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ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɩɪɢɦɟɧɟɧɢɟ ɩɪɢɜɨɞɨɜ ɫ ɛɵɫɬɪɨɯɨɞɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ ɭɩɪɨɳɚɟɬ 
ɩɪɨɰɟɫɫ ɫɨɝɥɚɫɨɜɚɧɢɹ ɩɨɥɨɠɟɧɢɣ ɪɨɬɨɪɨɜ, ɬɚɤ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɧɟɫɨɝɥɚɫɨɜɚɧɧɨɣ ɜɟɥɢɱɢɧɵ ɜɧɭɬɪɟɧɧɟɝɨ 
ɭɝɥɚ ɷɥ ɤ ɩɨɝɪɟɲɧɨɫɬɢ ɦɨɧɬɚɠɚ ɦɟɯ, ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɚɫɬɨɬɟ ɜɪɚɳɟɧɢɹ ɞɜɢɝɚɬɟɥɹ ɢ ɩɪɹɦɨ 
ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɱɢɫɥɭ ɩɨɥɸɫɨɜ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɞɢɧɚɦɢɤɢ ɞɜɭɯɞɜɢɝɚɬɟɥɶɧɵɯ ɩɪɢɜɨɞɨɜ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɜɵɧɭɠ-
ɞɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɜɵɡɜɚɧɧɵɯ ɧɚɤɨɩɥɟɧɧɨɣ ɨɲɢɛɤɨɣ ɜ ɡɭɛɱɚɬɨɦ ɡɚɰɟɩɥɟɧɢɢ. 

ɉɪɢɦɟɧɟɧɢɟ ɫɩɟɰɢɚɥɶɧɵɯ ɦɭɮɬ ɩɨɧɢɠɟɧɧɨɣ ɠɟɫɬɤɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɢɬɶ 
ɧɚɝɪɭɡɤɭ ɢ ɨɝɪɚɧɢɱɢɬɶ ɟё ɞɢɧɚɦɢɱɟɫɤɭɸ ɫɨɫɬɚɜɥɹɸɳɭɸ. 
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RESEARCH OF THE POWER EFFECTIVENESS OF THE TRACTION  

ELECTROTECHNICAL COMPLEX MOTION TRAJECTORY REALIZATION IN A 

TROLLEYBUS WITH PEAK MOTOR EFFICIENCY 
 

Introduction 
The requirements imposed on traction electrotechnical complex are increasing day by day. This is ex-

pressed in raising evaluation of quality, ease of implementation, efficiency, reliability and performance when the 

necessary criteria for optimality [1] are met. 

The control systems of traction electrotechnical complex (TEC) of city electric transport are diverse. They 

are formed by power electric circuits, which include traction DC motors and devices, machines and converters 

and auxiliary circles, which include auxiliary electrical machines, heating and lighting devices.  

Considerable part of the trolleybuses, operated in the cities of Ukraine, are equipped with rheostat-contact 
control systems (RCCS) of traction complex [2], the simplified structure is given in Fig. 1. 

 

DC motorFilter Block contactors Pulse converterContact network

Resistor assembly

 
 

Fig. 1. The structure of the electrotechnical complex of trolleybus with RCCS 

 

Such control systems of traction electrotechnical complexes have certain advantages: simplicity of con-

struction and repair, relatively high controllability. They are characterized by some disadvantages: significant 

weight and dimension parameters, have high level of electrical energy losses in the resistors. 

Development of power semiconductor technology has allowed a new quality mode control system of trac-

tion motors: thyristor-pulse, later – transistor-pulse [3] regulatory system, which simplified structure shown in 

Fig. 2. 

Transfer to noncontact pulse control system significantly changes the scheme and the working conditions of 

traction complex of trolleybus, improving the traction performance and enhancing economic efficiency of elec-

tric traction. Stepless control provides automatic control of the engine, allows to obtain any traction characteris-

tics. Soft start reduces energy loss and improves acceleration of trolleybus at start without increasing engine 
power, simplifies power circuit trolley. These control systems provide work of traction complex of trolleybus 

type ZYU-683, 14 Tr [3]. 
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Fig. 2. Structure of the electrotechnical complex of trolley with pulse control system 

 

Analysis of existing traction electric drive control systems has shown that different ways to improve the ef-

ficiency of TEC are used. For example, changing the way the engine excitation [4], we can extend its function-

ality, improve efficiency and reliability. Using additional devices at Tetko work in general, such as batteries [5], 

we can obtain higher energy-saving characteristics. In the existing control systems these issues are dealt with 
separately, but the problem of developing effective trajectories for maximum engine efficiency in transistor-

pulse control systems is considered insufficiently. 

The aim is to analyze the power effectiveness of the trajectory of the traction transistor-pulse electrotech-

nical trolleybus complex for maximum efficiency. 

 

Material and research results 
Analysis of modes of trolleybus TEC operation will be considered by the example of a schematic power 

circuit of TEC with transistor-pulse control system (Fig. 3) [5]. 
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Fig. 3. Principle scheme of TEC with pulse control system 

 

The scheme allows to realize the modes by changing the switching circuit elements (Table 1).  

 

Table 1. 
Mode switching semiconductor circuit elements 

Mode VT1 VT2 VT3 VT4 VT5 VT6 

Moving forward in the full magnetic flux 1 0 0 0 0 PWM 

Moving forward with the weakening of 
the magnetic flux 

1 0 0 PWM 0 1 

Deceleration 0 PWM 0 0 0 1 

 

The problem of definition of good control consists in finding the optimal dynamic modes of electric-

transport operation. Optimal control of complex electrotechnical trolleybus can significantly improve its perfor-

mance. 

To implement the control law of  transistor-pulse system for maximum engine efficiency according to [7] 

analyzed and the parameters of optimal movement of trolleybus: the traversed path x, speed v and acceleration a 

are adjusted according to the following laws: 
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where T - cycle time; t - time of pause; S - cycle path. 

For the calculation of loss and efficiency of traction complex in the implementation laws of optimal control 

a TEC with pulse control system was simulated. 

Fig. 4 shows a principal scheme and the equivalent circuit of DC Motor, using which calculation of the DC 

Motor in the development of mathematical models in the environment Matlab was conducted. 
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Fig. 4. Schematic diagram (a) and equivalent circuit (b) DC motor sequential excitation, respectively 

 

The scheme model of TEC with pulse control system (Fig. 5, c) the DC Machine block shows DC motor 

DK-210 with nominal parameters: U = 550 V; Ph = 110 kW; ɧɨɦn = 1500 rev / min; 
maxn = 3900 rev / min; 

hI

= 220 A, 
contI = 185 A. 

 

  

a) b) 

 
c) 

Fig. 5. Schematic model TEC with impulse control system 
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Transistors VT1, VT2, VT3, VT4, VT5, VT6, shunted diodes, are part of the pulse converter. Subsystem 

Definition KPD (Fig. 5, b)  calculates efficiency of the motor by the expression: 
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where M - moment of resistance;  - angular frequency of rotation of the motor; Ia - armature current; U - volt-

age armature.  

According to Table 1 and the set of trajectories of change of speed (1) subsystem Reference Signal 

(Fig. 5, a) generates the control signal, pulse-width modulation and the pulse distribution to control terminals of 

transistors. 

The experiment resulted in obtaining characteristics of transients in TEC of trolleybus in the mode of accel-

eration (Fig. 6) and the mode of deceleration (Fig. 7) by changing the control signal of pulse converter to a para-

bolic law (1). In Fig. 6, d and Fig. 7, d a zone of the highest efficiency considering of published data DC Motor 

DK-210 can be observed. 

At low speed (less than 40 rad/s) in  acceleration and deceleration modes an ineffective mode of TEC oper-

ation is observed (Fig. 6, 7). At high speed, especially in the mode of deceleration, a decrease in performance of 
TEC operation  can be seen (Fig. 7, d). 
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Fig. 6.  Characteristics of the motor  

at the mode of acceleration:  

a) the angular speed b) the armature current;    

c) the moment of resistance d) motor efficiency 

Fig. 7.  Characteristics of the motor  

at the mode of deceleration:  

a) the angular speed b) the armature current;  

c) the moment of resistance d) motor efficiency 

 

Conclusion 
1. The simulation of TEC with pulse control system has been made and the characteristics of transients in 

the acceleration and deceleration modes for parabolic optimal control law have been obtained. 
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2. An order of switching gates of semiconductor pulse converter and modes for optimal control of traction 

electrotechnical complex of trolleybus have been determined. 

3. In the mode of acceleration and deceleration at low speed of traction electrotechnical complex of trol-

leybus there is ineffective operation. 
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ɧɿɱɧɢɯ ɪɿɲɟɧɶ ɦɨɠɭɬɶ ɛɭɬɢ ɦɚɝɿɫɬɪɚɥɶɧɿ ɞɜɨɫɢɫɬɟɦɧɿ ɟɥɟɤɬɪɨɜɨɡɢ ȿɉ10, ȿɉ20. Ȼɭɞɶ-ɹɤɢɣ ɬɹɝɨɜɢɣ ɤɨɦ-
ɩɥɟɤɫ ɦɚє ɩɨɡɚɲɬɚɬɧɿ ɪɟɠɢɦɢ ɪɨɛɨɬɢ ɡ ɩɨɞɚɥɶɲɢɦ ɦɨɠɥɢɜɢɦ ɩɟɪɟɪɨɫɬɚɧɧɹɦ ʀɯ ɜ ɚɜɚɪɿɣɧɿ ɭ ɪɚɡɿ ɩɨɦɢɥ-
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ɫɢɬɭɚɰɿɣ ɡ ɩɨɬɨɱɧɢɦ ɱɢ ɩɨɞɚɥɶɲɢɦ ʀɯ ɚɧɚɥɿɡɨɦ. Ɉɬɠɟ, ɚɤɬɭɚɥɶɧɨɸ ɡɚɞɚɱɟɸ є ɞɨɫɥɿɞɠɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɟ-
ɠɢɦɭ ɪɨɛɨɬɢ ɫɢɥɨɜɨʀ ɫɯɟɦɢ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɟɥɟɤɬɪɨɜɨɡɚ ɭ ɩɨɡɚɲɬɚɬɧɢɯ ɫɢɬɭɚɰɿɹɯ. 

Ɇɟɬɚ ɪɨɛɨɬɢ. Ⱥɧɚɥɿɡ ɫɬɪɭɤɬɭɪɢ ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɞɜɨɫɢɫɬɟɦɧɨɝɨ ɟɥɟɤɬɪɨɜɨɡɚ, 
ɪɨɡɪɨɛɤɚ ɦɨɞɟɥɿ ɤɨɦɩɥɟɤɫɭ ɬɚ ɞɨɫɥɿɞɠɟɧɧɹ ɪɟɠɢɦɿɜ ɪɨɛɨɬɢ ɭ ɩɨɡɚɲɬɚɬɧɢɯ ɫɢɬɭɚɰɿɹɯ. 

Ɇɚɬɟɪɿɚɥ ɬɚ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ. ɇɚ ɩɨɱɚɬɤɭ ɪɨɡɜɢɬɤɭ ɟɥɟɤɬɪɢɮɿɤɚɰɿʀ ɜɿɬɱɢɡɧɹɧɨʀ ɡɚɥɿɡɧɢɰɿ ɧɚ 
ɟɥɟɤɬɪɨɪɭɯɨɦɨɦɭ ɫɤɥɚɞɿ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɶ ɬɹɝɨɜɿ ɤɨɦɩɥɟɤɫɢ ɜɢɤɥɸɱɧɨ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ, ɹɤɿ ɦɚɸɬɶ 
ɫɜɨʀ ɩɟɪɟɜɚɝɢ (ɩɪɨɫɬɨɬɚ ɪɟɝɭɥɸɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɬɚ ɨɛɟɪɬɨɜɨɝɨ ɦɨɦɟɧɬɭ ɬɹɝɨɜɨɝɨ ɞɜɢɝɭɧɚ, ɪɨɛɨɬɚ ɡ ɩɟɪɟ-
ɜɚɧɬɚɠɟɧɧɹɦ ɬɨɳɨ). Ɂ ɱɚɫɨɦ ʀɯ ɩɨɱɚɥɢ ɡɚɦɿɧɸɜɚɬɢ ɧɚ ɛɿɥɶɲ ɩɟɪɫɩɟɤɬɢɜɧɿ ɫɢɫɬɟɦɢ ɡɿ ɡɦɿɧɧɢɦ ɫɬɪɭɦɨɦ. 
ɏɨɱɚ ɧɚɪɚɡɿ ɫɢɫɬɟɦɢ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ ɩɪɢɣɧɹɬɿ ɹɤ ɨɫɧɨɜɧɿ, ɫɢɫɬɟɦɢ ɡ ɩɨɫɬɿɣɧɢɦ ɫɬɪɭɦɨɦ ɬɚɤɨɠ ɩɪɨɞɨɜ-
ɠɭɸɬɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ Д1Ж. Ɉɛɢɞɜɿ ɫɢɫɬɟɦɢ ɨɛ'єɞɧɭɸɬɶ ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɬɚɧɰɿɣ ɫɬɢɤɭɜɚɧɧɹ, ɞɟ ɜɿɞɛɭɜɚ-
єɬɶɫɹ ɡɚɦɿɧɚ ɥɨɤɨɦɨɬɢɜɿɜ ɩɨɫɬɿɣɧɨɝɨ ɬɚ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ. Ⱦɥɹ ɜɢɤɥɸɱɟɧɧɹ ɰɢɯ ɨɩɟɪɚɰɿɣ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ 
ɩɪɨɰɟɫɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɞɜɨɫɢɫɬɟɦɧɿ ɟɥɟɤɬɪɨɜɨɡɢ. ɋɭɱɚɫɧɢɣ ɪɿɜɟɧɶ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɨʀ ɬɟɯɧɿɤɢ ɞɨɡɜɨ-
ɥɹє ɪɚɰɿɨɧɚɥɶɧɨ ɬɚ ɟɮɟɤɬɢɜɧɨ ɪɟɚɥɿɡɭɜɚɬɢ ɫɯɟɦɧɿ ɪɿɲɟɧɧɹ ɨɛɨɯ ɫɢɫɬɟɦ ɧɚ ɩɟɜɧɿɣ ɚɩɚɪɚɬɧɿɣ ɛɚɡɿ. 

ɇɚ ɪɢɫ. 1 ɧɚɜɟɞɟɧɨ ɫɯɟɦɢ ɫɢɥɨɜɢɯ ɤɿɥ ɞɜɨɫɢɫɬɟɦɧɨɝɨ ɟɥɟɤɬɪɨɜɨɡɚ ɩɪɢ ɠɢɜɥɟɧɧɿ ɣɨɝɨ ɜɿɞ ɦɟɪɟɠɿ ɩɨ-
ɫɬɿɣɧɨɝɨ ɬɚ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ. ɉɪɢ ɪɨɡɪɨɛɰɿ ɫɢɥɨɜɢɯ ɫɯɟɦ ɛɚɝɚɬɨɫɢɫɬɟɦɧɢɯ ɟɥɟɤɬɪɨɜɨɡɿɜ ɡɚɜɠɞɢ ɧɚɦɚɝɚ-
ɸɬɶɫɹ ɹɤ ɧɚɣɛɿɥɶɲɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɨɫɧɨɜɧɟ ɬɹɝɨɜɟ ɨɛɥɚɞɧɚɧɧɹ ɡ ɦɟɬɨɸ ɨɩɬɢɦɿɡɚɰɿʀ ɦɚɫɨɝɚɛɚɪɢɬɧɢɯ 
ɩɨɤɚɡɧɢɤɿɜ ɬɚ ɜɚɪɬɨɫɬɿ ɤɨɦɩɥɟɤɬɭ ɧɟɨɛɯɿɞɧɢɯ ɟɥɟɤɬɪɢɱɧɢɯ ɚɩɚɪɚɬɿɜ. 

Ʉɥɸɱɨɜɢɦɢ ɟɥɟɦɟɧɬɚɦɢ, ɳɨ ɜɢɡɧɚɱɚɸɬɶ ɩɨɛɭɞɨɜɭ ɫɢɥɨɜɨʀ ɫɯɟɦɢ (ɪɢɫ. 1) ɬɹɝɨɜɨɝɨ ɟɥɟɤɬɪɨɬɟɯɧɿɱɧɨ-
ɝɨ ɤɨɦɩɥɟɤɫɭ, є ɫɢɥɨɜɿ ɧɚɩɿɜɩɪɨɜɿɞɧɢɤɨɜɿ ɩɪɢɫɬɪɨʀ ɩɟɪɟɬɜɨɪɸɜɚɱɚ (ɜɢɩɪɹɦɥɹɱ (ȼ) ɬɚ ɿɧɜɟɪɬɨɪ (Іɧ)) Ⱦɥɹ 
ɨɩɬɢɦɚɥɶɧɨʀ ɪɨɛɨɬɢ ɩɟɪɟɬɜɨɪɸɜɚɱɿɜ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɩɟɰɢɮɿɱɧɿ ɫɯɟɦɢ ɡ'єɞɧɚɧɧɹ ɟɥɟɤɬɪɢɱɧɢɯ ɦɚ-
ɲɢɧ (Ɇ) (ɩɨɞɜɿɣɧɚ ɡɿɪɤɚ ɧɚ ɟɥɟɤɬɪɨɜɨɡɿ ȿɉ10) Д2Ж. 


