nepesar. 30KpeMa, Taka MOJEpHi3allis J03BOJISE MIJABUIIUTU HAAIMHICTh CHUCTEMH,
BUKJIIOYAIOYM PU3MK ABapIMHUX PEXUMIB Yy JIAHI031 30y/DKEHHS, a TaKOX CIpHUsIE
OITHUMI3alll TEXHIYHUX ITOKA3HUKIB.

[lincumoBau 3a0e3neuye BUCOKMM  KOE(DIIIEHT TMIJICUJICHHS CHUTHAITY
KEepyBaHHs, IBUIKOIII0, 1 CTAOUIBHICTh POOOTH B PI3HUX YMOBax, 10 poOUTH HOro
e(eKTUBHUM /ISl 3aCTOCYBaHHS B €HEPreTUYHUX YCTaHOBKax. Y poOOTI JeTaibHO
OMHCAHO KOHCTPYKIIO TIJACHIIOBaYa, a TaKOXX MPOBEJEHO pO3paxyHKH, IO
HOIATBEP/KYIOTh HWOro TMepeBard y TpUBAJIUX peXUMax poOOTH. 3aBAsKu
KOHCTPYKTUBHUM OCOOJIMBOCTSIM 1 MOKPAIICHUM EKCIUTyaTallliHUM BIIACTUBOCTSIM,
MiJICHIIOBaY MOXKHAa BHUKOPHUCTOBYBAaTH B aBTOMATH30BaHUX EJEKTPOMPUBOJAX 1
IIPOMHUCJIOBUX aBTOMATH30BaHMX CHCTEMax, Ji¢ NOTpiOHA BHCOKA HAIIMHICTDH 1
TOYHICTb.
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Introduction. Transient modes of operation occur during starting, braking,
reversing, and rapid changes in shaft load of a series-excited DC traction motor.
Changes in electromotive force, angular velocity, moment, and current over time are
characteristic of the emerging dynamic regimes. The calculation of transient modes is
used to determine the power of the electric motor and power equipment, as well as for
the development of control systems [1].

Modern schemes for regulating the frequency of rotation of direct current
traction electric motors usually contain thyristor pulse-width or phase-pulse converters,
a reverse diode and a choke for smoothing out ripples [2].

The aim of the work is study of transient and steady-state operation modes of a
150 kW series-excited DC motor, namely: acceleration and braking; direct and rheostat
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engine start (with change in starting resistance); instantaneous changes in voltage and
engine load; changes in voltage and engine load according to a given law.

Materials of research. When adjusting the frequency of rotation with the help of
a pulse-width converter, the voltage takes the form of a series of rectangular pulses
with an adjustable ratio of the length of the pulses to the period of their appearance.
When the specified ratio changes from 0 to 1, the average voltage value, which
determines the engine speed, changes from 0 to Umax.

The operation of pulse-width converters is basically based on frequent
commutations when adjusting the rotation frequency. The dynamic modes of the
source-converter and the motor-load are also affected by the commutation of the
current circuit.

The functions of the transient process of the electric motor are the rotation
frequency w(?) and the current i(t), which are calculated from the initial data, such as
the initial values of the frequency and current, parameters of the control circuit
(forward resistance of the reverse diode, resistance of the motor circuit and inductance
of the motor circuit), relative pulse length, power supply voltage, moment of inertia of
the system reduced to the rotation frequency, nominal data of the motor (power, voltage,
rotation frequency, torque, current and parameters of the armature and excitation
windings).

The transient electromechanical process is described by two systems of
nonlinear differential equations.

For intervals of action of voltage pulses Tk <t <to+ T« (k=1,2,3,...)

di(t) _ 1 [UO _ i(t) X R1 — ew(t)]

dt Ly
[M(t) — Mg(t)]

dw(t) (1)

1
dt J

For intervals of action of voltage pulses to+ Tk <t < T+1) (k=1,2,3,...)

di(t)

2= 1 [®) X Ry + Ro) + e, (1)]

R =S [M(®) - Ms(©)]

()

where:
eo(t) = Cexw(t) xD(t) — rotation EMF,
M(t) = Carxi(t) xd(t) — motors torque.

The non-linear relationship between flux and current of a series excitation motor
can be obtained from the universal magnetization curve in relative units [3] @* = f(i*),
where @*= @ [ Oy, ai*=i/ In.

Approximation of the dependent function @* = f(i*)? at g =0,5 gives an error
of less than 5% in the working range of 0,4 <i* <1/4.

Under such an approximation, the EMF equations of rotation and moment will
take the form
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where
_ CMXCDN
KM - 195
N
_ CgXDy
KE - 0,5

Iy

M(t) = Kn [i()]*,
eo(t) = Kexao()[i()]°°,

30 . .
X —- constant coefficients.

Systems of differential equations for two regimes can be represented by one

system that contains parameters dependent on commutation (Table 1).

dcii(tt) = = [U(®) — Kp X w(£) X i(t)*5 — i(t) X R(t)]
1
do() _ 1 .
o = 7 [Kni (O = Mg(D)]

Table 1

Parameter | Yalue _

During the pulse During the pause
U(t) Uo 0
R(t) R1 R1 + Ro

(3)

At high switching frequencies and low pulsations of the motor current, to solve
the system of equations (3), we consider U = Unig for the entire time interval, where
Umia = yUo for pulse-width control and Umia = Umax (1 + cosa) / & for phase-impulse

control.

Solving system (3) under the accepted assumptions makes it possible to
investigate transient and stable modes are: acceleration and braking; direct and rheostat
engine start (with Rad change); instantaneous changes in voltage and engine load,;
changes in voltage and engine load according to a given law.

The output data for the calculation is selected taking into account the nominal
data of the DC motor with series excitation are

— voltage Un = 600V,

— power Py = 150 kW;

— current Iy = 275 A;

— rotation frequency ny = 1480 rpm (ewn~ = 155 radps.);

— moment My = 967 Nm.

Parameters

— engine wheel resistance;
— direct resistance of the damping diode;

— inductance of the motor circuit;

Design data

— moment of inertia of the engine;

— constant coefficient;
— constant coefficient;
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Initial conditions

— initial start time;

— initial current;

— initial rotation frequency;

— initial pulse length.

When calculating various options, it is possible to determine the parameters of
the replacement circuit, which will ensure a high efficiency, low losses and low current
ripples in various operating modes.

With the use of calculations of electromechanical processes, it is possible to
obtain dynamic mechanical characteristics @ = f(¢) and operating characteristics of the
engine, as well as external and control characteristics of the converter, which will allow
to evaluate the operational and economic indicators of the engine under study with the
selected system of control of its rotation speed.

When solving the system of differential equations (3) under the accepted
assumptions, the limit permissible increase in the frequency of rotation of a direct
current motor with sequential excitation at start-up is determined for two load modes:
Mc = 0,5 My and Mc = M. The universal magnetization curve is approximated by a
power function with g = 0,5, calculation step At = 0,05 s.

Conclusions. Calculation of the transient characteristics of the change in motor
speed and current during acceleration at half and nominal load showed that a further
increase in electromagnetic loads would lead to significant deterioration of
commutation and thermal operation. Adjustment of the operation mode of the pulse-
width converter in the power supply scheme of a DC motor with serial excitation
should be carried out taking into account the characteristics of the speed of the voltage
rise on the motor under different loads. Forcing the engine start mode can lead to its
premature failure.
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