the layer 
in quest ion (points C and D), the 
space wh ich is avai lable between the 
outer runs, and wh ich is demarca ted 
by the polygon A-B-C-D, can be de-
f ined and the number of runs needed 
to fill this level can be calculated. 

The posit ion of the intermediate runs 
is calcual ted by tak ing account o f t h e 
posit ion o f t h e outer runs. 

Fig. 6a : Narrow gap joint. Width 18 mm. 

as it is used to descr ibe the automat ic F i g 6 b . S i n g t e v b u t t j o i n t D e p t h 5 5 m m Fig. 8 : Determining the number of runs. 
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Adapting the fill level of the 
weld run?» 
Using the measurement values which 
the A B W s e n s o r cont inuously col lects 
along the joint line dur ing weld ing at 
the basis, a large number of conf igu-
ration sect ions are calculated, as has 
already been descr ibed. 

These sect ions are i l lustrated in f igure 
6 and represent unwelded residual 
areas above the base of the layer of 
runs in quest ion. 

The conf igurat ion sect ions or residual 
areas above the base o f t h e layer of 
runs in quest ion. 

The conf igurat ion sect ions of residual 
areas are compared and based on 
the i r r e l a t i o n s h i p , d i f f e r e n t refer-
ences, wh ich wil l govern the deposi -
t ion rate of the subsequent run, are 
calculated. In this way , the run areas 
can be cont inuously and individually 
adap ted to the ac tua l jo in t prof i le 
along the entire l ine o f t h e joint. 

Cap procedure 

The col lected informat ion about the 
groove is stored and also used in the 
capping run, dur ing which t racking 
and measures of the groove is not 
possible. 

To control the welding process a com-
puter is introduced with a special ly 
devef t iped Man-mach ine communi -
cat ion/Which is made up o f th ree main 
sect ions ; 

n Edit ing the welding programs 

n presentat ion of the weld ing proc-
ess 

n weld ing reports 

The welding programs are edited on 
the screen of the PC. As shown in 
f igure 9 the screen has ready-made 
maneus for edit ing the required set of 
parameters at three levels in the joint 
(single- run layer, fill layer and cap 
layer). 

The data which is either p rogrammed 
or retrived f rom the computer library 
compr ises current, voltage, weld ing 
speed and to lerances, the number of 
single runs at the bottom of the joint, 
the offset for the outer runs, the re-
quired cap height and the a larm limits. 

The presentat ion o f t h e weld ing proc-
ess takes place automatical ly when 
the arc is struck (as shown in f igure 
10). The actual values and reference 
values for the process data are pre-
sented both digitally and graphical ly 
on screen. Any incorrect messages 
are also shown. 

Weld ing reports f rom each weld ing 
ope ra t i on (qua l i t y mon i to r i ng ) are 
automat ical ly stored. These reports 
explain the des ign o f t h e run configu-
ration and the locat ion of any crit ical 
parameter data in the joint vis-a-vis 
run posit ion, depth and d is tance f rom 
the start ing point. 

The A B W s y s t e m has been created to 
take ove r the w o r k no rma l l y per-
fo rmed by the operator in submerged 
arc mult i -run fill p rocedures, thereby 
enabl ing the fabr icator to obtain top-
c lass reproducibi l i ty and an unbeat-
able quali ty s tandard. T w o sys tems 
a re d e l i v e r e d to t h e w e l l - k n o w n 
Kvaerner Group in Norway for weld-
ing of f -shore componen ts . 

Summary 

Besides the growing market for robot 
solut ions there are severa l other ad-
vanced weld ing instal lat ions, in which 
the best we ld ing process is used,are 
deve loped for real ising h igher produc-
tivity and high and consis tent qual i ty 
as exampl i f ied above. 

Fig. 9 The welding programs are edited on a computer. Fig. 10 : The welding process can be presented on the screen of the PC. 
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