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PIECE MOTION AT MECHANIZED AND AUTOMATIC ARC WELDING

Abstract. The paper considers various systems to ensure movement of tool and work piece in the equipment for arc
welding and mechanized welding with consumable electrode including the wire feeding system.
It was noted that there get more and more spread new technologies of arc welding and surfacing with pulsed algo-
rithms for coordinate motion of systems and semi-automatic machines for welding and surfacing with sophisticated
motion algorithms that require use of new highly dynamic systems with stepper and brushless electric drive units.
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PEAJIN3ALUA 3AJAY KOOPANHATHOI'O YITPABJIEHUA NEPEMEINEHUEM UHCTPYMEHTA
U U3JEJUA ITPU 1YTOBOM MEXAHU3UPOBAHHOM U ABTOMATUYECKOI CBAPKE

Annomayun. B pabome paccmampugaromest pasnuynsie CUCmeMsl, 0becnevugarouue nepemenjeHue uHCmpymen-
ma u uzdenus 8 0OOPyOosaHul O Y2080l MEXAHUZUPOBAHHOU CEAPKU U HANIAGKU NIABAUUMCSL JIEKMPOOOM, KO-
yasi cucmemy nooayu 31eKkmpooHol npogonioku. OmmeueHo, Ymo noayuarom cé bonvuiee pacnpocmpaHeHue HOoGvle
mexHono2uu 0y2080il C8apKYU U HANIAGKU C NPUMEHEHUEM UMNYTbCHLIX Al2OPUMMO8 KOOPOUHAMHO20 OBUINCEHUS CU-
cmeM asmMoMamos U NoyagmoMamos Oist CAPKU U HANNABKU CO CTONICHBIMU AN2OPUMMAMU OBUNCEHUS], MPeOyIOuUMU
MPUMEHEHUSL HOBBIX @bl COKOOUHAMUUHBIX CUCEM C UA20BLIMU U GEHMUTLHBIMU DNEKMPONPUBOOAMIUL.

Knioueevie cnosa: oyeosas ceapka, MexaHusupoganHoe o60pyoosaHue, AgmoMamol, C8APOYHbIL UHCIMPYMEHM,
nepemeujerue, ynpagieHue, MmoYHOCMb, dNeMeHmHas 6aza
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PEAJIIBALIA 3ABJAHb KOOPAUHATHOTI' O YIIPABJIIHHA NIEPEMIINEHHAM IHCTPYMEHTY
1 BUPOBY ITPU 1YTOBOI'O MEXAHI3OBAHOI'OI il ABTOMATHUYHOI'O 3BAPIOBAHHS

Anomayia. Y pobomi posensioaromuscs pisHi cucmemu, o 3abe3neyyonms nepemiujents iHcmpymeHma ma upoou
6 001aOHAHHI 015 0Y208020 MEXAHI308AHO20 36APIOGAHHS. MA HANIABIEHHS WIABUMbCS, GKIIOUAIOYU CUCHEMY No0ayl
enekmpooHozo opomy. Bioznaueno, wo ompumyoms 6ce binbuie NOWUPEHHS HO8I MEeXHONO02Ii V208020 36APIOGAHHS Ui
HANIAsNeHHs i3 3aCMOCY8AHHAM IMIYTbCHUX ANCOPUMMIE KOOPOUHAMHO20 PYXY CUCEM agmomMamie i Hanieagmomamis
OJ1s 36APIOBAHHS MA HANIAGIEHHS 3i CKIAOHUMU ANOPUMMAMU PYXY, AKI 8UMA2AIOMb 3ACHOCY8AHHS HOBUX 8UCOKOOU-
HAMIYHUX CUCMEM 3 KDOKOBUMU | 6EHMUTbHUMU e/1eKMPONPUBOOAMU.

Knwuoei cnosa: dyzose 36aprosants, mexaHizogane oO1A0OHAHHS, ABMOMAmMu, 36ApIO8ATbHULL IHCIMPYMeHMm, nepe-
MilyeHHs, YIpasiliHHs, MOYHicmb, eleMeHmHa basa

Introduction. Mechanized and automatic arc weld- ~ which as a rule operate in automatic cycle:

ing as well as weld metal, surfacing are presently main — movement of electrode wire;
techniques for bonding of metals, strengthening and re- — welding travel (relative motion) of the welding tool
conditioning of wearing parts and components for various  (welding head) or a work piece;
industrial and agricultural equipment. — tracking movement of the welding travel;
By distinguishing variety of arc welding and surfac- — oscillatory movement of the welding tool.
ing processes one should point out the most common type It shall be pointed out that low-power electric drives

of such processes — welding with consumable electrode. It  are used in mechanized and automatic equipment for the
is worth mentioning that this one is the most widely used  arc welding and surfacing, which capacity normally does
type of technological equipment under consideration. Be-  not exceed 120 W.
sides, the equipment utilized for its implementation (both All the above mentioned types of the coordinate
mechanized and automatic ones) is the most replicable = movements of welding tool and work piece with more or
one, and hence shall be pretty well developed and repre- less identical positioning accuracy are carried out with use
sent itself a rational construction. of traditional types of electric drives with the known types
It shall also be noted that, depending on the tasks to  of control devices on the basis of the direct-current mo-
be solved in the flow of welding and surfacing, the auto-  tors (thyristor, transistor motors), or asynchronous electric
matic welding and surfacing equipment by its design may  drives with frequency control. Unfortunately, the serially-
contain a different number of coordinate-motion drives, produced asynchronous electric drive is designed for
© Lebedev V.. Kozyrko O., 2015 power supply of 220 or 380 VAC, which may not be ac-

41



Lebedev V. Published in the Journal  Electrotechnic and Computer Systems No. 19 (95), 2015

41-45

Electro-Mechanical computer-aided Systems

ceptable for a large number of welding equipment, which
operates in high-hazard conditions, with an allowable
low-level voltage supply for its systems.

Taking into account the above mentioned types of
the electric drives it shall be noted that mechatronic sys-
tems for coordinate movement with different types of
motion converters [1], [2], [3] have been developed and
widely used in the mechanized and automatic equipment
for arc welding and surfacing. Such mechatronic systems
are often unified, and produced as complete sets. The
common cycle control systems for welding equipment
having mechatronic design of coordinate control systems
may be implemented in a number of different ways:

— fixed programming with utilization of contact-
relay systems or systems with microcircuit and technical
elements (microcircuitry, microprocessor engineering
elements);

— flexible control system using programmable con-
trollers.

The following are several ways of improvement of
the achieved level of systems for coordinate control of
welding equipment and, therefore, for the whole equip-
ment in general:

— improvement of reliability and as a consequence
the repair ability;

— reduction the equipment cost, and what is rather
up-to-date, the cost for adjustment and operation;

— possibility of multi-purpose utilization of the weld-
ing and surfacing equipment developed devices, with
minimal costs to customize to the specific type of the
work piece;

— utilization of the more advanced types of motion
converters, such as ball screw transmission;

A good example of rather exquisite welding equip-
ment design which utilizes a full set of mechatronic sys-
tems of traditional-type coordinate control is an automatic
welding and surfacing machine that is shown in Fig. 1.

Fig. 1. Automatic welding and surfacing machine of
ADA400 series, structured by modular-assembly design
principle, with utilization of mechatronics principles

42

Lately, the range of tasks that can be solved using the
coordinate movement systems has significantly extended.
This is connected with development of arc welding and
surfacing hardware and techniques with use of consumable
electrodes, that helps to solve the issue of increasing the
process productivity, improve quality of the welded metal
and near-weld area, and as a result, it contributes to
strengthening the metal works and durability of the sur-
faced metal assemblies and parts. The mentioned develop-
ment is primarily pre-conditioned by introduction of the
controlled mechanical oscillations, which may be applied
in almost all the systems of coordinate control. For exam-
ple, besides the well-known processes of welding and sur-
facing using the pulsed feed of electrode wire [4 — 5], as
well as oscillatory movement of the welding tool relatively
to the surfacing or welded seam [6], a new method of weld-
ing which utilizes the controlled pulse oscillations of the
work piece, is well in progress. All this helps to greatly
affect the weld metal structure by changing the unfavoura-
ble form of crystallization, which, in many cases, is typical
for the fusion welding process. This, in turn, leads to reso-
lution of the main task of the arc welding and surfacing
processes — obtaining a welded joint or surfaced layer with
the specified (required) strength characteristics.

New mechatronic systems for welding equipment
It is possible to solve a new set of tasks on the pulse coor-
dinate control of systems for mechanized and automatic
welding equipment by using up-to-date developments of
highly dynamic electric drives, including models with
Step-type and Permanent Magnet Synchronous Motors
(PMSM).

This is due to the necessity to obtain the coordinate
movements with frequencies up to 100 Hz (for the elec-
trode wire feed system) and 12 ,..., 20 Hz for oscillation
of the welding tool or work piece, with specified ampli-
tude (acceleration) and pulse-pause ratio characteristics.
Certainly, sometimes it is expedient to use gearless type
electric drives for precise repetition of coordinate move-
ment trajectory with the specified parameters. Besides, in
many cases, there is simply no alternative to it.

The step-type electric drive that is manufactured in-
dustrially can successfully be employed in almost all sys-
tems for coordinate movement of welding equipment,
including utilization of pulsed-type algorithms. There is
quite a number of systems for coordinate movement of
the welding equipment units using step-type electric
drives. As a rule, computer-controlled systems are used in
conjunction with step-type electric drive usage, which
besides controls of the motor shaft speed, additionally
helps to solve tasks of cyclic control, while the electric
motor properties - to calculate and set the trajectory of
movement. Certain drawbacks of such systems usage (ra-
ther high cost and complexity) are compensated by the
minimal sizes of systems and accuracy of repetition of
specified algorithms of their functioning.

By using step-type electric drives it is also possible
to solve the tasks of pulse displacement of the mentioned
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welding equipment systems [7]. The system was devel-
oped for the pulse movement of electrode wire with a
function of movement frequency control (up to 50 ,..., 60
Hz) [8]. It shall be noted that the step-type electric drive
that is used in the welding equipment is capable to operate
both in the open and in closed system of rotation frequen-
cy limiter. The electric drive's open system is usually used
when the welding equipment is located at a considerable
distance from the control system. Such structural layout is
the most resistant to interferences. However, it is so far
impossible to reproduce the algorithm of motion of the
welding equipment systems with controlled values of am-
plitude, relative pulse duration, travel increment, especial-
ly when providing movement of rather heavy masses
(welding head, work piece being welded or surfaced),
while fulfilling the small-size conditions. Several versions
of the specialized computerized PMSM electric drives [9],
ensuring the work of welding equipment system, both in
the unperturbed motion and with different algorithms of
pulse movement, were developed to solve these problems.

An example of a new design. The basis for such a
design is a quick-action PMSM electric drive the opti-
mized calculation of which was made on the basis of the

model that is presented in the form of a simplified block
diagram in Fig. 2 [10].

It is worth mentioning that the PMSM-type electric
motor is with a good reason represented by the DC-type
electric motor with independent excitation, in the present
diagram.

A complete PMSM-type electric drive that has been
specifically designed for the welding equipment systems
is presented in Fig. 3.

Considering the mechanical characteristics of the
electric drive (Fig. 4), we can conclude that the
guaranteed nominal momentum on the electric driving
motor shaft (2.0 Nm) provides for reliable operation of all
equipment systems in a gearless version for mechanized
arc welding and surfacing with use of consumable
electrode. In so doing, virtually all the controlled pulsed
modes with a complex control algorithms are realized in
practically entire range of the motor shaft rotation
frequencies. Up-to-the-minute task was solved for the
welding equipment in the new design — minimization of
weight and size characteristics of the actuators, to ensure
high degree of equipment mobility. It shall be noted that
the complete commercially available step-type electric
drives do not comply with such requirements.
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Fig. 2. PMSM electric drive design structural diagram:
ny — rotation frequency setting; n,— speed feedback; /s — current setting; /cf — current feedback; Kp — proportional factor
of Pl-controller; Ki— integrated factor of PI-controller; Kct — converter transmission factor; U — converter output volt-
age; E — electric motor rotation electromotive force; Kcf— current feedback factor; Ksf'— speed feedback factor;
Kd — electric motor design factor; 7c — converter time constant; Ra — electric motor resistive impedance in hot state;
Ta — phase time constant of electric motor; Js - momentum of inertia reduced to electric motor shaft; M — electromag-
netic momentum of electric motor; Mr — moment of resistance on the electric motor shaft; p — Laplasian operator

Fig. 3. Complete PMSM-type electric drive for welding
equipment
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Fig. 4. Mechanical characteristics of complete PMSM-type

electric drive for welding equipment systems
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The new specialized machine of the PMSM-type
electric drive that was carried out for welding
equipment systems of Ukrainian enterprises has no
analogues on the technical parameters and possibilities
complex for new welding and surfacing technologies.

It shall be noted that new developments of welding
and surfacing methods which utilize pulsed oscillations of
the work piece having in some instants high values of
inertia factors may not always be implemented in the
optimal area (weight, size, cost, specifications) by the
technical means that are available to designers.

For such cases, we have offered and presently have
under development a number of technical solutions in a
number of applications:

— development of the original motion converters,
which reduce the impulse loads on the shaft of the electric
drive motor significantly;

— use of electromagnetic oscillators;

— use of pneumatic systems.

It can further be noted that the utilization of
electromagnetic systems in some cases is associated with
influence of quite strong fields on the welding arc, and
therefore is limited. Taking into account the current state
of commercially available systems of pneumatic
actuators, the use of the pneumatic systems may be pretty
well promising.

Conclusion

1. The equipment that is used for implementation of
arc welding and surfacing processes with utilization of
mechanized and automatic aids are complicated
mechatronic systems, the design of which requires a very
specific approach.

2. The new technologies of the welding production
with utilization of pulsed algorithms for movement of the
welding equipment systems set forth the challenges of the
highly dynamic electric drives usage, which include the
models with step-type and and PMSM-type electric
motors. In particular, for the PMSM-type electric drives
these are the dedicated developments.

3. In the paper a complete electric drive sample is
presented, that was developed specifically for a variety of
welding equipment systems. The drive provides for the
necessary power characteristics of feeding mechanisms,
welding movement, oscillatory movement with controlled
parameters (frequency of about 60 Hz, amplitude of
movement - up to 10 mm, moment on the shaft — 2,0 ...,
5,0 Nm).
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