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SYNOPSIS
This project deals with the design and fabrication of cir-
cuit for microprocessor based sub-station protection and instru—

mentation. This scheme display line cwrent, voltage, frequency

and phase angle round the clock and simultaneously provides
directional over current protection, differential protection,
directional impedance protection to a typical sub-station. The

data received from the sub-station are processed by & microproc-—
25301 . It gives out a try signal if there i1s short oilircuit in
the system otherwise 1t computes phase angle and freguency and
displays the system guantities.

The advantages of this scheme are self-diagnosis, realiza-

tion and reduction of buwden due to instrumentation.



CHAPTER - I

The extensive use of electric power and the huge capital
investment made on a "FOWER SYSTEM" for generation, transmission
and distribution of power have made the reliability of operation
aof the different parts of the system a problem of distwbance to
normal operation and occurrence of faults in the system cannot be
ruled out. It is the aim of the protective relays to protect the

system from the danger due to faults and other disturbances.

The commonest form of disturbance 1in normal operation  of
power system equipment is excessive loading, on account of which

the current may exceed the permissible safe value.

The severest faults in a power system are due to “Short
circuits". The magnitude of current depends on the kind of
fault, location of its occurrence and other factors involved.

Occurrence of a fault shall disturb the normal operation of the
power system. A part from damaging the equipment involved, it
may adversely affect the voltage and freguency and conseqguently

de—stabilize the system.

In view of the complexity involved in large scale power
system due to inter connection and interdependence of the various
system components, there is a strong case for the use of reliable
protective devices and arrangements that will automatically
isolate the faults section from the other parts of the system as
promptly as necessary and possible.

-1 -



The following are the advantages of the protective relaying :

1. The relays are used to cut off the supply promptly to
any element of power system which undergoes short circuit or its
starts operating abnormally. However, it may be understood that
the relays only give a signal to the circuit breakers for trip-—-
pPing or isolating the faults system. The circuit breakers used
must be sufficient capacity to carry the fault current momentari-

ly and then interrupt it.

2. The protective equipment (recoup) provide a very good

indication of the type of fault which has occurred.

3. The location of faults or the area in which the fault

has occurred is also provided.

Thus, it will be obsérved that the protective relays help in
localization of the fault and thus help in expediting repair

worlk.

1.1 RELAYING SYSTEM :

The complete relaying of the power system can be divided in

to following three groups:

1. Frimary relaying which may also be called as first line

of defense against short circuit or insulation failure etc.

2. Secondary relaying or back-up relaying. These relays



function only if the primary relays fail to operate, the failure

of which may be due to any of the following reasons:

-

(a) The D.C supply to the tripping circuit fails.

(b) The curvrent or voltage supply to the relay fails.
(c) The tripping mechanism of circuit breaker fails.
(d) The circuit breaker fails to operate.

(@) The primary protective relay fails.

3. Relays for other abnormal conditions :

This includes relays for other than short circuilt conditions

which ve- Lrm situation to situation.

1.1.2 CLASSIFICATION OF RELAYS :

The relays consist of one or more elements which are
actuated by the electric quantities of the circuits in which they
are comected. The relays can also be classified according

operating characteristics as detailed below.

1. Directional over current type :
The relay is actuated only when the direction of the
current is reversed or the phase angle of the current takes up a
phase displacement more than the desired value.
2. Reverse power type :
This type of relay is actuated when applied voltage and
current attains a certain specified phase displacement. No

under—voltage compensation is provided.



3. Under-voltage:
The relay is actuated when the rated voltage, falls

below the specified values.

4. Over current relay :
The principle of operation of this type of relay is
similar to that of under voltage, replay, but is actuated only
when the voltage, current or power rises above a certain speci-

fied value.

5. Differential relay @
The operation of the relay is dependent on the

difference in magnitude o nhase of current or voltage.

6. Distance relay :
The principle of operation of this type of relay is
dependent or voltage to cwrrent ratio or in dependent on the

current carried by the relay element.

1.2 INSTRUMENTATION

The measurement of cuwrrent, voltage, power, energy, flux,
frequency by measuring devices is called instrumentation. They
are generally named on the basis of type of quantity meas—
wred eg. ammeter, voltmeter, wattmeter, freqguency meter, etc.



1.2.1. CLASSIFICATION OF ELECTRIC INSTRUMENTS :

The electric instrument may be classified in to follow-

ing two groups :

(i) Absolute instruments are those which give the value
of the quantity to measure in terms of the constant of the 1n-
strument and their deflection only. No previous calibration or
comparison is necessary in their cease eg : Tangent galvano
meter.

{(ii) Secondary instruments give the direct reading of the
quantity to be measuvred. They are first calibrated with standard
instruments before putting them in use. Secondary instruments one

generally used for general puwpose.
Types of secondary instruments.

al Indicating instruments are those which indicate the
value of the guantity measured at that time on the scale.

Ammeter, Volt meter, Wattmeter etc, are indicating instruments.

b Integrating instruments are those which measuwre the
total amount of either quantity of electricity (Ampere howrs) oy
energy suppliers over a period of time. The summation given by
such an instrument in the product of time and an electrical
quantity under measurement. Domestic energy meter 1s an example

of this type of instrument.

c) Recording Instruments are those which a continuous

record of the variations of electrical guantity over a selected

Al



period of time. The moving system of the instrument carvies  an
inked pen which rests lightliy orn a chart or gvraph that in moved
at a perpendicular to that of the deflection of the pen. The

path traced out by the pen presents a continuous record of  the

variations in the deflection of the instruments.



CHAPTER - II

DIGITAL PROTECTION AND INSTRUMENTATION SCHEME FOR SUBSTATION

Power and distribution transformers are generally eauipped
withh imstrumentation and protective relays 1n a sub-station. The
engineer on duty has to observe and record qualities likve cuvr—

rent, voltage, power, power factor, freguency etc., at scheduled
intervals and also trip signals whenever they occur. The per-
formance can be assessed based on these records. This prolect
provides protection as well as instrumentation by means of &
Microprocessor based scheme which will displays voltage, cwrent,

power factor frequency at different locations.

Fig. 2.1 presents various blocks of the instrumentation
scheme. CTs and FTs are conmected at different part of the
network and the analog outputs are taken and fed to the scheme as
shown in fig 2.2. This scheme generates a trip signal and feeds
to the circuit breakers during short circuit and overload condi-
tions. Simultareously like cuwrrent, voltage, fregquency and phase
angle are displayed on a 7 segment & digit display uwnit. The
scheme is implemented on a typical simulated sub—-station condi-

tions using a 8-bit microprocessor.

2.1 DIGITAL PROTECTION SCHEME:

The scheme provides directional distance protection, over

current and differential protection. Rased on the reguirements



of protection and measurement, the input and ocutput of the CTe
and FTs are grouped into 3 chamel groups and comnmected multi-—-
plexer. The first group comprises of two chamels namely channel
O and chammel 1 to which the V and I signals are the inputs from
the feeder CTs and FTs. The second group comprises of chamnel 2
which corresponds to signals from CT on the secondary of Lhe
transformer. The third group comprises of channels taken from CT

and FTs from the CTs and FTs from the primary of the transformer.

2.2 O0OVER CURRENT RELAY:

To measuwre a line cuwrrent, a CT is connected on the line and
the output is converted to a voltage signal, then rectified
before being fed to the A/D convertor. This results 1n a micro-
processor voltage to be proportional to the load cuwrrent. It the
load current exceeds the pickup value already stored, the micro-
processor sends a trip signal to the circuit Breakers. Both
instantaneous despite tripping and inverse time characteristics

can be programmed.

2.3 IMPEDANCE RELAY

To realize on Impedance relay characteristic, the wvoltage
and current are compared at the relay location. The 1ratio of

Vv to I gives the impedance of the faulted line section. If
rms rms

this independence 1is less than the assigned allow the relay
operates. The assigned impedances are stored in data locations
with corresponding tripping timings. In order to obtain direc-—

tional property, the microprocessor first checks the direction of



cuwrrent and generates trip signals only if the dirvection 1is

appropriate.
1.4 DIFFERENTIAL RELAY:

Differential relay operates when a vector difference of 2
similar electrical guantities exceed a pre—-determined value.
Generally, in differential protection, the primary and secondary

amounts of the transformers are used.

In the present realization, the instantatenous values of the

primary and secondary cuwrrents are sampled and stored. The (1 -
e

i) and (1 + 1 )/2 are computed with the characteristics of the
2 1 &2

relay.

2.5 INSTRUMENTATION:

The instrumentation scheme displays voltage, current, power
factor and freguency. The post record of these measurements are

stovred.

2.5.1 VOLTAGE AND CURRENT DISPLAY:

The wvoltage or current input which is to be displayed 1s
chosen using appropriate chamnel through multiplexer logic.
These outputs are fed to A/D converter through S/H and the sam-

pled data in N intervals are stored and using
\
- (&
[ <) . (2
v =—-L /
RMS N <)




Where X is the magnitude of the sampled quantity, v is
rms

computed on multiplication with the CT and FT ratios the actual

voltage or line currents is obtained and displavyed.

2.5.2. FREGUENCY DISPLAY:

To compute the frequency of the supply the time period
of one cycle is measured. For this puwpose, the sinusoidal
signal is converted into a square wave using voltage comparator.
The software senses the transition of the rectified square wave
from high to low or low to high. A decision 1s taken on the
basis of carry and zero states whenever the transition has
occuwrred. As soon as a transition is detected the microprocessor
sets register pair as a counter and the counting stack acts and
stops at the next transition. Fregquency is obtained from the
corresponding to the register count with the help of the look up

table and displayed.

2.5.3 FPHASE ANGLE DISFLAY:

The phase angle between two individual signals can be easily
measured with the help of a microprocessor. The two signals of
current and voltage are converted into square waves and negative
transition of two signals which is the measure of the phase angle

between voltage and current.

10 -
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The block diagram of the digital instrumentation and protec-
tion scheme 1s given in fig .1 and the complete circuit in  fig
3.2. In actual case, the first stage consists of cuwrent to
voltage converters employed for the chamiels corresponding to
cuarrent inputs. In this project the voltage signals are divrectly
given to the multiplexers. The chanmnel select signal i1s then fed
to the rectifier to restirict the negative voltage level and then
fed to the S/H circuit. Duration of the pulse 1s caloulated
keeping i1n view the ADC conversion time as the scheme i1s basical-
ly meant to measure at power firequency only. The Microprocessor
communicates with the ADC with the help of status signals  and
obtains the digital inputs and performs various functions. At
the same time the output of the multiplexer 1s fed to the condi-
tioning circuit also, takes input directly from & particular
chamel prior to the multiplexer. The output of the conditioning
circuit is also fed to the Microprocessor which executes the
appropriate measuwrement routine and displavys voltage., current,
frequency and phase. The digital display 15 done on a 7 segment

6 digit unit.

3.1 CURRENT TO VOLTAGE CONVERTER:

The current to voltage converter, provides a voltage
proportional to curvrent. The current to voltage converter is
shown in figuwre 3.3 Assuming i1deal conditions,

—_— 11 —



Vo/vVs = - Rf/Rs

Where Vs = Rs Is is
souwrce voltage and Rs a source resistance. In fig 3.3 1t 1s

shown in the form of current sowrce.

Therefore Vo/Rsls = — Rf/Rs

(Wi

Vo = —-Rfls

Thus 1f the Vs and Rs combination is an inverting OF— is

replaced a cuwrrent sowrce, the output voltage becomes proportion-
al to the output voltage obviously, for ideal conditions Rs = Ds
and in practice Rs should be very large as against the voltage

source resistance.

The circuit is used in sensing cwrent from photodetectors

and in digital to analog converter applications.

Due to virtual .groung V2 = O the current through Rs 1s Jero

and Is flows throu the feedback resister Rf. Thus Vo = - IsRf.

The lower limit on current measwement with this circuit is
set by bias cwrrent of the inverting input when it is used in
circuit measurement applications. It is common to parallel Rf
with a capacitance to reduce high-frequency noise and the possi-
bility of Uscillators. The current to voltage converter makes an
excellent current measuring instrument makes an excellent current

measuring instrument since 1t is an ammeter with ZJero voltage

acrmess the mneter.



Current to voltage converter is also known as transistance

amplifier.

3.2 RECTIFIER :

The fig 3.4 shows the full wave rectifier using op-—amp.
equal value resistors are used in the circuit. A positive going
mput signal feverse birases diode D2 and forward biases diode d1.
Thus effectively the two amplifiers are connected 1n cascade each
having unity gain. Thus output is in phase with input as well as
its magnitude being egual to Vi. When the 1nput  signal goes
negative, diode D2 is forward biases while Dl is reverse biased.
Thus, there are two feedback paths to the invarting input termi-—
nal of OF_A&aMF A1,

Assuming 1deal circuit,

o
Vi/R = -Vo/IJR - VE2/R (32
But VE = V¥3 = Vo »x 2R/3R = (2/3) Vo

hence substituting we get, Vo = Vi

But Vi is negative for negative going input hence Vo is

again in phase with Vi with same magnitude.

3.3 SAMPLE AND HOLD CIRCUIT

The Tig 3.5 shows the functional circuit of type LF398 and

hold civcuirt.



The sample and hold circuit samples an 1/p signal and holds
on to its last sampled value until the input 1s sampled again.
The circuit is commonly used in digital interfacing and communi-
cates such as analog to digital (A/D) conversion and pulse

modulation systems.

3.4 ZERO CROSSING DETECTORS :

Fero Crossing Detectors are used as sine to Square wave
convarters. The use of positive feedback in zero crossing detec-
tor improves its switching time. Fig 3.6 shows a zero crossing
detector for producing symmetrical sguare wave with sine  wave

input voltage divider R4 and RS established a reference voltage,

VR at the positive input. By making the seris resistance,
Ri+R2 = RS, the switching condition, VR = V1, will be satisfied
when Vs= 0. The positive feedback resistor, Rs 1is made very

large with respect to RG3. The resultant hysteresis established
by this network is very small but 1t is sufficient fto ensure
rapid output voltage transitions. Diode, D! 1is used to enswe
that the inverting input terminal of the comparator never goes
below approximately —100 mV. As the input terminal goes nega-
tive. D will forward bias clamping the node (between R1 and Ra)
to approximately -0.7v. This sets up a voltage divider with R2
and R3 preventing V1 from going below around. The maxzimum nega-
tive input obver drive is limited by the current handling ability

of Diode D.
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MICROPROCESSOR BASED SYSTEM DESIGN

The microprocessor 1s a " Frogrammable loglc device "
and with reference to the field of computer. The term "Micro-
processor”" refers to the central processing unit of & small

computer system. The Microprocessor is an electronic i1ntegrated
circuit of LSI level. Although a microprocessor chip cannot
function by i1tself, the addition of a few memories and 1/0 de-

vices make a typical computer system.

4.1 MERITS OF A MICROPROCESSOR BASED SYSTEM DESIGN

4.1.1 Cost savings in Hardware : A single chip on  LSI
basis replaces several discrete logic gates resulting in

reduction of cost as well as the size of the system.

4.1.2 Reliability : Az the number decreases the
probability of malfunctioning decreases. This ernhances the

system performance.

4.1.3 Flexibility : To modify a system one has too merely

reprogram the memory elements without redesigning.

4.1.4 Expandability : Additional interfaces can be added
to the system bus and software can be suitably modified too

system growth.



4.2 MICROPROCESSOR ARCHITECTURE =

The BO8S5 is an 8 bit microprocessor avallable as 2 40 pin
DIF (Dual Inline FPackage). The data bus is 8 —-bits wide which
implies that 8 bits (1 byte) of data can be transferved to or firom
the 808% parallel. There are 8 pins which are dedicated to
transmit the most significant 8 bits of the memory address. The
least significant B8 bits of the address are transmitted on the 8
lines on which data is transmitted. Thus, the data and part of
‘the address are transmitted over a set of shared lines. This 1is
Enown as multiplexing. Thus, effectively, the B08% has a 16 bit
address transmission capability. This implies that & total of
816 (65536) memory locations can be addressed directly by 8085.
Each location 1is a byte as B bits of data 1s ftransferred 1in

parallel between the 8085 and the memory. Therefore, the BOBS

can directly address 64K (1K = 1024) byte of memorvy.
4.2.1 REGISTERS IN THE 8085.

Inside the B085 there are several registers which are
used dwring the execution of a program. There 1s one 8 bDit
register known as Accumulator. It is used in various arithmetic
and logical operations. There are six general purpose 8 bit
registers that can be used by a programmer for a variety of
B,C,D,E,H and L. They can be used individually (for 8 bit data)
or in pairs ( for 16 bit address). There is & 16 bit register
which is used by the 8085 to keep track of the address of the

instruction (in the memory) that has be to executed next. this

- 16 -



reglster is called the Frogram Counter. The contents of the
program counter are automatically updated by the 8083 during the
execution of an instruction. So that at the end of execution of
this instruction in the memory. There is a another 16 bit regis—
ter, known as the stack Fointer. It is used by the programmer to
maintain a stack in the memory. A set of 5 flip-flopns, ane bt
registers serves as flags. These registers i1indicate certain
condition. (eg. Carry) that arise during arithmetic and logical
operations. There are address and data bus through which commu-~
nication between different units i1s done. Interrupt Control may

be utilised for interrupt subroutines.

Microprocessor based systems needs a sequence of imstiruce
tions i.e., the program which is fed to the microprocessor -
based system for an effective operation. A sequence of Instruc—
tions designed to perform a particular task is known as Frogram.
A set of programs written for a Microprocessor based syvstem 1s
known as the Software of that system. Before the microprocessor
can be made to perform a task, 1t has to be programmed and stored
in a semiconductor memory that is accessible to the Microproces-—
sor system. Any Microprocessor based system design involves
interfacing of the processor with one or more peripheral devices

for the purpose of communication with external system.

4.3 THE 8235A PROGRAMMABLE PERIPHERAL INTERFACE

The 82395 1s a widely used, programmable parallel I/0

device. It can be programmed to transfer datae under various

- 17 -



conditions from simple I/0 to intervupt 1/0. It is flexible,

versatile, and economical.

The 8255 has 24 1/0 pins that can be grouped primarily in
two 8 bit parallel ports. A and B with the remaining 8 bits as
port C. The 8 bitse of Fort C can be used as individual bits or

be grouped in two 4-bit parts C-upper (L ) and C-lower ( ).
v L

4.3.1 “° OFERATING MODES OF 8255.

There are 3 major modes of operation of 8235 namely
mode O, mode 1 and mode 2 which comes under the major category of

I1/0 mode.

Mode © : Basic functional definitions.
Two B8 bit parts and two 4 bit parts.
Any part can be I/F or 0/F.
Dutputs are latched.
Inputs are not latched.
16 different input/output configuration possible.
Forts do not have handshake or intervupt capability.

Mode 1: Basic functional definitions.

Two groups {(group A and group B)

Each group contains one 8 bit data port and one 4 bit
control for data part. The 8 bit part can be either input  or
output. Both inputs and outputs are latched.

The 4 bit port is used for control and status of the 8

bit data port.



Mode 2: Basic Functional Definitions

Used 1n group A only,

One eight bit bidirectional but port (port A) and & 5
bit control port (port C)

Both inputs and outputs are latched.

The S5 bit control port is used for control and status

of the 8 bit bidirectional port.

4.3.2 CONTROL LOGIC:

The control section has & lines. Their functions and

connections are as follows. RD (Read}): This control signal

enable the Read operation. When the signal 1s low, the Micro-
processor reads data from a selected 1/0 port of the 8255.
WR{Write). This control signal enables the write operation.

When the signal goes low, the Microprocessor writes into a se-

lected I1/0 port on the control register.

RESET : This is an active high signal. It clears the

control register and sets all ports in the input mode.

CS,A0,Al: These are device select signals. (S is connected
to decoded address and A0 Al  are generally connected to Micro-—

processor address lines A0 and Al respectively.

The IS signal is the master chip select and A0 and Al speci—

fy one of the I/0 ports or the control register as given below.



Cs Al AD Selected

O O 0 FORT A

O O 1 FORT B

Q i 0O FORT C

0 1 1 CONTROL REGISTER

1 X X 8055 18 NOT SELECTED.

The port address are determined by the Cs, AO and Al lines.
The Cs line goes low when a7=1 and A6 through AZ are at logic O.
When these signals are combirned with A0 and Al the port address

range from 804 to 834.

To communicate with peripherals through 8255, 3 steps are

NeCassary.

1. Determine the address of Fort @A, Band C and of the
contrel register according to the chip select logic and address
lines AD and Al.

2. Wrrite a control word in the Control register.

3. Write I/0 instructions to communicate with peripherals
through ports A,B and C.

The mode control word format and signal configuration of

BE55A are given in appendix.

4.4 MULTIPLEXERS:

The multiplexer 18 a logic circult that is used to
select and route any aone of no. of input signals to a single
output. A part from input and output lines. There are some
contirol Inputs. By applying the appvopriate control inputs one
can select any of the inputs to be output on the single output

lines. Since the control inputs make the logic circuit to

..EO._



‘Select’ one of the many inputs and output 1t, the multiplexers
help to reduce considerably the repetition of similar circuitry

1in digital systems and thus the overall cost is reduced.

LD 40351B is a single 8 chamiel multiplexers. These are
digitally controlled analog switches having low independencé and
very low 077 leakage current. CD40S1IRB 1is a single B channel
multiplexer having 3 binary control input A,B and C and an inhib-

1t input. The three binary signals select 1 of 8 chammels to be

given and commect one of the 8 inputs as output.

4.4.2 FEATURES:

1. Wide range of digital and analog signal levels: digital
3 to 30 V, analog to 20 Vpp.

Ef Low on resistance : 125 or (typ) over 15 Vp-p signal
input range for Vdd - Vee = 15 V

3. High 0OFF resistance : Channel leakage of I 100 FA
(type) Vdd—-Vee = 18 V.

4., Logic -level conversion for digital addressing signals
of 3 to 20V (VDD - V88 = 3 TO 20 V) to switch signals to 20 Vp-p

(VDD - VEE = 20 W).

S. Matched switch characteristics @ (typ) for VDD -
VEE = 150
6. Very low quiescent power dissipation under all digital

control I/F and supply conditions, ©.2 low (typ) VDD -VS8S = VDD -
VEE = 10 v

7 . Binary address decoding on chip

8. 5, 10 and 15v parametric ratings



9. 100 % tested for quiescent current at 20v

10. Maximum input curvent of 1 at 18v over full package

temperature range; 100 nA at 18v and

11. Break before make switching eliminates channel overlap.

4.4.2 ABSOLUTE MAXIMUM RATINGS :

D. C supply voltage range (VDD) -0.5 to +20v
Input voltage range, All inputs =0.5 to VDD + O.5v
D. C Input current, anyone I/F + 10 mA
Operating temp range -5% to 185’?:
Storage temp range -65 to 150 e

4.5 OPERATIONAL AMPLIFIER (OP ~ AMP)

4.5.1 Description : The operational amplifier is a high

gain, wide band, DC amplifier available in the form of an inte—
grated circuit. The use of op-Amps first started 1in analog
computers to perform mathematical operations such as addition,

subtraction, scaling, Integration, etc.

It has two inputs and one output. The inputs are known as

inverting input and non—-inverting input. The output voltage
depends on the difference in potential between two inputs. It
also depends on external circuitry connected to it. The pin

configuration of a general purpose op—Amp IC (741) is given in

Appendix.



4.5.2 LM741

The LM741 is a general purpose op—~Amp which feature 1mproved
performance over industries standard. The amplifiers aoffer many
features which make this applications nearly foolproff. Overload
protect%on on the i1nput and output, no latch—up when the common

mode range is exceed, as well as freedom from oscillations.
4.5.3 FEATURES :

1. Internal frequency compensation.
2. Short-circuit protection.
3. Off set voltage null capability.
4. Excellent temperature stability.
5. High input voltage range.

6. No latch—up.

4.5.4 ABSOLUTE MAXIMUM RATINGS:

Supply voltage + 22v

Fower dissipation SO0 mW
Differential input voltage + 30v

Input voltage +15v

OQutput short circuilt duration Indefinite
Operating temperature range -55 to + 125.C‘
Storage temperature range -65 to + 150 ¢



4.6 DUAL OFERATIONAL AMFLIFIER :

4.6.1 GENERAL DISCRIFTION :

The LM747 is a general purpose dual operational ampli~-
fier. The two amplifier share a common bias network and power
supply leads. Other wise, their operation 1s completely inde—

pendent.

4.6.2 FEATURES :
1. No frequency compensation regulred.
2. Short—cirvcuit protection.
3. Wide common—mode and differential voltage ranges.
4. Low power consumption.
S. No latch-up.
L. Balanced offset null.
Additional features of LM747 are :
No latch~up when input common mode is exceeded, freedom from

oscillations and age flexibility.

4.6.3 ABSOLUTE MAXIMUM RATINGS :

Supply voltage +eav

Fower dissipation 800 mW
Differential input voltage +30v

Input voltage +15v

0/F short circuit duration Indefinite
ODperating temperature range -85 to 125 "¢
Storage tempevatuwre range -65 to 150 "¢



4.7 ANALOG TO DIBGITAL CONVERTER :.

An A/D converter is used to convert analog signals in to

digital force. The digital output are fed to the microprocessaor

for processing. The most popular method of analog to digital
conversion is by successive approximation method. It has an
excellent compromise between speed and accuracy. AN unknown

voltage Vin is compared with a function oaf reference voltage Vr.
For n bits digital output comparison is made n times with dif-

ferent function of VYr and the value of particular bit is set to 1,
1if Vin 1s greater than the fraction of V1. The bit is set to O,
if V in is less than the set fraction Vr. This fraction 1s given

[;i b; 52]\/7

by

Where "bi' is either O or

In the first step the unknown voltage is compared with 1/2 WVr.
If V in » 1/2 Vr the MSER 1is set to O. In the next step., Vin is
compared with (1/2bl + 1/4)Vr. bl is the value of MSR which has
already been determined. Suppose bl =1 , the fraction of refer-
ence voltage for second comparison becomes (l/¢ +  1/4)Vr. If

Vin > (1/8 + 1/4)Vr the second bit 1s set to O. If the MGSEB is
zero the second comparison with (1/2 * O + 1/4)Vr. If ¢ in

1/4 Vr, 2nd bit is set to 1.
If Vin <€ 174 Vr, the 2nd bit set to O.

To obtain the 3rd nit of digital output Vin is compared with

(1/82 bl + 1/4 be + 1/8) U and so on.



CHAPTER V

SOF TWARE DEVELOPMENT

Microprocessor based sub-station protection of i1nstrumenta-

tion contains phase angle measwement, freguency
Impedance Reallying « DOver cuwrrent protection

protection using V1, I1, Vva, 2, V3 & 13

This software contains one main program
programs they are :

(1) Fhase angle measurement

(i1) Fregquency measuwrement .
(1i1) Impedance Relaying.

(1v) Over current protection.

(v) Differential protection.
(vi) Multiplication sub—pyogram.

(vii) Division sub-program.

S.1 ALGORITHM FOR MAIN PROGRAM :

1. Initialise the ports.

2. Open the memory storage for Vs & Is &

3. Switch on multiplexer—chamel.
4. Sample & Hold.

5. Give some delay for acquisition time.

measurement .

& Differential

and several sub-—

counter.

b Start of conversion & End of conversion to A/D

convertor.

7. Read the voltage V at port A & store.

8. Increment the multiplexer chamel count.

- 26 -



?. To sample & Hold .

10. Bive some delay for acquisition time.

11. Start of conversion pulse & end of conversion.

12. Read the cuwrent I.

13. Store I, 1n memoary.

14. Increment the counter.

15. Goto 3rd step.

16. After reading Vs & Is call the phase, frequency,

Impedance, Over current & Differential sub-programs.

S.1.1 FLOW CHART :

The various steps involved in providing protection and

instrumentation are shown in the flow chart. 5.1

S.2 SUB-PROGRAMS :

S.2.1 PHASE ANGLE & POWER FACTOR MEASUREMENT

The phase angle between two sinusoidal signals can
be measured by microcomputer. Signals are converted into sqguare
waves. The micro computer measure the time between positive
going zero points of the two signals. fig 5.1 shows two sinuscidal
signals V and I and corresponding sguare waves. fig5.2 shows a
schematic diagram of interface for the measurement of phase angle.
As the microprocessor always receives signal in the voltage form

the current signal in converted in to voltage signal.

The square wave of the voltage signal 1is connected to FARo of
the port B2355-1. The square wave for current signal is connec ted



to FBo. The 1 part of the program is to find the zereo instant of
the voltage wave once the zfero i1nstant of the voltage wave 1s
obtained the program moves further and reads the current signal.

So long as the current signal is zero (see square waves! FBo is
low. After the execution of the instruction IN 02, the content
of accumulator is zero. The execution of RAR results no carry

and the program Jjumps to the label loop. As soon as the cur-—

rent signal appears (see square wave) FBo becomes high. After
the execution of IN 02 the content of accumulator becomes
0000010,

The execution of RAR results carry. Now the programs comes

out of loop. Thus the time between the zero instant points of V
and I 1s measured. This is proportional to the phase angle
between V and I. This is in terms of count. Using look up table

it can be displayed in the form of the degrees.

For the measurement of power factor first of all phase angle
is measured as explained above. The phase angle 1s known 1in
terms of count numbers. A look up table can be prepared to
obtain the power factor. Using the look-up table FF can be
measured and displayed. The alue of P.F. can also be used for
control purposes, if required. If the look-up table does not
serve the desired purpose and greater accuracy 1n reqguivred, phase

angle and F.F. can be calculated from the count number.

95.2.1. ALGORITHM:
1. Get control word

2. Initialise port.



3. Read the voltage pulse.
4. Initialise H-L pair to store counts for phase angle.
S. Read current pulse.

6. After I pulse appeared store the phase angle.

S5.2.3 FLOW CHART :

The flow chart for phase angle measurement is shown in  fig

3.2.

$5.3.1 FREGUENCY MEASUREMENT :

To measuwre the frequency of a signal, the time period for
half cycle is measured which i1s inversely proportional to the
frequency. A sinusoidal signal is converted into square wave
using oaperational amplifier LM747 as shown 1n fig 5.3. A =zener
diode is used to rectify the output signal. A potential divider

is used to reduce the magnitude to 5 volts.

A program has been developed to sense the zero instant of
the rectified square wave. The microprocessor measures the
magnitude of the sguare wave at two consecutive points as shown
in fig Sﬂqﬁ The two magnitudes are compared and decision 1is
taken on the basis of carvry and =zero status flags, whether the

point is at zevro instant.

Various points have been shown in fig 2 at F the magnitude

3
of square wave in zero and F , 5 v I8 LOGIC S The
4
microprocessor takes reading at F and P where both magnitudes
1 2
are zero. Difference of the two is zero. So this is not the

-



zero instant of the wave. At points F and F , the difference of
5 &

the zero instant of the wave. At points F and . the differ-

bt b

énce of the two values is also not a zero instant point. At F
-

and F . The difference is non—-zero but there 1s carry. So 1t 1s
8

the end point of the half-square wave.

As soon as the zero imstant point is detected the
microprocessor initiates a register pair to count the number how
many times the loop is executed. The microprocessor reads the
magnitude- of the square wave again and again and moves 1n the

loop. 1t crosses the loop when the magnitude of the square wave
becomes zevo. Thus the time for half cycle is measwed. The
count can be compared with the stored numbers in a look-up table
and the frequency can be displayed. The count which 1s inversely
proportional to the frequency of the input signal can be used for
further processing and control as designed. An  interfacing
circuitry is shown in fig 3. The program flow chart i1s shown fig

&.% The part A is input control word 98H.

5.3.2. ALGORITHM :

1. Detect the zero instant of the square wave.

2. Read the magnitude of the square wave.

3. Find 0,0, or 1,1lpoint. This is the condition for the
end of rectified square wave.

4. After the zero instant is detected the program moves in
a loop till the square wave exists.

5. Thus the time period for half cycle is measured.

- R0 -



6. The count is inversely proportional to the frequency.

5.3.3 FLOW CHART :

The flow chart for freguency measurement shown in fig §.3

S5.4.1 IMPEDANCE RELAY :

To realise an impedance relay characteristic the voltage &
current are compared at the relay location. The ratio of V & I
gives the impedance of the line section between the relay and the
fault point Vdc & Idc are proportional to Vrms & Irms irespec—
tively . Therefore, for comparison Vdc & Idec are used. For the

operation of the relay the following condition should be satis-

fied :
k1 Vdo < ke Idc ov
Vdc < ke or
IDc k1
Vrms <k
————— or
Irms

2 4k

where ki1, k2 & k are constants.

The value of & for different zones of protection are
calculated and stored as data to obtain the desired characteris-
tic.

The characteristics of impedance relays are shown in fig .
=i, z2 & =23, nd & 3rd zones of protection respectively T1, T2
and T3 are the operating times for Ist, 2nd & 3rd zones of
protection respectively. From the characteristic 1t is clear
that an impedance relay is non—directional. The operation of an



impedance relay is desired only when the fault 1s in the forward
direction. Therefore, a directional features. The microproces-
SOV, Ist checks the direction of the fault cuwrent. Then 1t
takes up the program for impedance velay. Too avoid complexity
the comnection for directions unit has not been shown

Impedance relay program flowchart in shown fig &K.#. Impedance

relays are used to protect power transmission lines.
S5.4.2 ALGORITHM :

1. Set a multipiier factor

2. Set a counter for reading of Vs & Is

3. Read V

4. Multiply V with K

5. Read 1

&. Calculate V/1

7. If V/I < 2 ref then trip the civcuit if not go to increase
the counter calue and repeat the above process 3 times & retumnm

to the main program.

5.4.3 FLOWCHART :

=

The flow chart for Impedance relay is shown in fig 5.4

5.5.1 OVER CURRENT RELAYING :

Over current relays are widely used for the
protection of distribution lines, large industrial motors and
equipments. The microprocessor being very fast can sense a
number of circuits using multiplier and send the tripping signal
to the circuit breaker of the faulty circuit. As the



microprocessor receives signals in the voltage output
proportional to the 1load curvent. The ac voltage wh1cH 1s
proportional to the load current is converted 1in to d.c. the
microprocessor receives d.c. voltage proportional to the load

current. The following are the types of over current relay.

{12 Instantaneous ov detfinite time over current relay.
(i1) Inverse time over cwrent relay.

In definite-time over current relay the microprocessor
compares the load current with the pick—up value. If the load
current exceeds the pick up value , the microprocessor sends  a
tripping signal to the circuit breaker to isolate the faulty
circuit from the rest of the system. Ta obtain inverss time
characteristic the operating time for different values of current
are noted for a particular characteristic. These values are
stored in the memory in the tabular form the microprocessor first
determines the magnitude of the fault current . Then it selects
corresponding time for operation. A delay subroutine is started
and trip signal is sent after the desired delay. Using the same
program any characteristic such as IDMT, very inverse ovr
extremely inverse can be obtained. A/D converter ADC 8700 CMOS'
has been used in the interface. A program for an over current
relay of inverse time characteristic is given in 4th subroutine.
The microprocessor always measures the current and moves 1n &
loop. If measuwred current exceeds pickup current, it compares the
measured value of the current with the digital values of current

given in the look—up table. Then selects corresponding count for



delay time. 1t goes in delay subroutine and after the pre

determined delay it sends trip signals to the circuit breaker.

5.5.2 ALGORITHM :

1. Initialise ports.

2. Read I1 from main program.

3. Compare with look up table.

4. If Il is greater than pickup value, then trip the
circuit.

5., Return to main program.

5.5.3 FLOW CHART :

The flow chart for over at relay is shown in fig 5.5

S.6.1 DIFFERENTIAL RELAYING :

Incase of differential relaying the currents from the
primary (I1) and secondary (I2) of the power transformer are
taken in to account. Whenever there is a fault in the transform-
er the trip signal is given to the CB. Differential Relay 1is
operating during whenever a vector difference of two electrical
quantities occur. The difference between currents (I1 - I2) and
( 11 + 12 ) /7 2 are calculated and compared with the characteris-—
tice of the differential Relay and trip signal is given. Here
(I1 - I2) is the operating force and (I1 + I2) / 2 is the re-

straining force.
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H A

B
A

i

gl

.r T ”T—" T ;
i Memory H/C Code i.abel é dnemonics Operands Comments i
fiddress P :
! ‘
; !
| 848488 2E ©§6 % MU I g &, 98H Initiaiise Ports
i sgdz D3 43 ; ouY . a3H | Coartrai Codes |
8884 z1 53924 i LI H,%45@ | Hemoru for ’
. { ; : e & Is
| sae7 iE €8 g MU 3 . E.,38 | Counter
£8849 78 STARY | MO Y 3 | SHITCH ON
: a . MULTIPLEXER
; , ; © CHANNEL PORY C
é ; : i [gzs55-21
: 8884 3 4z : ouT | azH }
: H H
£86C 3E 8@ : MU © #,88 | 10 SAMPLE &ND
; ; {HGLD [P —3HIGHI
BUBE D3 41 i SUT . 4iH : PORT B
g ; ; L8255 - 23
* £818 i7 @2 BACK | KUl ' p,B3 | DELAY FOR R
! "ACUUTSITION TiME|
g1z is § oA ) : ;
BB13 . Cz 1438 _ SNZ BSCE | ;
: ! : i s
; 5816 ; 3E @8 | H s G,ed :
. gels ] 3 41 & it q:u é :
H { i H :
L s@1A i 2E @83 : Ml .61 | STANRT OF :
i i ; CORUERSION :
C o muat é st BuY S TR !
; } H i D | :
Bd:E i ZE 88 : il a. a2 : t
i ; i : : |
gaze i 53 41 j oY Poain ; i
g2z i nB 4z REap 1 C A ©In CONYERSTOH |
; : i ; GUER? :
: ! j : ;
. ssza ? Re, ‘ ;
. se@as Dz 2280 JHC | READ | E
8828 P8 48 I 4EH ! READ U _
4T PORT &
8E82A . 7 MOU ;. ML.A STORE IT IN
% MEMORY
8828 23 1H% i H INCREMENT FOR
; MEMORY AND
; MULTIPLEXER
z ; SHITCH
i }
892C 1C IMA | E |
862D 7B MOu C oA,k | SHITCH ON THE
s : TMULTIPLEXER
i ; | FoR 1. ;
i i o i
BUZE D3 4z ouT | azH g
| %
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1/~ I B

PROCGR &M

1 T —_—
j i i
Memory M C Code Label | ¥Mnewmonics | Operands | Commenits
fiddress { : :
t i -
8a36 35 @z | T . 4,88 IO SaMPLE AND
i ; Hoi.p PORY B |
832 D3 41 | SUT | 41
8834 17 @3 % Mi { D.63 pELAY EOR
; ! ATQUISITION
| i T RE
8836 i5 Go pan I #
i |
8@37 cz , JHE . GO -
£02a 3E 86 2 MU ' oa,au ;
¥ i‘ :
£83C D3 4i ; QuT N 51 §
H |
8@3E ZE 81 MU - g
gesa pz 41 : i GuT § 41 |
EBas ZE 88 | HUZ [ w,ed %
ga44q D3 ai : : ouT % 41H i
; !
g846 DB 4z SEE | i i anH & CONUERSION
g24g ; 1 | ; e : g
3Gag % B2 % ; S L GED ;
. H : ! .
8038 : 43 48 ; i ir 4§ ARED T ;
i i ; - :
. 8@ac | 77 : f 4cu L OMLR SYORE IT i
i : : HMEMGRY :
s | ; ; o | , ;
B&4ab ; £33 | i i H :
£84E § iC 3 ; INR | F THCAEMENT [OR |
s ; ; MEMORY fND ;
i , ; ; MULTICLENCR
; ; ; ; _ SRITCH
¢ g@ar | 75 : ; HOU  &,E i
gasy | FE 86 ? cyi L ae IMCREMENT UGBLUE |
i is ¢ & GO 7O ;
: START :
g
8AS2 cz @9gd JNC START ;
8855 Ch @881 CALL PHASE CALL THE i
SUBROUTINE FOR
PH,EREQ, IHP |
8858 CD 888: Caba FREQ | RELAY,0.C'RELAY
H
. se@sp CD 4883 CaLL L IMP DIFF.RELAY ]
| BBSE ch 8884 CALL oc |
BO61 CcD @885 CALL DIFF §
H
8864 76 ; HLY i
| |
s ;
!
i
|

3t



SuUupp PROGKRG&GMS
PHAS E
Memory M/C Code Lahel Mnemonics |Operands Comments
fiddress
g18e ZE 98 MUl fi . 98H GET ﬁgggEROL
8182 D3 83 oUT 83H INITIGLISE
PORTS
g184 DB @8 BACK IN a8 READ UCLTAGE
PULSE
8186 47 MOU B.A
8187 BD 88 IN a8 READ UOLTAGE
PULSE
AGRIN
8189 B8 CHMP B
818n CR B481 J7% BAaCK
519D DA 8481 JC B&CK
8110 21 8388 LXI H, 80880 Iﬁl{l%g%g
8113 23 LOOP INX H TG STORE COUNTS
FGR PHASE ANGLE
8114 DB 82 i gz RERD
CURRENT PULSE
g11¢6 iF RABR )
8117 pz 1381 JHC LOOP HAS 1—-PULSE
APPEARER? HNO
811hA 22 .a4%g SHLD 9@3aa JUMP gO LOOP
STOHRE THE PHASE
ANRGLE
811D Cc9 RET
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2
i
m
J""A

UEMCY

Memory M/C Code Lahel Mnemonics Operands Comments
fiddress
8280 3E 298 MU] fi,98H GET ﬁgg%ROL
8282 D3 @3 ouT a3 INITILISE PORTS
B284 DB @i BACK IN a1 READ UOQLTAGE
IN PORT
8286 47 MOU B.,4&
8287 DE 41 I a1 READ UVOLTAGE
PULSE AGlAM
8289 B8 CHM? B COMPARE THO
READIHNGS
8284 ChA @48z JZ BacCK
826D DA 8482 JC BaCK
8218 11 88648 LX1 D, 8848 iHlTILISE D-E
PAlR FOR
COUNTING
8213 i4 LOOP IN¥ D ;
8214 DB #1 In ai READ UWOLTAGE E
i PFULSE :
8216 if i HAR | i
! i (
g217 Da 132 G H LGOP CHECH WHETHER j
) 5 , ¥ HAS BECOME |
B21A 6 i A ; L, E i SERG . NG ;
: GO TG LOOP ;
8z2in 62 MOu ; H,D :
821C 22 5398 SHLD | 9853 i
821F C9 RET i
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; T B , !
| Memory ; 4/C Code Lahel Hnemonics | Operands Comments :
{ Address | i g !
b 1 + 1 -
i i H .
; 83808 i g1 gasa i ; Ll . B,9489 REF %_ ARE i
i ' . | = :
{ i | | iN 9486 GNMARDS |
1 3 N
| £383 {21 5894 ; 1%1 ! H,2458 U & 1. ;
: H - - i
| § : i % i
% i % ! | ARE_STORED IN |
| ; : g 9458 ONWARDS |
| 2386 i 16 B8 i MUl 5,86 COLUNTER ;
i £362 ? 7K i START | Aou LoaLm ; READ U
; i ; j I asp MULTPLY
| ; 1 ; ; WITH K
5389 3z 6894 : 574 a4e@
E35C CD 8593 ; | CALL | MULT
838F 24 % | 1HY Low |
82C0 7E é AOU | oa.n READ 1
i i
8311 32 9898 § 5TA . ssel | Fird /i ;
* ? : E
831 CD 8788 ; CHLL L DI 2 '
£E317 aa LAY i B A <(—— B
i ; ;
g318 5F MOU L E.A i E <-—— @
4
8319 3p 1198 LDA i 911 A (—— Z
821C BE cHp E | Eoo- > @
THEN GOTO TRIP:
831D DA 8800 Jc TRIiP 1
8320 14 INK D
8321 7h Mou aD GO TO NEXT ZOME |
g222 FE 82 CPY 83
8324 Dz 8388 JINC START
8327 Cc9 RET
i
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SCWER

CURREMNT

Egggggs M/C Code Labhel Mnamonics Operands Comments
5406 3n 5194 LDA 4451 READ 1,
8403 21 1694 X1 H,94108 | 943@ <-- 1___
8486 a6 HOU 8,M B <—— 1___
§497 B8 CMP B £ > i... ,YES
£488 Dfi 2184 J¢ KKK GINEN"TTS ?Sg?y
8488 9L 18 WU Cc.18 |THEN GO TO TRIP2
846D 16 FF = | MUl D,FF
846F 15 GO DCR D
8418 cz @F84a JINZ GO
8413 =) DCR C
8414 c2 @psa JNZ »
8417 3n 5194 LDA 9451
B4a1n BS CMP B
841B DA 2184 Jc XRK
B41E C3 @588 JMP TRIP 2
8421 c9 KNK RET
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DIFFEREMTIAL PROTECT ION

Memory M/C Code Lahel Mnemonics Operands Comments
Address
8588 26 08 LX1 H,88,K
BS82 3a 5394 LDA | 9453 READ I
; i
i 8585 437 i i HOU . 8,8 g ¢ — 1_
§ 2536 38 5194 @ | LA . @451 READ 1,
; 8589 3 | g SUB (@ 6 ¢ - 1,- 1. |
] i : - :
| ! | :
i 8584 32 8398 ﬁ ; STH ages :
. 858D 36 5394 § LDA EELE READ 1. '
i 2 ;
BS18 47 % MoU 5, f B < —— 1.
1
|
6511 37 : STC
g512 3F | CHMC FINDCI ,+1_ )/2
8513 3a 5194 LDA 9451
8516 88 ADD B
8517 aF RRC
8518 32 1898 STH 9g1d
8518 ch CaLL D1y FIND (I -1
(IZQET_;/z
851C ia LDaX D
851D 5F MOU E,A
BS1E 3a 1198 LDA 9g11
8521 BB CMP E
gsz2 Ccz BABS JNZ TRIPZ i
8525 Cc9 RET
{
1
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2333:35 M/C Code Lahel Mnemonics |Operands Comments
8cea 21 6894 L¥1 H,2460 READ MULTIPLIER
8683 41 8d98 L¥1 B,agdaQ STORE THE K

UVALUE
86086 SE MOU E.N
8607 16 88 MUI D.a4d
868na 23 I N H
8688 23 I HX H
868C 78 MOU f.B
868D =1 9806 LX1 H, 88448
868E 86 8¢ MUl B.,88
8611 9 TOP DRD H
8612 17 RAL
8613 D2 1786 JHC LOOH
8617 19 D&D 1
8618 C2 1i86 JHZE TOP
B61B 22 83%s8 SHLD 2843 RESULT IH
98833 & 98844
861E c2 RET
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Memory M/C Code Label Mnemonics |Operands Comments
Address
8788 2A B398 LHLD 9803 GET DIUVIDEND
8782 3n 1698 LD#& 9810 GET DIVISOR
8786 4F MOU C,h
8787 86 @8 MUI B,Aa&
o v 29 pi1uU1 DAD H
878a 7C MOU ALH
8788 91 SUB C
g878cC DA 1187 JC AHEAD
878F 67 MOy H,h
87168 2C INR 1
8711 as AHEAD DCR B
8712 C2 8987 JHE DIVl
8715 22 1198 SHLD agiz GQUOTIENT 1IN
9g81in
8718 c9 BRET
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R

Memory M/C Coad Label | Mnemonics | Operands Comments
fddress !
! —
geea 3E @1 TRIPL | Myl I a,84
!
8882 C3 8808 ; JHE START
8885 Z2E B2 TRiPZ MU f,82
8807 C3 a8es JHP START
888na 3E 84 TRIP3 MUl fh,87
g88C C3 JMP START
8810 8L FF Mul C,FF
8812 16 FF MUl b,FF
8814 15 BCR D
8815 C2 1488 JHZ
8818 ap DCR C
8819 cz 14 JHE
gg81cC D3 41 ouT 41
8B1E c9 RETY ;
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CHAPTER VI

CONCLUSION

A combined microprocessor based sub—-station protection and
instrumentation scheme has been developed . The scheme 1is
successfully implemented on a single transformer of a typical

sub-station using a 8 bit microprocessor.

It can be extended to a large size sub-station where the
number of transformers and buses are avalilable. The
measurements of active and reactive power can also be displayed
by introducing neaf sub-routines. The novel advantage of the
scheme over conventional methods is its minimum cost and facility

to introduce a near protection and measurement functions.
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Mode Coﬁtro\ Word Format For 89 55 A

For Mode

Set 1= /o Mode
0= &R Mode

D,

Do

Mwle. SMan
00 ~Mode 0
ol - MOJ‘_, 1
OX ~Mede &

Poxt A
1-1/p
0= Dlp

Po'rt G

W (P, - Pe7)
1= I/p
o=o/p

Y Post d

(P,
1=13)p
o= O/P

- Pt B

1=T1/p
o=0/p

Mode Seled
0 =Mode O
A :Mode A
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