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Abstract. The work is devoted to energy saving during arc manual 

welding operations. Power sources for arc manual welding are rectifiers 

with slow or steeply falling current-voltage characteristics. The paper 

considers two ways of energy saving during arc welding operations. The 

first way is to increase the efficiency of welding by replacing the ballast 

rheostat with a special electronic device that regulates the welding current 

instead of the ballast rheostat. The second way is to increase the efficiency 

of the welding equipment by replacing a traditional one-bridge rectifier 

with the two-bridge economical rectifier. An approximate calculation of 

the annual economic effect from the replacement of a ballast rheostat by 

the electronic regulating device is given on the example of welding 

operations in a typical assembly shop.  

1  Introduction 

At present, energy saving is one of the priority tasks. This is due to the shortage of basic 

energy resources, the growing cost of their extraction, as well as to global environmental 

problems [1-3]. 

Energy saving requires the efficient use of energy resources through the use of 

innovative solutions. They must be technically feasible, economically justified, acceptable 

from an environmental and social point of view [4-7]. The main efforts to save energy are 

concentrated in the sphere of electricity consumption. The main role in increasing the 

efficiency of energy use in the production sector belongs to modern energy-saving 

technologies [8-10]. At the same time, it is known that in industrial enterprises there are 

many devices which produce high losses during their operations. This paper is devoted to 

energy saving during welding operations, which use manual arc welding performed by 

welding rectifiers. These rectifiers are reliable, relatively cheap apparatus that provide high 

quality welding. They are produced by leading welding companies [11-18]. However, they 

have a low efficiency. The paper considers two ways of energy saving during welding 

operations. The first way is to replace the ballast rheostat in welding equipment with a 

special electronic device (chopper), regulating welding current [18], to improve the 

efficiency of welding operations. However, this solution increases the cost of the welding 

apparatus. Therefore, it is necessary to assess the economic effect of such a replacement. 
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The second way is to increase the efficiency of the rectifier due to using special electric 

circuit solution (double-bridge rectifier) instead of traditional solution (single-bridge 

rectifier). 

2  Methods 

Methods for the calculation of the currents and voltages in the new energy-saving welding 

apparatuses are necessary for the development and implementation of the proposed 

technical solutions. Сalculations of the currents and voltages are produced with Matlab 

[19]. In addition we use Quickfield [20] for calculations of electromagnetic parameters of 

these apparatuses. The explanation of saving electricity due to replacing ballast rheostat 

with a chopper is given on the basis of simple well-known expressions for power. The 

evaluation of the economic efficiency of the replacement of ballast rheostats with chopper 

is carried out according to the standard method [21]. 

3  Results and Discussion 

3.1 Using choppers for reducing power consumption in multi-station welding 
system 

Manual arc welding with individual electrodes is widely used for many purposes. In 

repair or assembly shops a multi-station systems are often used to power the welding 

posts [22]. This system includes a common power source which consists of one or several 

rectifiers, a busbar and a post-device with ballast rheostats (Fig. 1). These systems are 

powered by a three-phase network. 

Fig.1. Schematic diagram of multi-station welding system. 

1-rectifier, 2 -ballast rheostats. 

The busbar is common for the entire workshop. To ensure the independence of the 

posts, the external characteristic of the power supply ( )loadU f I  (U  is the voltage on

the output of the rectifier, loadI  is the load current) must be slow falling and to ensure 

stable arc burning, the external characteristic of the post should be steeply falling (Fig. 2) 

[20]. 
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Fig.2. The external characteristics of the rectifier (1) and the post with the ballast rheostat 

(2), the conditional operating characteristic of the arc (3) 

In order to form the necessary external characteristic, the postal devices-ballast rheostats 

Rr (Fig.1) are installed at the output of the rectifier. Fig. 2 shows the conditional operating 

characteristic (straight 3) of the arc ( )arc loadU f I , where 
arcU  is the voltage on the arc  

[23]. The intersection of lines 2 and 3 determines the welding current 
WI . It can be seen 

from Fig. 2 that a voltage drops on the ballast rheostat 
RU  , which can be up to 50% of the 

idling voltage of the rectifier. This drop leads to very high losses of electric power in the 

rheostat where the losses in the rheostat are the voltage on the rheostat multiplied the 

welding current. The consequence of these losses is the low efficiency of the entire multi-

post system, which is 48-50%, and the significant costs of paying for electricity during its 

operation. 

Simplicity, convenience in operation and cheapness of ballast rheostats are their main 

advantages and explain the wide use of ballast rheostats in multi-station systems, despite 

the fact that they are the reason for such low efficiency of the multi-station system and 

overestimated almost twice the cost of paying for electricity during its operation. 

The high charge for electricity and its rather rapid growth pose the task of replacing 

ballast rheostats with more economical devices. One of them is a chopper, which is made 

according to the scheme of the step-down transistor converter. They provide a steeply 

falling external characteristic of the post and the regulation of the welding current, that is, 

they perform all the functions of ballast rheostats and at the same time have an efficiency of 

93%, which almost doubles the efficiency of the multi-station system. 

Despite all the indicated advantages of choppers, their introduction is associated with 

significant capital investments, as they are approximately an order of magnitude more 

expensive than ballast rheostats. However, it will be shown that the existing high cost of 

electricity makes it economically justified to replace the rheostats with chopper. 
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3.2 Using double-bridge economical rectifiers for reducing power 
consumption during arc welding operations 

Let us show another way of the possibility of saving power consumption. This way is based 

on using double-bridge rectifiers [24]. It is known that the conventional single-phase 

rectifier for manual arc welding with steeply falling current-voltage characteristics consists 

of a transformer with increased flux leakage, a diode bridge and a smoothing choke. The 

smoothing choke must be used in a single-phase rectifier. The double-bridge rectifiers are 

very simple devices, which at a price are quite comparable with conventional rectifiers [24-

26]. They contain of a three-winding transformer with the primary winding 1 and two 

secondary windings 2 and 3 loaded with diode bridges 4 and 5 (fig. 3). 

 
Fig. 3. Electric circuit of the double-bridge welding rectifier 

The bridge outputs are connected in parallel with the arc gap 6. Winding 2 and bridge 4 are 

designed to initiate and maintain stable arcing, while winding 3 and bridge 5 provide the 

main operating current.  

The mass and power consumption of such a rectifier are less than those of a 

conventional rectifier, since the main part of the welding current is the current of winding 3 

and there is no a smoothing choke in the double-bridge rectifier. A series of two-bridge 

rectifiers was developed. For example, double-bridge welding rectifier with the operating 

current 200 A was developed. It has 30% lower power consumption than the traditional 

one. This result was confirmed experimentally. 

3.3 Calculating the economic effect of expected energy savings in assembly 
shops by replacing ballast rheostats with chopper. 

Manual arc welding is widely used in industry. The largest number of posts is installed in 

the assembly shops. It depends on the number of workers that are simultaneously working 

in the shop. Power rectifiers VDM-6303, VKSM-1000, VDM-1001, VDM-1201, VDM-

1601 [18] are usually used. The welding currents are from 630 A to 1600 A.  

The expected energy savings are determined by the difference between the power 

consumed when using a ballast rheostat and the power consumed when using  a chopper. 

The power consumed by one post with a chopper is: 

W
CHOP

P
P


 ,      (1) 

W W WP U I  ,       (2) 

where 
WP is power required for welding, WU  is voltage on the arc, WI  is welding current, 

 is the efficiency of a chopper. 
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Since the efficiency of these devices is 93%, the power consumed by a post is slightly 

different from the power required for welding. The power PR consumed by one post  with a 

ballast rheostat depends on the idling voltage of the rectifier (not voltage on the arc) 

because of rheostat heating : 

.R idle WP U I  ,    (3) 

where 
idleU is the idling voltage of the rectifier. 

Taking into account the efficiency of the rectifier itself, we have the power consumed by 

one post with a chopper: 

CHOP
CHOP

rec

P
P


  ,    (4) 

where 
rec  is the efficiency of the rectifier. 

The power consumed by one post with the ballast rheostat: 

R

R

rec

P
P


  .     (5) 

Thus, the saving of power consumption is mainly determined by the difference between the 

voltage on arc and the idle voltage of the rectifier: 

.
W W

R CHOP idle

rec

I U
P P P U

 

 
       

 
   (6) 

We used these formulas in the technique of economic effect calculations [21] in a typical 

assembly shop, in which 12 workers are working at the same time. Let us consider  that in 

this shop there are four multi-system rectifiers with VDM-1201 ( 0,9rec  , 65idleU 

V) and the chopper RI-322 ( %93 ). Each rectifier has 3 ballast rheostats. The number 

of rheostats in the shop is equal to the number of workers and is 12 pieces. Welding current 

is  300 A. Input for calculation: 

- capital investments in a rectifier with a ballast rheostat 4500 rubles, 

- capital investments in a chopper 47500 rubles, 

- work is carried out in two shifts for 12 hours each, 

- electricity tariff is 3.5 rub / kWh. 

The main results of the calculations are summarized in the table: 

 

Expected power savings for one post for the year, kWh  37439.7 

Payback period of the chopper RI-322, months 11 

Expected power savings of 4-station system, kWh 449276.4 

The expected savings on the electricity bill for the 4-station system 

for the year in rubles  

790276.8 

Annual economic effect for the 4-station system in rubles 712876.8 

 

4  Conclusions 

The efficiency of the multi-station system for manual arc welding with ballast rheostats can 

be significantly increased by replacing rheostats with choppers. It reduces the cost of 

consumed electricity. The annual economic effect in the shop with 12 rectifiers can be more 

than 700 thousand rub. 
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Replacing the traditional rectifier with steeply falling current-voltage characteristics by 

a two-bridge economical rectifier results in a reduction in power consumption by 

approximately 30%. 
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