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Abstract

Microprocessor based firing control scheme of static slip energy recovery (SER) controlled slip ring induction motor drive is described.
In the scheme the microprocessor generates firing pulses and also decides the pair of thyristors of the controlled converter to be gated. It
uses less number of hardware components. The oscillograms at different points of the firing circuit and at the output of the controlled
converter are presented. These oscillograms resemble with the theoretical wave forms.

1. Introduction

The slip ring induction motor is being used in industrial
applications, such as, crane, hoist, pump, and fan [1]. The
frequently used control technique is the static Kramer/Scherbius
system in which a diode bridge rectifier connected with the rotor
of the slip ring induction motor returns slip energy through a line
commutated inverter to the ac supply mains [2]. This
configuration was first proposed by A. Lavi and R. J. Polge [3].
By regulating the rotor voltage through variation of firing angle of
line commutated inverter [4], the speed control is achieved. When
the firing angle is decreased, smaller dc voltage of the inverter
permits the flow of higher rotor current, resulting higher
generation of torque, thereby, higher speed of drive. On the other
hand, if the firing angle is increased, higher dc voltage of the
inverter prohibits the flow of rotor current, resulting lower torque

400 v, 50 HZ, ac Supply
B Y R

{
AN

smoothing inductor

= A — L o
~N\ & % zl|s1h Rd Ld 1#*#5#"'
O + vd Vi
+

and lower speed. In recent years, the microprocessor technique has
been applied to control the speed of ac and dc drives for obtaining
high performance of the drive due to their fast, accurate, versatile,
and diagnostic characteristics instead of traditional control scheme
[5]. The applications of the microprocessor for the speed control
of the drives are shown in papers [6-10].

The drive under investigation shown in fig.1 consists of a slip ring
3-phase induction motor, a 3- phase uncontrolled converter, a
smoothing inductor, a 3- phase controlled converter and a 3- phase
step up transformer.

In the present paper, Intel-8085 microprocessor is employed to
control the firing angle of the controlled converter. It generates the
firing pulses of 120° duration and also selects the pair of thyristors
to be gated in response to three phase zero crossing signals and
digitized signals in phase with line voltage applied at the
thyristors.

Recovery transformer
2: 1

Y
Vi

|
I
BYHR

4+ ¥s ;|23 ?12 1
+ Controlled

— z'ls.
Slip ring ind. ZIS ZIS
Motor Uncontrolled
converter

Frmmmmmmmmmm e ——————
:
E Microprocessor
L]
H
[ P —————————

corverter

e — |

sSynchronizing
circuit

Fig. 1: Schematic diagram of an open loop microprocessor based static SER controlled slip ring induction motor drive

O

Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.




International Journal of Engineering & Technology

995

Intal=8255 (PPI)
) Fort ©
tlﬂ-er Fort 8 || Part A |
T I T
&{ LI ETET RS
Poh-PO2 Thyristors
123456
- PAG || PAl T_:t
T 3 |
: 7k | Driver
L z Circuit
| 2
i
o LY
G
™ I T 3
2l =] &
L4
EREE -
w| 3
@ OB
3 a ] Zere
? SroEsing
El T signals |
o
2
g 1x
H
| &) =
-
INTR E— gﬁ'u'df
u
RET 5.5 Kk— 0.47 K PRLY
A Intel-8085 RET 6.5 =
RET 7.5
arpalifying
TRAF k— cirouit

Fig. 2: Block diagram of a microprocessor based firing control scheme

2. Description of Firing Control Scheme

The block diagram of a microprocessor based firing control
scheme is shown in fig.2. The three phase zero crossing signals
provided by synchronizing circuit after amplification are applied
to the microprocessor through RST 7.5 to interrupt the
microprocessor at every 60° interval of the line frequency. The
synchronizing circuit also generates digitized signals ®R, @Y
and ®B. These signals are applied to the microprocessor through
pins PCO, PC1 and PC2 of port C,ye to inform microprocessor
that which one pair of thyristor of the controlled converter is
forward biased. In response to these two signals, the
microprocessor generates firing pulses at the assigned value of the
firing angle. The firing angle is measured using Intel-8253, a
timer. The firing pulses are provided at pins PA1 to PA6 of port A
of Intel-8255, a programmable peripheral interface. For proper
firing of thyristors of the control converter, these firing pulses are

description of three main sections of the block diagram is as
follows:

1. Synchronizing circuit:

The synchronizing circuit is shown in fig. 3. The secondary
voltage of three phase delta/star step- down transformer lags the
primary voltage by 30°. The comparator connected with the
secondary winding converts sine wave into alternating square
wave. The zener diode passes positive half of square wave and
blocks its negative half and provides digitized signals ®R, @Y and
@B which are in phase with line voltage Vi, Vy, and Vy,. After

CDR CDY and

DB are obtained. All these digitized signals are differentiated
using RC circuits and the outputs of the differentiators are fed to
dual monostable multivibrators which generate pulses of 0.088
millisecond width required by the microprocessor to be
interrupted through RST 7.5. Three phase zero crossing signals are

inverting these, inverted digitized signals

obtained after performing NAND-gate operation of signals Ql

@ & &3 and @ @ & (% and then OR-gate

operation.

2. Generation of firing pulses:

The counter-1 of Intel-8253 is used to provide the delay
corresponding to the firing angle of the controlled converter from
the instant of zero crossing signal. The time daily is counted using
the clock signal of 1.536 MHz which is available at CLKO pin of
the counter-0. The port Cpwe IS assigned as input port for
inputting digitized signals ®R, ®Y and ®B, whereas, port A is
assigned as output port for outputting firing pulses for the
thyristors of the controlled converter. For inverter operation of the
controlled converter the firing angle should be greater than 90°.
Two thyristors one from upper half and other from lower half
conduct at a time. Each thyristor conducts for 120° interval in
every cycle. After each 60° interval, one thyristor in sequence is
fired and one thyristor turns off. To meet these requirements six
firing pulses at each 60° interval are generated at predetermined
firing angle. Each firing pulse is made of 120° duration to ensure
reliable operation of thyristors in the presence of source
inductance..The system software consisting of one main program
and two numbers of subroutine programs one for RST 6.5 and
another for RST 7.5 is developed for the control of firing angle.
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Fig. 3: Synchronizing Circuit of Three Phase Controlled Converter
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(a) Main program:

The figure fig.4.shows the flow chart of the main program. Firstly,
the main program initializes ports of intel-8255, counters of 8253
and stack pointer. For the initialization of Intel-8255 and 8253,
their control words made as per the requirements and assignments,
are loaded in the accumulator. Secondly, the control of interrupts
and facilitation of operation of RST 6.5 and RST 7.5 subroutines
are also taken care by the main program. The command word of
interrupts unmasks RST 7.5 and masks RST 6.5 and RST 5.5.
After initialization the microprocessor waits for zero crossing
signals through RST 7.5. On interruption, service subroutine RST
7.5 starts execution and waits for interruption through RST 6.5
which is unmasked at the end of RST 7.5 service subroutine. RST
6.5 gets interrupt signal through OUT1 at the terminal count. After
interruption the service subroutine of RST 6.5 starts execution and
after performing its function returns to the main program to
initialize Intel-8253 once again.

(b) RST 7.5 service subroutine:

The flowchart of RST 7.5 service subroutine is given in fig.5.
Initially the firing angle ‘o’ is read and pointer ‘P’ is set to zero.
First function of this subroutine is to calculate the reduced control
angle and corresponding LSB address of the count value which is
double of the reduced control angle. The reduced control angle is
the angle which indicates how much firing angle is higher than 60°
or 120°. The pointer ‘P’ is modified by adding either 06 H or 0OC
H depending on whether the firing angle is greater than 60° or

120°.

Read delay angle o
Set pointer (P) =00
o= o-60°

P=P+06H

Caleulate LSB & MSB Address of delay count
LSB address of count value = a + a
MSB address of count value =21 H

| Load eount value in counter-1 |

Read status of $R, &Y & OB
through PCO, PC1 & PC2

v
Mask higher byte of ACC using ANI 07
Pointer (P) =ACC+P
!
Load address of firing command word
LSB Address =PH
MSB Address =20 H

!
| Unmask RST6.5 |

Fig. 4: Flow chart of main program

The count value is loaded in counter-1 from the look up table
whose address has been calculated. This subroutine also calculates
the address of firing command word which decides the pair of

thyristors to be fired. The status of ®R, @Y and ®B are stored in
accumulator which in turn is ANDed with 07H. The Pointer ‘P’ is
now modified by adding its content with the content of
accumulator. This new value of ‘P’ is the LSB address of the
firing command word. At the end of the subroutine RST 6.5 is
unmasked. The firing command words which depend upon the
range of the firing angle and status of ®R, ®Y and ®B are given

in Appendix.

Read delay angle @
Set pointer (P) =00

a=a-60"
P=P+06H

Calculate L.SB & MSB Address of delay count
L5B address of count value =a + o
MSB address of count value =21 H

| Load count value in counter-1 |
-
Fead status of ®R, &Y & OB
through PC0, PC1 & PC2
-
Mask higher byte of ACC wsing ANI 07
Pointer (P) =ACC +P
!
Load address of firing command word
LSE Address =PH
MSE Address =20 H

+
[ Unmask RST6.5 |

Fig. 5: Flow chart of service subroutine RST 7.5

(c) RST 6.5 service subroutine:

For each zero crossing signals, This subroutine provides firing
pulses to the selected pair of thyristors and low level signals to the
rest of the thyristors of the converter through pins PA1-PA6. The
firing command word selected using RST 7.5 interrupt service
subroutine is loaded in the accumulator and then outputted to the
output port A. All six pins PA1-PA6 of port A are set or reset as
per the bit pattern of the firing command word.

Load accumulator with firing
command word

+
Outputting hring command word to Poart A

Fig. 6: Flow chart of service subroutine RST 6.5
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Fig. 7: Theoretical wave form at different points of synchronizing circuit
and output port A

This condition of pins continues for 60° duration till issuing of
next firing command word. The sequence of firing is such that a
particular pin of port A is set for two consecutive periods i.e. 120°
duration. Thus, each thyristor of the controlled converter receives
firing pulse of 120° duration. The flow chart of this subroutine is
shown in fig. 6.

The theoretical wave forms at different points of the
synchronizing circuit and pins of output port A are shown in fig.
7.

3. Pulse shaping and driver circuit:

The pulse shaping and driver circuit is shown in fig. 8 for channel-
PA1. This circuit does the power amplification and digitization of
firing pulse. The firing pulses generated by the microprocessor at
PA1-PA6 are continuous of 120° pulse duration of the line
frequency and responsible for high gate power losses. To
minimize the gate power losses, the continuous signal is ANDed
with 13.85 KHz

apol 1@ TH1
Amplifier
svac
AMWD gate
IC 7408

13.0 HH=

O, OluaF =t =

= Tc 855 oscillator
Fig. 8: Pulse shaping and driver circuit for thyristor-1 available at PA1 of
port A

high frequency signal produced by IC-555 working as astable
multivibrator. The firing signals generated by the microprocessor
are quite weak hence, amplified before AND operation using SL-
100 medium power transistor. The output of AND gate is a train
of digitized pulses which protects pulse transformer against
saturation. These digitized pulses are further amplified making
suitable for firing of thyristors.

Fig. 9: Oscillograms of digitized signals ®R, ®Y & ®B with reference to
line voltage Vry (a) ®R (b) @Y (c¢) @B (d) Zero crossing signals (2 V/div.
and 5 ms /div.)

3. Experimental Results and Discussion

The proposed firing circuit is developed. The experimental setup
runs smoothly using the control methodology discussed. All the
oscillograms are shown with reference to the line voltage V,,. The
oscillograms of digitized signals ®R, ®Y and ®B which are in
phase with line voltage V., V;, and V, are shown in fig. 9 (a), (b)
and (c) respectively. The oscillogram of zero crossing signals is
shown in figure 9(d). The oscillograms shown in fig. 10 (a) — (f)
show the firing pulses generated by the driver circuit at the firing
angle of 100° The oscillogram of dc output voltage of the
controlled converter is shown in fig. 10 (g). It is observed that the
experimental wave forms shown at different points of the firing
circuit resemble with the corresponding theoretical wave forms.

4. Conclusions

In the developed firing circuit the microprocessor generates the
firing pulse of 120° duration and also decides the pair of thyristors
of the controlled converter to be gated. The algorithms of the main
program and service subroutine programs of RST 7.5 and RST 6.5
are developed, tested individually and also in combined form. The
developed firing circuit has following salient features:

(i) Any change in the firing angle is effectively implemented in
the next 60° duration of the line frequency.

(i) As the microprocessor is interrupted at every zero
crossing signal, hence, the drift which may occur during down
counting is reset in every 60° duration.

(iii) The firing circuit is simple and can be implemented for
line commutated converter for wide range of the firing angle.
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Fig. 10: Oscillograms of firing pulses generated by driver circuit for firing
angle o =100° and dc output voltage of the controlled converter with
reference to line voltage Vry (a) Thyl (b) Thy2 (c) Thy3 (d) Thy4 (e)
Thys5 (f) Thy6 (g) dc voltage (inverted) (5 ms /div.)

References

[1]

[2]

[3]

(4]

[5]

[6]

H.W. Weiss, “Adjustable speed ac drive systems for pump,
compressor applications” IEEE Trans. Ind. Appl., Vol. IA-10, PP.
162-167, 1974

W. Shepherd and J. Stanway, “Slip power recovery in an induction
motor by the use of thyristor inverter,” IEEE Trans. Ind. Gen.
Appl., Vol. IGA-5, no. 1, PP. 74-82, Jan/Feb 1969

A. Lavi and R. J. Polge, “Induction motor speed control with static
inverter in the rotor,” IEEE Trans. Power Apparatus System, Vol.
PAS-85, No.1, PP. 76-84, Jan.1966.

G. Olivier, V. R. Stefanovic and G. E. April, “Evaluation of phase
commutated converters for slip power control induction drives,”
IEEE Trans. Ind. Appl., 1A-19, no.1, pp. 105-112, Jan/Feb 1983
Ziyad Salameh and Sunway Wang, “ Microprocessor control of
double output induction generator,” IEEE Trans. energy conversion
Vol .4, no .2, PP 172-176, June 1989

A. K. Line and W. W. Koepsel, “A microprocessor speed control
system,” IEEE Trans. Industrial Electronics & control Inst., Vol.
IECI-24, PP 241-247, no. 3, Aug.1977

[7] T. Konishi, K. Kamiyama and T. Ohmai, “A performance analysis

(8]

[°]

[10]

of microprocessor based control system applied to adjustable speed
motor drives,” IEEE Trans. Ind. Appl. Vol. 1A-16,PP.378-387. No.
3, May/June 1980.

T. Ohmai, T. Matsuda, T. Suzuki, N. Azusawa, K. Kamiyama and
T. Konishi, “A microprocessor controlled fast response speed
regulation with dual mode current loop for DCM Drive,” IEEE
Trans. Ind. Appl.Vol. IA-16 PP.388- 394, no. 3, May/June 1980.
Milic R. Stojic, “Design of the microprocessor based digital
systems for DC motor speed control,” IEEE Trans. Ind. Electronics,
Vol. IE-31, PP. 243-248, no.3, Aug.1984.

R. Srichander and K. B. Dutta, “Design of Microprocessor based
slip Power recovery drive,” Jr. of Electrical machine and power
system,” Vol. 22, PP.339-354, 1994

Appendix

For Delay Angle 0 < 0. < 60°

Line status Devices to whom Firing
command

PB ®Y PR pulses be given word
0 0 1 1,2 06 H
0 1 o0 3,4 18 H
0o 1 1 3,2 OCH

1 0 0 5,6 60 H
1 0 1 1,6 42 H

1 1 0 54 30H
For Delay Angle 60° < a < 120°

0 0 1 1,6 42 H
0 1 0 3,2 OCH
0 1 1 1,2 06 H
1 0 O 54 30H
1 0 1 5,6 60 H

1 1 0 3,4 18H
For Delay Angle 120° < a < 180°

0 0 1 5,6 60 H

0 1 0 1,2 06 H
0 1 1 1,6 42 H
1 0 O 3,4 18 H
1 0 1 54 30H 1 1 0
3,2 0CH



