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ABSTRACT

In this paper, a DC drive system which employs
a relatively cheap microprocessor is built and tested
considering the discontinuous current mode of
operation. Hardware interfacing between the microp-
rocessor and peripheral circuits is developed.
Properly shaped and correctly timed firing pulses
are produced via the software instructions and cont-
rol components. In order to obtain fast response
and correct speed, a P.I controller and speed feed-
back are employed. Test results are reported, and
it is shown that the system can operate at fixed
steady~-state speed with acceptable over-shoot during
disturbances.

1. INTRODUCTION

The choice of drive motors for industrial app-
lications is subjected to environmental and operat-
ing conditions. In that respect, DC motors are so
well suited to many industrial drives. Also, speed
control schemes for DC motorsare, in general, simp-~
ler and less in cost than those of AC motors for a
comparable performance.

In principle, most DC drives are speed conrol-
led via the regulation of armature voltage supplied
by thyristor converters[1-8]. The firing angle of
the thyristor rectifier is varied in response to an
error signal resulting from the reference and feed-
back speed levels. Systems as such, are usually
designed to operate at constant excitation. However,
in order to achieve fast response and better perfor-
mance, the error signal is fed to a controller, the
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output level of which dictates the firing angle of
the converter; a microprocessor may aid %reoducing
correctly shaped and timed firing pulses 31. .

When the speeds of a number of drive motors
must be synchronized to each other or to a clock
signal, the phase locked loop principle could be
applied [1,2], 1In such an application_ the speed is
sensed digitally via the motor shaft(4]., This method
of speéd control may provide good results but employs
complex circuitry.

In recent years, microprocessors have rapidlg
penetrated new applications including DC drives [5-81,,
This has allowed the control scheme to be implemented
in the software which may be modified to obtain diff-
erent drive characteristics with minimal or no change
in the hardware. However, the cost of microprocessor
-based control system is high, but may become cost
competitive in the near future due to the fall in

the price of such equipment.

In this paper, a DC drive system using a relat-
ively cheap microprocessor is Built and tested. The
system control is built considering the discontinuous
current mode of operation. The motor field is sep-
arately excited and the armature is fed from a single-
-phase thyristor bridge controlled bythe microprocessor.
Details of the experimental system are considered
subsequently.

2. THE DRIVE SYSTEM COMPONENTS

A schematic diagram of the DC drive including
the control components is shown in Fig. 1. The motor
field is supplied using uncontrolled single-fhase
bridge rectifier. The armature voltage is regulated
by phase control of a single~phase thyristor bridge
in response to the system control components.

A speed feedback using techogenerator in addition to
a compensation circuit (a controller) are introduced
to improve response and accuracy of the system. The
type and parameters of such a controllér are determ-
ined using to transfer characteristic of the drive
system. The controller output is fed to the micro-
processor (MP} via an analogfto-digital converter
{(ADC) . Also, the MP is kept continuocusly informed
about the zero crossings of the supply voltage wave
via a synchronizing circuit. With the aid of a devel-
oped software program, the MP will act producing
firing pulses at the correct delay in accordance with
the speed reference and-~operating conditions. Firing
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Fig. 1: A schematic diagram of the experimental system.

pulses from the MP are fed to the thyristor gates via
suitable buffere, power amplifiers and pulse-transformers.

3. THE CONTROLLER TYPE AND PARAMETERS

If the armature reaction is neglected,the drive
motor of Fig. 1, can be treated as a linearsystem prod-
ucing the well kwwn block diagram representation shown
in Fig.2. The motor equations in the S-dcmain canbe easily

written, from which the speed is obtained as,

2
(Vv (s)/k)-R 1 (s) (1+T _s)/k
Q(s)= > (1)
+T s + - T T 8
em e “em
Te=L4/R, is the electric time constant, and Tem=RaJ/k2
is the electromechanical time constant. If the drive
motor is required to be of constant speed, the armat-
ure voltage should be regulated according to Egn. (1}.
Due to variations in the operating conditions, feed-
back loop and controller, as shown in Fig. 2, may
provide automatic speed control against changes in
operating conditions, e.g. the motor speed can be
forced to follow the reference.
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Fig. 2: Block diagram of the DC drive system.

In this investigation, the motor is operated in
the discontinuous current mode, which may, in general,
result is a nonlinearity in the gain, G,_of the thy-
ristor rectifier. Experimental results[3] have shown
that, using a ramp voltage, Vy,, to produce firing
pulses delayed according to the DC €ontrol voltage,
Vo, gives a nearly constant gain for firing delay
above 90°. Thus, for a > 90° the transfer character-
istic of the employed rectifier can be represented
by constant gain, G, using this type of firing angle
control.

If a proportional controller having a gain K¢
is used, then from Egn. (1) and Fig.2, it could be
shown that,

[Ref. (s)/h]-[Ry (1+TeS) T (8) /K K Gh]

a(s) =
1+ (K/KGh) + (K Tem/KcGH)S+(KTemTe/KcGh)52

(2)

For the drive system, Tem is very large compared to
Te. Also; K/KoGh << 1, and so Egn. (2)can be reduced
to the form,
[Ref. (8)/h] - RaTy(S) (1+TgS) /K KcGh
Q(s8)= = (3)
1 + (K Ty / K.Gh) S

This is a first order system of time constant
proportional to 1/Kc. It follows that, for a const-
ant load torque, the system response following’

A step change in the reference speed will be faster for large

vValues of Ke. However, if the reference is fixed, e.9. -
constant speed is desired, Egn. (3) indicates that there
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may be variations in the speed for a varying load
torque. Using the final value theorem for examinat-

ion of Egn. (3), if at fixed reference a step change
in loa® torque is applied, the motor speed will dev-
iate f#¥m its initial value by an amount proportional
to 1/Ke. Thus, a proportional controller may result.
in faster response but the speed decreases as the
load troque increases.

Following a similar procedure as above, an in-
tegral type controller (1/TS) will force the speed to
follow the reference, but the system may not be stable
always. However, a proportional plus integral (P.I)
controller can be designed to provide for fast resp-
onse and constant speed with reasonable overshoot
during disturbances.

A block diagram of the control system is shows
in Fig. 3, from which the system transfer function
can be easilyrwritten. Since Tgn is much greater
than To, the system transfer function can be reduced
to the form,

g2(s) . 1/h
Ref. (S}~ 4, (T+KT/KoGh)S + (KT Tep/K.Gh)S2 (4
C em/’/ He

1/h

(4")
2,.2
1+(2n/p)S + (1/07)s
Put the two system poles in the form,

S = = ne t J ? / 1 — nz
Taking the two system poles for a damping rat-
io of 0.707, which is generally used, and making
direct correspondence with Eqn. (4') there results,

T + TK/Gh Ko = /2 / o (5)
and, 2

T Tep K/Gh Ky = 1/p (6)
Solving Egns. (5) and (6) for T and K¢ gives,

T = (p Tem /2 - 1)/92Tem (7)
and, .

K, = (p Tep /2 - 1) K/Gh (8)

For the experimental system,p=120 rad/S has
been found suitable. Considering the system param-
eters and constants (listed in the appendix), the
controller gain and time constant are Kg=88.5 and
T=11.46 ms. The employed controller circuit is shown
in Fig. 4. The zener diode is used as a limiter to
the control voltage Vi such that it should never rise
above that value which corresponds to nearly zero
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Fig. 3: Complete block diagram of the experimental
system.

firing angle. This gurantees stable operation during
large disturbances.

4, DIGITAL CONTROL OF THE THYRISTOR BRIDGE

Consider the block diagram shown in Fig. 3, and
the schemstic diagram of Fig. 1. The reference
voltage is compared with that detected via the motor
shaft; the resulting error signal acts on the integ-
ral part of the controller, where the output of which
is also compared with the speed feedback. The volt-
age resulting from this stage acts on the proport-
ional part of the controller producing the control
voltage, Vc. This arrangement for the P.I controller
is practically used to achieve faster response.

The analog signal Ve is fed to the MP via an
ADC, which converts it to a digital 8-bits. For acc-
urate firing, a synchronizing circuit (zero-crossing
detector) is also used with the MP to predict the
required firing angle in every half-cycle. Details
of the ADC and the zero-crossing detector could found
in Ref. [3]. The MP produces firing pulses as being
instructed by the software; sample results of this
action are shown in Fig. 5., However, a brief descr-
ipsion of the software mechanism is given below, but
the complete list of the program is included in
reference [3]. ©Nevertheless, the flow chart is given
is Fig. 6.

An already available MP was employed with the
system. That is TM 990/189, which is built around
Texas corporation's TMS 9980A MP chip. The execution
speed of this type is enocugh to apply the software
technique for generation of the required firingpulses.

At every zero-crossing of the AC voltage wave
a pulse is fed to the MP from the synchronizing
circuit. Also, the half-cycle of the 50 Hz AC supply
is divided into 255 sampling intervals via the
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Fig. 4: Details of the P.I controller circuit.
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Fig. 5: Gate pulses generated by the microprocessdr.

software instructions, e.g each sampling interval
represents 0.7 degree. The ADC converts Vo to a dig-
ital 8~bits which is fed to the MP, and stored in a
register called the control register. The height of
the ramp voltage Vy is also represented by a count
in a register called ramp counter. This count is
taken to be 2554 {or FF1g), and at every sampling
interval the count in the ramp counter is decremented
by one and compared with the contents of the control
register, This operation continues until the count
in the ramp counter equals that in the control reg-
ister; at that instant a firing pulse is produced by
the MP and test is then made considering the next
synchronizing pulse.
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Fig. 6: Flowchart of a microcomputer program for

firing the thyristor bridge.
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i In the software programy—the-decrement—loop—
for the ramp counter is precisely time-adjusted by

software instructions to be executed every 39us(0.7°).

This eliminates the need for hardware external clock

signal of 25.5 KHz for sampling. However, the flow

chart of Fig.6, was translated into assembly and mac-

hine language, and loaded into the MP via the Keyboard.

The program is memory was dumped into the cassette

interface and saved using an audio cassette where it

can be stored into memory again via the Keyboard.

5. RESULTS

Throughout the experimental work the motor
field current was maintainéd at the rated value(0.427). ™
A DC generator of the same rating and mechanically
coupled with the motor was used as a load. Field curr-
ents were fixed, and so the armature currents were
taken as a good indication for the torque. In order
to start the motor from rest without being overcurr-
ent, the reference voltage / speed was gradually inc-
reased from zero to the desired level.

The system was successfully operated and cont-
rolled in the discontinuous current mode of operation,
considering different steady-state speeds and loading
conditions. Whenever the system was subjected to
step changes in the speed reference, the new speeds
were obtained within reasonable transient periods.
Similar results were obtained when the system was
subjected to load changes(sudden changes in the gen-
erator load resistance). The observed behaviour of
the system indicated acceptable overshoot and time
response, which verifies the theoretically predicted
controller parameters. s

A storage osciloscope was used to record the
system behaviour during the transient periods.
Figure, 7, shows the recorded speed response when the
reference was suddenly changed., It shows clearly
that the system can follow the desired speed smoothly,
accurately, and within reasonable time. The repetit-
ive sudden changes in the reference indicate that
the speed rise (or fall) by the same amount lasts
the same time at every corresponding change.

The motor current, in response to step changes
in the reference, is shown in Fig.8. The effect of
motor speed in guite obovious; due to energy demand
of the rotating mass, if the reference change is
towards a higher speed higher current is drawn, and
vice versa if lower speed is ordered via the reference.
The effect of armature circuit time constant is not
noticeable since this is very small.
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Fig. 7: Speed response to a step change in reference.

The effect of load increase on motor speed is
as shown in Fig. 9. A change in the load torque would
affect the motor speed for only a transient period
beyond which the original speed was regained. Also,
the armature current pulses are identical in the st~
eady state; in this test the average current was inc-
reased from 4A to 5.5 A. The reported results show
the accuracy of firing and the effectiveness qQf the
controller, However, Q%en the load was similarly red-
uced, the recorded speed and current of Fig.10, were
obtained. Nevertheless, the encountered speed drop
in Fig. 9, and speed rise in Fig. 10, during the
transient period are due to the effect of energy
storage components of the system,

6. CONCLUSIONS

A DC drive system incorporating a relatively
cheap microprocessor and supplied by a single-phase
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Fig. 10: Response of the system to a step decrease
in load.

thyristor bridge whose current is normally discontin-
uous has been built and tested. Interface between
the MP and peripheral components hasbeen implemented
and software program for accurate firing of the thyr-
istor rectifier has been developed. A P.I controller
has been designed and shown to be effective in adjus-
ting the motor speed according to the reference.

The reported results have shown that the experimental
DC drive is of satisfactory performance and accurate
speed:iregulation.
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LIST OF MAIN SYMBOLS

Ey = back e.m.f (K ).
G = gain of the thyrostor converter (V4/V ).
h = gain of the tachogenerator.
I5,Vg = armature current, voltage.
J = moment of inertia, kg.m?.
Ke = controller gain.
Ly/Ry = armature circuit inductance, resistance.
T = time constant of the controller.
o = firing angle.
r = developed motor torque (K Ij).
Ty = load torque.
APPENDIX
Constants and parameters of the experimental
systemn. : ,
Ry = 3.34 ohms + Lg = 0.0368 Hen.
o = 2 volt/rad./sec., h = 0,015 Volt/rad./Sec.
J = 0.26 kg.m? , G = 54
Te = La/Ra=0.011 Sec., Tem = RaJ/K2=O.217SeC.
T = 0.01146 Sec. r Kg = 88.5
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