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ABSTRACT

In this paper, a complete modelling and numerical simulation are given
for a system consisting of a separately-excited dc motor fed from an AC to
DC symetrical angle controlled converter through a Bridge rectifier and a
power MOSFET. This work presents a detailed theoretical analysis and
experimental resylts to improve the power factor via this converter. The
differential equations describing the system behaviour in the different
modes of aperation are given. Both transient and steady-state conditions
are obtained by solving these equations numerically. Moreover, the effect
of control voltage of the converter on the system performance is
investigated. The computed performance is verified experimentally where
close agreement between the computed and test results is achieved. The
results show that the present modelling and numerical simulation is
accurate and convenient to obtin the speed controller parameters for
closed loop speed control in order to provide specific response.

LIST OF MAIN SYMBOLS

B : Viscous friction coefficient.

C, : Capacitance of the filter capacitor.
f : Supply frequency.

in : Instantan'eous armature current.
is : Instantaneous supply current.
J : Moment of Inertia.

K., : Back e.m.f. coefficient.
Ln&r,, : Armaturg inductance and resistance.
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Ly &ry, : Filter inductance and resistance.
R, : Field resistance.

Ty : Load torque,

U : Integrator output.

v,V :Instantaneous and peak values of supply voltage.
V. : Control voltage.

Vu  : Motor voltage.

o : Supply angular velocity.

Om : Motor angular velocity.
T1 , K; : Controller parameters.

1. INTRODUCTION

The classical solution of AC-DC rectification using a full wave diode
bridge followed by a bulk capacitor is being disconnected, due to its
harmonic current content, which is rich in low-order components [1}].

Many studies were reported to develop different circuit configurations
to reduce the harmonic contents and improve power factor for static loads
[2-6].  Several active schemes have been proposed and analyzed for
shaping the line current for single-phase applications [7-9]. A theoretical
analysis of cascade buck-boost converter for static resistance-inductance
load is presented [10]. A high power factor electronic ballast based on a
single power processing stage with constant de-link voltage is presented
[11]. Steady-state behaviour of dc motor supplied from a single-phase
rectifier followed by'a stép-up converter has been investigated [12]. Pulse
‘width modulation contrel technique using three switches, three-phase dc
drive system has- been investigaged [13]. The operation of dc motor
supplied from AC-to-DC cuk converter has been studied in both transient
and steady-state under open and closed loop speed control [14]. In
Reference [15], steady-state characteristics is investigated for dc series
motor supplied from symmetrical angle control. No attention has been
paid to the dynamic performance and speed control of a d.c. motor
supplied from single-phase AC-DC symmetrical angle control converter.
In this paper, a complete modelling and numerical simulation are obtained
for a system consists of a dc seperately excited motor fed from an AC to
DC. symmetrical angle controlled converter through a Bridge rectifier
and one MOSFET. The differential equations which describe the system
behaviour are impelemented in a simulation program. This program are
used to predict steady-state, run-up and transient conditions for the
proposed system. The simulation program enables to compute the speed
controller parameters for closed-loop operation.
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2. SYSTEM DESCRIPTION

Figure (1) shows the schematic diagram of the complete control system
for speed control. The system consists of a cascade combination of diode
bridge rectifier and symmetrical angle control converter connected to AC-
single-phase supply which fed dc separately excited motor. The motor
votlage is regulated by regulating the control voltage (V.) from 0 to
maximum value (A) of the timing voltage (w,) as shown in Figure (2). This
technique is used to control motor speed. The inductance L, and C, are
used as a d.c. filter. The MOSFET type IRFP 450 is fired by an impulse
generator. The gate pulses are generated as shown in Figure (2). The
parameter values of the designed system are given in Appendix (1),(2).

3. MODELLING AND MODES OF OPERATIONS

Figure (3) shows the modes of operation and can be demonstrated as
given below:

3.1 Modelling of the power circuit and motor:
Mode (1)

In this mode, the MOSFET is turned ON as shown in Figure (3).
The differential.equations describing this mode are written as follows:

Ly (div/dt) = . v, - igre-va @)
Ly, (din/dt) = Vi = i T = Kin O @)
Jdow/dt) = = Ka. in-Bow-Tv B
C, (dVn/dt) = (iL - im) 4)
o= i _ _ )
vs = Vl]sinot]| o (6)
Mode (2)

In this modg, the MOSFET is turned OFF as shown Figure (3). The
differential equations describing this mode are written as follows:

L [dim / dt] = V.;. “Inim = Kn On (7)
J [dow / dt] = K im - Bw, - Ty 3)
Co [de / dt] = iL - im B (9)
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Figure (2): Output of pulse generator circuit.
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Ly [diL /dt] = “Vm-iL 1L : (10)
is = 0 - (11)
3.2 Modelling of the impulse generator

From Figure (2) the equation which represents the timing voltage is
givin by the following expression:

0, = A sin ot (12)

where, A is the maximum voltage signal (12 volt), o is the angular velocity
and t is the time. The chopping period T is given by:

T=o0 (1/“6 (13-2)

MOSFET is turned ON when Ve < @,
MOSFET is turned OFF when Ve > Qa - (13-b)

3.3 Power factor calculation
The total harmonic components of the supply input current I is given-

by:

» Ist

(Is2 - 1312)0.5 o - (14)

where, I, Is; are the r.m.s. value of the supply current and fundamental
component respectively. The total harmonic distortion factor of the
supply current (THDF) is given by:

THDF = Is / Iss (15)

The supply input power factor si given by:
PF = power factor = Cos ¢, / [I+THDF*|"* (16)

4. EXPERIMENTAL AND SIMULATION RESULTS

The proposed system is designed and implemented to verity the
developed model of this system. The behaviour of this system under
transient and steady-state conditions is determined by solving the
nonlinear differential equations using the fourth order Runge-Kutta
method. The instantenous and r.m.s. values of supply input current and
voltage, motor current and voltage and motor speed are obtained from the
proposed numerical simulation of this system. The open loop and closed
loop behaviour of this system have been studied.
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4.1 Steady-State Characteristics
The given steady-state characteristics include both the effect of varying

control voltage (V.) and samples of waveforms as follows:

4.2 Effect of Control Voltage

Figure (4) shows the effect of varying the control voltage on the motor
current, motor voltage, motor speed and supply input power factor for 0.5
and 0.75 full load torque. It is noted that increasing the control voltage
results in an decrease in motor voltage, current and speed. Also, it is noted
that the input pewer factor varies in an acceptable range for such systems
compared with thyristor fully controlled rectifier systems. [15-16)].

Figure (5) shows samples of the steady-state waveforms for control
voltage (V¢) of 6 volt and half load torque. It is noticed that the agreement
between the measured and computed values is acceptable for steady-state
characteristics and waveforms.

4.3 Run-Up Behaviour

Figure (6) shows the waveforms of supply voltage, supply current, motor
voltage, motor current and motor speed when the motor is started with a
load of half the rated torque at control voltage = 6 volt. It is noted that the
supply current at starting is about 1.5 of the steady-state value, while the
run-up period is about 0.5 second.

4.4 Load Torque Disturbance

Figure (7) shoews the response of motor current and speed for a change
in load torque from 0.5 to 0.75 of the rated value. Figure (8) shows the
response of the same quantities for a change in load torque from 0.75 to
0.5 of the rated value. The control voltage for load torque disturbances is
equal to 6 volt. It is observed that the motor current is increased with
increasing the load torque. and the motor speed is decreased as shown in
Figure (7). The reverse effect is observed in Figure (8).

4.5 Control Votlage Disturbance

Figure (9) shows the system response for motor voltage and speed for
positive and negative step change in the control voltage from 10 to 7 volt
and from 7 to 10 volt with a half full load. The motor voltage and speed
are increased with decreasing in control voltage due to increasing the
MOSFET ON state.
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APPENDIX
Table I : The system reduced admittance matrix ( moduli in p.u. and
arguments in deg )

s 1‘ 1.68799 £-71.68

0.51323 £79.44 \ 0.00051 £98.07 ‘ 0.00048 f_’104.0I
0.00058 /88.92

0.00155 £103.64 | 0.73660 £94.39
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3. CLOSED LOQOP SPEED CONTROL

The open loop transfer function (T-F) of the speed response with a step
change in control voltage for this system is obtained using the proposed
numerical simulation. Figure (9) shows the results of the computed and
experimental speed response which are obtained by step change of the
control voltage ffom 10 to 7 to 10 volt at half full-load. It is noticed that
the transfer function of this system has a form of a first order for wide
range of load torque. This is due to the electromenchanical time constant
(Tem) is quite large compared with the electrical time constant [14-17].
The open-loop transfer function for this system may be represented by the
following equation:

T.F = K/(1+ TewS) 17)
The parameters K and T.., are given in Appendix (3).

Figure (10) illustrates the complete circuit for closed-loop speed control
system. Thereforé, the overall closed-loop transfer function is given by:

Ou/Vrer = K K1 / (11 Tem 8 + 11 (1I+K KiK) S + K K(K)) (18)
The system ch;racteristic equation is:

§? + (1+K KKTew) S + (K KKt Top) = 0 (19)
This equation takes the following standard second-order form:

S +(@2no)S+ot = 0 0)

Comparing equations (19) and (20) gives the following relations for the
controller parameters:

Ki = /KK)(21NTem-1) l, (21)
t = (10 Ten) 21 Ten- 1) 22)

The proportional and integral controller parameters (K and 1) can be
calculated by selectmg a suitable value for damping ratio n according to
the allowable maximum overshoot. The controller parameters are given in
Appendix (3).

The controller equation is given as follows:
T1 (dU/dt) = (Vref - K( (Dm) (23)

Ve= Ky (U- K 0n) (24)
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Figure (11) shows the computed and experimental response of motor
speed due to step change in the reference voltage at half full load. It is
clear that the motor can follow the desired speed reference smoothly.

Figure (12) shows the computed and experimental results of motor
speed due to positive and negative change in load torque form 0.5 to 0.6
and from 0.6 to 0.5 full load torque respectively. It is observed that the
speed has returned to its initial value after 380 m.sec. which in turn
confirms the validity of the proposed system.

6. CONCLUSIONS

In this paper a theoretical and experimental study for steady-state and
dynamic performance of a separately-excited d.c. motor fed from a single-
phase AC to DC symetrical angle controlled converter through a bridge
rectifier and one power MOSFET. The control circuit for this system is
simple and has a step.down capability. This system is used to achieve an
improvement of the supply input power factor. Moreover, the dc motor
voltage and current aré smooth. The dynamic and steady-state behaviour
are predicted using the proposed modelling and numerical simulation.
Further, the simulation may be considered as a good tool to predict the
suitable proportional integral controller parameters for closed loop speed
control. However, the: best responses of speed due to load torque and
speed reference disturbances are obtained. The motor speed can follow
the desired speed reference smoothly and fast with reasonable overshoot.
Also, the speed is found to remain constant with load torque changing.
The comparison-between the simulation and experimental results for open
and closed-loop systems have proved close agreement with each other.

7. APPENDICES

Appendix (1)
The parameters of the designed system are as follows:
Vimae = 71 volt , Ly = 0.099 henry
r. =2 ohm -,  C,=1200 uF

A = 12 volt s Fs = 50 Hz

Appendix (2) |
The test motor is a separately excited DC motor, 55 volt, 50 watt, 1
ampere, 3000 r.p.m. having the following measured parameters:
R. = 10.5 ohm s L,=006 H ,
R = 550 ohm s - B = 0.0001 N.m./(rad./sec.) ,
K, = 0.127 volt/(rad./sec) , J = 0.00'12: Kg.mz.
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Appendix (3)

The values of P.I. speed controller parameter are as follows:
K=12 , Temn = 0.09 Sec. , K =0.019 Volt/(rad/sec.)
K,=10 , T = 0.09 sec.
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