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ABSTRACT

This paper presents a comparative simulation and experimental
study. of a microprocessor-based closed loop current control
of " dniversal motor when fed from either a d.c. power supply
or -an a.c. power supply via a MOSFET transistor. The current
control or torque control is achieved on line using Bang-Bang
{ON/OFF} control technigque. This method is simple, cheap and
fast. Only one transistor is used for chopping d.c. Supply or
sinusoidal input veoltage to the motor. The proposed control
technique for current can be used in industrial application
required - a constant torgque such as electric traction. An
extensive ‘simulation and experimental studies are carried out
for the. two proposed systems and results are presented. An
acceptable agreement between measured and calculated results
is obtained. .
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1. INTRODUCTION

Universal motor is simply one of the series uncompensated -
machines family, built only in fractional horse-power sizes.
Being intended for - operation from either direct or

alternating current supplies, they are frequently referred to
as universal motor [L). Such type of motors has been
efficiently used to drive the portable apparatus such as
vacuum cleaners, electric drills, cbnveybrs, traction,

mining, ...... etc. This is due to the comparable torgue/speed
characteristic produced with both dc and ac power scurces of

the same r.m.s. value [2]. The Commdhly used electric drive -
systems can be classified into:

1- Analog systems.
2~ Digital systems.
3-Microprocessor or microcomputer-based systems,

The - latest system should have sufficiently fast sampling.
rates and program execution time in order to provide the
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optimal performance of the current control and the firing
circuits. Several analytical and practical procedures have
been prgposed in.the literature for the synthesis-of the load
torgue control 'of the DC drives. A brief description {3] of
the widely known techniques are given as follows:

The technique proposed in {4,5] was based on using a current
command for high efficiency -torgue " control of a dc motor
taking the effects of the magnetic saturation and armature
reaction -into account (Analog system).

The method presented in [6] which concern controlling the
torque of a separately excited d-c¢ motor using a thyristor
chopper in the armature circuit for the low-speed range and a
transistor chopper in the fileld for high-speed range. The
microcomputer method used in [7] to control the torque of a
separately excited d-c motor of an electric vehicle drive by
controlling the armature current in either direction to check
the motoring and regeneration torque of the vehicle. Between
zero and base speed of the motor, the armature current was
controlled by a two-quadrant transistor chopper with the
field current maintained constant, whereas at higher speed
range, the field current is regulated to control the armature
current. The method of estimating parameters of a control
loop with an observer for the unmeasurable variable that
influence the 1load of the motor was described in [8], This
method presented a robust control algerithm that greatly
enhances the control of the plants with variable parameters.

A modelling and simulation study [9) of a closed lcop speed
control scheme for a MCOSFET chopper-fed series motor, using a
non-linear discrete model has been presented. In that study,
conventicnal analeg PI contreller parameters for speed are
determined wusing recurrence matrix. The scheme is suitable
for battery urban electric vehicles and small traction
systems. A microcomputer based digital closed loop speed
control for universal motor using CON/OFF control method for
adopting the motor input voltage to keep its speed within the
desired wvalue was employed [10], It is useful for industrial
applications which need wvariable speeds with good motor
performance.

Microprocessor control of power electronic egquipment is
commercially attractive because it offers the possibility of
improved reliability and increased flexibility.

In thig paper, a Bang-Bang control technique to contreol the

universal motor's current or torqgue is presented in two.

proposed systems using only one MOSFET transistor for
chopping the input voltage of the wmotor to achieve the
desired reference current. One of them is developed when the
motor is operated from d.c. power supply via MOSFET
transistor, and the other system is proposed when the motor
is fed by a.c. power supply via MOSFET and fully uncontrolled
bridge. A microprocessor is used to turn ON or OFF MOSFET
trangistor depending on input error signal between reference
current and actual instantaneous value fed through A/D
converter. : '

Z2. UNIVERSAL MOTOR ANALYSIS

The uncompensated universal motor is repregented as shown in

Fig. 1. The following equations [1] can be written in
transient domain as
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v = L, -t R, i+ E, (1)

Eb = - Kl (Dm la (2}
dw. " |
Te = TL J —-dt— + KZ a)m {3)

"2
Te = - K1 i, . (4)

Sy

armature

il fietd

- Figure 1 The Universal Motor

The motor parameters are given in the Appendix. In case of
d.c. input voltage v = E, but in case of a.c. input voltage

v o= Vm_Sln ot
3. DESCRIPTION AND MODELING OF FIRST PROPOSED ‘SYSTEM

When the motor is fed from a d.¢. power supply, the purpose
of the  current 1dop' is to make the actual motor currerit
follow the current reference signal (I } shown in Fig.2a
This is done by comparing a feedback signal of actual motor
current (ia) with the current reference signal. The error
gignal = (e = I -1} is :Peds throughian Analog/Digital
converter to a Mmicroprocessor 8085. An assembly program is
written to receive the error signal. (e)..and compare it with
ZEro according to Bang-Bang control technique as the

following rules:

If ) e ».0 Turn on MOSFET transistor (v = vL)
but when e < 0 Turn off MOSFET transistor(v = V- VC)
‘ _ . I 7,
Where . Vg =R i,-+ — ), dt (5}
‘ ) s c '

The microprocessor output port and MOSFET driving circuit
are’ shown in Figure 2b. o .

Since the electromagnetic torque is proportional to motor
current so, this K method of current control is the same as
torque control.
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Figure 2a Closed foop current control of universal motor fed by a d-¢
supply ;
12V
+ 9v
. 3Q
330 @

To gate of
MOSFET

Signal from
Microprocessor

R |
Optocoupler

330 Q2
v

‘Figure 2b  Driver circuit and interface circuit between microprocessor and
- MOSFET transistor

4. SIMULATION AND EXPERIMENTAL STUDY OF FIRST PROPOSED SYSTEM .

A mathematical model program has been built and represented
by equations 1-5. This program solves the nonlinear equations
using 4th order Runge-Kutta numerical method with step =
0.1m.sec. and v =E (constant d.c. voltage).

The flowchart of Fig.3 indicates the simulation program.

Experimental and simulation results of motor terminal voltage
is given in Fig.4 at fixed reference current (C_361 amp.) and
different wvalues of input voltage. Because of the snubber
circuit (which is used to protect MOSFET transistor and the
smallest OFF period of MOSFET transistor), the motor terminal
voltage does not reach =zero voltage value. On the other
hand, at fixed input voltage and varied reference current,
the motor terminal voltage -is shown in Fig. 5 A good
agreement between Experimental and simulation results are
obtained. o .

-
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Figure 3 " A flowchart indicates simulation results of
closed loop control of the motor fed by a d-c supply
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5. Description and modeling of Second Proposed systew

When the motor is fed by an a.c. power supply, the current
closed loop control is achieved in Fig. 6 by comparing on
line - feedback signal of actual instantaneous motor current
(i) with the instantaneous value of sawtooth reference
signal I and the difference between Iref'and i is e
and comparé it with zero. Synchronization circuit is Shown in
Fig.7 , the output square signal is necessary for

microprocessor ‘

so if e <’ Zexo output of. 5 volt from microprocessor
output port to turn off MOSFET transistor through its driver
circuit. ©On the other hand, if e > Zero Zero volt go out
from microprocessor cutput port to turn on MOSFET transistor
through its driver circuit . The . study investigates the
variation of reference frequency and amplitude.
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- Figure 6 Closed loop current control of universal motor fed by a-c supply
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Figure 7 Synchronization circuit
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6. SIMULATION AND EXPERIMENTAL STUDY OF SECOND PROPOSED SYSTEM

A computer simulation program has been built based on the
same rules as the last program used CO simulate the first

method except replacing input motor voltage with v = Vpsinot

replacement of E and reference current is sawtooth instead
of constant wvalue in first method of contrpl. On line
comparison between instantenous motor current and reference
voltage and the difference between them is fed to the
microprocessor through A/D converter. The Machine language
program is stored to memory module connected to

microprocessor ‘interface and hence output signal from

microprocessor according to the previous rules of Bang-Bang
control to turn on or turn off MOSFET and hence energise
motor or not. The results are carr1ed~out analytlcallyjand
practically, The requxred pulses to MOSFET, "motor term1na1
voltage and current are shown in Fig.8 at a.geonstant input
voltage, censtant.: amplltude but with variable frequency of
reference voltage. The motor speed decreases with increasing
frequency of the reférence voltage. A good performance of
motor current has been obtained at frequency of reference
current = 2 Khz. A good agreement between pract1ca1 and
analytical results has been obtained.
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.Another pracitcal results has been represented in Figures 9, 10, 11, and 12. Thses
Figures show MOSFET pulses, motor current, and terminal voltage.at diﬂ‘erent control

conditions.,

chl, MOSFET pulses
. ¢h2. Motor current

4 S0 O

chl Motor termmal voltage
Fig. 9 Experimental results at-input votage = 72.5 volt, ‘Reference frequency = 500 Hz.,
and Reference current with amplitude = 0.5049 Amp. and motor speed = 179 rp.m.
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chl. MOSFET pulses
ch2. Motor current

DO . O

chl. Motor terminal voltage
Fig. 10 Experimental results at input votage = 98 5 voIt Reference frequency 1K Hz.,
and Reference current with amplitude =0.5049 Amp. and motor speed = 996 r.p.m.
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Fig. 11 Experimental results at input votage =121 volt, Reference frequency = 2K Hz.,

and Reference current with amplitude = 0,6732 Amp. and motor speed = 2250 r.p.m.
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Fig. 12 Experimental results at input votage = 97.6 volt, Reference frequency = 20K Hz.,
and Reference current with amplitude =0.504% Amp. and motor speed = 1655 r.p.m:
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7. CONCLUSION

In many industrial applicationg, constant torque is required.
Two models of a closed loop current control of universal
motor using Bang-Bang control (hysteresis control) are

proposed. Model one is such that when a d-c power supply fed
the motor but model two is obtained when an a-c power supply
fed the motor. Analytical and computed results has been
obtained. A comparison between simulation and experimental
results is acceptable and in good agreement. Because motor
torque is proportional to motor current, hence torque control
is achieved. when motor current is known. The present study
shows that only one MOSFET transistor is used for chépping
input d-c or a-c voltage to motor to achieve current control
using wmicroprocessor. This method of control gives us some
important advantages such as simplicity, less expensive and
high acuracy. g
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SYMBOLS

¢: Snubber circuit capacitor

E: d.c. input voltage

E, : back e.m.f. '

iz : armature current.

i, : Snubber circuit current.

J7: inertia in Kg.m?

K; : back e.m.f. constant. in n.m./amp.
Ko : damping constant in n.m./rad/sec.

Leqg : equivalent inductance of motor armature and field.
Req : equivalent resistance of motor armature and field.
R_: Snubber circuit resistance

Ty, : Load torque.

V : supply voltage

V_.: Snubber circuit voltage

Vn: Amplitude of a.c. input voltge

Vi,: Motor terminal wvoltage.

O, @ motor speed in rad./sec.

APPENDIX

The universal motor ratings and parameters (1/3 HP, 1.9 Amp. ,

6000 r.p.m., 220 volt.) has the following
13.7 ohm, . =522 m.h, 0.42097

'n % /amp2 5=1.127E-03 n.m: 9rad/sec. . Ju 0. 005 kg.m2
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