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CHAPTER 1

INTRODUCTION

Since its discovery the thyristor has been widely used in motor
control, Alsc the tremendous progress in semiconductor memory such as
ROMs and EPROMs has broadened the application of the microcomputer in
industrial control.

This paper discusses a digital system which wuses a KIM-1
microcomputer to provide contrel signals to turn the thyristors' on and
off. In that way the current in motor can be limited and the
rotational direction of motor can be changed.

Figure 1 illustrates a motor current controller to be used in a
feedback control system. The primary thyristors SCR; and SCR; are
turned on and motor rotates in a certain direction. On start, however,
if SCR; stays on current in motor M will be excessive. In order to
limit the current in the motor, SCR] must be turned off and on
periodically. The current pulses to motor M through SCR; ‘are
illustrated in Figure 2. In this figure the average current is
determined by oL where 0<OL<l, At T SCR;} is turned off and current
to the motor M is interrupted according to chopping signal that intends
to limit the motor current.

To reverse the motor direction SCR; and SCR4 are turned off and
SCRz and SCR3 are turned on, and SCRy now plays the same role as SCR;

did above., Thyristor SCRy acts the same capacity as SCRy4.



The microcomputer control system requires construction. In
response to current limit signals and direction signal, the
microcomputer provides appropriate signals to turn the primary
thyristors on and off. These signals are controlled by a program
stored in the microcomputer's RAMs and are sent to thyristor triggering

circuits and provide trigger pulses to SCRs' gates.

SCRy SCR;

SCR4 Dy s SCRy

Fig. 1 MOTOR WITH CURRENT LIMITER.
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Fig. 2 (a) PULSE TRAINS USED TO TURN ON THE THYRISTORS.

(b) IDEAL OUTPUT WAVEFORMS OF SCR CHCPPER.



CHAPTER 2

KIM-1 MICROCOMPUTER

2.1 General description:

Since the development of the INTEL 8008 there have been many
microcomputer designs produced. In this decade the microcomputer has
had a dramatic influence on the engineering world, especially on the
area of automatic control. In the motor current limiter system a KIM-1
microcomputer is used.

At the heart of the KIM-1 microcomputer is anm MCS 6502
microprocessor operating with two MCS 6530 arrays. The MCS 6530 is a
memory/peripheral device used to store the KIM-l operating program and
provide input/output ports to communicate with the outside world. All
of these chips and other supporting components such as RAM chips, a
crystal, a keyboard/display panel, resistors and capacitors and logic
gates are mounted onm a printed circuit board. Based on the MCS 6502,
KIM-1 is a byte-operated microcomputer (Ref. 6, Ref. 7).

The MCS 6502 provides a full 16-bit address bus and thus the KIM-1
can support up to 64K memory locations in the system. An 8-bit
bidirectional data bus carries data between the 6502 array and any
memory location. A control bus carries timing and other control
signals between the 6502 array and other system elements. The 1 MHz
crystal oscillator either generates the basic timing signal used by the
6502 array alone, or gated with other control signals for all other
system elements. -

The two MCS 6530 arrays are labelled as 6530-002 and 6530-003.

Each of the 6530 arrays includes a 1024 byte ROM (Read Only Memory)



array storing the KIM-1 operating program. Each 6530 array also
provides 15 I/0 pins (Input/Output pins). The 6530-002's I/0 pins are
used to interface with the keyboard, display, TTY, and the audio tape
recorder, The 15 I/0O pins on the 6530-003 are brought to a connector
and are available for the user to control a specific application. In
the present system the lower 7 bits of port A of 6530-003 are defined
as output pins to interface with a programmable counter. The most
significant bit works as an input pin to interface with a toggle switch
which is used to select the desired current value. Port B has seven
I/0 pins: four of which, PBO - PB3, are used as output pins for four
output ignition pulses to the thyristor triggering circuits. PB4 and
PB5 are input pins to synchronize the microcomputer with hardware logic
control circuits and PB7 is an input pin interface with a toggle switch
which controls the direction of motor rotation. The data bus and
address bus are also brought to another connector on the KIM=l printed

circuit board for expanding the I/0 system or memory space.

2.2 MCS 6530:

The MCS 6530 is comprised of a mask programmable 1024 x 8§ ROM
array, a 64 x 8 RAM array, two 8-bit bidirectional ports, and a
programmable interval timer with interrupt. The programmable ROMs in
the two MCS 6530 chips of KIM-1 system store the KIM-1 executive
programs. The two I/0 ports are defined by data direction registers
(DDR). The DDR controls the peripheral output buffer. A "1" written
into the DDR sets up the corresponding peripheral buffer as an output
buffer. A "0" written into the DDR will allow the microcomputer to

read the peripheral pin.



2.3 I/0 port expansion:

There are only two I/O ports provided by the 6530-003 chip
available for interfacing with the outside world. The present current
limit system needs two more I/0 ports to interface with two A/D
converters. Also required are handshake signals between the
microcomputer and the A/D converter, i.e., the KIM-1 microcomputer
tells the A/D converter when to start the analog-to-digital conversion
and at the end of the conversion the A/D converter. signals the
microcomputer that the digital voltage is ready. Each port provides
one peripheral control line and one interrupl request input line to
communicate with an A/D converter. An MC 6821 Peripheral Interface
Adapter (PIA) can meet all requirements to provide two input ports in
which each port offers eight input data lines, one interrupt request
line, and one output conrol line. In this control system two National
Semiconductor ADC0O809 analog-to-digital converters are used for
conversion,

The ADCO809 is a monolithic CMOS device with an 8-bit output
analog-to-digital converter. It has an 8-channel multiplexer and
microcomputer compatible control logic. The 8-channel multiplexer can
directly access any one of 8-single—ended analog signals. The device
uses a single 5 volt power supply and any voltage of 8 analog inputs
that may be in the range of -0.3V to V. .+0.3V.

The inerface between the MC 6821 and the ADC0809 A/D converter is
shown in Figure 3. The handshake between these two devices is
described below. The two output control lines CA2 and CB2 on PIA will
send a high-to-low signal, a conversion beginning command, to the START

pin on each A/D converter. Three address pins ADD,, ADDg, and ADD; on



each A/D converter are all grounded so that the converter begins to
convert the analog voltage on input pin IN,. The conversion will take
about 100 micro-seconds. A4 low-to-high END-QF-CONVERSION signal will
be sent out of EOC pin on converter to the interrupt request input line
CAl or CBl on PIA to tell the microcomputer that the digital voltage
is ready. The two 8-bit unsigned binary digital numbers are provided
on eight TRI-STATE output pins of each converter, 2-9(LSB) to 2~1(MSB),
to be transmitted to KIM-l through two input ports of the PIA.

The detail of interface connections between the PIA and the KIM-1
system is shown in Figure 4. A ribbon cable carries all control
signals and data between the PIA and KIM-1 system. Register select
pins RSO and RS1 on the PIA are brought to E-A and E-B. E designates
expansion connector on the KIM-1 system. Chip select pins (SO and
CS1 are connected to V... Another chip select pin CS2 is brought to C
pin of the application connector (designated A) on the KIM-1 module.
Kl, A-C pin, is an output pin of an address decoder included on the
KIM-1 medule defining a 1K block of memory addresses from $0400 to
$07FF (3 means hexadecimal number). A 6800 pull-up resistor is
necessary to supply suitable bias for Kl pin. This kind of connection
of register selects and chip selects will define the I/0 ports'

addresses as following:

DRA and DDRA $0400
CRA 50401
DRE and DDRB $0402
CRB $0403

where DR means data register, DDR means data direction register, and CR



represents control register. The Interrupt Request lines (IRQA and

IRQB)} of MC 6821 are active low lines. A 3 K1 external resistor
should be used for proper wire-OR interrupt operation,

This Motorola PIA MC 6821 provides two 8~bit bidirectional data
buses for interfacing with peripheral devices. Each data line of these
two I/0 ports can be programmed to act either as an input line or as an
output line by the data direction register. A DDR bit set at "0"
configures the corresponding peripheral data line as an input line; a
"1" will result in an output line. A "0" on bit-2 of each control
register will select the corresponding data direction register; a "1"
will select data register. The two control lines of each port are
programmed by the control register (Ref. 8). CAl and CBl are input
only lines that set the interrupt flags of the control register.
However, CA2Z and CB2 can be programmed to act as interrupt inputs or as
peripheral control outputs. The detail of modificatiom of the control
register is described in hardware manual of the M6800 microcomputer.
Actually this Motorola product 1is identical to the MCS 6520 of

Technology, Inc.
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CHAPTER 3

CHOPPER CIRCUIT

3.1 Introduction:

The thyristor chopper now is very popularly used in the control of
d=c motors. In such a system thyristors are used to controcl the motor
current. A problem with such an application is associated with the
turn-off of the primary thyristor. Following are some discussions of
some conventional choppers and a chopper called Activated Commutation

Chopper (Ref. 1, Ref. 4) being used in the motor current limit system.

3.2 Conventional choppers:

There are a variety of conventional circuits used in choppers. 1In
most of these the turn-off of the primary thyristor is accomplished by
using a commutation capacitor which is charged in a series resonant
circuit and is capable of providing a reverse bias for the primary
thyristor. Two of the most popular circuits (Ref.l, Ref. 5) are shown
in Figure 5.

In these circuits the energy provided by the commutation capacitor
must be sufficient to cause the current of the primary thyristor to be
reduced to a value less than its holding current and keep it there
longer than the Off-time of the primary thyristor so that it may turn
off. In these circuits when the commutation of the primary thyristor

fails there is no means to recharge the commutation capacitor.

3.3 Activated commutation chopper:
In order to ensure the successful ccmmutation of the primary

thyristor the circuit called Activated Commutation Chopper (Ref. 1,
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Fig. 5 CONVENTIONAL CHOPPERS
(a) JONES CHOPPER
(b} PARALLEL-CAPACITOR COMMUTATED THYRISTOR CHOPPER.
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Ref. 4) is proposed in this motor current limit system as shown in
Figure 6. This circuit can drive the motor in both directions. In
this diagram SCR] and SCR4 are the primary thyristors carrying the load
current which drives the motor in one direction, while SCRy and SCRj
are the other pair of primary thyristors for driving the motor in
opposite direction. SCR5 is the secondary thyristor for turning off
SCR] and SCR4. SCRg is used to turn off SCRg and SCR3. Cj and Cy are
commutation capacitors. e] and ey are used to charge C; and Cy and are
voltages provided by two output windings of an independent source, an
inverter.

At the start of the load cycle SCR; and SCR; are fired on and ej
will charge C; through the path Dg and SCR; to the peak—-to-peak output
voltage of e} with dotted plate positive, The load current now flows
through SCR), motor M, reference resistor R, and SCR4. When SCRg is
turned on at T, SCR; is turned off by the reverse bias provided by
the commutation capacitor C; and C; now starts to discharge. After the
capacitor voltage of C;| reaches zero, it will be recharged with another
plate positive by load current through the path of cthe secondary
thyristor SCR5. SCRg will turn off automatically and load current
circulates through SCR,; and the free-wheeling diode Dy then drops to
zero, |

In this circuit four pulse transformers are used to turn on those
thyristors. Each pulse transformer has one primary winding and two
output windings. When a voltage pulse appears on the primary winding,
a pulse is sent to the gate of the coupled tryristor of the
corresponding output winding and that thyristor is turned on. In this

way SCR] and S5CR4 can be turned on at the same time. The pulse being
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sent to the primary winding of pulse transformer is controlled by some
logic control circuits and the microcomputer through triggering

circuits as shown in Figure 7.

+5V
¥o)
120 O é
GATE
TRIGGER
ELECTRO PULSE
QPTICAL ZSCR
COUPLER
4N 25 _Jl__ ,;;

100
1T _Jo oo
IGNITION §
§ PULSE “E |
TRANSFORMER

2700

PULSE
P 00
MICROCOMPUTER

Fig. 7 THYRISTOR TRIGGERING CIRCUIT.
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CHAPTER &

PULSE GENERATOR AND LOGIC CONTROL CIRCUITS

4,1 Introduction:

The thyristor must be triggered at the time they should be on.
The triggering circuits are controlled by hardware logic control
circuits and software programs stored in the microcomputer's RAMs. The
combined hardware and software controller will generate pulse trains
for triggering the circuits. The hardware logic control circuits are

discussed imn this chapter.

4,2 Overview of logic control:

The block diagram of logic control circuits for producing turn-on
pulses using programmable counters is shown in Figure 8, The astable
oscillator, shown in Figure 9, is composed of two NOR gates (Ref. 2)
and is the basic pulse source from which all the necessary pulse trains
are derived as shown in block diagram of Figure 8.

Pulse train e) periodically turms om SCR; and SCR4. These in turm
apply power to the controlled motor such that the motor rotates in a
certain direction. The commutation capacitor C; may now be charged.
The second pulse train eg turns on the secondary thyristor SCRg which
in turn commutates the primary thyristor SCRj. In order to reverse the
rotation of the motor, e3 is generated to turn on SCRy; and SCR3
periodically. A fourth pulse train e4 turns on SCRg which in turm
commutates SCRjp.

The amount of phase shift between e) and eg, or ez and ey, for

reverse direction, is transmitted to pulse generator (programmable
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counter) from an output port of the KIM-1 microcomputer in a form of
binary number. The digitally controlled pulse generator can vary the
phase difference up to 360 degrees at pulse frequency. In reference to
Figure 8, the principle of logic control can be outlined as follows:

(1) Block C) produces f£1 which is sent to logic comtrol block C)
and the microcomputer. Depending on the motor direction
signal, the microcomputer will determine which one of e] and
e3 should be sent out to start the duty cycle.

(2) Block (3) provides f; to logic control block (&) and the
microcomputer. Whenever the wmicrocomputer receives f2
according to motor direction signal, it will send out a pulse
to turn on the secondary thyristor to commutate the primary
thyristor.

(3) The reset and inhibition of programmable counter is controlled
by block ().

(4) The phase shift time between f] and f; is comtrolled by the

microcomputer.

4.3 Programmable binary counter:

The programmable divide-by-N 4-bit binary counter MC 14526 is a
down counter to provide the down counting mode. In this control system
a 2-stage cascade comnection is used, The programming is achieved by
applying the preset variable to Dps' input pins (Ref. 10) where the
preset variable is determined by output of the KIM-1 microcomputer as
illustrated in Figure 8, Block (:) of Figure 8 will send an initiation
signal to make MR, Master Reset, go low to start the count-down
process.

The chopper frequency is determined by the output frequemncy of
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clock (:) and the 7-bit binary counter C) . The output frequency of
clock @ in the present system is 12700 Hz. Block @ will send a
pulse f1 every 127 pulses of clock (:) » Thus each chopper cycle is
divided into 127 time units. The amount of phase shift § of £y after

f; is given by

360 .

3 =N x = N x 2.8 D=t N<1
127 3 ( 27 )

where N, a positive integer, is the time unit number of duty cycle ¢X.

I MC 14001 &t MC 14001

4

AAA— {

W

——

Fig. 9 ASTABLE OSCILLATOR.
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4.4 Reset and inhibit control:

The outputs of block @ and @ » £1 and £9, go to both the KIM-1
microcomputer and the reset & ipnhibit control circuits. The KIM-1
microcomputer will use these two pulse trains as synchronous signals to
send out mnegative pulses to triggering c¢ircuits to turn on the
thyristors. However, the reset and inhibit control circeuits use these
two pulse trains to control the operation of the programmable binary
counter (block (:), Figure 8). The detail circuit diagram of reset and
inhibit control is shown in Figure 1l and those important input and
output signals are shown in Figure 12. In this circuit CMOS integrated
circuits are used. The advantage of using CMOS ICs is that these ICs
can be coupled with each other without external pull-up resistors.,

Reset and inhibit logic control block will make the potential on
MR of programmable binary counter go to low whenever it receives a
positive pulse, f;, from the 7-bit binary counter's output pin "0".
Low signal on MR will start the count-down process in the programmable
binary counter. When the zero state is reached, this counter will send
the potential on output pin "0" to high. This high signal to the reset
and 1inhibit control cirecuit will make the potential on MR of
programmable counter go to high. High potential on MR will reset the
binary counter and inhibit its count-down process. In this way the
microcomputer knows when to send out suitable ignition pulses to

triggering circuits.

4.5 Summary:
The delay control circuit discussed above is highly flexible and
has wide application in solid state power control. The firing period

and the length of "ON" time of chopper are controlled by digital
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processor. The digital control circuits and the microcomputer are
isolated from the load and power circuits by using electro optical
couplers to trigger thyristors' gates. In this way the expensive
digital circuits and the microcomputer are protected from damage caused
by unexpected feed-back voltage from load and power circuits. The
resolution of this system can be made very high by increasing the
number of binary counter IC chip and expanding the output port of the

microcomputer.



23

"SIINOHID TOHINGD LIAIHNI dNV L3S3M

LL 914

YW oL

] =

60l OW : YALYIAANI
LOOKL OW : JLVO-HON

LZORL DW :dOT1d-dI7Td

AG+

J91unoo Laeutq
alqewweagouad

Jo 3ndino <o,

-

~Jdequnod Laeutq
37q-L woay byp

o

AGH

J2qunod AJBeulq
3119-, Jo 3ndjno

< __.—.O:



H01 "

!?02 (14

MR

a

I 1

AT

[(d

P

£

2

i

P

.

M

(<4

ldd

£

4

« I

P4

Fig. 12  WAVEFORMS OF RESET AND INHIBIT CONTROL.

24



25

CHAPTER 5

AVERAGE LOAD CURRENT

5.1 Introduction:

In this current limit system, the average load current is compared
with the desired average current. With reference to the error, the
duty cycle oL (Fig. 2) is changed by the software program to adjust the
current to the motor. This chapter describes the detail of a software
program used to convert the voltage drop across a reference resistor

(Fig. 3) into an average current in the motor.

5.2 Measurement of motor current:

Since the analog input voltage of the A/D converter must not
exceed V.,+0.3 volts and the two reference voltages of the converter,
REF(+) and REF(-), are V.. (+5 volts) and Vgg (ground) individually.
The resistor network is used to drop the terminal wvoltage of reference
resistor to a value less than or equal to V.. before it is usable for
the A/D converter as shown in Figure 3.

In the model constructed the d-c¢ power source is limited to 30
volts. The two resistors R} and Rp (Fig. 3) are 165 KA and 33 KN
respectively. Those are used to lower the reference resistor voltage

so that the input voltage of A/D converter will not exceed its limit.

5.3 Voltage—-to-current subprogram:

The voltage drop on the reference resistor is sent to a subroutine
program which will convert the voltage drop into the average current in
the motor. Actually this subprogram includes two do-loops where each

loop performs an 8-bit unsigned binary multiplication and an 8-bit
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unsigned binary division.
In the primary thyristor's "ON" interval, chopper duty cycle o4 T

of Figure 2, the motor current is given by

Vnre
IL " gI.F (1)
L
where Iy = motor current = reference resistor current
VpIFF = voltage drop across the reference resistor
Ry, = resistance of the reference resistor.

Immediately after the primary thyristor has been turned off the load
current will decrease to zero rapidly. Thus the average current in the

motor can be written as follows:

Unit
I :I K —
av I; 157 (2)

where I,y average load current

Unit = number of time units of the primary thyristor's "ON"
time
127 = each chopper cycle includes 127 time units.

VpIFF 1s a hexadecimal number in the microcomputer stored at
memory address $00C3 and has maximum value of $FF (255 in decimal
number) when the power source for the load circuit is its maximum value
of 30 volts. Thus I,, must be multiplied with a constant so that the
analog voltage can be matched with the digital output of A/D converter.
The calculation of this constant is discussed below.

The analog value of 30 volts equals to SFF after the conversion of

the resistor network and the A/D converters. Thus, the constant K' is

K' = 30 = 2 (3)
255 7o,




27

The unit of I,, is in amperes. When the desired current unit is set at
10 mAmp then I,y has to be multiplied by 100. Hence the constant K'

becomes

x 100 = . $0B. (4)

Now I,, is obtained by the subroutine program which makes the

following calculation:

. VDIFF x Unit
av. " 127 % Ry

where the unit of I, is 10 mAmp.

This software subroutine is listed step by step in Appendix B, It
begins at address $0320. The multiplication and division loops in this
subprogram are suitable for unsigned numbers. Thus all numbers in this
subprogram are considered as positive numbers although some of them may
have a "l1" at their most significant bit (sign bit for signed number).
The flow chart of this subprogram is shown in Figure 13.

In the first multiplication loop the multiplicand and the
multiplier are Vpypp and Unit respectively. As shown in the flow
chart, the binary multiplication in the microcomputer is accomplished
by shifting both the multiplier and the product left ome bit. If the
carry from shift of the multiplier is one, the product equals the sum
of the product and the multiplicand; otherwise, the product keeps its
value. In fact this is the same way to do a multiplication by hand.

After first multiplication loop, the product is a 2 byte long
binary number. The higher order byte of the product works as the high

byte of the dividend and the lower order byte of the product plays the
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role of the low byte of the dividend in the next division loop. The
divisor is 127 (the number of time unit of one chopper cycle). Like
binary multiplication, the binary division in the microcomputer is the
same way as the division performed by hand, i.e., wusing trial
subtraction. If the divisor can be subtracted from the eight most
significant bits of the dividend without a borrow, the corresponding
bit in the quotient is 1l; otherwise, it is 0. As shown in the flow
chart this is accomplished by shifting left ome bit then testing if the
high byte of the dividend is greater than the divisor. The quotient
must also be shifted so that it can line up properly with the dividend.

As shown in equation (5) the average current is obtained after two
multiplications and two divisions are accomplished. The outer loop
counter Y is set two. The quotient obtained from first divisiom loop
is the multiplicand in the second multiplication loop and constant K is
the new multplier. The resistance value of the reference resistor is
the divisor for the second division loop.

The remainder of binary division will cause an error in the
calculation of the current value. Compensation is made by adding one
on the quotient of first division loop. The error on the second
division loop can be reduced to a smaller range by using a smaller
resistance value of reference resistor.

The last instruction, RTS, of this subprogram will bring the MPU
of microccomputer back to main program. At this time the calculated

average load current is stored in the accumulator A,
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Divid Hi = Prod Hi
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Fig. 13 FLOW CHART OF VOLTAGE-~TO-CURRENT SUBPROGRAM.



F

ig.

13

Compensation of errcr in
division process:

Quotient = Quotient + 1

Multiplier = Constant K

Multiplicand = Quotient

LoadR = Resistance of
Reference resistor

Return to

Main program

FLOW CHART OF VOLTAGE-TC-CURRENT SUEPROGRAM,

{ CONCLUDED)

31



32

CHAPTER 6

SYSTEM CONTROL PROGRAM

6.1 Concept of system control:

The functional block diagram of the proposed system is shown in
Figure 15. It illustrates the configuration of the current limit
control system. The system measures and corrects motor current at
discrete level. The complete control cycle is described as a flow

chart below.

( START )

rd

Measure the voltage drop
across the reference
resistor

Calculate the motor current by
using a voltage-to-~current
subprogram

Compare
the calculated current
with the desired
current value

According to the error,
change the duty cycle of
chopper

Fig. 14 FLOW CHART OF CONTROL LOOP.



33

The desired current value 1is stored in memory space of the
microcomputer. The motor current value and rotational direction can be
changed via toggle switches which are connected to I/0 ports of the
microcomputer. The average current applied to the motor is determined
by the duty cycle (of in Fig. 2) which is a fuction of the relative
displacement in phase of the "turn-on" and "turn-off" pulse trains.
Based on the number of I/0O ports of the KIM-l microcomputer the system
is limited to divide every chopper cycle into 127 time units. Each
time unit represents a phase shift of 2.83° relative to chopping
frequency. The number of time units of the duty cycle is delivered to
a programmable binary counter through an output port of the KIM-1
microcomputer,

The length of the duty cycle is adjusted according to the
difference between the desired current value and the calculated value
obtained from the voltage-to-current subprogram, named "“MULT",
discussed in Chapter 5. If the calculated value is smaller than the
disired value, then the control progam will adjust the firing time of
the commutation thyristor, increasing the length of chopper's "ON"
time, to supply more power to the motor. If the calculated value, on
the other hand, is greater than the desired value, then the program
will decrease the count of programmable binary counter's preset count
value to move the firing pulse of commutation thyristor backward. This
will decrease the power supplied to the motor.

Four I/0 ports are used in this control system. The PIA MC 6821
provides two of these interfacing with two A/D converters where each
port offers eight input data lines, one interrupt input line, and one

peripheral control output line communicating with an A/D converter.
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The other two ports are provided by the 6530-003 of the KIM-1 system.
The lower seven lines of port A are output lines for the use of time
delay units of the primary thyristor's "OFF". The most significant bit
is an input line for the current value select switch. The lower four
lines of port B are reserved for outputs of ignition pulses of four
trigger circuits. The other three are input lines for motor direction
signal and two syncronous signals, Before these I/0 ports are usable
for the microcomputer, they must be well defined. The definitiom of

I/0 ports usually is placed in the first part of the program.

6.2 Initialization:

A data direction register bit set at "1" configures the
corresponding data register bit as an output; an "0" results in and
input. The data direction register and the data register of 6530-003
use different memory addresses. However, both data direction register
and data register of MC 6821 use the same memory address, Thus bit-2
of control register of each port in MC 6821 is used to select either a
DDR or DR.

Control iines of each port im MC 6821 are also defined by the
corresponding control register. In this control system CAl and CBl
must be defined to respond to low-to-high positive tramsition
End-0f-Conversion signals to set an interrupt flag om bit-7 of their
control registers. CA2 and CB2 are programmed as output lines to send
out START (of conversion) signals to the A/D converters.

The A/D converter will begin the conversion on the falling edge of
the START pulse. Hence control lines CA2 and CB2 are always high as
long as bit-3 of CRA and CRB is high. This is accomplished by writing

111 into bit-3, bit-4, and bit-5 of the control registers. Whenever



36

the microcomputer wants the converter to start working, the program
will write a "0" into bit-3 of control register, which will make a
high-to-low negative transition, the falling edge of the START pulse,

on CA2 or CB2,

6.3 Syncronous signal:

The turn-on of chopper is under control of a software progam and
must synchronize with the hardware control circuts. Hence the timing
of the software program is very important. In some other control
systems a software loop program may be used as a timer. In this
system, however, the output pulse of 7-bit binary counter, block (:) in
figure &, works as a synchromous signal which will signal the
microcomputer to turn on the primary thyristor. And this is the
beginning of software control loop., Therefore the software program can
synchronize with the hardware control circuits perfectly. The
procedure of synchronization may be stated as follows:

The MPU of microcomputer reads the data on PB-5, bit-5 of port B
of 6530-003, and test it until a "1", a positive pulse, appears on it
at which time the MPU will execute the next instruction on the program;
otherwise, the MPU will repeat this reading and testing loop as shown
in the flow chart of figure 16. Therefore when the primary thyristors
are turned on, the microcomputer will start its control job
simultaneously.

The output pulse of programmable counter , block (:) of figure 8,
is another synchronous signal to signal the microcomputer to turm on

the secondary thristor. This pulse will appear on PB-4.
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6.4 Interrupt:

Atter the chopper is turned on to supply current to the controlled
d-c¢ motor, the MPU will write an "0" into CRA-3 and CRB-3 of control
registers of PIA to make CA2 and CB2 low as START signals of conversion
for converters. The program is in a time loop waiting for an interrupt
request (End-Of-Conversion) which comes from the A/D converter. 1In
response to the interrupt request appearing on CAl or CBl, the MPU will
jump to another subprogram where the starting address of this
subprogram is preset at Eia'vector, $17FE for low byte and $17FF for
high byte in the initialization part of this main program.

The major job of this interrupt request signal is to signal the
microcomputer that the analog-to-digital conversion is done. The duty
of the microcomputer in the interrupt subprogram is merely to clear the
interrupt flags in the control registers. The last instructiom of this
subprogram is RTI (return from interrupt) which will bring the MPU back
to main program to continue its unfinished work.

When the MPU reads data register of PIA the address 1line K1 and
R/W signal (Fig. 3) will enable the TRI-STATE of A/D converter such
that the digital data appears on output buffer which is connected to
data register of PIA. After the conversion, CA2 and CB2 must be
brought to high again for next conversion job. This is accomplished in

the main program by writing a "1" into CRA-3 and CRB-3.

6.4 Start up or changing direction:

At start up the power source is turned on, however there is no
ignition pulse from the KIM-1 to turn on the thyristors of chopper
circuit. Upon commanding the "GO" to KIM-1, the control program begins

its control and power is supplied to the motor.
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Either on the start of power is supplied to the motor or whenever
the rotational direction of motor is changed, if the primary thyristor
stays on current in motor will be excessive. Thus the primary
thyristor must be turned off and on periodically until the motor runs
in its steady state. This is the second portion of the main control
program as discussed below.

When the first synchronous signal SYNCOO appears on PB-5, the
microcomputer will pick up the direction signal at PE-7 and store it at
SIGN ($00C0). Then subprogram "ON" will turn on the primary thyristor
to supply power to the controlled motor. The primary thyristor will
stay on for two time units (about 156 J;HseCOnds) then subroutine
program "OFF" will turn on the secondary thyristor to turn off the
primary thyristor. Two time units later, subprogram "ON" will turn on
the primary thyristor again. After five times of the periodic "ON" and
"OFF" of the primary thyristor, the power supplied to the motor is
enough for the motor rumning in steady state. The main control program
now goes to the next part which begins at the instruction labeled
“START",

Whenever the sign signal is changed, the motor will be supplied
current of opposite polarity. This abrupt change will cause the motor
current to exceed its limit again if the primary thyristor stays on.
Actually, this is the same situation as in start up. Thus the program
will run for an idle chopper cycle (not to turn on the chopper for one
chopper cycle) and then jump to the second part of the main program as

discussed above to wait for the motor running in steady state again.

6.6 Compensation:

The last portion of the main program is to limit the motor's
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average current, In this portion the microcomputer compares the
calculéted current obtained from "MULT" subprogram with the desired
currént and generating the time delay units (preset count number of
programmable counter) of the primary thyristor's "OFF" time. The MPU
must decide whether to increase or not to change or to decrease the
control counter depending on which of three conditions is prevailing:
either the calculated value is smaller than the desired value, the
calculated value equals to the desired wvalue, or the calculated value
is larger than the desired value. To increase the control counter's
preset count value will extend the chopper's "ON" time to supply more
power to the motor. On the other hand, to decrease the control
counter's preset value will shorten the chopper's "ON" time to reduce
the power for the motor. The flow chart of the whole control program
is shown in figure 16.

The chopper frequency of the experimental system is 100 Hz. It is
found that the inverter (the independent power supply used to charge
the commutation capacitors) must be synchronized with the turn-om and
turn-off of the chopper, otherwise, here will be some noise while the
inverter trying to synchronize with the chopper, This chopper circuit
and motor are driven by a 20 volts power supply. The desired values of
average motor current are stored in KIM~1's memory. The actual current
values read from an ammeter are listed and compared with the desired
values in Table 1. It shows a largest error of 4.2 mAmp. The error is
caused primarily in the "MULT" voltage~to-current subprogram and noise

from the load motor.



TABLE 1 EXPERIMENTAL RESULTS
DESIRED CURRENT ACTUAL CURRENT ERROR ERROR

Ig (mdmp) I, (mAmp) (mAmp) | ( 2 )

90 85.8 4.2 4,67
100 96.5 3.5 3.50
110 108.6 1.4 1a27
120 118.5 1.5 1.25
130 126 .4 3.6 2:21
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CHAPTER 7

FUTURE IMPROVEMENTS

7.1 Introduction:

The motor current limit system 1is controlled by a KIM-1
microcomputer. In this system the experimental results in Table 1
shows a largest error of 4.2 mAmp. Actually this error can be reduced

to a smaller range by improving the control system.

7.2 1/0 port expansion and capacity of binary counter:

The basic system needs four I/0 ports. One of which must take
charge of the output of time delay units to the programmable binary
counter. The binary counters in this system can only count up to 127
pulses in each countdown period. As mentioned in Chapter 4, the phase

shift between the "ON" and "OFF" of chopper is obtained from

3 =N =x

where N is the number of time delay units of chopper's "OFF". The
average load current is determined by the phase shift @. Thus, when
the capacity of binary counter is increased, the phase shift @ will has
higher precision and the calculated average load current will be much
close to the desired value. This will also lower the error which
occurs in the process of division in "MULT" subprogram. Nevertheless,
this “MULT" subprogram will take much more time to handle the
multiplication and division of numbers having more bits. This method
also needs to expand the output port to adapt the micrcomputer to deal

with the number of time delay units N which may now have more bits.
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For those systems high precision being more important than speed of
response, it is therefore necessary to consider the tradeoff of time

and cost.

7.3 Powerful microcomputer:

KIM-1 is an 8-bit microcomputer having a 1 MHz clock. The
register structure in the MPU of KIM-1 is quite simple although this is
good enough to control a simple system, For a complicated system or
when the high precision is required, the KIM-1 may need a longer
program and more time to manage the control job.

In the microcomputer market, many new powerful products have been
introduced recently. Some of them are 16-bit machines. Some of these
have more registers or register pairs in their MPU, Some have more
powerful instruction sets. These new microcomputers can do the same
job as KIM-1 and obtain a higher precision. They may also require
shorter processing time.

Higher precision could be reached by using 16-bit microcomputer
because of the chopper period can be divided into more time units. Use
of more bits for A/D converters is possible when 16-~bit microcomputer
is used or when more I/0 ports are available. When using KIM-1
microcomputer, "MULT" subroutine in contrel program will take about 14
time units (78’}lseconds per time unit). Now some microcomputers are
designed to have one step instruction to handle 8~bit multiplication or
8-bit division (such as M6809, a product of Motorola). Then the
execution time of "MULT" subprogram can be reduced to only a fewa
seconds (less than one ?ime unit) when this kind micropcomputer is
used. This will not only speed up the system response but also spare

memery Space.
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CHAPTER 8

CONCLUSION

A motor current control system has been devised and built. Except
for the analog 1load network, the digital system has low power
dissipation and high noise immunity control system. Four electro
optical couplers used to control the chopper isolate the digital
control system from the load network.

The motor current limiter works at a frequency of 100 cycles per
second. The whole control system can limit the motor current either on
the start up of the power supplied to the motor or when the motor
direction changed. This system can also limit the average motor
current. The resistor network designed to measure the reference
resistor's terminal voltages is suitable for 5V A/D converters and 30V
power supply for the chopper circuit.

Microcomputers have many advantages in size and flexibility.
These advantages make microcomputers have the adaptability when changes
of system parameters and environment occurred, Microcomputers may be
modified to reach the goal of higher precision. Due to the progress of
semiconductor technology, the price of microcompouter and its
supporting components are lower while its powerful performance is
greater. The microcomputer makes the automatic control digitalized and
computerized easier than before.

The control program used in this system works as the comparator
and the compensator. The desired current value and its direction can

be changed by the toggle switches on the front control panel. Other
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parameters of this system are prestored in the microcomputer's memory.
When outside world is changed, all the controller has to do is changing
the parameters in the memory. Thus this microprogram can be built in

EPROMs or metal masked ROMs.
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FUUME T TIMER,

sHIC) 57, I6(C)s TREN
UL T GhNIT + 1.

1}

1 ]

yIS LD T T2 2157

'

H

sINIY TCO Ble.

sNEw JUNIT,

¥

1S Un[T TOO oMALL?
sUNTT Tha SHALL.

s NLw UnNdT.

sCJTPUT T2 CCOUNTER.

s AIT FOR PCFEM™ SYNC .

i
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 TURN OGN THE SECCNCARY 5ok
+SC THAT CHCPPEE IS5 UFF.,



Q2L 2
0270
J202
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0202
1202
Ja2p 2
0222
JJLEC
Jolz
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g0l s
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3016
galé
CCleé
uola
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JaLld
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JOLE
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00lE
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J026
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)
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A5
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60

aA

“n
o35

1E
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a4 wmé wr W we
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CURREN

50

LIST UF SJBRGUTINE PRIGRAMS,

PUL>E nl

TRIGGER CIRCUITS

#= 53010
LDY ® $JA
DEY
BNE wIOTH
KTS

A/C CUNVEKRTER

AZD CONVERSIUN TIME

*=3J01 A
LDy 751k
JEY
BN E PROCES
RTS

ThE IGMI

IS5 SENT

TURN IN

*=51J20
LGA SLIGN
cMp 2§80
BNE ReVERS
LDA #+ %0k
JMP CURREN
LA 4 $ud
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JSR PULSE
LA + $IF
S14 Pl
RTS

DTt OF TuNITICN PU

L
[S 50 9ILR

yTHE EXECUTICN TlME CF
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sM1CRG SE

s THE EXEC
s THRIS 5U3
158 MICR
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i
fo s

PRCCRAN IS
C.

LTICN TIME OF
PRLGRAM I3
C SEC.

TICN PULSE FOR TRIGGER CIRCUITS
OdT alCCRCING TG S5
CHOPPER CIRCZUITS,.

LA ¥

3

sSITGN LS
s T TURN
so2IGN I3
s T0 TURN

GhOSIGRAL TG

PUSITIVE,y PBD
Cil SCkily4).
NEGATIVE, Pd2
UM SCRAZe30

S5k

LOw

Liwm

yPULSE wllTh 53 MICKRC SEc.

¥
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»
*
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JO39v
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JO3%
Q036
CC3s
go3e
GC3A
Ue3cC
J03E
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042
U045
Q347
034A
0840
UOsF
GCs2

Q053
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0053
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3054
J05A
Jo58
Ce50

JO5 E
GC5¢
JAa5E
Q05E
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JO5E
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9
9
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Y
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o
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THE [GNITICN PULSE FOR TRIGOER CIRCUITS
IS SENT CuT ACCORLING TU SIGN Slunal TC

TURN CFF

*=3JJ3A
LDA
CHPp
3NE
LJA
JMp
LOA
S5TA
JSR
LDA
STA
RT3

WAIT FOR

$2§0053
Loy
bTY
BNE
RTS

CHCPPER CIRCUITS.

SIGHN H
#3809 i
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# $OU PSIGN I3 PLSITIVE, PB1 L
COMMUT s T2 TurM ON SCR({S).
%307 3SICGN [S NEGATIVE, P33 LOw
PRO sTEC TURN CH SCR 6.
PULSE sPULSE WIJIh 50 #ICKO 3CC.
£ $0F ;
P BD ;PRAO RIGH AGAIN.
¥

MGTOR CUKRENT GJING TC STEAQY STATE

£35u sWa 1T FOR 433 MICRDO S5EC.
H

STATL H
;

CCMMAND A/0 COGNVERTERS START TL wuBhoe
AbEN CONVERSECN [S FaNIsdzly TONTRCL LINES
MUST BL AESEY FOR NEAT CONVERSTUM LLOP.
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LJA
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STA
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. RTS

7534 s RRING COUNTROL LINES CLAZ &
CRA sCB2 LW As START SIGMNAL.
LR '

AADD s AaalT EnC-CE-CUAVERSIUN
#33C H

CRA yianIhGg LAZ2 & (22 FICh FOXK
LR3 sNEXT COAVERSICON LULLP.



2874
JO T4
Jo’4
074
2374
JCT74
3078
JuTA
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JUTE
Co41
JU34
J3aa7
JOZA
Q03C
CO8F

0g9g
JU9Q
283G
209D
J99¢
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J093
JCo3
3395
097
pileiz R
J39¢C
JQs5¢
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JCAL
J33l
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oCAl
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Q03 ¢
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AL
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DICK UP SL1QITAL PLTENTIALS AT UCRA & 20RE.
ANC CALCULATE THE

RESISTUOR,.
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CMP
BNE
LA
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JMP
LOA
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STA
RTS
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JRA
LRB
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NRB
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DIFF

VOLTASE JRC?2 Oh REFERENHLE
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e we we

i FOSITIVE,y VICRA) dlehik
THAN V(CRE) .

-

INEGATIVE, VIORR]} HIGHCE
sTHAN VIORAL .
sSAVE VIDIFF).

L]

SELECT DESIREC CUFRENT VALUE AND SAVE [T,
FTICN I> CONTRCOLLED 3y A TUGuLE

THE SCLEC

SWITCH WHICH

*=$2090
LCA
AN
BPL
LDA
JMP
LDA
aTA
RTS

PAD
%580
AMPO 1
#5le
AMPE KE
#E0A
VvALJE

INTLRRLPT SUSPROGR

#=32089
LOA
LA
RTI

URA
JORo
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*
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]

3
i Pa=7 HIGH, ULESIRFO=3%l4.
’

AM: TU CLEAK INTERPUAT
FLAG AT CRA-T7 & CR3-T.

s REAL DATA RECLSTER wILL
sCLEAR INTCZRRUPT FLAGS COF
LTS CUNTROL REGISTER.



53

APPENDIX B

céav H

q037 FRESERVE FOm PARAPLTER [ATA

con7 H

J3317 #=5032)

£32C OC LCAD «OYTE 530

g321 98 CONST LBYTE 208

Lade IF PERICD WRYTEC 37F

0323 '

U323 3 SUBPRGGRAM MULTY"™  TU CaLCULATE

3323 i AVERAGE CU