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Abstract. The article deals with the problems of increasing the multi-engine electric drive energy 

efficiency on the example of the cropped cord production line in manufacture of tires. There are 

requirements for line electric drives that can have an impact both each other and the overall power grid in 

the mode of technological braking, as well as the requirements for the availability of protection functions 

and mutual coordination with the mains supply. To solve this problem, options have been developed to 

build reversible frequency converters on fully controlled (locked) keys as part of frequency-regulated 

technological electric drives in the production of cord for car tires with energy recovery. The construction of 

the reversible frequency converter with the use of autonomous voltage inverters, as well as the results of 

computer simulations in the reactor and non-reactor circuits of reversible frequency converters in the 

composition of multi-motor electric drives with a total  DC bus  are shown. 

1 Introduction  

The relevance of the article is dictated by the mass 

production of rubberized cord, which is the most 

complex and energy-intensive technological operation 

that determines the performance and energy 

consumption in the manufacture of automobile tires. The 

solution of such complex problems on current 

production involves the use of multi-frequency-

adjustable electric drive, which can meet the 

requirements of static and dynamic properties of each 

actuator production lines separately, and the whole of the 

electrical installation as a whole. The new requirements 

require compliance with the standards and regulations 

established by the International Electrotechnical 

Commission (IEC) regarding the electromagnetic 

compatibility of electric drives with the mains supply. 

Systems that meet the requirements of modern 

production are based on the principles of energy 

interaction of technological electric drives with the 

mains supply. The need for active power consumption 

makes the converter in the consumer useful (active) 

power network login and, if necessary, improve the 

network power factor in the compensator passive 

components of the power generated by other loads. 

[1,2,3,4,5]. 

2 Relevance of inverter problem and it’s 
solution  

To date, most electric drives of cord lines do not meet 

the specified requirements. Their operation is associated 

with the problem of compensating a significant amount 

of reactive power, as well as the power generated in the 

network of higher harmonics current.. In addition, there 

is a need to improve the energy efficiency of electric 

drives due to the mutual influence between drives 

working on a distributed mechanical load. The solution 

can be the use of reversible frequency converters (RFC), 

shown in [5,6,7, 8]. RFC help to avoid unproductive 

power consumption at all stages of the technological 

cycle, including at intervals of regenerative braking of 

electric drives. In the circuit of an electric drive with a 

reversible converter, the recovery process is 

accompanied by the conversion of the accumulated 

kinetic energy of the fabric rolls of cord into electrical 

energy, which can be used to feed other inverters in the 

cord line or returned to the mains supply. [2,9] Thus, we 

need to design the electric lines with the possibility of 

recovery into the braking drives general power supply, 

having functions of protection and mutual agreement 

with each other and with the mains supply. 

3 RFC Converter structures  

Let's consider the options of RFC performance in electric 

drives of the cord lines. The performance of RFC can be 

a variant with the use of a modern element base (one or 

two-operational thyristors, as well as power transistor 

switches) based on one or two-link frequency converters. 

The most interesting option is a frequency-controlled 

drive based on two-link RFC with autonomous current 

inverters (ACI) (a) and autonomous voltage inverters 

(AVI) (b), shown in Fig. 1. 
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Fig. 1. Versions of a multi-motor drive AVI scheme with a 

common rectifier (R/I), inverter (I) and a common filter 

capacitors (CF…CFn). 

Despite the circuit differences, the variants 

implement the same principle of structural construction 

of a multi-motor electric drive, which consists of several  

(n ≥1) self-contained inverters from the total DC tires 

with the only primary power source for all drives of 

these tires in the form of rectification/inverting unit ( 

R/I). This decision is confirmed by thepatent of the 

utility model [10,11]. At the stage of comparative 

analysis the performanceof electric drives is considered 

both on the basis of ACI and on the basis of AVI. The 

choice of option is determined from the specific 

requirements of the mechanism and the method of 

regulating the asynchronous motor (AM). In turn, the 

design of the R/I block may also vary, depending on the 

selected element base and the number of valve sets in the 

RFC. The implementation of a two-link frequency 

converter based on ACI allows a single-component 

execution of block R/I, in schemes based on AVI1… 

AVIn, this block must be two-component.[12] 

4 Modelling drives with reversible 
frequency converters 

4.1 Electric drive with an autotransformer  

Shown in Fig.2 the power circuit of the model contains a 

source of three-phase mains voltage of 220/380 V, made 

on single-operation thyristors; a rectification/ inverting 

unit with equalizing reactors; a DC link with a filter 

capacitor Cf; AVI made on transistor keys V1, ... V6, 

shunted by reverse diodes; an asynchronous motor 

(AM). 

The purpose of the simulation is to consider the 

advantages and disadvantages of the existing version of 

the R/I, made on the basis of a two-part reversible 

converter with joint control in a reactor-free  version. 

In the presented model, the elimination of equalizing 

 

Fig. 2. Computer model of the version of the electric drive with the R/I-unit, equipped with a volt-adding autotransformer 

(VAT), below the voltage and current curves:  a) the output circuit of the block R/I, b) the network input  c) the equalization 

circuit. 
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reactors in a reverse converter requires the introduction 

of an additional voltage-adding transformer (VAT) into 

the power circuit. Shown in Fig.2 curves of voltage and 

current output circuit R/I- unit (a), network input (b) and 

buffer circuit (c) illustrate the operation of this unit in the 

rectifier (at intervals of t≤0.05 c.), inverter (on the 

interval t≥0.05 c) modes. The results of the simulation 

confirm the possibility of a reactor-free version of a 

reversible converter with a volt-add autotransformer. It 

can be seen that the solution actually leads to a decrease  

the equalizing current in the rectifier mode and a certain 

increase in this current in the inverter mode. 

Nevertheless, a high  power of autotransformer VAT 

(710 kVA) up to 45% of the power transformer (1600 

kVA) in a working installation, making the solution 

economically unjustified, and therefore requires a search 

for less expensive execution of RFC in non-reactor 

version. 

4.2 Electric drive in direct drive design 

Mutual flows of electric power in the structure of a 

multi-motor electric drive require taking into account the 

influence of the common power bus of inverters and the 

mutual energy influence of electric drives (see Fig .1). 

The mode of consumption or recovery in the RFC 

scheme is presented by the sign of the active power in 

the DC link.  As shown in [2,13-15], the implementation 

of AVI on keys with two-way conductivity makes a part 

of the circuit a link of the constant voltage direction 

(LCVD). Allowing the network voltage to be sinusoidal, 

it is possible to analyze the mutual influence of electric 

drives according to the substitution scheme in Fig.3. One 

power supply for all R/I inverters makes it possible to 

consider their voltage level and shape the same. 

Therefore, the main reason for the energy interaction 

of drives in a multi-motor structure is the equalizing 

current of the 

 Iyp = Id1 - Idn (1) 

 

Fig. 3. Simplified equivalent circuit of a multi-motor electric 

drive on the basis of the and voltage inverters AVI1…AVIn. 

LCVD - Link of constant voltage direction); IVI 1 - IVI n  - 

Independent (Autonomous) voltage inverters; R(I) (Rectifier - 

Invertor);  I1r1, jx1I1 - voltage drawdown on the input circuit; 

E1, E2 -  input and output of the EMF; E12 - EMF at the input of 

the rectifier; r2, L2 - active-inductive load at the output of the 

inverter; Cф – filter capacity. 

From the LCVD diagram in Fig.3, b it can be seen 

that in schemes based on AVI, the appearance of an 

equalizing current is possible in cases of operation of 

neighboring drives in different energy modes, and its 

closure occurs along the circuits that pass the capacitor 

Cf. During the simulation, it was expected to obtain a 

current discharge of the capacitor and, accordingly, a 

decrease in voltage ripples in the LCVD link, as shown 

in [2]. o test this assumption, a model of a two-motor 

electric drive is used (Fig.4) on two inventorof IVI1 and 

IVI2.This uses pulse-width control of the output voltage 

and frequency. The rectifier is made unmanaged, and the 

inverter is made on fully controlled fans to completely 

eliminate short circuits [16-19]. The presence of the 

LCVD filter Cf provides smoothing of the voltage and 

reactive current circuit and locking of diodes of rectifier 

blocking current phase-to-phase short circuit at intervals 

 

Fig. 4. Computer model of a twin-motor electric drive made by the system R-I-IVI-IM+Сf : IVI (Independent (autonomus) 

voltage inverter), IM (Induction motor), R(I) (Rectifier - Invertor), Cf (Capacity of filter). 
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of simultaneous operation of the valves blocks I and R. 

In Fig. 5 the results of the simulation are presented. The 

electric drive was started at idle with further translation 

of AM1 and AM2 at moments t=0.05 sec. and t=0.1 sec. 

in regenerative braking mode by applying a torque to the 

shaft.  For comparison, braking was performed when the 

inverter I was switched off and on. As it can be seen 

from the curve of Fig. 5, b., the transfer of AM2 at the 

moment t=0.1 sec. to the generator mode, along with an 

increase in the voltage level of the capacitor, led to a 

noticeable decrease in the resulting current at the input 

of the inverter AVI1 (Fig. 5, a). 

 Id1= Id2 – Iyp (1) 

Repeating this experiment with the inverter turned 

on, made it possible to stabilize the capacitor voltage at a 

lower level (see Fig. 5, b). 

5 Conclusions  

The presented variants of electric drive schemes based 

on RFC with a volt-adding transformer and RFC in a 

non-reactive version allow implementing the multi-

engine electric drive system as part of cord lines for tire 

production, as well as production lines containing 

electric drives, which can work with mutual energy 

influence on each other.. The circuits generally meet the 

requirements for technological electric drives as part of a 

cord line for energy recovery of the braking drive with 

energy transfer in the power supply chain of drive 

inverters powered by a common DC bus without the use 

of equalizing reactors. The implementation of a common 

DC bus in this aspect is the point of power supply and 

interaction of inverters, will reduce energy costs and 

increase the network-wide power factor. In addition, the 

presented results indicate a reduction in capital 

investment in the reconstruction of multi-motor drives 

due to the rejection of individual unmanaged rectifiers, 

each of which is both the cause of additional power 

losses and the cause of nonlinear distortion of the 

network voltage [20]. 
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