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Summary. A wide range of equipment for welding and renewal production of general and special purpose
is considered. The analysis of the use of electric drives in the equipment for arc mechanized welding and surfacing
is carried out. The trends for the use of equipment of modern types are indicated, such as: automatic and semi-
automatic machines. Based on the carried out analysis of the main representatives of these types of techniques,
the directions for their improvement and the requirements for elaboration of the operation modes for the motors,
which ensure the implementation of the production, installation of correction movements of the welding systems
are formulated. It is determined, that in order to control and ensure the implementation of these movements, a
wide range of electric drives of both direct and alternating current is used. In particular, for all linear
displacements of the welding equipment, some relatively simple constructions of electric drives are used, which
are based on electric motors of direct current. It is noted that the use of collector motors of low power (up to
100 W) in the electric drives due to the choice of feedback structures makes it possible to regulate the range at
least 1:10 with rigidity of mechanical characteristics f=5% in the whole range of regulation. The estimation of
the properties of thyristor and transistor electric drives based on simple constructions for operation of welding
equipment systems is given implementing traditional technologies for welding and surfacing. It is noted that the
asynchronous frequency-regulated electric drive is widely used at present, mainly in the development of welding
and surfacing systems of complex structures. The basic directions of step and brushless DC electric drives use are
formulated. The investigations of the pulse mode of the vector-controlled synchronous electric drive carried out
by mathematical modeling and simulation proved the possibility of its application in technological processes
providing high-dynamic modes for mechanized and automatic arc welding.
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Introduction.Modern equipment for arc mechanized and automatic welding and
surfacing is rather complex type of equipment with specific systems and units.

Automatic machines and semiautomatic devices, as the main representatives of this type
of equipment, are constantly being improved and the basis of this are the following areas: the
application of new welding and surfacing technologies; development of new environments and
areas of use; new possibilities of technical means for conducting the arc process [1].

A wide range of automatic and semiautomatic machines structures for welding and
renewal production from the mass produced for general purpose, to those that are developed to
solve special problems under certain conditions should be noted.

The use of a certain number of mechanisms equipped with electric motors performing
operation, installation or corrective movements of the apparatus systems is characteristic for all
equipment of automatic and semi-automatic welding by fusible electrode. In order to control
these movements a wide range of different electric drives, both direct and alternating current is
used [2].
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Electric drives in the equipment for mechanized and automatic arc welding

The Objective and task. The objective of this work is to consider and analyze the
structures of electric drives of equipment for arc mechanized welding and surfacing with the
determination of trends in of their modern types and structures use, as well as the estimation of
the possibility of synchronous electric drives use for highly dynamic technological processes
of welding.

Analysis of electric drive designs of equipment for arc mechanized welding and
surfacing. The main and partially auxiliary systems of mechanized and automatic welding
equipment equipped with electric drives are shown in Fig. 1.

It should be noted that it is possible to use electric drives with synchronous and
asynchronous motors, direct current motors both collector and stepper and gate power up to
400 W practically in all welding systems. Everything depends on the tasks of welding and
surfacing industries and the reasonability, which includes the costs and opportunities for
regulation. The range of these engines feeding voltages meets the industrial requirements. The
exceptions are weld-surfacing semiautomatic devices, where according to safety conditions
electric motors with feeding voltage more than = 110 B, = 42 B can not be used.

Electric drives of the welding equipment can be reversible and non-reversible, but
practically all their designs should implement the function of electric braking by known ways.

ELECTRIC DRIVING EQUIPMENT FOR MECHANIZED AND AUTOMATIC WELDING
AND FUSING BY MELTING ELECTRODE
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Figure 1. Main and partially auxiliary systems of mechanized and automatic welding equipment equipped
with electric drives

Till present relatively simple designs of electric drives on the basis of direct current
electric motors with thyristor or transistor regulators with phase or PWM control are used in a
high-efficiency welding equipment for all linear displacements.

The part of such electric drives of mass production for industrial application was used
in welding equipment systems, but most of their capabilities, particularly, in automatic
machines and semiautomatic devices, were unused. Electric drives designs purposefully used
in a number of welding equipment systems were developed and are still developing at Paton
Electric Welding Institute.
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Thyristor and transistor regulators for collector electric motors of low power (up to
100 W), which are easily reproduced and set up are quite popular in terms of their application
in mechanized welding equipment and small mechanization means. The simple circuit
technology for such electric drives proposed by the Paton EWI of the National Academy of
Sciences of Ukraine makes it possible to obtain control range at least 1:10 with mechanical
characteristics rigidity p>5% in the entire range of regulation by means of choosing feedback
structures. Such properties of thyristor and transistor electric drives of simple structures is quite
sufficient for the operation of welding equipment systems implementing traditional welding
and surfacing technologies.

Thyristor electric drive in reverse version integrated into the local control system
BUSP1, BUSP2 was developed by Paton EWI IEE and acquired in mass production. This
electric drive is used in welding and surfacing automatic and semi-automatic machines.

Semi-automatic machine ITII107 (feed mechanism) developed with PWM transistor
electric drive gives additionally the opportunity to feedback into it according to the welding
process parameters providing additional stabilizing actions on the welding process due to the
effect on the electrode wire feed rate [3].

Until now, transistor electric drives with free-running operation mode are used in some
samples of mechanized welding equipment and
that for small mechanization, particularly, while
P designing the sample models of different types

VT1 of welding and surfacing machinery. Such
U electric drives with minimized, theoretically

O +Un

substantiated, circuit technology solutions [4] in
a large number of versions are developed by
Paton EWI. For example such electric drive
version is shown in Fig. 2. The simplicity of the

> real scheme does not require extensive

N explanations. The task of the rotation frequency
[ 4” is carried out by the resistor R1. The voltage on

R1

VT2

this resistor is compared with the feedback

R2 voltage on the resistor R2 (E is EMF of the

electric motor M1). Transistor VT2 opens, if the

voltage of the problem Usanx > E . At the same

| | time power transistor VT1 opens, feeding the

_S Zk Mi voltage pulse to the electric motor. The

frequency of these pulses depends on the

) ) electric motor parameters and the load changes
L on the operating mechanism shaft.

Figure 2. The circuit is an electric principle Lately ~ asynchronous  frequency-

transistor electric drive regulated electric drive is widely used, mainly

in the development of welding and surfacing

equipment of complex structures [5]. For an example, let us consider the structure of the

equipment for electroslag welding of vertical, inclined and curvilinear joints, including

electroslag apparatus in the form of fitting self-propelled device of heavy type equipped with

all necessary mechanical and electromechanical correctors for the performance of high quality

welding joints [6]. The general view of the installation with the device presented in Fig. 3, and

in Fig. 4 is the photograph of the feeding electrode wires system with the control panel of the

device system. The control system is based on the programmed controller of CJ1IM type

manufactured by Omron Company (Japan). Modern frequency inverters of Omron V1000 type

are used to control the device asynchronous motors. At Patona EWI the experience in designing
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welding and surfacing devices of various purposes with the use of regulated asynchronous
electric drive has already been accumulated.

Let us dwell on the application of non-collecting DC motors, which include step and
thyratron motors in the welding and surfacing equipment structures.

Until the recent times considerable experience in engineering solutions concerning the
application of step and thyratron electric drives has been gained at Paton EWI. In this case,
these electric drives application is mainly directed to the equipment for different purposes such
as underwater wet welding and for the implementation of new technical and technological
solutions, such as: controlled impulse feed of electrode wire; modulated processes of the weld
pool oscillation with controlled parameters; reduction of mass-dimensional characteristics of
mechanisms and devices in general.

EmEpn==
EmED

Figure 3. General view of the installation Figure 4. Device for electroslag welding (control panel
for electroslag welding and feeder mechanisms)

The installation and device for deep-water welding in the pipe with 170 mm diameterare
shown in Fig. 5 and Fig. 6 [7].

;’ “w@ﬂw

9 3 |

Figure 5. Installation for deep-water welding Figure 6. Device for deep-water welding
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The limited welding conditions determined the choice of motors for welding systems.
These are step-by-step high-torque electric motors providing feed system direct-driving, as well
as welding displacement. Step electric motors in direct-driving version of the electrode wire
feeding mechanisms of semi-automatic machine submersible units for underwater wet welding
are widely used. The structure of submersible unit with a step electric motor and a computerized
control unit is presented in Fig. 7 In such semiautomatic machine, impulse and modulated
electrode wire feed algorithms are implemented greatly simplifying the task of performing
high-quality welds, particularly on the vertical plane. The selection of step motors, in addition
to the above mentioned, is determined by high reliability while operating in fluid medium (e.g.,
insulating and lubricating fluid in  compartment for feeding mechanism with electric motor),
particularly due to the absence of commutator-brush unit [8].

In addition to the above
mentioned, it should be noted that, step
motors to stabilize the current in the
windings of the engine uses pulse-width
(key) regulation for current stabilization
in motor winding are used in modern
system drivers. It is possible to use cheap
and simple unregulated power supply
sources. The scheme with key current
stabilization, regardless of voltage
fluctuations, makes it possible to
maintain the moment stability, providing
high rate of current increase in the
windings. Simultaneously with the
regulation simplicity, it is possible to
minimize losses, which is very important
for automatic machines structures, where
the electric motor in the submersible unit
can be more than 200 m away from its

Figure 7. Semi-automatic machine for underwater power supply and control units
welding by wet While developing the
method (submersible and control compartments) acceleration control (start-up) algorithm,
the main criterion is to minimize start-up time in order to reach the given speed of the motor
shaft rotation, which is the basis for the implementation of various types of electrode wire
impulse feed.

As a rule, electric actuator with mass produced step motors is used in the considered
structures of the welding equipment.

Another example of the mass produced step electric motors use is the installation for
surfacing with surfacing product fluctuations with controlled frequency and amplitude. The
installation makes it possible to increase the surfacing roller width, which means efficiency
increase. In addition, the product fluctuations, and hence the weld pool make it possible to
improve the overlay metal structure. The scheme of the installation with computerized electric
drive system is shown in Fig. 8 [9].

At present computerized electric drives with thyratron motors is the basis for new technologies
implementation, for example: the process of metered electrode wire feeding; products
fluctuations with high frequency.
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Figure 8. Structure of the installation for surfacing product oscillations with power supply and control units:
1 — step electric motor; 2 — the oscillating frame; 3 — place of surfacing part setting;
4 — power supply and control units

Figure 9. The mechanism of impulse feed on the basis of computer electric drive:
1 — feed roller with clamping mechanism; 2 — electric motor; 3 — electric controller;
4 — regulator built-in the control unit of semi-automatic machine

In fig. 9 presented Semi-automatic machine for welding and surfacing by continuous
and powder wires with pulsed control feed algorithms. The wire feed system is equipped with
computerized cycle control of semiautomatic machine operation and thyratron motor operation.
This system of domestic development and manufacturing makes it possible to get the electrode
wire pulse feed with the frequency of about 60 Hz including the possibility of the amplitude
and porousness control, as well as obtaining reversible motion in the pulse motion cycle [10].
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By means of such semi-automatic machine, a number of unique achievements were obtained,
among them the overlap welding of aluminum plates with thickness up to 0,9 mm by electrode
wire diameter 1,0 mm in diameter without backing. Automatic machine for underwater welding
by wet method with the use of thyratron motors of the electrode wire feed system and coordinate
motion systems is shown in Fig. 10.

Figure 10. Automatic for welding and surfacing under water with electric motors of mechanisms:
1 - longitudinal displacement; 2 - transverse displacement; 3 - serving; 4 - bloc of control

The machine is equipped with general operation cycle control system during welding,
as well as all motions. The control system is located in the submersible compartment. It should
be noted that all electric motors of thyratron type are equipped with incremental rotational
velocity sensors for feedback organization. The automatic machine makes it possible to conduct
free-running welding along preprogrammed trajectory in water environment at about 500 m
depth [11, 12]. Such automatic machine enables to solve a wide range of tasks dealing with
welding and cutting under water by wet method. Electric drives with thyratron motors are
constantly improved in order to obtain maximum velocity.

Investigation of dynamic properties of a vector-controlled synchronous electric
drive. The use of electric drive to ensure the desired mechanism motion trajectory following
has its own peculiarities. This is primarily due to the electromechanical properties of the chosen
motor type. Synchronous motors with permanent magnets (PMSM) are now becoming more
popular because of high dynamic quality indicators [13]. Therefore, the problem of
synchronous electric motors (SM) application in welding machines is important. The
widespread distribution of SD is due to good starting and operation properties. Advantages of
SD in comparison with asynchronous motor are: higher efficiency factor; less dependence on
feed voltage drop, etc. The operation of the electric drive in a wide range of velocity control
can be provided by vector control systems. It is know, the synchronous electric drive with vector
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control is used in high-dynamic control of the coordinates of synchronous electric motor. The
vector control system with the orientation along the vector of rotor flux linkage is widely used
due to the high static and dynamic characteristics of such electric drive. Taking into account
the requirements to the technological process of electrode wire feeding, including impulse one,
in order to estimate the possibility of achieving the desired dynamic performance of the
automatic control system (ACS), by the wire speed during ACS mathematical model
development, vector-controlled synchronous electric drive (VCSED ) was chosen as the drive
for its feed.

While determining PI parameters of the speed controller (damping factor (=1), its
standard setting was used [14]. ACS model parameters were calculated for the MSK030B motor
with torque rating My=0.4 Hm and rated current 1,=1.5 A. During ACS mathematical model
construction, the known structure diagram Fig. 11 of SD vector control system with the
excitation from the steady magnets was used.
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Figure 11. Structural diagram of PMSM vector control

In fig. 11 used the Standard notation are used in Fig. 11: u,,u,,u, are SM stator voltages
SD; u,,,u,, are calculating voltage vector components of the stator coordinate system (a-b) after
Park-Goryev componentsu,,,u,, transformation in the coordinate system (d-q); i,.i, is stator
current; iy.i,, i,.i, IS stator current in stationary and rotary coordinate systems (a-b), (d-q)

respectively; ® s the derivative of velocity demand o"; k, =0,29 is torque coefficient;

he ~heThe he The Tha gre the errors of currents i, i, testing; p= % is differentiation operator;

o — rotor angular speed; ¢is rotor rotation angle relatively to the stator.
The results of ACS mathematical modelling are presented in Fig. 12.
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Figure 12. The results of automatic control system (ACS) mathematical modelling

The system modelling was carried out for velocity signal ® =20rad/sek with the series

sawtooth pulse frequency 50 Hz. The pulse duration in series was 0.02 sec. Active loading
moment Mc=0.4 Nm started to act at 0.03 sec. The maximum rotation velocity of the motor
shaft at series sawtooth pulse position did not exceed w=17.08rad/sek . The motor full-stop

while ACS pulse positioning the specification did not occur. Motor load moment did not exceed
150%.

Conclusions. Based on the analysis of electric drive structures of the equipment for arc
mechanized welding and surfacing the trends of their application are identified. The prospect
of non-collector electric motors (step, thyratron, synchronous) use for welding equipment while
solving problems of significant increase of welding and surfacing efficiency with the
implementation of impulse and oscillation control algorithms, the functioning of automatic and
semi-automatic machine systems for performing arc processes with application fusible
electrode is substantiated. The obtained results of mathematical modelling determine the
importance of further investigations of operation modes of vector-controlled, direct
synchronous electric drive for its use in technological processes of mechanized and automated
arc welding.
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YIIK 621.791

EJEKTPOIIPUBO/IU OBJIAIHAHHA AJIA
MEXAHI3OBAHOI'O TA ABTOMATHYHOI'O AYT'OBOI'O
3BAPIOBAHHS

BoJsioaumup JlebeneB'; OJrexciii XaaiMoBchKHii?

YE3 imeni €. O. llamona HAH Yxpainu, Kuis, Yxpaina
2Hayionanvnuti mexuiynuii ynisepcumem Yxpainu «Kuiscoxuii nonimexuiunuii
incmumym imeni leops Cikopcvkoeoy, Kuis, Ykpaina

Pe3tome. Pozenanymo 0a308i KOHCMpYKYii 001AOHAHHA 0I5l 38APIOBATLHO20 MA BiOHOBIIBAILHO2O
BUPOOHUYME 3A2aNbHO20 Ul CheyianbHo2o npusHadenus. 30MUCHEeHO aHani3 6UKOPUCMAHHA eleKmponpueoois
00651a0HaHHA Ol 0Y208020 MEXAHI308AH020 38APIOGANHA Ul HANnlaéleHHs. Bkazano mendenyii 3acmocysamisi
O00NAOHAHHA CYYACHUX munie, a came: aemomamié i Hanieaemomamie. Ha ocHo8i npoeedenozo ananizy
BUKOPUCMAHHS OCHOGHUX NPEOCMABHUKIE YUX 6UOI8 MEXHIKU CHOPMYTbOBAHO HARPAMKU X YOOCKOHANIEHH Ma
BUMO2U U000 BIONPAYIOBAHHSL PENCUMIE poOOMU 08USYHIE, SIKi 3a0e3neyyiomb 30IUCHeHHs. POOOUUX, YCMAHOBYUX
abo KopuzysanvHux pyxie cucmem anapamis. Busnaueno, wo 014 ynpagninna i 3a0e3nevenus 30iUCHeHHA Yux
PYXI8 GUKOPUCMOBYEMBCS OOCUMb WUPOKULL CHeKMP PI3HUX eleKMPOnpUusooie sk NOCMIH020, MAaK i 3MIHHO20
cmpymy. 30kpema, 01 6CIX MIHIUHUX NepeMiyyent 36aplo8aIbHO20 00NAOHAHHA BUKOPUCHOBYIOMbCA OOCUMD
npocmi KOHCMPYKYii eneKkmponpusooié Ha OCHO8I eNeKMpOOSUSYHi8 NOCMIUHO020 CMpyMy. 3a3HayeHo, Wo
3ACMOCYBAHHSA KOLEKMOPHUX 08U2yHie manoi nomyocrhocmi (0o 100 Bm) y cknaoi enekmponpugoois 3a paxyHoK
8UOOPY CMPYKMYP 360POMHUX 38 A3KI6 0036014€ ompumamu Oianazon pecynoeanus ne menuwie 1:10 npu
AHCOPCMKOCMI  MeXaniunux xapakmepucmux [>5% y 6cvomy Oianazoui pecymosanus. Haoano oyinky
enacmueocmeti MupUCMoPHUX i MPAH3UCIOPHUX eeKMPONPUoie NPOCMUX KOHCMPYKYil 018 PYHKYIOHYBAHHS
cucmem 36aprOGANIbHO2O O0ONAOHAHHSA, WO pedanizye MpAOuYitiHi MexHON02l 36apPHOGAHH U HANJIAGIEHHS.
3asnaueno, Wo acuHXpOHHUL YACHMOMHO-PEYIbOGANHULl eNeKMPONPUBOO OCMAHHIM YACOM 3HAXOOUMb 0OCUMb
WUpoKe 3ACMOCYBANHSA, NEPeBadCHO Npu pPO3POONEHHI 36apPIOGANILHUX [ HANJIAGHUX YCMAHOGOK CKIAOHUX
koncmpykyiti. Chopmyibo06ano 0CHOGHI HANPAMKU 3ACMOCYBAHb KPOKOBUX MA BEHMUIbHUX €IeKMPONpPUEoOis.
Hocnioscenns imnynbcnozo pesjcumy pobomu 6eKmopHO-KepOBAHO20 CUHXPOHHO20 eNeKMpPOnpU8ood, npoeeoeHi
WIAIXOM MAMeMamuyHo20 MOOeNI08aHHS, NIOMBEPOUNU MOICIUGICb U020 3ACMOCY8AHHA Y MEXHON02IYHUX
npoyecax 01 3a0e3NeueHHss BGUCOKOOUHAMIMHUX —pedHcUMie pobomu 001AOHAHHA MEXAaHi308aH020 MdA
ABMOMAMUYHO20 0Y208020 38API0GANHSI.

Knrouoei cnosa: cucmemu 36apro6anbHo20 yCmMamky8anHs, YIpAaeiinHa nepemiujeHHIM, el1eKmponpueoo,
e/1eKMpPOOBUSYH, BEKMOPHE KePYBAHMSL.
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