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joints of 8=76 mm piping. These complexes became accepted for repair of equipment of power units of Ukrainian nuclear
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Piping of NPP reactors is the basic element of NPP
production strings [1]. According to the norms and
rules of nuclear power engineering, the piping, oper-
ating predominantly under the conditions of exposure
(in many cases simultaneously) to high temperatures,
residual stresses and higher pressure of corrosive-ag-
gressive heat carrier, are classified as a separate group
of devices by their impact on NPP reliability and safety
[1, 2]. Functions, performed by NPP power unit pip-
ing, complexity of their service conditions, cramped
conditions in welding operation sites and limited ac-
cess to these areas make high demands of quality,
strength and corrosion resistance of welded joints on
such piping [1-3]. Labour consumption for welding
butt joints of NPP power unit piping is equal up to
40 % of all the labour consumption in NPP mounting
and up to 60 % of total labour consumption for welding
operations in reactor mounting. The main scope of the
work (up to 80 %) is taken up by welding of butt
joints of less than 100 mm diameter piping. Up to
60 % of the total number of butt joints are those of
austenitic steel piping [1, 4, 5].

The majority of welded joints of NPP power unit
piping are position butt joints, for which the domi-
nating welding processes are manual argon-arc (TIG)
welding using filler material, and automatic non-con-
sumable electrode orbital welding (GTAW) with
filler wire feeding or without it.

Manual TIG welding using filler material is char-
acterized by relatively high technological flexibility
that made this process accepted in mounting and par-
ticularly in repair of NPP power unit piping. Mul-
tioperator welding systems (MWS) are mostly used
to perform manual TIG welding of piping and other
reactor equipment, and much more seldom it is per-
formed with single-operator specialized TIG welding

machines. On the other hand, manual TIG welding
has a number of significant disadvantages:

e involvement of a large number of highly qualified
welders for performance of a considerable volume of
welding operations in compressed terms (for instance,
in mounting of just one power unit with WWER type
reactor it is necessary to perform welding of not less
than 41,000-60,000 butt joints of not more than
100 mm diameter piping) [5];

e required level of welded joint quality is not
achieved, which results in their defect level reaching
15—45 % at first-attempt acceptance that necessitates
repair of defective butt joints and in this connection,
the inevitability of significant additional losses [4—6];

e machine time in TIG welding of piping butt
joints (arcing duration) is usually equal to not more
than 20 %, that does not allow reaching the required
efficiency of the welding station [6].

Unlike manual TIG welding, the process of auto-
matic orbital GTAW ensures:

e stable high quality and operational reliability of
piping welded joints (at GTAW without filler wire
the defect level at first-attempt acceptance does not
exceed 4 %, that with filler wire — 7 %);

e not less than 4 times increase of welding operation
efficiency;

e considerable reduction of duration of operator
training in automatic welding (several months) com-
pared to duration of training of a highly qualified
welder in manual TIG welding (several years) [4-7].

Experience of operation of welded joints made with
orbital automatic machines ODA (developed by R&D
Institute of Mounting Technology — NIKIMT) on
water and steam-water service lines of RMBK-1000
rectors, which have long ago passed the limit of their
design service life without a single repair, provides
convincing proof that the greatest effect from appli-
cation of GTAW process is achieved as a result of
many times reduction of the cost of repair of piping
welded joints during their operation [7].
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GTAW process using orbital complexes of ODA
series and other models developed by NIKIMT, was
applied with greatest success in mounting and repair
of piping of NPP power units with channel reactors
of RMBK type, the level of welding operation auto-
mation reaching 60 % [1, 4, 6, 7].

At present in Russia, Ukraine and in a number of
other countries NPP power units are being constructed
and will be constructed in the near future mainly with
reactors of WWER and BN type, in mounting of which
the level of automation of piping welding does not
yet exceed several percent, that is attributable to a
number of objective and subjective causes. These in-
clude absence or incomplete sets of modern orbital
automatic machines, designed for typesizes of piping
applied in the structures of local NPP power units,
as well as equipment, devices and fixtures for sound
preparation of piping butts for GTAW; established
technologies of mounting up to 100 mm piping, ac-
cording to which such piping in the absence of their
working drawings, is mounted to suit job, without
enlarging them into blocks; limited application of such
advanced technologies of piping mounting as pack and
cassette mounting methods, preliminary binding of
the mounted heat engineering equipment by piping,
etc., which make application of GTAW of site butt
joints the most effective; absence of commercial pro-
duction of GTAW equipment, designed for power sup-
ply from systems of centralized power supply of weld-
ing stations, widely used in mounting [1, 4, 5, 8].

Welding equipment market now offers a wide
range of orbital automatic welding machines, devel-
oped and manufactured by foreign companies, for in-
stance, POLYSOUDE (France), ESAB (Sweden),
etc. They, however, require considerable operating
costs, and, in the opinion of leading specialists in the
field of automatic orbital welding, are markedly in-
ferior to even earlier developed by NIKIMT automatic
machines (for instance, ODA series) as to machine
time resource, suitability for dimensions and interpipe
spacing in local power units, technological capabilities
(welding tube butt joints of thin-walled small diame-
ter piping by the methods of autopressing or sequential
penetration still have not been mastered in foreign
countries), method of torch assembly cooling (all for-
eign models of orbital automatic welding machines
envisage liquid cooling), repairability of automatic
machine components [1].

Considering the scale of development of nuclear
power engineering through upgrading and extension
of residual life of operating and construction of new
NPP power units with WWER type reactors, appli-
cation of GTAW to perform more than 120,000 pip-
ing welded joints in each power unit appears to have
no alternative, while development and mastering of
commercial production of modern local orbital auto-
matic welding machines, particularly for welding
small-diameter piping (up to 100 mm), and fitting
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the mounting organizations and repair units of NPP
withsuchautomatic weldingmachinesandequipment
for edge preparation are becoming ever more urgent
tasks.

Single-operator ADTs 625 UZ.1, ADTs 626 UZ.1
and ADTs 627 UZ.1 automatic machines, developed
at PWI, allow solving a certain part of these tasks.
These machines are designed for orbital TIG welding
without filler wire of position butt joints of piping of
8 to 76 mm diameter with up to 4 mm wall thickness
from steels of austenitic or pearlitic classes or high
alloys under the conditions of mounting and repair of
power engineering facilities, including NPP and TPP,
as well as in other industries.

The main technical parameters of ADTs 625 UZ.1,
ADTs 626 UZ.1 and ADTs 627 UZ.1 automatic ma-
chines are given in the Table, and block diagram of
automatic machines is shown in Figure 1. Each of the
semi-automatic machines includes multifunctional
power source ITs 616 UZ.1 for TIG welding, controller
block (control system) ITs 616.20.00.000, remote con-
trol panel (operator panel) ITs 616.30.00.000, one of
welding heads ADTs 627.03.00.000, ADTs
625.03.00.000 or ADTs 626.03.00.000, respectively,
and ADTs 625.07.00.000 manifold.

ITs 616 UZ.1 power source ensures:

e formation of vertical («bayonette») external
volt-ampere characteristics (VAC) necessary for the
process of TIG welding;

e presetting of welding current values and time
components of welding cycle by welding current and
inert gas feed (duration of time intervals of «gas-to-
welding», <«smooth increase of welding current»,
«preheating», «smooth decrease of welding currents,
«gas after welding»);

e contactless excitation of welding arc by high-
voltage breakdown of the arc gap;

e stabilization of set values of welding current and
time parameters of welding cycle at the impact of
external disturbances (mains voltage fluctuations, arc
gap length variation, etc.);

e possibility of realization of the modes of auto-
matic step-pulse welding, manual and automatic weld-
ing by modulated current, as well as cycles of welding
in modes 2T, 4T and in special 4T-1 mode;

e possibility of remote control.

Power unit 7 (see Figure 1) of the power source
includes power isolating transformer and power low-
voltage rectifier, adjustable DC step-down converter
(DC-DC converter) and welding current sensor. The
main component of DC-DC converter control path is
PWDM-controller 2, to the control input of which a
signal proportional to welding current setting voltage
comes from control unit 3, while the signal propor-
tional to welding current comes to its information
input. Welding current is regulated by variation of
setting voltage (setting), welding current and voltage
being related by a straight linear dependence. Stabi-
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Main technical characteristics of ADTs 625 UZ.1, ADTs 626 UZ.1 and ADTs 627 UZ.1 automatic machines

Parameter ADTs 627 UZ.1 | ADTs 625 UZ.1 | ADTs 626 UZ.1
Welded piping diameter, mm 8-24 18—42 42-76
Range of welding speed regulation, m /h 1-20
Tungsten electrode diameter (VL, VI or VT grades), mm 1.6 2.0; 3.0
Greatest radial displacement of the torch, mm 15 16 20
Greatest displacement of the torch across the butt, mm +0.1 +5.0
Torch cooling Gas
Range of welding current adjustment, A 8-250
Range of arc voltage adjustment, V 9-18
Accuracy of welding current maintenance, %, not worse than +0.2
Accuracy of maintaining arc voltage, V, not worse than +0.20 +0.15

Position of electric drive of faceplate rotation

Parallel to pipe longitudinal axis

Radius of rotating parts, mm, not more than 60 65 ‘ 80

Method of arc length stabilization Mechanical ARAV
follower

Number of arc passes 1-4

Weight of welding head, kg, not more than ‘

Consumed electric power (at welding current of 250 A), kV-A, not more than 5.7

lization of this welding current value is ensured at the
expense of application of negative feedback by weld-
ing current.

Control block 3 of welding power source generates
signals which are used to control switching on and
automatic switching off of arc excitation block 4 of

% Mains 3x380 V, 50 Hz
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Figure 1. Block-diagram of orbital automatic machines ADTs 625
UZ.1, ADTs 626 UZ.1 and ADTs 627 UZ.1: 1 — power unit of
welding power source; 2 — PWDM-controller; 3 — control block
of welding power source; 4 — arc excitation block; 5 — gas equip-
ment; 6 — control circuit power unit; 7-9 — controller of welding
cycle, rotation drive and ARAV, respectively; 70 — remote control
panel (operator panel)
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the power source; generation, adjustment and main-
taining during welding the assigned values of all the
settings and time parameters of current component of
welding cycle for welding process modes and stages;
control of gas equipment 5 of the power source that
ensures control and adjustment of time parameters of
gas component of welding cycle; generation of control
signals required for functioning of welding cycle con-
troller 7 included into the automatic machine control
system.

Arc excitation block 4 is a voltage booster, with
its output circuit connected in series into the welding
circuit between the output of power source power unit
1 and electrode of the torch, mounted in the head of
automatic welding machine, and is designed for gen-
eration of high voltage pulses, injected into the arc
gap to perform contactless excitation of the welding
arc at the initial stage of the welding process.

Power unit 6 of the power source generates stabi-
lized and unstabilized direct current voltages, as well
as decreased alternating current voltage, required for
powering the control circuits, components and blocks
of the power source, automatic machine control sys-
tem, remote (operator) control panel, gas equipment,
and welding head mechanism drives.

Power source ITs 616 UZ.1 belongs to welding
power sources of «chopper» type, which have just as
high dynamic characteristics and control capabilities,
as the inverter-type welding power sources, the chop-
per-type power sources being somewhat inferior to
welding inverters as to their weight and size charac-
teristics. They, however, are significantly superior to
the latter as to the characteristics of functional and
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service reliability and repairability. This is attribut-
able to the fact that compared to welding inverters,
chopper-type power sources are characterized by a
smaller number of stages of conversion of the energy
flow supplied from the mains to the welding arc, lo-
cation of welding current regulator in the low-voltage
part of this flow, minimizing the risk of avalanche-like
development of nonrestorable failures in case of an
accident.

If required, ITs 616 U3.1 power source can be
effectively used for realization of the processes of man-
ual TIG welding, also with application of modes of
welding by modulated current.

Automatic machine control system is designed for:

¢ generation of control signals of switching on, off
and duration of functioning of the automatic machine
components and mechanisms, in keeping with the as-
signed algorithms of performance of GTAW of posi-
tion butt joints of pipelines;

e ensuring regulation and processing of feedback
signals and maintaining during welding the pro-
grammed values of welding speed (speed of displace-
ment of the torch with non-consumable electrode),
arc gap length and number of arc passes;

e automatic performance of changes of welding
cycle parameters (welding current, welding speed, di-
rection of rotation of welding head faceplate), de-
pending on the number of arc pass, as well as the
stage of welding cycle.

The main functional blocks of automatic machine
control system are controllers of welding cycle 7, ro-
tation drive 8 and automatic regulator of arc voltage
(ARAV) 9.

Welding cycle controller 7 ensures assigning of
time parameters of GTAW cycle, as well as values of
welding current, welding speed, number of arc passes,
direction of its displacement, depending on diameter,
material and wall thickness of welded piping.

Rotation drive controller 8 is designed for adjust-
ment and maintaining during welding of assigned val-
ues of speed of rotation of welding head faceplate
around the piping being welded through stabilization
of the rotation speed of reduction gearmotor of weld-
ing head rotation drive through feedback using signals
generated by reduction gearmotor encoder.

ARAV controller 9 ensures maintenance during
welding of specified value of arc gap through auto-
matic compensation of its deviations from the pro-
grammed value by correction of the vertical position
of welding torch electrode relative to the surface of
welded piping. Continuous-type ARAV, applied in
the automatic machine, is a closed-loop system of auto-
matic adjustment, based on application of proportion-
ality of arc voltage to its length in non-consumable
electrode welding [9, 10].

Control system of automatic machine functions to-
gether with the remote control panel (operator panel)
incorporating the control, signaling and indication
elements, ensuring:
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Figure 2. ITs 616 UZ.1 power source, ITs 616.20.00.000 control
system (@) and ITs 616.30.00.000 remote control panel (b) of ADTs
625 UZ.1, ADTs 626 UZ.1 and ADTs 627 UZ.1 automatic machines

e selection of automatic machine operating mode;

e selection of control mode;

e selection of welding mode;

e setting the direction of rotation of welding head
faceplate;

e assigning the direction of radial displacement of
welding head electrode for setting up mode;

e preliminary control of inert gas flow rate;

e switching on /off of welding cycle;

e setting arc voltage;

o setting welding speed;

e readjustment of welding current during welding
(by +10 %);

e digital indication of pre-assigned and current
values of welding current, arc voltage, speed of weld-
ing head faceplate rotation around the piping being
welded (welding speed) and inert gas flow rate in
amperes, volts, rmps and liters /minute, respectively.

Appearance of ITs 616 UZ.1 power source, control
system and control panel of automatic machines ADTSs
625 UZ.1, ADTs 626 UZ.1 and ADTs 627 UZ.1 is
shown in Figure 2.

Welding heads ADTs 627.03.00.000, ADTs
625.03.00.000 and ADTs 626.03.00.000 for GTAW of
piping of 8-24, 18—42, 4276 mm diameters, respec-
tively, have a design characteristic for put-on heads
(Figure 3), with application of unified components
and mechanisms. Head design allows performing its
fast mounting on the piping being welded, removal
by one welding operator and reliable fastening of the
head case on the piping (that prevents its displacement
as a result of jerks or vibration), and ensures the
accuracy of head mounting on the piping (non-paral-
lelism of welding head axis relative to piping radial
axis is not more than 3°), reversing of faceplate rota-
tion direction by a command from the automatic ma-
chine control system, possibility of transverse correc-
tion of torch electrode position relative to piping butt
axis, laminar outflow of inert gas from the torch and
reliable shielding of welding zone, fast replacement
of worn tungsten electrode of the torch. Each of weld-
ing heads includes a case of lighter-weight design,
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Figure 3. Appearance of welding heads: 7 — ADTs 627.03.00.000;
2 — ADTs 625.03.00.000; 3 — ADTs 626.03.00.000

mechanism of head clamping on the piping, faceplate
rotating around the piping axis, mechanism of face-
plate rotation (rotator), mounted on faceplate weld-
ing torch and actuator for vertical displacement of
welding torch of ARAV system in ADTs
625.03.00.000, ADTs 626.03.00.000 heads and arc
length stabilization system, using a follower in ADTs
627.03.00.000 head.

Stationary case of each welding head is the load-
carrying structure for the mechanism of head clamping
on the piping being welded and faceplate rotator.
Head fastening on the piping being welded or its un-
fastening are performed using two clamping mecha-
nism grips, enclosing part of the piping cylindrical
surface, which are kinematically connected to the con-
trolling lever. Faceplate rotator consists of reduction
gear located inside the stationary case, and handle
with built-in drive, which is a reduction gear motor
with encoder. Rotator handle is parallel to piping
axis, and can be fastened on the stationary case of the
head in any of the two opposite directions relative to
faceplate plane. Dimensions and design of the handles,
as well as electric motors and encoders of rotator drives
of all the heads are unified. Rotator drives of each of
the heads differ just by the reduction ratio of reduction
gear motors. Head rotators are made to have common
kinematic diagram.

Output gear of rotator reduction gear carries a
faceplate, on which ARAV actuator is mounted in
ADTs 625.03.00.000 and ADTs 626.03.00.000 heads,
and a lever with follower-stabilizer of arc length and
torch with non-consumable electrode is mounted on
ADTs 627.03.00.000 head. ARAV actuator incorpo-
rates a reversible reduction gear motor, the output
shaft of which is connected through a tooth gear to a
device of «screw-nuts» type, the nut being built into
the shoe moving along the screw. The shoe is rigidly
connected to a bracket to which an insulator carrying
a torch, is attached. The «ARAV-torch» assembly
also includes a mechanism of transverse displacement,
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allowing correction of electrode position across the
butt being welded.

Torches of ADTs 625.03.00.000 and ADTs
626.03.00.000 heads are completely unified in their
composition and structure, and differ only by long-
term protection of the ceramic nozzle. The torch of
ADTs 627.03.00.000 head differs from these heads by
dimensions, case shape, collet for electrode fastening
and location of branchpipe in it for connection of head
current and gas supply.

Any of ADTs 627.03.00.000, ADTs 625.03.00.000
and ADTs 626.03.00.000 welding heads is connected
to I'Ts 616 UZ.1 power source, ITs 616.20.00.000 con-
trol system, ITs 616.30.00.000 remote control panel
and gas supply system through ADTs 625.07.00.000
manifold, which can be removed from the head for up
to 15 m distance.

ADTs 627 UZ.1, ADTs 625 UZ.1 and ADTs 626
UZ.1 automatic machines enable two kinds of opera-
tion modes — «Setting up» and «Welding», two con-
trol methods — «Manual» and «Automatic», and
three types of welding modes — <«Continuous»,
«Pulsed» and «Modulated welding current».

«Setting up» operation mode of the automatic ma-
chine is used for control of functioning of welding
head rotator and checking its alignment, checking the
trajectory of torch rotation around the butt joint of
the piping being welded, checking and regulation of
non-consumable electrode extension and technologi-
cally substantiated length of the arc gap, pre-setting
(assigning) the rotation speed of the torch with non-
consumable electrode. A feature of «Setting up» op-
eration mode is absence of welding current in the
welding circuit. In «Setting up» operation mode and
«Manuals» control method of the automatic machine
the moments of the start and stop of the torch rotation
are assigned by operator commands using «Start» and
«Stop» buttons on remote control panel ITs
616.30.00.000. In «Setting up» operation mode of the
automatic machine and «Automatic» control method
the moment of the start of torch rotation is also as-
signed by the operator, and rotation stopping is auto-
matic at the moment of completion of the set cycle
duration, in keeping with the selected number of ro-
tations and with certain «overlapping» of the section
of the start of rotation.

«Welding» operation mode of the automatic ma-
chine at «Continuous» mode type allows performing
all the stages of the welding cycle for all of its com-
ponents while maintaining during each pass of the arc
(each complete revolution of the faceplate) constant
values of welding current, arc voltage and faceplate
rotation speed (welding speed), set for this pass.

In «Welding> mode of automatic machine and
«Pulsed» mode type the process of step-pulse welding
is realized, which is performed on two energy levels
of welding current, following each other with set pe-
riodicity: «high» called pulse, and «low» called pause,
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torch displacement (faceplate rotation) with the speci-
fied speed occurring only during time intervals, cor-
responding to welding current pause duration.

«Modulated current welding» mode is realized in
«Welding» operation mode of the automatic machine
and «Continuous» type mode, using «Modulation»
mode of ITs 616 UZ.1 power source with current
modulation being provided, and faceplate rotation
speed during each pass being maintained constant at
the level set for this pass.

To implement any of the three kinds of welding
modes, it is possible to use, as in «Setting up» opera-
tion mode of the automatic machine, one of the two
control methods — «Manual» or «Automatic». With
«Manual» control method the start and end of the
welding cycle are assigned by operator commands.
With «Automatic» control method the start of the
welding cycle is also assigned by the operator, while
cycle completion occurs automatically, rotation of
welding head faceplate being performed during time
interval, the duration of which is a sum of durations
of all the assigned arc passes (full revolutions of the
faceplate around the piping being welded), duration
of «overlapping» of the point of welding start and
duration of smooth lowering of welding current («cra-
ter welding up»).

During earlier research [11, 12], it was found that
in GTAW without filler wire of piping butts there
exist mode regions, in which the respective relation-
ships between welding current, arc voltage, welding
speed and shielding gas flow rate provide the possi-
bility of achieving the high and stable quality of
welded joints. The same investigations have also re-
vealed that to achieve a high quality of welds the
maximum admissible deviation during welding by one
of the mode parameters of GTAW of position butt
joints of piping from the set values should not exceed
+14 % for welding current, +13 % for arc voltage,
+10 % for welding speed and +20 % for shielding gas
flow rate, and at simultaneous introduction of distur-
bances by all the parameters of the mode the maximum
admissible deviations by each parameter should not
exceed 2.5 %.

In ADTs 627 UZ.1, ADTs 625 UZ.1 and ADTs
626 UZ.1 automatic machines the above requirements
by accuracy of maintaining during welding the as-
signed parameters of its mode are fully satisfied. This,
as well as the circuit and design solutions incorporated
into the automatic machines and their functional ca-
pabilities, allows realization of all the known tech-
nologies, including pulsed processes, GTAW of posi-
tion butt joints of 8 to 76 mm piping with up to 4 mm
wall thickness, as well as welding by the processes of
autopressing, successive penetration and by a com-
paratively new process, which was called antipressing
in Ukraine [12].

In 20082009 commercial manufacture of ADTs
627 UZ.1, ADTs 625 UZ 3.1 and ADTs 626 UZ.1
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automatic machines was mastered in Ukraine that al-
lowed beginning fitting nuclear power engineering
enterprises and NPP repair units with these machines.
An example of successful application of automatic ma-
chines of this series is their application in GTAW in
helium atmosphere of sealing joints of a pipe with the
end piece and plug (batch production at PP
«Atomenergomash» of NNPC «Energoatom») of ab-
sorbers for containers of dry storage of spent fuel.

Pilot production trials of ADTs 627 UZ.1, ADTs
625 UZ.1 and ADTs 626 UZ.1 automatic machines
showed that they can be effectively applied for GTAW
of position butt joints of thin-walled piping both in
repair of operating NPP power units, and in mounting
of those under construction, as well as other power
engineering facilities, the highest effectiveness of
automatic machine application being achieved at pip-
ing enlargement into blocks.

On the other hand, wide application of GTAW in
construction of power engineering facilities is re-
strained by a number of factors, including the features
of mounting heat engineering equipment and piping
of NPP power units, in particular, mounting under-
time, need for concentration and simultaneous opera-
tion of tens of individual welding stations in a limited
production area, specific potentially hazardous condi-
tions of work performance, eliminating application of
AC 220 and 380 V mains interconnections for power
supply of welding and other process equipment [13].
This accounts for predominant application of systems
of centralized power supply of manual arc (MMA)
welding and manual TIG welding in mounting of NPP
power units. Each of such MWS includes powerful
multioperator welding rectifier with a flat external
VAC, individual welding stations and main wiring
connecting them. In most of the cases MMA and TIG
welding modes are regulated by ballast resistances in
the circuit of each individual station [9, 14]. The
advantages of the existing MWS are a relatively safe
voltage level in the main wiring, the value of which
does not exceed the values of open-circuit voltage of
multioperator welding rectifier (i.e. not more than 80
V), as well as simplicity, reliability and mobility of
the welding station equipment, and its essential draw-
backs are a pronounced dependence of welding current
of each individual station on arc gap length and fluc-
tuation of voltage in the mains powering the multiop-
erator rectifier, mutual influence of welding stations
at their simultaneous operation, absence of the possi-
bility of maintaining the set parameters of process
modes with the required accuracy and high power
input in welding operations.

The noted disadvantages of the currently available
MWS are totally absent in MW based on electronic
regulators of welding current for MMA and TIG weld-
ing, which provide not only a considerable increase
of MWS efficiency (from 41 to not less than 83 % at
MMA welding and from 21 to not less than 84 % in
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Figure 4. Block-diagram of multioperator welding system for auto-
matic orbital welding (for designations see the text)

TIG welding), but also an essential expansion of
technological capabilities, that is the prerequisite
for improvement of welded joint quality [15, 16].
The properties and characteristics of welding cur-
rent regulators for MWS for MMA and TIG welding
enable development of MWS for GTAW of position
butts of piping in mounting and repair of power
engineering facilities.

One of such MWS, the block diagram of which is
given in Figure 4, was developed at PWTI on the base
of components of ADTs 627 UZ.1, ADTs 625 UZ.1
and ADTs 626 UZ.1 automatic machines and upgraded
welding current regulators RDG-201 UZ.1 for TIG
welding.

As a centralized power source, MWS for GTAW
uses multioperator welding rectifier 1 of VDM,
VKSM, VMG series, or a similar one from those avail-
able, as arule, in operating NPP and TPP power units
and widely applied in mounting of the constructed
power engineering facilities. Each individual station
contains electronic regulator of welding current 2 and
power unit of control circuits 3, arc excitation block
(AEB) 4, control system 5, remote control panel (op-
erator panel) 6, and welding head 7, powered from
the main wiring.

Upgraded regulator of welding current RDG-201
UZ.1, applied in MWS;, has the same external VAC,
dynamic properties and functional capabilities (except
for ensuring arc excitation), as ITs 616 UZ.1 power
source for TIG welding, and as to design of power
components and control path RDG-201 UZ.1 welding
regulator practically does not differ from DC-DC con-
verter of power unit of this power source. Being part
of MWS station equipment, welding current regulator
RDG-201 UZ.1 ensures pre-setting of parameter val-
ues and realization of GTAW current and gas compo-
nent in all the types of welding modes (continuous,
step-pulse, modulated current welding). Technical
characteristic of upgraded welding current regulator
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RDG-201 UZ.1 is given below, and its appearance is
shown in Figure 5.

If required, welding current regulator RDG-201
UZ.1 incorporated into MWS station equipment for
GTAW can be also used for manual TIG welding (for
instance, for tack welding, defect repair, etc.).

Multichannel block of control circuits 3 (see Fi-
gure 4) performs conversion of main wiring voltage
into stabilized and non-stabilized DC voltages re-
quired for powering arc excitation block 4, control
system 5, remote control panel (operator panel) 6 and
drives of welding head actuators 7. Main channels of
control circuit power unit are reversible step-down
DC-DC converters with an increased conversion fre-
quency (up to 132 kHz), that allowed miniaturizing
their structural dimensions and weight.

AEB 4 implements the circuit of thyristor gener-
ator of high-voltage pulses with resonance pumping
[9], which has the secondary winding of its output
pulse transformer connected in series into the welding
circuit. High voltage pulses generated by AEB cause
a breakdown of the gap between the welding head
electrode and surface of piping being welded, that
creates conditions for excitation of a stable arc dis-
charge in this gap.

Specification of upgraded
welding current regulator RDG-201 UZ.1

Supply voltage (main wiring voltage), V ................

Rated welding current, A

Range of welding current regulation, A, not more than:
lower value
upper value ... 260

Greatest deviation of welding current from specified

value at supply voltage fluctuations (main wiring

voltage) up to +25 % of rated 70 V value, %,

Not More than ........coooviiiiiiiiiiiii 2

Range of regulation of the duration, s:

smooth increase of welding current ....................... 1-5
«preheating» of welding area ................coooiiinil. 1-5
pulses (pauses) of welding current in the mode of
modulated current welding .......................... 0.10-2.25
smooth decrease of welding current («crater»

Welding Up) .oooovvneiiiie e 1-5

gas purging («gas-to-welding» time interval) ......... 5-25
gas blowing («gas-after-welding» time interval) ..... 525
Efficiency (at rated welding current), %, not less
Ehan ..o 80
Overall dimensions, mm, not more than ..... 515 x 281 x 353
Weight, kg, not more than

Used as control system 5, operator panel 6 and
welding head 7 of MWS station equipment are ITs
616.20.000 control system, ITs 616.30.00.000 control
panel, and depending on diameter of welded piping,
one of welding heads ADTs 627.03.00.000, ADTs
625.03.00.000 or ADTs 626.03.00.000.

Upgraded welding current regulator RDG-201U
Z.1, control system ITs 616.20.00.000, control panel
ITs 616.30.00.000 and manifold for connection of the
welding head service lines, included into the compo-
sition of MWS station equipment for GTAW, are de-
signed as monoblock structures with the control circuit
power unit built into the control system structure,
and AEB and inert gas flow meter are built into the
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manifold structure. To ensure compactness and mo-
bility and ease of station equipment operation and
storage, one of the possible design solutions can be
placing and fastening the welding current regulator
and control system in a mobile structure, which is an
equipment rack fitted with wheels.

Maximum length of welding circuit for individual
MWS stations for GTAW and automatic machines
ADTs 627 UZ.1, ADTs 625 UZ.1 and ADTs 626 UZ .1,
which ensures a sound process of automatic orbital
welding of position butt joints of piping, is equal to
60 m.

A feature of MWS for automatic orbital welding
is the possibility of simultaneous operation of indi-
vidual stations for GTAW and manual TIG welding
stations under the condition that the load current of
multioperator welding rectifier does not exceed the
admissible value, here both electronic regulators and
ballast resistances can be used at manual TIG welding
stations for welding current adjustment.

Loading capability of multioperator welding rec-
tifier, when using ballast resistances as station regu-
lators was determined from relationship [9]

IZr
N=——-"-""- (1)
kol ; N'DC /100

where N is the greatest number of stations, which can
be connected to multioperator rectifier; I, is the rated
secondary current (load current) of multioperator rec-
tifier; k¢ is the coefficient of simultaneous operation
of stations; I, , is the rated welding current of the
individual station; DC is the duty cycle of individual
station, %.

When electronic regulators of welding current are
used in MWS, the loading capability of multioperator
rectifier is determined by the following formula [16]:

_ nIZr U2r
kol;.U;, NDC /100

(2)

where n is the efficiency of electronic regulator; Uy,
is the rated secondary working voltage of multistation
rectifier; Uy, is the rated arc voltage (welding volt-
age).

If MWS includes both additional stations with
electronic regulators of welding current, and stations
with ballast resistances, determination of loading ca-
pacity of multioperator rectifier is performed by the
following expression:

(s — 1y W2E
U2r
N = ‘rl —,

k()ldr U2r N o0

100

3)

where n is the number of stations with ballast resis-
tances; I, is the rated welding current of the station
with ballast resistance.
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Figure 5. Appearance of welding current regulator RDG-201 UZ.1
for TIG welding

Comparative characteristics of loading capacity of
MWS can be illustrated by the following example.
When MWS uses multistation welding rectifier VDM-
1001, in which rated secondary current I, = 1000 A
and rated secondary voltage Uy, = 60 V, at ky = 0.65,
rated welding current of individual station I, , = 200 A
and 60 % duty cycle, loading capacity is equal to:

¢ 10 TIG or MMA welding stations for the variant
of application of ballast resistances as station welding
current regulators;

e 26 stations for manual TIG welding or GTAW
with application of electronic regulators of welding
current;

e 10 manual TIG welding or GTAW stations in
the case when MWS composition includes 4 stations
with ballast resistances and 6 TIG welding or GTAW
stations, if MWS incorporates 5 stations with ballast
resistances.

CONCLUSIONS

1. Development and mastering of commercial produc-
tion of ADTs 627 UZ.1, ADTs 625 UZ.1 and ADTs
626 UZ.1 automatic machines for orbital welding
without filler wire allows fitting mounting organiza-
tions and repair units and enterprises of power engi-
neering industry by modern local equipment, which
enables realization of both well-established and new
technologies of automatic welding of position butt
joints of thin-walled piping of 8 to 76 mm diameter
from steels of austenitic and pearlitic classes and high
alloys in mounting and repair of power engineering
facilities.

2. Application of commercially produced electronic
regulators of welding current in MWS not only sig-
nificantly widens the technological capabilities, and
improves the technico-economic characteristics of such
systems, but also is the necessary condition for con-
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struction of MWS for automatic orbital welding, in
particular by upgrading the currently available MW,
thus opening up the prospects for a considerable in-
crease of the level of automation in welding position
butt joints of piping in mounting of the constructed
power units of NPP, TPP and repair of operating ones,
as well as other major power engineering facilities.

3. Achievement of a high level of unification of
components of ADTs 627 UZ.1, ADTs 625 UZ.1 and
ADTs 626 UZ.1 automatic machines for GTAW and
use of these components in MWS station equipment
for automatic orbital welding enable effective and
flexible operation of such automatic machines, nar-
rowing the range and reducing the number of equip-
ment units, required for fulfillment of welding opera-
tions in mounting and repair of power engineering
facilities, lowering of operating costs for this equip-
ment, and acceleration of personnel training.

4. Further development of single- and multiopera-
tor systems for GTAW is expansion of their functional
and process capabilities by improvement of control
system of automatic machines and MWS station equip-
ment at the expense of development of a bank of typi-
cal welding modes and application of microprocessors
and non-volatile memory.

In conclusion the authors believe it to be necessary
to note that development and design of the above
single- and multioperator systems for automatic or-
bital welding was performed with active and direct
participation of engineers V.Yu. Buryak, N.S. Fe-
dorenko, V.L. Kobryansky, A.G. Skirta, E.V. Kun-
kina, D.S. Oliyanenko, retrofitting of GTAW tech-
nologies and developed of equipment — engineers
V.M. Gavova, A.D. Cherednik, A.V. Tkachenko, and
mastering of this equipment production — engineers
O.I1. Korkach, V.N. Andrejchenko, V.E. Ivanov,
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A.U. Mnukhin, V.P. Tishchenko, G.I. Pisarev, V.M.
Zolotoo, V.S. Pavlovsky.
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