Investigation of processes for weakening the magnetic field of traction electric motors in vehicle compositions
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Abstract. Worldwide, significant attention is being devo TEM to improving the technical condition of mainline diesel locomotives, determining the magnetic field parameters of traction electric motors (TEM) in their traction tranwfission, identifying the impact of these parameters on the tractive force and fuel consumption of diesel locomotives, increasing the efficiency of the existing locomotive fleet, and enhancing the performance and efficiency of mainline diesel locomotives. In this context, conducting research on the application of modern methods for determining the parameters that affect the tractive force and technical condition of diesel locomotives is of particular importance. Simultaneously, reducing costs by improving the TEM magnetic field weakening system in DC electric transmission mainline diesel locomotives is considered one of the crucial and urgent tasks. Analysis of the locomotive's efficiency (LE) revealed that a decrease in the locomotive's efficiency occurs when the traction generator has low values of Rg and Ne, and MK=const on the direct start-stop diagrams in the non-hyperbolic external characteristic zone. By changing (reducing) the value of the magnetic field damping resistance of the traction generator, it was possible to alter the magnetic field damping time of the traction generator. A recommended improvement for the transient process of magnetic field attenuation in traction generators of diesel locomotives with DC transmission has been developed. An electrical circuit diagram for installation has been designed. Based on the developed system of equations for the magnetic field attenuation circuit and the analysis of the processes occurring in it, the current flowing through the power circuit during the magnetic field attenuation process was calculated TEM.
INTRODUCTION
Over the Recently, a significant increase in the total length of electrified sections of Uzbek railways In the world, much attention is paid to scientific research aimed at improving the technical condition of mainline locomotives, determining the magnetic field parameters of traction electric motors (TEM) in their traction transmission, determining the influence of the magnetic field parameters of traction electric motors on the traction force and fuel consumption of locomotives, increasing the efficiency of the existing locomotive fleet, and mathematical modeling to determine the dynamic and electrodynamic parameters of mainline locomotives to increase their efficiency and efficiency. In this regard, research work on the application of modern methods for determining the parameters affecting the tractive force and technical condition of diesel locomotives is of particular importance. At the same time, reducing costs by improving the TEM magnetic field attenuation system of DC power transmission mainline diesel locomotives is considered one of the important urgent tasks.
EXPERIMENTAL RESEARCH
In the control circuits for attenuating the excitation of traction electric motors (TEM) of TE10M type locomotives, the excitation attenuation toggle switch (TUP) must be turned on for the transition relay to activate TEM excitation attenuation. Then, when the transition relay RP1 is active TEM, the group contactor VSH1 of the first stage of excitation attenuation is active TEM, and when the transition relay RP2 is active TEM, the group contactor VSH2 of the second stage of excitation attenuation is active TEM [1].
The TUP "Transition Control" toggle switch serves for emergency shutdown of contactors VSH1, VSH2 in case of malfunctions in the operation of the RP1, RP2 transition relays (Fig. 1) [2].
The transition relay has two coils (connected TEM in parallel and series) and, according to its operating principle, is considered a differential relay, i.e., it activates or releases not at any given parameter, but at a certain ratio of two parameters (current and voltage). This is clearly evidenced by the characteristics of the relay's activation and release [5]. The greater the current Is in the series-connect TEM coil, the smaller the current Ish in the parallel coil, and the relay activates. The ratio of currents Ish/Is remains approximately constant during activation or release: the dependence f (Ish) =f (Is) on the graph consists of almost straight lines [6].
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Fig. 1. Starting (1) and release (2) characteristics of the RD3010 transition relay

The voltage coil of the relay, together with a resistor, is connect TEM in parallel to the armature circuit of the traction generator. The current in this coil (and consequently, the magnetic flux) is proportional to the generator voltage. The series-connect TEM current coil of the relay, along with a resistor, is connect TEM in parallel to the windings of the generator's additional poles. As a result, the current in this coil (and the magnetic flux) is proportional to the generator current (Figure 2) [10].
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Fig 2. Principal circuit for connecting transition relays RP1, RP2 and relay coils RP3 in TE10M and TE10U type locomotives

The control circuit of the TEM field-weakening contactors is active TEM from position 4 through the contacts of the driver's controller [7,13,22].
The unstable operation of the switching system has been no TEM in numerous articles for many years [12,24].
We include the following among the unstable factors of the switching diagram:
- untimely activation and deactivation of relays on the diagram, which do not correspond to the calculated TEM points of the locomotive's tractive effort-speed characteristic;
- absence of relay activation or deactivation;
- burning of the power contacts of the field-weakening contactors;
- "chattering" of RP1 and RP2.
The switching diagram reflects the complexity of the locomotive's electric transmission dynamic system with its significantly nonlinear (relay) characteristics. The term "chattering" refers to "self-oscillations" in the control system.
Previously [13,32], attention was drawn to the systematic tendency of the switching control system to self-oscillate and deviate from regulation, i.e., to untimely switching of relays RP1 and RP2. Subsequently, statistical data on failures of the switching system were collect TEM [14].
The mutually compatible characteristics of the transition differential relay are implemented TEM according to the following principle: the lower the controller position, the faster direct switching occurs, which contradicts the conditions for implementing traction as the controller position increases [15].
Direct switching is adjustment TEM at the following currents during rheostat tests at position 15 of the controller [13].
FF → AF1 - 3100 A;
AF1 → AF2 - 2900 A.
Therefore, the AF1 → AF2 switching lines fall into the voltage limit zone at controller positions below 9÷10. In this case, the voltage does not increase, the power decreases, the train cannot accelerate, and the activation of relay AF1 → AF2 is not observed [17].
Calculations of the tractive effort values in the direct activation-deactivation zone for serial and experimental circuits were carried out, which are given in Table 1.

Table 1. Experimental and calcula TEM values of tractive force in the switching zones of the serial and experimental schemes of the 2TE10M diesel locomotive.
	№ o.n.
	Controller position

	Tractive force, kgf

	
	
	FF→AF1 On-Off
	AF1→AF2 On-Off

	
	
	Serial circuit
	Experimental circuit
	Serial circuit
	Experimental circuit

	1
	2
	3
	4
	5
	6

	1
	15
	17 000
	17 000
	10 500
	11 500

	2
	13
	15 500
	16 000
	9 000
	10 800

	3
	11
	13 500
	14 000
	7 000
	9 300

	4
	9
	10 000
	12 000
	4 000
	8 000

	5
	7
	5 000
	9 000
	2 500
	6 000

	6
	5
	-
	7 500
	-
	4 000



Due to the possibility of self-oscillations occurring in the automatic control system, relay tuning to low currents is not carried out ("chattering"). Traction-economic characteristics of the transition relay in the activation-deactivation zone of TE10 type locomotives were calculated TEM based on the methodology present TEM in the literature [17,18]. The calculation of the traction-economic characteristics for the relay current coil in serial circuits in the direct activation-deactivation zone was carried out, and they were experimentally connected TEM to the circuit of the control winding of the amplistat. At the same time, the correction diagram was adjusted TEM by adding additional resistances to the current coil circuit [19].
Subsequently, the current coil circuit was connected TEM to the output of the maximum current release node of DC transformers and to this circuit itself, providing an intersection of the field windings of the traction motors. Later, to improve the circuit, the current coil circuit was connected TEM to the output of the amplistat control winding, excluding the SRPT resistance and its regulation [21].
positions = [15, 13, 11, 9, 7, 5]
# TM → SM1
serial_tm_sm1 = [17000, 15500, 13500, 10000, 5000, None]
exp_tm_sm1 = [17000, 16000, 14000, 12000, 9000, 7500]
# SM1 → SM2
serial_sm1_sm2 = [10500, 9000, 7000, 4000, 2500, None]
exp_sm1_sm2 = [11500, 10800, 9300, 8000, 6000, 4000]
# Plotting the graph
plt.figure(figsize=(10, 6))
plt.plot(positions, serial_tm_sm1, 'o-', label="TM→SM1 Serial Circuit")
plt.plot(positions, exp_tm_sm1, 'o--', label="TM→SM1 Experimental Circuit")
plt.plot(positions, serial_sm1_sm2, 's-', label="SM1→SM2 Serial Circuit")
plt.plot(positions, exp_sm1_sm2, 's--', label="SM1→SM2 Experimental Circuit")
plt.gca().invert_xaxis()  # Positions decrease
plt.title("Variation of Tractive Effort Depending on Controller Position")
plt.xlabel("Controller Position")
plt.ylabel("Tractive Effort, kG")
plt.legend()
plt.grid(True)
plt.tight_layout()
plt.show()
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Fig. 3. Experimental and calculaTEM values of tractive force in the switching zones of the serial and experimental schemes of the 2TE10M diesel locomotive
RESEARCH RESULTS
The program is designed for the following purposes: to simplify the calculation of the parameter u (t) - excitation flux, as well as to obtain results that will be used in subsequent research.
CONCLUSIONS
The attenuation of TEM's magnetic field in the operation of FF→ AF1 and AF1→ AF2 systems is examined. When the KV contactor of the excitation system is de-energized, its power contact is shunt TEM with a parallel-connect TEM resistance RSVG=51 Ohm. As a result, the traction generator's voltage dissipates faster than the counter-electromotive force of the traction electric motor's magnetic field. This leads to the system's transition to a short-term braking mode and the separation of magnetic field attenuation contactors' contacts at current and voltage values several times higher than their nominal values.
The change in the traction generator's magnetic field damping time by reducing the value of its magnetic field damping resistance is considered. A proposed circuit diagram for improving the magnetic field attenuation transition process of traction generators in DC-driven locomotives without microprocessor control systems is present TEM.
Based on the system of equations developed for the reduced circuit and analysis of the processes occurring in it, the current flowing through the power circuit during the magnetic field attenuation process was calculated TEM.
The technical and economic efficiency of the developed scheme based on the excitation attenuation diagram for DC-driven locomotives without microprocessor control systems was calculated TEM. The calculation work considered the possibility of comparing the profit from the modifications introduced to the reduced magnetic field attenuation electrical circuit with the funds spent on the developed experimental scheme and determining the overall profit.
The rheostatic tests and inspection of the running gear for the system of improving TED magnetic field attenuation in diesel locomotives were conducted in collaboration with the joint-stock company "Uztemiryo'lmashta'mir" after the modernization of the electrical circuit on diesel locomotive No. 2118 of the 2TE10M type.
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Variation of Tractive Effort Depending on Controller Position
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