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SYNOPSIS

"DYNAMIC BRAKING" 1is one of the important methods
of braking an Induction Motor. It is executed by passing a d.c.
current through two of the three phases of the motor. In this
project, a hardware circuit is designed § fabricated to implement
dynamic braking. The d.c. current that passes through the
motor produced by a Half Controlled Full Wave Bridge Rectifier.

The gate triggering of the SCRs is done by a control circuit.

The command signal to the control circuit is given from
a 8085 microprocessor interfaced with a 8253 Programmable Interval
Timer. The Master Program is developed and stored in the
EPROM. A look-up-table containing various values of number
of gate triggering pulses for corresponding values of braking
time are stored in the microprocessor. For a specified braking
time, the corresponding firing angle for SCRs is selected and
they are triggered so as to produce the d.c. current. This
activates the contacter in such a way as to disrupt a.c. and

sends d.c. thereby dynamic braking is achieved.
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CHAPTER 1

INTRODUCTION

Squirrel cage induction motors are the most widely
used ones for most machine tool drives due to its simplicity,
reliability, low cost and minimum maintenance requirements.
Most of the requirements of general purpose machine tools are
easily met by these induction motors together with simple manual
controls. Gear boxes and stepped pulleys are used to transmit
the power to cutting tools or work piece at different finite number
of speeds. The use of gear mechanism produces vibrations and

noise, hence affects the accuracy of machining.

Better machining timings and surface finish are achieved,
if stepless speed control is adopted. Electro-hydraulic and
electromagnetic controls are employed to get the desired smooth
speed control. With the advent of thyristor controlled drives,
these methods have been superseded. At present, in our country,
the use of the thyristorized drives is limited to special machine

tools only, as the cost of these drives is sufficiently high.

For use such as internal grinding spindles for horolo-
logical applications, drilling of printed circuit boards, etc.,
high speed motors are generally employed. These are usually
high frequency, three phase induction motors operating upto speeds
of 1,80,000 rpm and giving fairly high output powers in small

sizes.



The transportation of tubs along rails from the filling
place to the pit bottom, where the tubs are run into cages for
conveyance by the mine winder to the surface is called haulage.
Normally, a squirrel cage motor with high pull-out torque is
preferred because of its simple and robust construction. The
drive is taken up gradually using a clutch so that the motor
need not develop a high starting torque. However, often the
loads require different speeds at different stages of haulage.
Further, the motors are subjected to frequent starts and stops

and also to braking and reversals.

This project envisages the programming of a dynamic
braking system wusing micro-processor, 'DYNAMIC BRAKING' is
employed as an effective method of braking induction motors.
In this method, braking is achieved by injecting a d.c.current
in the stator winding after switching off the a.c.supply. Depen-
ding on the magnitude of d.c. current, the motor, and thus the
trolley bus can be stopped quickly. The magnitude of d.c.
current depends on the load current already flowing in the stator

and the braking time required. This can be controlled by the

programmable device. The required braking time is entered
in the programmable device. A suitable d.c. current has to
be selected now. The firing angle for the phase controlled

rectifier is determined from the look-up-table for this d.c.current,



The a.c. supply to the Induction Motor is switched off and the

d.c. current is injected into the motor and the braking period

starts. At the end of the braking time, the motor is brought

to rest.

The characteristics of the double cage induction motor,

the various braking techniques and the advantages of dynamic

braking over other types of braking are elaborated in chapter II.

Chapter III deals with the various types of SCR conver-
ters. It explains the half controlled bridge converter in symme-
trical configuration which is used in this project to obtain d.c.

current necessary for injecting into the motor.

Chapter IV deals with the hardware part of the project

which involves the following:

(1) Zero crossing detection

(ii) Logic circuits for sequential firing of SCRs with delay
angle (firing angle) for generation of d.c.current.
(iii) Half-controlled rectifier circuit.

{iv) Power supply for contrel circuit.

The microprocessor 8085, interfaced with the program-

mable interval timer 8253, is used as the programmable device



to detect the load current and the speed and to generate the
required firing angle for the required d.c. current to achieve

braking within the stipulated time.

Chapter V deals with the software for the above purposes.
The braking time 1is entered in the micro-processor. A look-
up-table relating the firing angle and the time is provided.
The entry of the braking time selects the firing angle from this
table and suitable d.c. current required for the braking is

geﬁér‘ated .

The experimental set-up and results are given in Chapter

No.VI.

The details of various components used -are given in

appendix.



CHAPTER 1II

BRAKING METHODS

2.1 Double Cage Induction Motor

High starting torque being the requirement of trolley
buses, special type of induction motors like double cage induction
motors are used in them. A double cage  induction motor  has
two independent cages on the same rotor, one is shown in figure
2.1 (a). The outer cage consists of bars of high resistance

material while the inner cage is of low resistance material.

Because of the location, the reactance offered by the
outer cage will be low and it will be resistive, whereas the
inner cage being situated deep in the rotor, will have a large
ratio of reactance-to-resistance. The outer cage develops maximum
torque at the time of starting. The frequency of the induced
emf in the rotor is high at the time of starting and the reactance
of the inner cage and hence its impedance will be high. Therefore,
very little current flows in it. Most of the starting current
is confined to outercage despite its high resistance. Hence,

the motor develops a high starting torque due to the high resis-

tance in the rotor.



As the speed increases, the frequency of the rotor
emf decreases. The reactance and hence the impedance of the
inner cage decreases and becomes very low under normal running
conditions. Most of the current then flows through it and hence
it develops the greater part of the motor torque while running.
In fact, when the speed is normal, frequency of motor emf is
so small that the reactances of both cages become practically
negligible. The current is carried by the two cages in parallel,

giving a low combined resistance.

The torque-speed characteristics of a double cage motor
may be approximately considered to be the sum of the torques
developed by two motors, one having a high resistance rotor

and the other having a low resistance one. Fig.2.1 (b).

2.2 Braking Methods

The motor can be stopped by switching off the supply.
But it continues to run for quite sometime due to its stored kinetic
energy and it takes some time before it comes to rest. The
larger the moment of inertia and speed, greater will be the time
taken by it. The process by which the motor can be brough

to rest in a short time is called braking.

A motor (along its load) may be brought to rest quickly

by using either (i) Friction Braking or Mechanical Braking



(ii) Electric Braking. Mechanical Braking has one drawback-
it is difficult to achieve a smooth stop because it depends on
the condition of the braking surface as well as on the skill

of the operator.

Electric braking methods eliminate the need of brake
lining, levers and other mechanical gadgets. It is superior to
mechanical braking since it is much quicker and reliable. In
electric braking, the kinetic energy of the motor is converted
into electrical energy and is dissipated as heat in a resistance
or returned to the supply system. The former is called 'plugging’
and the latter 'Regenerative'. In addition to this method called
"Dynamic Braking". The three classifications of electrical braking

are explained below:

(i) Regenerative braking

During regenerative braking, electrical energy converted
from the kinektic energy is returned to the supply. In the
case of induction motors, it is possible if the motor is caused
to run at more than its synchronous speed. Several speed-torque
characteristcs of an induction motor plotted in the varicus quad-
rants of the speed-torque co-ordinate axes for different condi-
tions of operation are shown in fig.2.2. The characteristics

shown in quadrant I illustrate motoring operation with three



different values of the rotor circuit resistance. As the motor
begins to approach the ideal no-load speed i.e., its synchronous

speed, the torque is seen to approach zero.

On any further increase in the rotor speed under the
effect of some external torque and hence, when W WO , the
motor will operate as a generator parallel to the source of supply
and will return electric energy to it. The regenerative braking
operation thus set up is represented graphically by the portions
of the speed-torque characteristics extended into the upper part
of quadrant II. The maximum torque developed on generating
operation will reach a higher value than that on motoring opera-
tion. In practice, this mode of braking finds application in

drives with pole changing motors as well as in hoisting machinery

cases. (crane hoists, excavators, etc.).

(ii) Plugging (or) counter-current braking

It is another method much more widely used in drive
practice. This is Dbraking by reversal of 'stator connections
when the motor is running, causing the reversal of the stator
rotating field. A counter current operating condition can be
set up when the torque TL due to the load becomes a driving

torque greater than Tst , the starting torque of the motor.

To limit the current and to develop the requisite braking torque

in a slip ring motor, it is necessary to introduce rheostatic



resistance into the rotor circuit under this counter current braking
condition, steady state operation will correspond, to the point

with the co-ordinates (WSS . Tl) Fig.2.3.

(iii) Dynamic Braking

The basis of this method is to qexcite the stator windings
with d.c. immediately after disconnecting the three phase supply.
The unidirectional d.c. will produce fixed electromagnetic poles
on the stator. The rotor conductors will have an alteranting
emf introduced in them as they pass through fixed poles. The
alternating rotor emf due to the short Gircuit of rotor conductors,
produce high rotor currents and hence rotor fluxes, . These
fluxes react against the strong fixed d.c. stator field and thus
brings the rotor rapidly to halt. A high IZR loss produced instan-

tly in the rotor, dissipates the stored -kinetic energy in the

form of heat.

The various methods of connecting the stator windings
are shown in fig.2.5, In this project where the windings of
the motor are delta connected, connection 2 shown in fig.2.5
is used. Refering to fig.2.4 for braking, the induction motor
contacter 1L is opened and 2L is closed simultaneously. Contacter
iL svvitchéé of the a.c. supply and contactor 2L injects d.c.

current to the stator. The speed-torque characteristics of this



braking conditions is given in fig.2.2 in the lower part of

quadrant II.

The d.c. current is obtained by a half-controlled SCR
bridge. By varying the firing angle to the SCRs, phase control
is achieved and the magnitude of d.c. is varied. Figure 2.7
describes the characterisitcs braking time Vs. percentage of
maximum speed for different firing angles. The motor is operated

at constant speed and constant load.

The curves 1,2 and 3 describes the characteristics
for the firing angle = 0°, = 30° and for = 90° respectively.
It is obvious for that as the firing angle increases the braking

time will increase.

The fig.2.6 shows the characteristics braking time Vs.
percentage of maximum speed for various load currents. The

motor is operated at constant speed and at constant firing angle.

Curve 1 shows the characteristics for full load current.
Likewise curve 2 is for half load current and curve 3 is for
quarter load current. The characteristics shows that as the

load is increased, the braking time will be less.

10



The fig.2.8 gives the characteristics braking time Vs.
percentage of maximum speed for various operating speeds. The

motor is operated at constant load and constant speed.

Curve 1 shows the characteristics for 100 percent of
the maximum speed. Likewise curve 2 is for 50 percent of the
maximum speed. These characteristics show that, the braking
time is reduced as the operating speeed is reduced.

(iii) a Dynamic braking in cage induction motor

Dynamic braking is achieved in cage motor by. applying
low wvoltage d.c. to any two terminals of the stator winding,
after removing the 3-phase supply to the stator. The d.c. voltage
produces unidirectional flux in the stator. Since the rotor is
still running due to inertia, the rotor conductors cut the uni-
directional flux and so rotor emf is prodcued. Due to the short-
circuited cage rotor current flows in the rotor bars and copper
loss is produced. Thus the kinetic energy of rotation is converted
into heat energy and so the motor stops quickly. A timing relay
removes the low voltage d.c. after a definite time because con-
tinuous application of d.c to the stator winding will cause

unnecessary heating in the stator winding.

11



In the fig.2.9, when the 'start' button is pressed momen-
tarily the coil C is energised. Main contacts Cl close giving
3-Phase supply to the motor and the motor starts running, Cz
is the sealing contact. (33 is an interlock (normally closed)
which opens, so coil DB 1is isolated and so contacts DB, are

open thus preventing application of d.c. to the stator.

When 'stop' button is pressed, C1 opens removing the
3-phase supply. Sealing contact C2 opens. Interlock C3 closes.
But T1 remains closed as it is an OFF-DELAY N.O. contact.
So DB is energised and contacts DB1 close giving d.c. to the

stator. DB2 opens preventing energization of C. Dynamic braking

takes place and the motor stops.

After a preset time-interval, T1 opens thereby energi-
zing DB. Now the d.c. supply is removed and the motor is

ready for next start.

b. Jogging in cage motor

Jogging can be easily achieved in the above circuit
" (fig.2.9) for dynamic braking by simply including a toggle switch

S in series with a sealing contact C2

For normal start, the toggle switch S is kept closed.

For jogging it is kept open. Therefore the coil C will be

12



energized only when the operator keeps pressing the ‘'start’
button. As soon as it is released, C is de-energized and T
is de-energized, d.c. is applied to the stator winding and the
motor stops quickly. Thus the motor is able to run and stop

in short 'jogs'.

c. Plug-stop and plug-reversal

The direction of torque developed by the cage motor
can be reversed by simply interchanging any two supply leads
to the stator winding and thus reversing the phase-sequence of
the supply. For this purpose, two sets of contacts Fl and R, are

necessary as shown in the fig.2.10.

When the 'button FS' is pressed, coil F is energized.
Main contacts F1 close and the motor runs in forward direction.

Sealing contact F2 closes mainting the supply to F. Interlock

F3 opens.

Plug reversal

The 'stop' button is pressed momentarily. Coil F is
de-energized. Contact F1 and sealing contact F, opens. Inter-
lock F3 closes. Since the motor is running in clockwise direction,

the plug switch contact XY is closed and so the coil R is energized,

13



3

and so the direction of torque is reversed. Sealing contact

as soon as interlock E closes. Now the main contacts R1 close
R2 closes and interlock R3 opens.

The motor speed rapidly drops to zero and it starts

running in reverse direction.

Plug stop

If the motor is prevented from running in opposite direc-
tion, can be stopped by plugging and it is known as plug stop.
For this, the stop button should be pressed continuously until
the motor speed becomes zero in the forward direction. At zero
speed the contact XY is broken and since the 'stop' button also

is open, the coil R is not energized and so the motor stops.

The 'Plug switch' or 'Zero-speed switch' is a mechanical
device mounted on the shaft of the motor so that the contact
X and Z close for reverse rotation. If the motor is not running

both XY and XZ are open (fig 2.10).

(iv) Other methods

A motor may be stopped by applying a friction brake.

A variant of this simple method uses a spring-loaded brake with

14



a thrustor. The latter connected across the rotor slip-rings,
develops a push-off thrust inversely proportional to rotor speed.
Thus a steady creep speed can be obtained (eg. for mine winders),
for a speéd rise lowers the rotor frequency and voltage, reduces

the thrust, allows the brake to tighten and controls the creep.

15
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CHAPTER 1IIT

CONVERTER

Earlier a.c. to d.c. conversion was achieved using
motor generator sets, mercury arc rectifiers, thyratrons, metal
rectifiers, rotary converters etc. With the availability of high
power thyristors, presently thyristor converters are used for
cé;lversion. The SCR can be turned ON by the Gate Control at
any delayed angle (firing angle) with respect to the applied
voltage and the average voltage varies with the firing anglé
and this is known as phase control. The phase controlled
thyristor converters make use of natural reversal of a.c. source
voltage for commutating the thyristor which is conducting. The
converters can be of two quadrant operation if the output voltage
can be made either positive or negative with a given polarity
of current at the output, and as single quadrant opeation if the
output wvoltage cannot be made negative with a given polarity
of output current. The two quadrant converter is also know
as a fully controlled converter while the letter one is known

as half controlled converter.

3.1 Fully controlled converter

The operation of fully controlled single phase bridge

converter circuit shown in fig.3.1(a) is described below.

21



Thyristors T1 , T2 and T3 ,T4 are turned on at some
delay angle (firing angle) in each positive and negative half
cycles of the supply voltage respectively. With the resistive

load, the output voltage and current waveforms are shown in

fig.3.1(b)., When the supply voltage falls to zero, the current
also goes to zero and the appropriate thyristors (T1 , Tz) in
the positive half cycle, (T3 . T4 ) in "the negative half cycle

are turned off by natural commutation. The supply voltage reverse
biases the two thyristors which were previously conducting until
the next pair of thyristors is. turned on. With the turn on
of the other pair of thyristors the supply voltage appears across

each thyristor as a reverse bias.

With an inductive load, having sufficient inductance,
the load current becomes continuous. Each diagonally connected
thyristor pair conducts for one half period of the supply frequency.
When T1 and T2 are turned on together in the positive half cycle,
the current flows from the source, through the thyristor T1
to the load and back to the source through the thyristor ”Jé
By turning on thyristors T3 and T4 after one half period from
the instant of triggering thyristors T1 and T2 a negative voltage

appears across the thyristor Tl and T reverse biases them

2 ’
and turns them off by line commutation. The current flow through

the a.c. source gets reversed, the load current is however uni-

directional. Fig. 3.1. (c).

22



2Vm
The average output voltage is given by V = X COSo .

where Vrn is the RMS value of the input alternating voltage.

3.2 Half controlled bridge rectifier

In a two quadrant bridge converter if half the total
number of thyristors are replaced by diodes, the converter circuit
so formed is called the half controlled converter. The advantage
of half controlled converters over fully controlled converters

are

(a) since half the thyristors are replaced by diodes, the half
controlled cost less than the fully controlled converter.

(b) The mean d.c. terminal voltage can be continuously controlled
form maximum to virtually =zero with increased control range

of the firing angle.

Fig 3.2 shows the two configurations of the half control-
led converter, with the pertinent voltage and current waveforms,
for a particular firing angle. The converter circuit with the
thyristors T1 and '1‘2 connected to form a common cathode as
shown in fig.3.2(a) is known as the Symmetrical Configuration
while the c¢ircuit with the thyristors T1 and T2 connected

to the same a.c. terminal as shown in fig.3.2(b) is known as

the Symmetrical Configuration.

23



Symmetrical Configuration

In this 'J."1 is turned ON at a firing angle in each positive
half cycle. T1 and Dl conduct from = to x . When the supply
voltage reverses the diode D2 is forward biased since diode

D1 is already conducting. The diode D2 than turns on, and

-

the load current passes through D2 and T1 - The supply voltage
reverse biases D1 and then turns it off. Thus the load current
freewheels during the interval from X toX+« in each supply cycle.
At the instant (&X+o.) a trigger pulse is applied to the thyristor

’I‘2 . Since it is forward biased, it turns on. Consequently the

supply voltage reverse biases T1 and then turns it off by line

commutation. The load current now flows through T2 and Dz
and the supply current i, is reversed. The supply current

waveform, voltage across the thyristor T1 » output wvoltage and
output current are shown in fig.3.2(c). Since the conduction
intervals of thyristors and diodes are equal, this circuit is

known as symmetrical configuration.
Asymmetrical Configuration

In the converter circuit of fig.3.22 (b), T, and D1
Cond‘uct from c-l to X and T2 and D2 conduct from ( A +e) in
each supply cycle. The free wheeling action is provided by
diodes D1 and D2 from 0 to=and from X to (X~=) in each supply

cycle, The supply current waveform voltage across the thyristor

Tl » output voltage and current waveforms for a particular firing

24



are shown in fig.3.2(d). Due to unequal conduction intervals
of thyristors and diodes, this circuit is known as the 'asymme-
trical configuration'. The two converter circuits configurations
are indistinguishable with regard to the output voltage and current
waveform from the figures. However, the internal mechanism
is different in the two converter circuits. This project uses
symmetrical configuration which has some advantages over asymme-

trical configuration. They are:

(a) The thyristors conduct for longer intervals il . _the symme-
trical circuit, lthe thyristors used in this circuit must have
a higher average current rating compared to those in the asymme-

trical configuration.

(b) The cathodes of two SCRs are at the same potential in the
symmetrical configuration, their gates can be connected and the
single gate pulse can be used for triggering either thyristor.
The particular thyristor which has the forward bias at the instant
of firing will turn on. In the case of asymmetrical configuration

separate pulses are to be used.

The expressions for the output voltage VO and the funda-

mental RMS value of the alternating current I are given as
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E be the RMS value of the a.c input voltage and « be the firing

angle.

- 2{2

where Id be the direct current output and =« be the firing angle.

From the expression for output voltage V0 , it will
be observed that for a half-controlled circuit the output voltage
will always be positive as the firing angle changes from zero
to x. In a similar manner, it can be shown that the performance
of a three-phase half controlled circuit differs from that of
the fully controlled -circuit. However, in this case either the
top three or bottom three SCRs can be replaced by the diodes
for the half-control operation.‘ Fig 3.3(a) shows a three phase
half-controlled bridge. The asymmetrical configuration is not
used as it introduces imbalance in the line currents on kthe
a.c. side. If the load inductance L., is large, the output current

d

id will be maintained continuous.
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CHAPTER IV

DESIGN OF HARDWARE

The block diagram of the firing circuit is shown in fig.4.1.
The comparators 1 & 2 convert the positive and negative half
cycles of the alternating voltage (from the 230/7.5-0-7.5 trans-
former) into square waves. A positive going spike at every
zero crossing is obtained as the square wave _passes through
high pass filters‘ (HPF 1 § HPF 2) and OR gate. This circuit

is called Zero Cross Detector.

The output of the Zero Cross Detector is given to thé
microprocessor. The braking time is entered in the microprocessor.
So a delay (firing angle) is generated in the microprocessor.
The negative going pulse (output of the microprocessor) is
converted into positive going pulse using the inverter. The
pulses for firing the SCR 1 and SCR 2 are separated using the
AND gates and the duration of the pulses are increased using

the R-S flip flop. The firing pulses are applied to the SCRs

through a driver.

The hardware part of the project involves the following

operations:-
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(1) Zero Crossing Detection : A positive pulse is obtained

at every zero crossing point of the alternating voltage.

(ii) Logic circuits for sequential firing of SCRs with delay.
(To obtain continuous firing, to generate the firing angle and

to send pulses to SCRs in correct sequence)

(iii) Half controlled rectifier circuit.
(iv) Power supply for control circuits.
4.3 ZERO CROSSING DETECTION

An immediate application of the comparator is the Zero
Crossing Detector. It is also called line wave-to-square wave
converter. The basic comparator of fig.4.1(a) or 4.1(b) can
be used as Zero crossing detector provided that Vref is set
to zero. Fig.4.1(c) shows the inverting comparator used as
Zero-Crossing Detector. The output voltage (VO) waveform in
fig.4.1(d) shows when & in what direction an input signal Vin
crosses zero volts. That is, the output VO is driven into
negative saturation when the input signal Vin passes through
zero in the positive direction. Conversely, when Vin passes

through zero in negative direction, the output V0 switches §

saturates positively.
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In some applications, the input Vin may be a slowly
changing waveform, that is, a low frequency signal. Therefore,
it will take Vin more time to cross zero volt. As a result,
V0 may not switch quickly from one saturation voltage to the
other. On the other hand, because of the noise at the op-amp's
input terminals, the output VO may fluctuate between two saturation

-

voltages +V and -V detecting zero reference crossings

sat sat °

for noise voltages as well as Vin - Both of these problems can
be cured with the use of regenerative or positive feedback that
causes the output V0 to change faster and eliminate any false

output transitions due to noise signals at the input.

The hardware for the zero crossing detector is shm)vn
in fig.4.2. The 230V main is stepped down to (7.5-0-7.5V) by
the power supply transformer. The 7.5V is atter}uated to 1V
by the resistors 6.5 K § 1 K. The comparator LM339 converts
the positive § negative half cycles into square pulses by comparing
the 1V a.c. to the ground level. Only two comparators of the
LM339 are used and the rest two are left free. The 1V a.c.

is applied to the non-inverting input while the inverting input

is grounded.

The first comparator converts the positive half cycle
of the sinusoidal alternating voltage into square wave and the

second comparator converts the negative half cycle of the sinu-
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soidal alternating voltage into square wave. The pin configuration

of LM339 is shown in fig.4.2(a).

The square waves are converted into spikes in the high
pass filter. The high pass filter is a RC network with
R = 33K and C = 0.022 MFD. The circuit diagram is shown
in fig.4.3. The high pass filter allows the high frequency
component of the square waves and blocks the low frequency
components. S0 a positive spike is obtained at every positive
Zero cross over in one channel. A positive spike is obtained

at every negative zero cross over in the other channel.

The positive spikes of the two channel are ORed using
an 'OR' gate. The OR gate is constructed using the transistors
SL100. The circuit diagram is given in fig.4.4. The transistors
are operated at either saturation or cut-off but no where else
along the load line. The load line is given in fig.4.5. Soft
saturation means the transistor is barely saturated, the base
current is just enough to operate the transistor at the upper
end of the load line. Hard saturation means the transistor has
sufficient base current to be saturated under all operating condi-
tions. To get hard saturation I-_‘-;__u/, is made approximately

10 times the value of I A ratio of 10:1 is low enough

bkﬁ.\h)
to almost any transistor to remain saturated, despite temperature
extremes, transistor replacement, supply voltage changing etc.

By using 470-1§ 4.7 K for collector § base resistances respectively

the hard saturation is obtained. So the output of OR gate sends
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a positive spike at every zero crossover of the a.c. supply.

4.4 LOGIC CIRCUITS FOR SEQUENTIAL FIRING OF SCRs

The output of the zero crossing detector is sent to the
microprocessor and it receives every positive spike. After a
delay it sends out a negative going pulse. The Programmable
Interval Timer 8253 1is interfaced to the microprocessor 8085
for this purpose. As seen from the timing diagram of mode~5
(hardware triggered strobe), expléined in the appendix, as soon
as the gate is enabled by a raising pulse, the countdown is
started. At the end of the count down a negative going pulse
is sent out through the 'OUT' pin. The time period of negative

going is one clock cycle. The microprocessor is used for the

clock input.

The output of the zero crossing detector is sent to the

'GATE " of the programmable interval timer 8253 output pulses
are taken from the "OUT " of the PIT 8253. So this project
uses counter .

If the count is high, the firing angle will be large.
If the count is low, the firing angle will be small. Since the
180 degree is covered by a large count, the resolution will be
very high.
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The output of the microprocessor is a negative going
pulse. It is inverted into positive going pulse by using inverter.
The inverter output is ANDed with the comparator outputs to
separte positive half cycle firing pulses and negative half cycle
firing pulses. The pulse duration is increased for continuous
firing by using R-S flip flop. R-S flip flop outputs are ANDed
with comparator outputs to stop firing at the end of the respective
half cycles. The driving capacity of the AND gates are improved
by the transistors SL100 and the SCRs ’I‘1 & T2 are properly
fired. The circuit diagram for the above functions is given

in fig.4.6.

The transistors SL100 are used as drives. Their collector
currents are limited to maximum gate current (40A) of the SCRs
by the collector resistance.

Collector current = 5 V/150«r= 33 mA

Using 10:1 ratio, the base resistance is 1.2 K.

The firing circuit is shown in fig.4.7 and the voltage
waveform at various points in the firing circuit are shown in

fig.4.8.
4.5 HALF CONTROLLED RECTIFIER CIRCUIT

A half controlled bridge rectifier with symmetrical confi-

guration is used in this project to obtain d.c. current necessary

37



for injecting into the motor during dynamic braking. Two SCRs
and two power diodes are used in this project for symmetrical

configuration.

4.6 POWER SUPPLY FOR CONTROL CIRCUIT

A 5V power supply is required for the operation of logic
gates, IC comparator and d.c.relay. The 12V supply for the
comparator LM338 is taken from the microprocessur supply.
The circuit diagram of the power supply is shown in fig.4.9.
The 230V main is stepped down to 7.5-0-7.5V. A full wave recti-
fier is constructed using the diodes IN4001. A 1000 MFD, 25V

capacitor is used for good regulation.

IC 7805 is wused for regulating the output voltage. The
input voltage to the IC 7805 is 10V. At the output, 5V regulated
d.c. is obtained. The driving capacity of this power supply

is 500 mA. A 1MFD, 10V capacitor is connected at the output

‘ to reduce the ripples.
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CHAPTER V

SOFTWARE

5.1 THE 8085 MICROPROCESSOR

The 8085 is an 8-bit general purpose microprocesor capable
of addressing 64K of memory. The device has forty pins, requires
a +5V single power supply, and can operate with a 3-MHz single-
phase clock. The 8085 includes on its chip most of the logic
circuitry for performing computing tasks and for communicating
with peripherals. However, eight of its bus lines are multiplexed;

that is, they are time started by the low-order address § data.

Fig 5.1 shows the logic pinout of the 8085 microprocessor.

All the signals can be classified into six groups:

1. Address bus
2. Data bus
3. Control and status signals
4. Power supply and frequency signals
5. Interrupts and peripheral initiated signals and
6. Serial Input/output ports.
Address Bus
The 8085 has eight 'signal lines, A - A which are

15 8
unidirectional and used as high-order address bus.
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Multiplexed Address/Data Bus

The signal lines AD7 to AD0 are bidirectional, they
Serve a dual purpose. They are used as the low-order address
bus as well as the data bus. In executing an instruction, during
the earlier part of the cycle, these lines are used as the low-
order address bus. During the lafer p:art of the cycle these

lines are used as the data bus, However, the lower order address

bus can be separated from these signals by using a latch,
Control and Status Signals

This group of signals include two control signals (RD
and WR), three status signals (1I0/M, S1 and SO) to identify the
hature of the operation and one special signal (ALE) to indicate

the beginning of the operation. These signals are as follows:

* ALE - Address Latch Enable

This is a positive going pulse generated every time the
- 8085 begins an operation; it indicates that the bits on AD,7 -
ADO are address bits. This signal is used primarily to latch

the low-order address from the multiplexed bus and generate

a separate set of eight address lines, A7 to A
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* RD - Read

- This is a read control signal (active low). This signal
indicates that the selected Input/Output or memory device is

to be read and data are available on the data bus.

# WR - Write

This is a write control signal (active low). This signal
indicates that the data on the data bus are to be written into

a selected memory or Input/Output location.

* 10/M

This is a status signal used to differentiate between
Input/Output and memory operations. When it is high, it indicatesa
an Input/Output operation; when it is low, it indicates a memory
operation. This signal is combined with RD (Read) and WR (Write)

to generate Input/Output and memory control signals.

These status signals, similar to IO/M, can identify various

operations, but they are rarely used in small systems.

51



Power Supply and Clock Frequency

The power supply and frequency signals are as follows:

3*

VCC +O0V Power supply

* VSS : Ground reference

* Xl,XZ: A crystal is connected at these two pins.
The frequency is internally divided by two, therefore,

to operate a system at 3 MHz, the crystal should have

frequency of 6 MHz.

* CLK (OUT) - Clock output

This signal can be used as the system clock for other

devices.

Interrupts and externally initiated operations

The 8085 has five interrupt signals than can be used
to interrupt a program execution. One of the signals, INTR
(Interrupt Request) is identical to the 8080A microprocessor
interrupt signal (INT). The microprocessor acknowledges an

interrupt by the INTA (Interrupt Acknowledge) signal.

* RESET IN

When the signal on this pin goes low, the program counter

is set to zero, the buses are tri-stated and the MPU is reset.

52



*# RESET OUT

This signal indicates that the MPU is being reset. The

signal can be used to reset other devices.

Serial I/0 Ports

The 8085 has two signal inputs {o implement the serial

transmission: SID (Serial Input Data) and SOD (Serial Output Data).

5.2 THE 8253 PROGRAMMABLE INTERVAL TIMER

The 8253 Programmable interval timer/counter is functionally
similar to the software-designed counters and timers. It generates
accurate time delays and can be used for applications such as
real-time clock, an event counter, a digital one-shot, a square

wave generator and a complex waveform generator.

The 8253 includes three identical 16 bit counters that
can operate independently in any one of the six modes. It is
packaged in a 24 pin DIP and requires a single +5V power supply.
To operate a counter, a 16 bit count is lpaded in its register
and, on command, it begins to decrement the count until it reaches
Zero. At the end of the count, it generates a pulse that can

be used to interrupt the MPU. The counter can count either
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in binary or BCD. In addition, a count can be read by the

MPU while the counter is decrementing.

Block diagram of the 8253

Fig.5.2 is the block diagram of the 8253; it includes
three counters (0,1 and 2), a data bus buffer, Read/Write control
logic and a control register. Each counter has two input signals

- clock (CLK) and GATE - and one output signal - OUT.

Data Bus Buffer

This tri-state, 8 bit, bidirectional buffer is connected

to the data bus of the MPU,

Control logic

The control section has five signals: RD (Read)

H

WR (Write), CS (chip select) and the address lines Ao and Al. m
the peripheral I/0 mode, the RD and WR signals are connected
to IOR a‘nd ow respectively. In memory-mapped I/0, these
are connected to MEMR (Memory Read) and MEMW (Memory write).
Address lines AO and A1 of the MPU are wusually connected fo

lines A0 and A1 of the 8253 and CS is tied to a decoded address.
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The control word register and counters are selected accor-

ding to the signals on lines AO & A1 as shown below:

A1 A0 Selection
0 0 Counter O
0 1 Counter 1
1 0 Counter 2
1 1 Control register

Control Word Register

This register is accessed when lines A0 and A1 are
at logic 1. It is used to write a command word which specifies
the counter to be used, its mode, and either a Read or a Write

operation. However, the control word register is not available

for a Read operation. The control word format is shown in fig.5.3.

Mode

The 8253 can operate in six different modes as shown
in fig.5.4. The gate of a counter is used either to disable

or enable counting.

Programming the 8253

The 8253 can be programmed to provide various types

of output through write operations, or to check a count while
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counting through Read operations. The details of these operations

are given below:

Write operations

To initialise a counter, the following steps are necessary:

1. Write a control word into the control register.
2. Load the low-order byte of a count in the counter
register.

3. Load the high-order byte of a count in the counter

register.

With a clock (maximum 2 MHz) and an appropriate gafe
signal to one of the counters, the above steps should start the

counter and provide appropriate output according to the control

word.

Read Operations

In some applications, especially in event counters, it
is necessary to read the value of the count in progress. This
can be done by either of the two methods. One method involves
reading a count after inhibiting the counter to be read. The
second method involves reading a count while the count is in

progress (known as reading on the fly).
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In the first method, counting is stopped by controlling
the gate input or the clock input of the selected counter, and
two I/0 read operations are performed by the microprocessor
unit. | The first I/0 operation reads the low-order byte, and

the second I/0 operation reads the high-order byte.

In the second method, an appropriate control word is
written into the control register to latch a count in the output

latch, and two I/0 read operations are performed by the MPU.

9.2(i) CONTROL WORD FORMAT

The control word is formed for the Mode 5 from the
control word format. The braking time is entered in the micro-
procesor. A look-up-table relating the firing angle and time
ié provided. The entry of the braking time selects the firing
angle from this table and suitable current required f{for the

braking is generated.

‘This project uses counter of the 8253, for which
D7 = and D6 = . The least significant bit is sent first and
then most significant bit is sent next. So D5 = and D4 =
D3 = s D2 = . Dl = . The count is in binary. So
DO =0
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The control word is,

5.3 LOOK-UP-TABLE

In the working model, the induction motor is operated
at a load of 2.3A and rated speed of 1440 rpm. The table forming
braking time Vs the count is found out experimentally and the
data are stored in memory location in the form of number of
counts. If the braking time is entered, on execution of the
program the corresponding count is selected. The count is sent
to the PIT 8253, the SCRs are properly fired and the required

direct current is obtained.
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5.5. PROGRAM

OP.CODE . LABEL MNEMONIC
OE MVI C,17
3A LDA 8300
21 LXI H, 8101
BE AG: CMP M

DA JC OUT

23 INX H

0D DCR C

c2 JNZ AG

26 OUT: MVI H, 82
3E MVI A,BA
D3 OUT 83

3E MVI A,10
D3 OUT 82

7E MOV A,M

D3 OUT 82
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CHAPTER VI

EXPERIMENTAL SET UP

This project is tested on a three h.p. squirrel cage

induction motor with a load of 2.3A and rated speed of 1440

rpm. The name plate details of the ahove motor are given below:

Stator winding : Delta connected
Volta '~ ¢ N5y

Current i 4.6 A
Frequency : 50 Hz

Phase 2 phase

Speed 1440 rpm

The details of the microprocessor used in this proiect

are given below:

Manufacturer Name :  PRECITRON

CPU :  INTEL 8085

Clock : MHz

RAM

The overall circuit diagram is shown in fig.6.1. A

contactor is used to cut off the 3 phase a.c. input to the motor
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and to send the d.c. current simultaneously. The contactor has
three normally closed and two normally opened contacts. Three
normally closed contacts are used to 'ON-OFF' the three phase
a.c. supply. Two normally opened contacts ér‘e used to 'ON-
OFF' the d.c. supply from the SCR bridge. The energizing coil
of the contactor which is given 415V a.c. supply is controlled

by a 5V d.c. relay.

An autotransformer 1is used for starting the induction
motor. A current limitting rheostat (67.5 ,6.5A) is wused to
limit the d.c.current injected into the stator. 230V a.c. input

is given to the SCR bridge.

The braking time is entered in the LOC and the micro-
processor program is executed. On execution the count corres-

ponding to the braking time is selected and is sent to the counter

To brake the induction motor, the 5V d.c. relay is ener-
gised, which in turn energises the contactor. The contactor
cuts the 3 phase a.c. supply and sends the d.c. current to the
stator winding. The firing angle is already-set in the micro-
processor by the execution of the braking time. After the motor

stops, the direct current should be cut off.
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Since the dynamic braking is used, there

rotation of the motor after standstill. By this

braking torque can be varied. So a smooth braking

to the induction motor.

It may be applied to conveyor schemes,
schemes for applying smooth braking for different

project suggests a program to achieve the dynamic

microprocessor control.
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CHAPTER VII

CONCLUSION

This project is designed, fabricated and tested on a
three h.p. three phase squirrel cage induction motor and is
found to be successful. Dynamic brakiné of an induction motor
provides a retarding torque and as a result of which, the speed
of the rno_tor .decreases and becomes zero. There are certain
'advantages of this method as cdmpared to mechanical braking

methods.

Less maintenance is required, whereas mechanical brakes
require adjustment and replacement of the brake linings. No
dirt is produced, whereas the wear out of mechanical brakes

produces dust. Dynamic braking is smooth without snatching.

Dynamic braking, may be employed for any one of the

following purposes:
i) reducing the time taken to stop the motor.

ii) stopping exactly at specified points, for example, in
lifts; sometimes such precise stops are necessary for
reasons for safety.
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iii) feeding back, at least a portion of the power, to the

supply network.

Test Results

During normal running condition with 50% load on the
motor (i.e. 2.3A) and the motor stopped by switching off the
mains and without any signal from our designed circuit, the motor
stops in 6 seconds. When dynamic braking is applied and with
all the other conditions on the motor remaining the same, the
motor stops in 3.5 seconds. This means that the braking time

of the motor is reduced by 41.6% from the previous value.
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FUNCTIONAL DESCRIPTION

Genesral :

The 8253 is a programmable interval timer/counter
speciically designed for use with the Intel™ Micro-
computar systems. |1 funclion is that of a general
purpose, muiti-liming element that Can be treated as an
array of 1/Q ponts in the system software

The 8253 solves one of the most common problemsinany
microcomputer systerm, the generation of accurate time
deiays under software controt Instead ot selhing up tining
loops i Systems sofltware, the programmer configures the
8253 to maich his féquirements, imhalizes one of the
Counters cf the 8253 with the desired quantity, then upon
command the 8253 wilj count oul the detay and interrupt
the CPU when it has completed its tasks it is easy to see
that the software overhead is minimai and that multiple

delays can easuy be maintained by assignment of priority
levels

Other counter/timer functions that are non-delay in
nature but aiso common {0 most microcompu(ers can be
implemented with the 8253

¢ Programmable Rate Generator

* Event Counter

* Binary Rate Multiptier

* Real Time Clock

* Digital One-Shot

* Complex Motor Controlier

Data Bus Butfer

This 3-state, bi-directicnal, 8-bit bufferisusedto interface
the 8253 to the system data bus. Data is transmitled or
feceived by the buffer upon execution of INput or OUTput

CPU instructions. The Data Bus Buffer has three basic
lunctions.

1. Programmmg the MODES of the 8253
2 Loading the count registers.
3 Reading the count values.

Read/wme Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates controt signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur to change the tunction unless the
device has been selected by the system logic.

RD (Read)

Alow™ on this Nput intoims the 8253 thay the CPU s
nputhng data in the form of a counters value

WA (Write)

A low” an this Input informs the 8253 that the CpPY s

outputting data mn the form ot mode information or loading
counters

———— h‘_g\\‘

AQ, A1t

These inpuls are normatly connected to the address buys
Their tunction is 10 select one of the three counters to be
Opcrated on and to address the control word register for
mede selection,

CS (Chip Select) -

A “low” on this input eribles the 8253 Mo reading or
witing wilt occur unless the device is solocted The ©08

nput has no effect upon the actual aperanan of the
cCounlers

« [————
,
~——Ctxo
Oy Ae ¢ DATA g —N LA COUNTER
0 1 [:1934 r ) 0 S —=—GAT{ 0
4TV pursen Lo ¥ v
i ——— GUres
-—L l
{hwﬁl
RfS g ikt
-——C1
WwR T ————
READ/ COUNTER
wRITE 31 e GATE 1
Ay ———_ .} tovic
———0Ut
A,
1
cs “\j b— ’
p—
———-CiK 7
conTAotL
WORD mu:;vm ——GaTE 2
REGISTER
Qur 2

INTERNAL BUS /_\J

—— —_—
Figure 1. Block Diagram Showing Data Bus Buffar and
Read/Write Logic Functions
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Control Word Reglster

The Controf Word Register is setected when A0, Atare 11
1 then accepts information from the data bus buller and
stores it in a register The information stsred in this
register controls the operationat MOODE of each counter,

selection of binary or BCD counting and the loading of
each count register

The Control Worg Register can only be written into: no
read operation of its contents is available

Counter #0, Counter #1, Counter #2

These three functiong} blocks areidentical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output re confiqurad by the selection of
MODES stored in the Controt Word Register

The counters are fully independent and each can have
separate Mode configuration and counting operation,
birary or BCD. Aiso, there are special features in the
~ontrol word that handle the loading of the count vaiue 50

tr-at software overhead €an be minimized for these
functions.

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting applications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the tly” without having to inhibit
the clock inpul

8253 SYSTEM INTERFACE

The 8253 is a component of the Intet'™™ Microcomputer
Systems and interfaces in the same manner as all other
peripherals of the family. It is treated by the systems
software as an array of peripheral 1/0 ports; three are
counters and the fourth is g control register for MODE
programming.

Basically, the select inputs AQ. A connect lo the A0, A'S
address bus signats of the CPU The CS can be derived
diectly lrom the addiess hususing alinear select method.

Oritcanbe connected to the output of a decoder. <ich as
an Intel * 8205 for larger systems

: o -
0;- ~] Para —NJ counten :
O ey suFren NV S e oi

H

. —“} i

) 4

i
: H
READ/ “N\J counten !
WRITE 1 !
Loaic v

T
|

P :r-‘

—— Cctx 2

< fONTROL /\_w ~ N
. TOUNTER

. woORg j*-—— GATE 2

x . REGISTER |\ "2 !

——Cur 2 ;
\ L 3
INTEANAL BUS /,\J

Figure 2. Block Diagram Showing Control Word
Reglster and Counter Functlons
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Figure 3. 8253 System Inlerface
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OPERATIONAL DESCRIPTION

General

The compiete tunclionat defimtion o the 8253 is
Programmeg by the systems soltware A set of controf
words must be seny Out by the Cpy 1o tnitiatize pach
counter of the g25s3 with the desireq MODE ang Quantity
normation These control. words program the MODE,

Loadmg Sequence ang seleclion of binary of BCD
£0unting

Once Programmeq, ihe 82533 feady 1o perform whatever
Uming tasks s assigned 1o accompsh

The actyat Counting Operahion of fach  countor s
cumplcmiy ndepenger and additionay logic s pProvided
on-chip sp that the usuat problems associated with
efficient monttoning  ang fNanagement of external,
asynchronous events or rates to the microcompyter
System have been eliminateqg

Programmlng the 8253

Each counter of the 8253 jg individuaﬂy Programmeq by
whling a contrpt word into the Control Word Reqister

Controf Word Format

D] Ds DS D4 03 Dz D] Do
’SCI l SCo ‘ ALY ! LOTM2 , My l Mo D(.?J

Definition of Contro}

SC — Selact Counter:

sCt SCo

Sefect Coun ter 1
— 22 Lount

Select Counter 2

Countes Latching opetation {sce
READ/WRITE Procedwre Section)
— —_— T

— ——— ——
1 f; 0 Read, Load most sigmificang byte onty,
I I Read/Loay least significang byte oniy.
- ‘“5__ - . —— e . —_—
P
I

ReadiLoad least significang byte firsg,

then most significant byte.
_&\\\‘Rﬁ_x -

M — MODE:

M2 g MQ '
0 0 | Mode g
0‘ 1 Muode 1
X 0 Made 2
X 1 Mode 3
1 0 Mode 4
1o J 1| Mode 5

——l - e oL

BCD:

0 Binary Counter 15 bits )
—_—— ‘\_\\\\ —y
1 Binary Cuded Degimay {ACD) Counter !
l {4 Decades)
—_—

\\‘J

Counter Loading

The count register is not loaded unti the coynt value is
wrilten (one or two bytes. depending on the moge
selected by the AL bits), followed bya fising edge and a
falling edge of the clock. Any tead of the counter prior tg
that talling clock edge may yield mvatiy data.

MODE Definition

MODE o Interrupt on Terminal Count. The output wiit
be initially 1ow alter the mode set operation. Afrpy the
countis toagey ino this sefected ¢, yny register, the oy
put will remain low and the counter wil count. When tey.
minal count 'S reached the output wit 90 high anyg re.
main high yntj the seiectog Count register i reloaden
with the mode or a new count is joageq. The counter

Continues 1o tecrement after termingi count has been
reached.

Rewu’h’ng 2 counter register during Counting resyjig in
the Iouowmq:

{1 Write ISt byte stops the Current €ounting.
(2) Write 2ndg Lyte starts the new count.

MODE 1. Programmable One-Shat. Tha oulput wili gn

low on the CCum foHOWing the fising edge of the gate in
put

The oulput wity 70 high an the terminaf Count 1f 3 new
Count valye g 'oaded while the outpyt 1S 1ow it wil) not
affect the Suration of the one shot pulse untit 1he suc-
Ceeding triqqer The current count can be tead at any
time withoyy atlecting the one-shot pyise

The Qne-shot js re!réqgcrable, hence the Sulput wilt re
main inw for e fuil count after any 1181 odge of the
gate inpyt



g

R, T

MODE 2: Rate Generalor. Divide by N counter. The oyt.
Put will be iow for ong period of the nput clock. The

- Period from one outpul puise 1o the next equals the

Tha gate inpuyt, whean low, win force the outpyt high.

to Synchronize the COuNlpr.

When this mode i3 set, the oulput wily remain high ynt
alter th

@ count register I8 toadey, The output then can
also be Synchronized by Soltwarg.

MODE 4. Softwarg Triggered Strobe. After the mode is
set. the Sutpul wilj pe high. When the count Is loadag,
the counter win begin counting, On termina ccunt, the
CUlpLt wall 90 fow for one Input clock Period, then win

i the count register Is relocaded hetween outputl pylses
the present period wilt not he affected, but the Subse
quent period wiit reflect the new valve. The count will he
inhibiteg while the Qate Inpuyt g low. Reloading the

“ounter register will restary Counting beginm‘ng with tre
N8w rnumber.

Put will not 8o low until the full count after the rising
edge of any trigger.

™~

Modes

\‘\Slnlu:

Signat

Or Going
Low

Drsabies
Cmmlulq

——

'y Imitrates
Counlmg

2} Rosers oulput
ifer nexr cigea

Dieaning

Clvnting fnitiateg

counting

Foahing

2 TOUNting

Sets cutpen

|mm(‘clall‘ly
high

————— —
1) Orsantes
Counting tliates Enapteg
) Setg Nt Crmtting Caunting
tmmediately

high

—— B e
4 Dicahies . Frabinc
Counting . Counting
o T RISt
Lountng !
T T .
Figure 4. Gato Pip Operations Summmy
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MODE o: Interrupt on Terminal Count

cocx [ 11
'
WA l ’ ] t

Qurruy UNTERRUPT)

MODE 1: Programmabla One-Shot

Wha T I

TRIGGER

A1 2, [}
outryur
inwq
TRIGGER f "j f\

4 3 2 3 2 1 ¢
outryr .

MODE 2: Rate Genesralor
4

cwcx‘r”"-"'-mu‘umru-ul,-m_,m
LLE N LA

ne3

ourrur 4 3 72 Ol 3 2 oNn 2 9 g
0{3) 3 2
OUTPUT (-

ooy ooy oy 2 g
RESET l—r\

Figure 5. 253 Timing Dlagrams
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MODE 3. Square Wavs Genzrator

crock ][[”]l"[
4 7 a2 1 4 2 4 2 4 b 4 ? 4

QuTPUT neay

H 2 5 4 2 s ? $ . 2
OUTEUT tau g, ﬁ_h\r\

MODE 1- Software Triggered Strobe

WwR n-4
4 3 2 [
Ourteyr l I
LOAD n n=-4
GATE \]\I\-
4 4 1 2 1 4
ourryr

MODE 5. Hardware Triggered Stroba

cLocx l l l
GATE %_j\

4 3 2 1 ]
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8253 READ/WRITE PROCEDURE
Wrlte Operations

The systems software Must program each counter of the

- 8253 with the mode and Quantity desired. The program-
. mer must write out to the 8253 3 MODE control worg and

the programmed number of count reqgisler bytes (tor2)
PNor to actually using the selected counter

The actual order of the programming is quite flexibie,
Wniting out of the MODE control word can be in any
sequence of counter selection, €.9.. counter 40 does not
have 1o be first or courter #2 last. Each counter's MODE
control word register hss a Separate address so that its
loading is completely sequence independent. ($Co.scH

The loading of the Count Register with the actual count
value. however, must be done in exactly the sequence

at any time following the MODE control word loading as
long as the correct number of bytes is loaded in order

All counters are down counters Thus, the value loaded
into the count reqgister wilt actually be decremented.
Loading ail zeroes into a count register will result in the
maximum count (21 fof Binary or 10 for BCD). InMODE o
the new count will not restart untit the toad has heen
comnpleted 1t wiil accept one of two bytes depending on
how the MODE control words (RLD,
med Then proceed with the restart operation

MODE Control Word
Counter n

LS8 Count Register byte

Counter n
SRS S

MsE Count Register byte
Counter n

Note: Format shown is g simple example of loading the 8253 and
does not imply that it is the only format that can be ysed.

Figure 6. Programmlng Format

_—_—
Al | AQ
MODE Controt Word
No. 1 1 1
Counter 0
MODE Control Word
. 1
No. 2 Counter 1 !
— ]
MODE Control Word
K ' f 1
Ne. 3 ~ Counter 2
No.4 | LsB Count Register Bylc

Counter 1 ‘
—_—

Count Register Byte

0 1
No.5 | MsB Counter 1
Regi
No.6 | Lsg Count egister Byte ] 0
Counter 2

— —_— 1 ]
Count Reqister Byte

No. 7 MSB
Counter 2
et b S
i Caunt Register Byte
Mo.8 i tsp
i Counter 0
; Count Reqistar Byte
MNo. @ . MSB '
: Counter Q
MNote The rxclusive addrestns of eact counter's count registes make
the task nf Prograrnmirmg the 8,53 5 very simple matter, and
T etlective yse nf the device will resuit if this feature
s fully ytilirert
—_— —

Figure 7. Alternate Pragramming Formats
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Read Operations

in most counter apphcations it becomes necessary toread
the value ol the count 1n progress and make a
computational decision based on this quantity  Event
counters are probably the most commaon application that
uses this tunction The 8253 containg logrc that will allow
lhe programmer to easily read the contents of any of the
three counlers without aistuibing the actual count m
progress

There are two methods that the programmer can use to
read the value of the counters The lirst method involves
the use of simple 10 read operations of the selected
counter By controiing the AD. Al inpuls to the 8253 the
programmme; can select the counter 10 be read (remember
that no read operation ol the mode register 1s alfowed A0
At-11) The only requirement with Uns method 15 that in
order 10 assure a staible count teading the actual operation
ol the selected counter must be mhihited either by
controthng the Gate .nput or by external logic that intubits
the clock mput The contents of the counter selected will
be avadable as foltows

st 1:0 Read comtains th: least sigmlicant byte {LSB)

second 170 Read contams the most signthicant byte
(MSB)

Due 1o the internal logic of the B253 it 15 - ialely
necessaryIucomplelelheenhreveadmgpv(.u"v-,'v- Hiw:
bytes are proqrammed to be read then two bytes me v
read beloce any loading WR command can be sent 1o the
same counter

3N
CLK————

- 2

g kY -

Read Operation Chart

A1l AD 1D
- 6 B 7"-‘6 T (i ) H:.M Counter -N‘u_ {) ‘
6 b 1 R 0 héarl Counter No. 1 “
] T 6 - 6 - : ;%de Cuunu;f Nu: 2 )
R R B B R

Reading While Counting

tn order Tor the programimer 1o read the contents ol any
counter without eltecting or disturbing the counting
eperation the 8253 has speoal internal toqic that can be
aceessed using simple. WR corumands to the MODFE
regqister Basically when the programaner vashios tey reaed
the contents ot a seiretod contee  onthe fhy heloads the
MODE register with a speciat code wineh tatches the
present count vatue imo
conlents contain an

storage reqister sa that s
accuraie  stable quantity  The
programmer then issues a normar tead command 1o e
Sf‘.l(:(u-dcuuulcrnn(!lhccr,mlcnls()1Ih(:I:nch(rmr-quslm I3
avatable

MODE Register for Latching Count

A0, A1 = 11
D7 D& D6 D4 D3 D2 7() "- 00 7
5CH SCo 0 0 X * X X

SC1SC0
504

specly counter ta be 1atchied

00 designates counter tatehing operation

X dont care

The same limitation applies 10 this mode of reading the
counter as the previous method. That is, it is mandatory
to complete the entire read operation as proagrammed
This command has no elfect on the counter's maode

* U EMH:
I e [0

826535

*H an 8085 clock output is to diive an 8253 5 clock input, i1 mmust e reduced 192 MMz ¢ less

Figure 8. MCS85™ Clock Interface*



