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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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РЕАЛИЗАЦИЯ ЗАДАЧ КООРДИНАТНОГО УПРАВЛЕНИЯ ПЕРЕМЕЩЕНИЕМ ИНСТРУМЕНТА 
И ИЗДЕЛИЯ ПРИ ДУГОВОЙ МЕХАНИЗИРОВАННОЙ И АВТОМАТИЧЕСКОЙ СВАРКЕ 

Аннотация. В работе рассматриваются различные системы, обеспечивающие перемещение инструмен-

та и изделия в оборудовании для дуговой механизированной сварки и наплавки плавящимся электродом, вклю-

чая систему подачи электродной проволоки. Отмечено, что получают всё большее распространение новые 

технологии дуговой сварки и наплавки с применением импульсных алгоритмов координатного движения си-

стем автоматов и полуавтоматов для сварки и наплавки со сложными алгоритмами движения, требующими 

применения новых высокодинамичных систем с шаговыми и вентильными электроприводами. 
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РЕАЛІЗАЦІЯ ЗАВДАНЬ КООРДИНАТНОГО УПРАВЛІННЯ ПЕРЕМІЩЕННЯМ ІНСТРУМЕНТУ 
І ВИРОБУ ПРИ ДУГОВОГО МЕХАНІЗОВАНОГОЇ Й АВТОМАТИЧНОГО ЗВАРЮВАННЯ 

Анотація. У роботі розглядаються різні системи, що забезпечують переміщення інструмента та вироби 

в обладнанні для дугового механізованого зварювання та наплавлення плавиться, включаючи систему подачі 

електродного дроту. Відзначено, що отримують все більше поширення нові технології дугового зварювання й 

наплавлення із застосуванням імпульсних алгоритмів координатного руху систем автоматів і напівавтоматів 

для зварювання та наплавлення зі складними алгоритмами руху, які вимагають застосування нових високоди-

намічних систем з кроковими і вентильними електроприводами. 

Ключові слова: дугове зварювання, механізоване обладнання, автомати, зварювальний інструмент, пере-

міщення, управління, точність, елементна база 
 

Introduction. Mechanized and automatic arc weld-
ing as well as weld metal, surfacing are presently main 
techniques for bonding of metals, strengthening and re-
conditioning of wearing parts and components for various 
industrial and agricultural equipment. 

By distinguishing variety of arc welding and surfac-
ing processes one should point out the most common type 
of such processes – welding with consumable electrode. It 
is worth mentioning that this one is the most widely used 
type of technological equipment under consideration. Be-
sides, the equipment utilized for its implementation (both 
mechanized and automatic ones) is the most replicable 
one, and hence shall be pretty well developed and repre-
sent itself a rational construction. 

It shall also be noted that, depending on the tasks to 
be solved in the flow of welding and surfacing, the auto-
matic welding and surfacing equipment by its design may 
contain a different number of coordinate-motion drives, 
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which as a rule operate in automatic cycle: 
– movement of electrode wire;  
– welding travel (relative motion) of the welding tool 

(welding head) or a work piece; 
– tracking movement of the welding travel; 
– oscillatory movement of the welding tool. 
It shall be pointed out that low-power electric drives 

are used in mechanized and automatic equipment for the 
arc welding and surfacing, which capacity normally does 
not exceed 120 W. 

All the above mentioned types of the coordinate 
movements of welding tool and work piece with more or 
less identical positioning accuracy are carried out with use 
of traditional types of electric drives with the known types 
of control devices on the basis of the direct-current mo-
tors (thyristor, transistor motors), or asynchronous electric 
drives with frequency control. Unfortunately, the serially-
produced asynchronous electric drive is designed for 
power supply of 220 or 380 VAC, which may not be ac-
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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 
AD400 series, structured by modular-assembly design 
principle, with utilization of mechatronics principles 

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.  

 

Fig. 2. PMSM electric drive design structural diagram:  

ns – rotation frequency setting; nsf – speed feedback; Is – current setting; Icf – current feedback; Kp – proportional factor 

of PI-controller; Кi – integrated factor of PI-controller; Кct – converter transmission factor; U – converter output volt-

age; E – electric motor rotation electromotive force; Kcf – current feedback factor; Кsf – speed feedback factor; 

Кd – electric motor design factor; Тc – converter time constant; Ra – electric motor resistive impedance in hot state; 

Тa – phase time constant of electric motor; JΣ  - momentum of inertia reduced to electric motor shaft; М – electromag-

netic momentum of electric motor; Мr – moment of resistance on the electric motor shaft; р – Laplasian operator 

  
Fig. 3. Complete PMSM-type electric drive for welding 

equipment 

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). 

References 

1. Lebedev V.A. Sovremennoe dugovoe avtoma-
tizirovannoe i mekhanizirovannoe svarochnoe oborudo-
vanie kak mekhatronnaya sistema [Modern Automated 
and Mechanized arc Welding Equip-ment as a Mecha-
tronic System], (2009), Moscow, Russian Federation, 
Electrics, No. 9, pp. 13 – 19 (In Russian). 

2. Paton B.E. Problemy svarki na rubezhe vekov 
[Welding Problems at the Turn of the Century], (1998), 
Welding and Related Technologies – into the 21st Centu-

ry: Sat. Tr. International. Conf., Kiev, Ukraine, pp. 5 –12 
(In Russian). 

3. Poduraev Yu., and Kuleshov V. Printsipy 
postroeniya i sovremennye tendentsii razvitiya mek-
hatronnykh sistem [Principles of Construction and Mod-
ern Trends in Mechatronic Systems], (2000), Technology 

Mashinostroeniya, Moscow, Russian Federation, No. 3, 
pp. 49 – 53. 

4. Paton B.E., Lebedev V.A., Lendel I.V., and Po-
loskov S.Yu. Ispol'zovanie mekhanicheskikh impul'sov 
dlya upravleniya protsessami avtomaticheskoi i mekhan-
izirovannoi svarki plavyashchimsya elektrodom [The use 
of Mechanical Impulses for Process Control and Auto-
matic Mechanized GMAW], (2013), Welding and Diag-

nostics, Moscow, Russian Federation, No. 6, pp. 16 – 20 
(In Russian). 

5. Paton B.E., Lebedev V.A., Pichak V.G., Poloskov 
S.I., and Shavelev L.N. Analiz tekhnicheskikh i tekhno-
logicheskikh vozmozhnostei impul'snoi podachi elektrod-
noi provoloki v protsessakh dugovoi svarki i naplavki 
[Analysis of Technical and Technological Options Pulsed 
wire Feed in the Process of arc Welding and Surfacing], 
(2002), Welding Production, Moscow, Russian Federa-
tion, No. 2, pp. 24 – 31(In Russian). 

6. Morozov V.P. Analiz uslovii formirovaniya iz-
mel'chennoi struktury pri kristallizatsii metalla svarochnoi 
vanny s nalozheniem vneshnikh periodicheskikh vozmush-
chenii [Analysis of the Conditions for the Formation of 
Ground Structures at Crystallization of Metal weld Pool to 
an External Periodic Perturbation], (2006), Proceedings of 

the Universities. Mechanical Engineering, Moscow, Rus-
sian Federation, No. 8, pp. 41 – 54 (In Russian). 

7. Zainulin D.I., Lebedev V.A., Maksimov S.J., and 
Pichak V.G. Unikal'nyi kompleks oborudovaniya dlya 
avtomaticheskoi dugovoi svarki na bol'shoi glubine v 
maksimal'no ogranichennykh usloviyakh [A Unique Set 
of Equipment for Automatic arc Welding at a Great Depth 
in the Most Limited Circumstances], (2013), Abstracts of 

Poster Presentations of the International Conference 

“Welding and Related Technologies – Present and Fu-

ture”, 25-26 November 2013, Kiev, Ukraine, pp.70 – 71. 
8. Lebedev V.A., Saraev Yu.N., Dragan S.V., and 

Kozyrko O.A. Impul'snye algoritmy funktsi-onirovaniya v 
mekhanizirovannom oborudova-nii dlya dugovoi svarki 
(sostoyanie i perspektivy [Switching Algorithms Operate 
in Mechanized Equipment for arc Welding (State and 
Prospects], (2015), Procuring Production in Mechanical 

Engineering, Moscow, Russian Federation, No.4, pp. 10 – 
20 (In Russian). 

9. Lebedev V.A., Rymsha V.V., and Radimov I.N. 
Sovremennye ventil'nye elektroprivody v sistemakh mek-
hanizirovannogo svarochnogo oborudovaniya [Modern 
Electric Valve Systems Mechanized Welding Equipment], 
(2009), Elektromashinostroenie i Elektrooborudovanie 

Vol. 74, Kiev, Ukraine, Tehnіka, pp. 22 – 24 (In Russian). 
10. Lebedev V.A., and Guly M.V. Bystro-

deistvuyushchii ventil'nyi elektroprivod dlya oborudo-
vaniya mekhanizirovannoi dugovoi svarki [Fast Valve 
Actuator for Mechanized arc Welding Equipment], 
(2014), Mechatronics. Automation Management. Mos-
cow, Russian Federation, No. 6, pp. 47 – 51(In Russian). 
 

Received 24.05.2015 



Lebedev V.  Published in the Journal    Electrotechnic and Computer Systems   No. 19 (95), 2015 41 – 45 

Electro-Mechanical computer-aided Systems 

45 
 

References 

1. Лебедев В. А. Современное дуговое автома-
тизированное и механизированное сварочное обору-
дование как мехатронная система / В. А. Лебедев // 
Электрика. – М. : – 2009. – № 9. – С. 13 – 19. 

2. Патон Б. Е. Проблемы сварки на рубеже веков. / 

Б. Е. Патон //Сварка и родственные технологии – в 21 

век: Сб. тр. международ. конф. – К. : – 1998. – С. 5 – 12. 

3. Подураев Ю. В. Принципы построения и со-

временные тенденции развития мехатронных систем / 

Ю. В. Подураев, В. С. Кулешов //Технология машино-

строения. – М. : – 2000. – № 3. – С. 49 – 53. 

4. Патон Б. Е. Использование механических им-
пульсов для управления процессами автоматической 
и механизированной сварки плавящимся электродом / 
Б. Е. Патон, В. А. Лебедев, И. В. Лендел, С. Ю. По-
лосков //Сварка и диагностика. – М. : – 2013. – № 6. – 
С. 16 – 20. 

5. Патон Б. Е. Анализ технических и технологи-

ческих возможностей импульсной подачи электрод-

ной проволоки в процессах дуговой сварки и наплав-

ки / Б. Е. Патон, В. А. Лебедев, В. Г. Пичак, С. И. По-

лосков, Л. Н. Щавелев // Сварочное производство. – 

М. : – 2002. – № 2. – С. 24 – 31. 

6. Морозов В. П. Анализ условий формирования 
измельченной структуры при кристаллизации металла 
сварочной ванны с наложением внешних периодиче-
ских возмущений / В. П. Морозов // Известие ВУЗов. 
Машиностроение. – М. : – 2006. – № 8. – С. 41 – 54. 

7. Зайнулин Д. И. Уникальный комплекс обору-
дования для автоматической дуговой сварки на боль-
шой глубине в максимально ограниченных условиях / 
Д. И. Зайнулин, В. А. Лебедев, С. Ю. Максимов, В. Г. 
Пичак //Сборник тезисов стендовых докладов Меж-
дународной конференции «Сварка и родственные 
технологии – настоящее и будущее», 25-26 ноября 
2013. – К. : – С. 70 – 71. 

8. Лебедев В. А. Импульсные алгоритмы 
функци-онирования в механизированном оборудова-
нии для дуговой сварки (состояние и перспективы / В. 
А. Лебедев, Ю. Н. Сараев, С. В. Драган, О. А. 
Козырко // Заготовительные производства в 
машиностроении. – М. : – 2015. – № 4. – С. 10 – 20. 

9. Лебедев В. А. Современные вентильные элек-
троприводы в системах механизированного сварочного 
оборудования / В. А. Лебедев, В. В. Рымша, И. Н. Ра-
димов // Электромашиностроение и электрооборудова-
ние. – К. : – 2009. – Техника. – Вып. 74. – С. 22 – 24. 

10. Лебедев В. А. Быстродействующий вентиль-
ный электропривод для оборудования механизиро-
ванной дуговой сварки / В. А. Лебедев, М. В. Гулый // 
Мехатроника. Автоматизация, Управление. – М. : – 
2014. – № 6. – С. 47 – 51. 

 

 

Lebedev 
Vladimir A., Doctor of Engi-
neering Science, Chief Engi-
neer of E.O. Paton Electric 
Welding Institute Ukraine. 
03150, Kiev, Bozhenko str., 15, 
bldg. 7, Ukraine. 
Tel: +38(44)2008288. 
E-mail: valpaton@ukr.net 
 

 

Kozyrko,  
Oleg A., Managing Partner 
DMT Marine Equipment®, 
Buz’kiy bulvar 11. 
Nikolaev, Ukraine. 
Tel:  +38(051)2366542. 
E-mail: 
o.kozyrko@dmt-winches.com 

 


