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Fleming’s left hand rule
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Fleming’s Right hand rule

motion or force £

magnetic field 8
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Fleming’s Right hand rule

fppt.com



Len’s Law
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DC Generator
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Working principle
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Sectional view of a DC machine
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Construction of DC Generator

in slots
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Rotor and rotor winding

S
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Working principle of DC motor

Electric

current supplied
externally through
a commutator

Magnetic force

F=ILB
acts perpendicular
to both wire and
magnetic field

When electric current
passes through a coil in
a magnetic field, the
magnetic force
produces a torque
which turns the
DC motor
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Working principle of DC motor
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Force in DC motor
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Armature winding

fppt.com



Field system
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Field system consists of the
following parts
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Armature core
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Commutator
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Carbon brush
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Brush rock and holder
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Carbon brush
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EMF equation

fppt.com



EMF equation
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Types of DC Generator
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Further class\iyfi' ation of DC Generator
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Characteristics
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Critical field resistance
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Reaction
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Applications:
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INTRODUCTION
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ANALOG SIGNAL

An analog signal is any for which
the time-varying feature (variable) of the signal is a
representation of some other time varying quantity,
i.e., analogous to another time varying signal.

For example, in an analog , the

instantaneous of the signal varies continuously
with the of the sound waves.

Amplitude

Time

Analog signal Waveform


https://en.wikipedia.org/wiki/Continuous_signal
https://en.wikipedia.org/wiki/Audio_signal
https://en.wikipedia.org/wiki/Voltage
https://en.wikipedia.org/wiki/Sound_pressure

DIGITAL SIGNAL
A digital signal is a that is being used to
represent data as a sequence of values; at any

given time it can only take on one of a finite number of
values in most

The signal can have two possible values(o,1); this is
called a or logic signal.

digital

L)L L

10101010


https://en.wikipedia.org/wiki/Signal_(electrical_engineering)
https://en.wikipedia.org/wiki/Discrete_space
https://en.wikipedia.org/wiki/Digital_circuits
https://en.wikipedia.org/wiki/Binary_signal
https://en.wikipedia.org/wiki/Digital_signal

—

ference Between Analog An
ital Signal
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Factors Analog Digital
Waves Denoted by Sine waves Denoted by Square waves
Signal Continuous signal representing physical Discrete signal representing
measurements discrete time signals
generated by digital
medulation
Data Transmission Subject to deterioration by noise Noise-immune without

deterioration

Bandwidth Consumes less bandwidth Consumes more bandwidth
Memory Stored in the form of wave signal Stored in the form of binary
bit
Power Draws large power Draws negligible power
Impedance Low impedance High order of 100 megachm
Errors Analog instruments have considerable | Digital instruments are free

observational errors from observational errors




Advantages Of Digital Signal

Easier To Design.

Digital System Have Got Fast Response Time.
Information Can Be Stored And Retrived Very Easily.
More Accurate And Have Great Percision.

Less Effected By Noise.

Easier To Use Because Direct Display Of Data Is
Convenient To Read.

Digital Ckt. Can Be Fabricated On IC Chips.

e

0 1 0 0 1 1 0 0 0 1 1




Advantages of Analog Signal

» Best suited for the transmission of audio and
video.

» Consume less bandwidth than digital signals to
carry the same information.

» Analog signal is less susceptible to noise.



Data Base Management System(DBMS) Used In
Banks, Offices, Institutes, Shops etc. Using
Computers.

Process Monitoring And Control System In
Industries Using Computers, PLC’s, Robots.

Digital Signal Processing And Digital
Communication.

Entertainment Appliances Like CD/DVD Player
LED TVs, Digital Cameras.

Medical Instruments Like Digital X-ray Machin
Ultra Sound Machines etc.

Combustion Control In Modern Vechicles.




Applications Of Analog S|gnal

—=>Thermometer.
—=>photocopiers
—>old land-line telephone/ 1
—>audio tapes %
—=>VCRs (same as TV)
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Number system & its types

Code using symbols that refers to a set of items.
Types of Number system

Binary number system

Decimal number system

Octal number system

Hexa -decimal number system



Binary Number System

* A number system which have two values o and 1 is
called binary number system.

® The base or radix is 2.



Decimal Number system

* The decimal number system contains ten distinct
symbols (o to 9).

* The base or radix is 10.



Decimal to Binary conversion

Technique
e Divide by two, keep track of the remainder
e First remainder is bit o (LSB, least-significant bit)
e Second remainder is bit 1
e Etc.



Example

125,, = 2,

125,, = 1111101,




Binary to Decimal Conversion

Technique
e Multiply each bit by 2", where n is the “weight” of the bit

e The weight is the position of the bit, starting from o on
the right

e Add the results



Example

101011, =>

w




Octal Number system

In this system, there are eight distinct symbols that
represent octal numbers(o to 7).

The base or radix is 8.



Hexa-decimal Number system

» This system uses 16 distinct symbols (o to 9, A toF).
* The base or radix is 16.



Octal to Binary conversion

* Technique

e Convert each octal digit to a 3-bit equivalent binary
representation



" Example

705, = 2,

/05 = 111000101,




Binary to Octal

* Technique
e Group bits in threes, starting on right
e Convert to octal digits




Example

1011010111, = 2,

1 011 010 111

Ld)

1011010111, = 13274




Octal to Decimal

Technique
e Multiply each bit by 8", where n is the “weight” of the bit

e The weight is the position of the bit, starting from o on
the right

e Add the results



Example

7244 =>




Decimal to Octal

* Technique
e Divide by 8
e Keep track of the remainder




1234,, = 2322,




Decimal to Hexadecimal

* Technique
e Divide by 16
e Keep track of the remainder







Binary to Hexadecimal

* Technique
e Group bits in fours, starting on right
e Convert to hexadecimal digits



Example

1010111011, = 2,4

10 1011 1011

e

1010111011, = 2BBy;




Hexadecimal to Binary

* Technique

e Convert each hexadecimal digit to a 4-bit equivalent
binary representation



Ly

0001 0000 1010 1111

10AF,; = 0001000010101111,




Hexadecimal to Decimal

Technique
e Multiply each bit by 16", where n is the “weight” of the
bit
e The weight is the position of the bit, starting from o on
the right

e Add the results



Example

12 x 1
11 x 16
10 x 256




Binary Addition

The binary number
system uses only two
digits o and 1. So, there
are four basic operations.

1 —— carry
0 1

(+) 11

— [ e
= =
o O = =

0 O

0+0=0
O0+1=1
1+0 =1

1+1 =10



“<§\\~§§b\\__,/<¢/////// ‘

Binary Subtraction

The subtraction of binary - -

dlgl't depenc!s on four L0110 11
basic operation. _ 1 00 1 0
o——0 1 00 1 0 0 I
1-0 = 1
B ® 100010110 — 1111010 = 10011100:
A 0 1 1 1 I
10 -1=1 kol oox o1

o |l o O

|
- 1 1 1 1 0 1
1 00 1 1 1 0



Binary Multiplication

* The rules for binary multiplication are:

®0X0=0 11?25‘3‘11:10100
®0X1 =0 X11
®©1X0=0 1100

100 X

“1X1=1 10100



\\/I

Binary Division

The rules binary division are:

0+1=0 000010101 CQuotient
1+1=1 Divisor 1101/100010010 Dividend
-1101
10000
-1101
1110
101
| Remainder
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Binary Codes

Binary codes are used in computers and digital
communication. These binary codes can be classified

as:
Weighted codes
Non- weighted codes
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Binary Codes

Electronic digital systems use signals that have two
distinct values and circuit elements that have two
stable states.

Digital systems represent and manipulate not only
binary numbers, but also many other discrete
elements of information.

Any discrete element of information distinct among a
group of quantities can be represented by a binary
code.

Binary codes merely change the symbols, not the
meaning of the elements of information that they
represent.



Weighted codes

A weighted code is one in which each digit position
has a specific weight or value.

Examples of weighted codes are
8421(BCD),2421,5211€etc.



P —
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Binary —Coded Decimal

Binary-Coded Decimal is a weighted code because

each d

ecimal digit can be obtained from its code

word by assigning a fixed weight to each code-

word bit.
The weights for the BCD bits are 8, 4, 2, and 1, and

for thi

s reason the code is sometimes called the

8421 code.



Non — Weighted Codes

In non-weighted codes, each digit of the code do not
have any position weight.

Example of non -weighted codes are: ASCII CODE,
Excess -3 code, Gray code.



Gray Code

Table 2-.1 0 _ Decimal Binary Gray
A comparison of 3-bit Number Code Code
binary code and
Gray code. 0 000 000
1 001 001 |
2 010 011 ‘
3 011 010
4 100 110
5 101 111
6 110 101
7 111 100
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Excess -3 code

The code word for each decimal digit is the
corresponding BCD code word plus ooix,.

e 0010 =2 in BCD
° + 0011,

® =0101=2 INn excess-3



Gray Code

Gray code is a code where only one bit changes at a
time while traversing from o to any decimal
number in sequence.

This is a useful property when converting analog
values into digital values, since it eliminates the
problem of misinterpreting asynchronous changes
to bits between valid values.



Parity and its types

In computers, parity is a technique that checks
whether data has been lost or written over when it is
moved from one place in storage to another or when
it is transmitted between computers.

TYPES OF PARITY
Even parity
Odd parity



EVEN PARITY

In this method , one extra bit known as parity bit is
added to the binary information.

The parity is added in such a way that the total
number of one’s becomes even.



ODD PARITY

* It is similar to even parity method but the total
number of one’s should be odd.

* Example of Even and Odd parity

Original Data | Even Parity | Odd Parity
00000000 0 1
01011011 1 0
01010101 0 1
11111111 0 1
10000000 1 0
01001001 1 0




LOGIC GATES AND
FAMILIES




Logic Gates

Logic gates are electronic digital circuit perform logic
functions. Commonly expected logic functions are
already having the corresponding logic circuits in
Integrated Circuit (I.C.) form.




| /
Types of Logic Gates
AND Gate NAND Gate
A — A —
s )—C g <
OR Gate NOR Gate

A A
3 ) )—C g) »—=
NOT Gate Exclusive - OR Gate

A—>—c ’Q —) D—AeB=C
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AND Gate

The AND gate implements the Boolean AND
function where the output only is logical 1 when all
inputs are logical 1.

The standard symbol and the truth tabel for a two
input AND gate is:



/ |

OR Gate

The OR gate implements the Boolean OR function where
the output is logical 1 when just input is logical 1.

The standard symbol and the truth table for a two input

OR gate is:



/

NOT Gate

The NOT gate implements the Boolean NOT function
where the output is the inverse of the input.

The standard symbol and the truth table for the NOT

gate 1s:
o ViR



/
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NAND Gate

The NAND gate is an AND gate followed by a NOT gate.
The output is logical 1 when one of the inputs are logical o

The standard symbol and the truth table for the NAND

gate 1s:
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XOR Gate

The XOR gate produces a logic 1 output only if its two
inputs are different. If the inputs are the same, the
output is a logic o

The XOR symbol is a variation on the standard OR
symbol. It consists of a plus (+) sign with a circle around
it. The logic symbol, as shown here, is a variation on the
standard OR symbol.

D®1=1
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NOR Gate

The NOR is a combination of an OR followed by a NOT
gate. The output is logical 1 when non of the inputs are
logical o

The standard symbol and the truth table for the NOR gate
1S:



P e

UNIVERSAL GATES

A universal gate is actually NAND and NOR gate. It is
simply because they can be used to construct other

gates. To build big and complex digital system, we only
use NAND and NOR gate.




NAND GATE AS UNIVERSAL
GATE

* NAND gate is used to make OR gate , NOT gate. These
gate help us in making al the gates for eg: NAND gate

4 P -
: B3
Dl

_E

Qutput

—_ = - o] m
]

=i =k ==k




NOR GATE AS UNIVERSAL GATE

* NOR gate is used for make OR gate , NOT gate . with
the help of these gate we can make any gate for ex :

NOR gate as OR gate.



Introduction to TTL logic family

The full form of TTL is Transistor Transistor logic . The
digital ICs in the TTL family used only transistor to
perform the basic logic operations . TTL families are
used as more complex devices in digital system .
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TTL CHARACTERISTICS

Transistor-transistor logic (TTL)

* based on bipolar transistors

e one of the most widely used families for small- and
medium-scale devices - rarely used for VLSI

e typically operated from 5V supply

e typical noise immunity about1-1.6 V

e many forms, some optimised for speed, power, etc.
e high speed versions comparable to CMOS (~ 1.5 ns)
e low-power versions down to about 1 mW/gate



\

Introduction to CMOS logic family

e CMOS stands for Complementary Metal Oxide

Semiconductor. A complementary pair uses both p or
n channel MOSFETs.
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CMOS CHARACTERISTICS

Complementary metal oxide
semiconductor (CMOS)

e most widely used family for large-scale devices

e combines high speed with low power consumption

e usually operates from a single supplyof 5-15V

e excellent noise immunity of about 30% of supply voltage
e can be connected to a large number of gates (about 50)

e many forms - some with ¢,;, down to 1 ns

e power consumption depends on speed (perhaps 1 mW






INTRODUCTION

ALL the digital circuit operation depend upon only
two values that is either 1 or o . Where the value of 1
and o denoted the predefined voltage level . So,
Boolean algebra can used for the analysis,
simplification design of digital circuit .

There are three operation in Boolean Algebra :
Logical addition
Logical multiplication

Logical inversion



Postulates OF Boolean Algebra

A statement that is not proved but assumed to be true
is called the postulates .

The basic postulates of Boolean Algebra are:
Commutative laws

Associative laws

Distributed laws

Identity rule

Complement rule



DEMORGAN’S THEOREMS

A great mathematician named demorgan gives two
theorems of Boolean Algebra . These theorem are very

useful and powerful identities used in Boolean
Algebra.



_
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DeMorgan’s Theorem #1

A-B=A+B

A+B

B

—_—

A

—~— EQUAL

A | B|AeB | AeB




DeMorgan’s Theorem #2

A+B=A-B
Al B|A+B| A+B A | B|AXB
00 0 1 1|1 1
01 1 0 1|0 0
110 1 0|1 0
11| 1 3\ 00| ¢
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KARNAUGH MAPS (K-MAP)

An n-variable k-map has two cell with each cell
corresponding to an n-variable truth table value .

K-Map cell are labeled with the corresponding truth
table row .

K-Map cells are arranged such that adjacent cells
correspond to truth rows that differ in only one bit
position (logical adjacency) .



KARNAUGH MAPS ( K-MAPS )

K-Map - A tool for representing Boolean function up
to six variables .

K-Map are tables of row and columns with entries
represent 1's or o's of SOP and POS representation .



L

3. Groups must contain 1, 2, 4, 8, or in general 2° cells.

That is if n = 1, a group will contain two 1's since 2' = 2.

If n =2, a group will contain four 1's since 2: = 4.

¢ b 00 0l 10

P

] je——Oraupof2 ol ¢ | [ 7| 1e——Croup of 3

X
0 v/ 1| 0

RIGHT
“AB

—Croup of 4

RIGHT




Example — 4 variable K-Map

+ABCD + ABCD + ABCD + ABCD

N
10 ..ILE oo 01 11 10
00

1 7
|
\ 01| 1 1|
| 11f 1 |
!}
10 JQ; N
Out= CD + CD+ ABC \

out= CD + CD+ ABD

- g




Advantages and Disadvantages of
K-Map

Advantages :

1.Minimizes boolean expressions without the need
using various boolean theorems & computations.

2.Minimizes number of Logical gates used.
Disadvantages :

1. Become tedious for 5 variables.

2. It is not suitable for computer reduction.



ARITHMETIC CIRCUITS
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Combinational Arithmetic Circuits

Addition:
o Half Adder (HA).
e Full Adder (FA).

Subtraction:
e Half Subtractor.
e Full Subtractor.

4 bit adder/subtracter
Adder and Subtractor IC (7484)
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HALF ADDER

Adding two single-bit binary values, X, Y produces a sum S
bit and a carry out C-out bit. This operation is called half
addition and the circuit to realize it is called a half adder.




Half Adder Truth Table
Inputs Outputs
X Y S C-out
o) o) o) o)
1 o) 1 o)
1 1 o) 1
K — Half |5
= Adder [—C-OUT

S(X,Y) =X (1,2)
S = XY+ XY
S = XY

C-out(x,y, C-in) = 2 (3)
C-out = XY




P e

FULL ADDER

Adding two single-bit binary values, X, Y with a

carry input bit C-in produces a sum bit S and a
carry out C-out bit.




/

Full Adder

Full Adder Truth Table
Inputs Outputs
X Y C-in S C-out
) a) ) o) a)
© o T 1 ©
() 1 () 1 ()
Q) 1 1 0 1
1 (0] @) 1 (0
1 0) 1 0) 1
1 1 Q) 0) 1
1 1 1 1 1

S(X,Y, C'in) =2 (1,204?7)
C-out(x, y, C-in) = X (3,5,6,7)

Sum S X
XY r = N
C-in 00 01 11 10
o 2 6 4
(o) 1 1
1 1 3 7 1 5 } C-in
1 N\ J
h'd
Y

S = XY'(C-in) + XY’(C-in)’ + XY’(C-in)’ + XY(C-in)
S=X®Y ® (C-in)

Carry C-out X
XY s % ™
C-in 00 0o1 11 10
o 2 q 4
o 1
! { 1 d 1 2 1 } C-in
1
- J
Y
Y

C-out = XY + X(C-in) + Y(C-in)



Full Adder Circuit Using XOR

X Y
|

C-out <«

Full
Adder

«— (C-In

X
D) e i S
C-in 4

X— XY
Y
X )@_ C-out

B
_/ YC-in




HALF SUBTRACTOR

Subtracting a single-bit binary value Y from anther
X (I.e. X-Y ) produces a difference bit D and a
borrow out bit B-out.

This operation is called half subtraction and the
circuit to realize it is called a half subtractor.



Half Subtractor

Half Subtractor Truth Table D(X,Y) =2 (1,2)

Inputs Outputs D = XY+ XY’
X Y D B-out D=X®Y
o @) o @)
- : ; 1 B-out(x, y, C-in) = X (1)
= 2 ! o B-out = XY
1 1 0) 0)

X \ Difference
) >

Y L4

X—= Half D H>of

Y —{ Subtractor [~B-OUT —— B-out




FULL SUBTRACTOR

Subtracting two single-bit binary values, Y, B-in
from a single-bit value X produces a difference bit
D and a borrow out B-out bit. This is called full
subtraction.
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Difference D X
XY r - ~
Full Subtractor = e o » o
0 2 6 4
(0] 1 1
Full Subtractor Truth Table : : = -
Inputs Outputs 1| 1 1 } BT
. ~ J
X Y B-in D B-out v
(0] (0] (0] (0] 9 S = X'Y'(B-in) + XY’(B-in)’ + XY’(B-in)’ + XY(B-in)
0 0 1 1 1 S=X®Y ® (C-in)
< 1 0 1 1 Borrow B-out X
(0] 1 1 (0] 1 XY ~ A ~
1 (0] (0) 1 (@) B-in 00 01 11 10
6
1 0 1 0 0 = 1 *
1 1 0 0 0 Tt o iiawntE } =5
1 1 1 1 1 1
g J
h'd
Y

S(X,Y, C'in) =2 (1,2)4r7)

C-out(x, y, C-in) = X (1,2,3,7) B-out = XY + X’(B-in) + Y(B-in)



Full Subtractor Circuit Using XOR

X

Y jD_D Difference D
X Y B-in /
b

Full X

B-out <«— «— B-in
Subtractor =

I X X’B-in B-out
D B-in |
Y

YB-in

XY

B-in




PARALLEL BINARY ADDER

These adders are constructed by connecting two or
more full adders.

A single full adder is used for adding two one-bit
binary numbers and an input carry.

For the addition of binary numbers having more than
one bit, additional full adders must be used.



Block diagram of 4- bit binary
Parallel Adder




y

' 4-bit Parallel Adder

For 4-bit binary full adder, we require four full
adders(or three full adders and one half adder).

The carry output of the rightmost full adder becomes
the carry input of the second full adder.

Let the two four bit binary numbers are A; A2 A1 Ao and
Bs B2 B1 Bo and five sum bits S5 S2 S1 So .

The carry output of the leftmost full adder
becomes the MSB in the sum which is represented
by S4.



Decoders, Multiplexers, De-
Multiplexers and Encoder
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What is a Multiplexer (

A MUX is a digital switch that
has multiple inputs (sources)
and a single output
(destination).

The select lines determine
which input is connected to
the output.

MUX Types

= 2-to-1 (1 select line)
> 4-to-1 (2 select lines)
- 8-to-1 (3 select lines)
- 16-to-1 (4 select lines)

/
MUX)?

Multiplexer
Block Diagram

I

oN o 1
Inputs . | 5 , . Output
(sources) S (destination)
/ﬂ
Select
Lines

95



4-to-1 I\/IuItiIeer (MUX)

Do - — Do |
D1 — X
> —— v
D1‘ _\ D2 e—— E
| =
D—‘Y D3
D2. — | —
L B A
D3. —
I B A Y
A A o) o) Do
o) 1 D1
: 1 0 D2
B A
1 1 D3

96



—Multiplexers

o— A e o F

Iy — 0 0 0 lo

ly —— 0 0 1 Iy

I3 —>1 8-to-1 L 1 . 2

|, —»{ MUX z 0 1 1 I3

g —> 1 0 1 5

1, 1 1 0 lg
m 1 1 1 B

MSB *ABC LSB

Z=A'B'.CI,+A'B'.CI,+A'B.C.I,+A'B.Cl;+
ABC.l,+AB.Cl,+A'BC.1,+AB.Cl,



What is a Demultiplexer (DEMUX)?

A DEMUX is a digital switch
with a single input (source)
and a multiple outputs

(destinations). /

Demultiplexer
Block Diagram

The select lines determine TpaC é 2" Outputs
which output the input is (source) = (destinations)
connected to.
DEMUX Types ﬁ/\

- 1-to-2 (1 select line) Select

- 1-to-4 (2 select lines) Lines

- 1-to-8 (3 select lines)
- 1-t0-16 (4 select lines)

98



1-to-4 De-Multiplexer (DEMUX)

X =

DO

D1

D2

11T T

D3

><
D—'Dl
E—’Dz
A
L ps
B A
Do| D1 | D2 | D3
X | o o) o)
o| X | o o)
o) o| X | o
o) o) o) X

99
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Decoders

A decoder has
N inputs
N outputs

A decoder selects one of 2" outputs by decoding the
binary value on the N inputs.

The decoder generates all of the minterms of the N
input variables.

100



“Decoders

Active-high outputs




Decoders

msb

A —— |
b —
C —p

\:Ib’\
v~ ARt abc Yo Y1 VY2VY3VaVs Ve V7
» ¥, =ab'c

1000O0O0O0O
0O010000O00O
0O001000O00O

1 00O0O
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Encoders

An encoder has
>N inputs
N outputs
An encoder outputs the binary value of the selected (or
active) input.

An encoder performs the inverse operation of a decoder.

103
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BCD TO SEVEN SEGMENT
DECODER

In this display device, the data which is in the BCD
format has to be changed suitably.

For this purpose, we require a BCD to 7- segment
decoder.

The circuit has four input lines for receiving the BCD
inputs & seven output lines i.e. a,b,c,d,e,f,g to drive a 7-
segment display.
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BLOCK DIAGRAM OF BCD TO /-
SEGMENT DECODER

a a a
D0—D b h oS-
A
d (I
Ao—A f | d i
L
-~ CLOCK g g
BCD to 7 Segment /-Segment

Decoder LED Display




TRUTH TABLE OF BCD TO 7 SEVEN

SEGMENT DECODER

7-Segment Display
Outputs

Decoder Outputs

Binary Inputs




LATCHES AND FLIP - FLOPS




What is latch ?

» Aflip-flop or latch is a circuit that has two stable
states and can be used to store state information.

* |t Is a sequential circulit.
* |t Is a temporary storage device.



FLIP FLOP

can be made to change state by signals
applied to one or more control inputs and will
nave one or two outputs.

* Flip Flops are sequential circuits.

\
1
|
* Aflip-flop is a bistable multivibrator. The circuit
|
|
|
1
|
* |t also stores memory. ‘




TYPES OF FLIP-FLOP

* SR flip-flop
* T tlip-tlop

* D flip-flop
* JK flip-tlop




SR- LATCH

S Set
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TRUTH TABLE OF SR-LATCH

1 | 110 1]0 [Qissettol
2 1|1 1] 0 |Nochange
3 L0 [ 1]0]1 |Qissettol
4 |1 11] 0] 1 |Nochange
5100 1|1 |Invalid




SR FLIP FLOP

* SR Flip Flop is an arrangement of logic gates that
maintains a stable output even after the inputs are
turned off.

e This simple flip flop circuit has a set input (S) and
a reset input (R).



(a) Logic diagram

Q+1)

-k OO OO
a1 == RO o Jf e B B )
=0 =D - Q=0 m

dbtarianate
(b) Truth table

Clocked SR flip-flop




JK FLIP FLOP

e The JK flip flop is basically a gated SR flip-flop with
the addition of a clock input circuitry that prevents the
llegal or invalid output condition that can occur when
both inputs S and R are equal to logic level “1”.

e There is no such thing as a J-K latch, only J-K flip-
flops.

e Without the edge-triggering of the clock input, the
circuit would continuously toggle between its two
output states when both J and K were held high (1),
making it an astable device instead of a bistable
device In that circumstance.
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T or Toggle flip -flop

e The T or "toggle" flip-flop changes its output on
each clock edge, giving an output which is half the
frequency of the signal to the T input.

e |t is useful for constructing binary counters,
frequency dividers, and general binary addition
devices.

e |t can be made from a J-K flip-flop by tying both of
Its inputs high.



Toggle T
Pin Q

Clock

Symbol: T Flip-flop

[nput

Inverted
[nput

d 0,
o o
1 1
0 1
1 o




D FLIP FLOP

e The D flip-flop tracks the input, making transitions
with match those of the input D.

e The D stands for "data"; this flip-flop stores the
value that is on the data line.

e |t can be thought of as a basic memory cell. A
D flip-flop can be made from a set/reset flip-
flop by tying the set to the reset through an
Inverter.






APPLICATIONS OF FLIP FLOP

e flip flop circuit mainly involves in bounce

f

elimination switch.

e data storage, data transfer.

e latch, registers, counters.

e frequency division, memory, etc.
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APPLICATIONS OF LATCHES

Cascading of a positive latch and negative latch
gives a negative edge-triggered flip-flop and
cascading of negative and positve latch gives a
positive edge-triggered flip-flop.

A latch is used as a savior for scan hold timing
closure in the form of lockup latch.

Latch is used in pipelines.
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DIFFERENCE

LATCH FLIP FLOP
Gates are the building block Latches are the building
of the latches. block of Flip Flop.
Latches does not have clock Flip Flop has clock signal.
signal. It is edge triggered.
It is a level triggered device. It works on the clock pulses.

It is based on the enable
function input.



COUNTERS
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INTRODUCTION

Counter is the combination of flip-flop which is used
to count the events of number of clock at input.
Depending upon the manner by mean of which the
flip-tflop of counter triggered.

There is two types of counters:
Asynchronous Counter
Synchronous Counter
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ASYNCHRONOUS COUNTER

Asynchronous counters are those whose output is
free from the clock signal. Because the flip flops in
asynchronous counters are supplied with different
clock signals, there may be delay in producing output.
The required number of logic gates to design
asynchronous counters is very less. So they are simple
in design.



ASYNCHRONOUS RIPPLE COUNTER

Asynchronous Ripple Counter
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SYNCHRONOUS COUNTER

In synchronous counters, the clock inputs of all the
flip-flops are connected together and are triggered by
the input pulses. Thus, all the flip-flops change state
simultaneously (in parallel).
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" 3 BIT SYNCHRONOUS COUNTER

A 3-bit synchronous binary counter
(Rev)




APPLICATION OF COUNTER

Counters

* Applications include:

Present State | Next State
—system clock A B A B
; (8] (8] 0 1
timer, delays 5 - - D
—watches, clocks, alarms i ? é é

— counting events
—memory addressing

— frequency division @ @
—sequence control

—cycle control

— protocols Q @
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DECADE COUNTER

A decade counter is one that counts in decimal digits,
rather than binary. It counts from o to 9 and then
resets to zero. The counter output can be set to zero by
pulsing the reset line low. The count then increments
on each clock pulse until it reaches 1001 (decimal 9).
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RING COUNTER

In a computer system, the standard ring counter form is a type of counter that is
composed of a shift register, another type of counter that exists in the sequential
logic form.

Q@0
0O |0 (0|0 Qa Qb Qe Qd
1 o o]0 D QM0 OfD af3p 0}~
1 1 10O |'D
e L L 10 - — — —
NERENE!
gijd 1% (4 RESET I T I
o6 [1[1
00 [0 |1 ok —* . :
repeat Johnson counter




UP/DOWN COUNTER

A circuit of a 3-bit synchronous up-down counter and a table of its sequence
are shown below. Similar to an asynchronous up-down counter, a
synchronous up-down counter also has an up-down control input. It is used
to control the direction of the counter through a certain sequence

HIGH
by s )
J
Up/ | M f"’o—l Qo £ a—l Qy @,
—— ‘
Down B’ @—F> i>—{—">
Kol

)
ol

Ko P -
FFO L FF1 L LFFT
ﬂ. 1

D_

CLK
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RIPPLE COUNTER

A ripple counter is an asynchronous counter where only the
first flip-flop is clocked by an external clock. All subsequent
flip-flops are clocked by the output of the preceding flip-flop.
Asynchronous counters are also called ripple-counters

because of the way the clock pulse ripples it way through the
flip-tlops.
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CIRCUIT DAIGRAM OF RIPPLE COUNTER

Ripple Counter Integrated
Circuits

m 7493 4-bit binary ripple counter logic diagram and
pin configuration

G 1]
e, [2 ]
VR, [3 |

N [4]
V( 4 E

N(‘E
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SHIFT REGISTER

Introduction and basic concepts including shift left
and shift right.

(a) Serial in parallel out, serial in serial out, parallel in
serial out, parallel in parallel out

(b)Universal shift register

(c)Buffer register, Tristate Register
(d)IC 7495

e = Eis B B e S B L=

ENTNEENE VEENENEY



DEFINATION

* A reqister is a digital circuit with two basic
functions: Data Storage and Data Movement

— A shift register provides the data movement
function

— A shift register “shifts” its output once every clock
cycle

* A shift register is a group of flip-flops set up in
a linear fashion with their inputs and outputs
connected together in such a way that the data
is shifted from one device to another when the
circuit is active




TYPES OF SHIFT REGISTER

SERIAL IN SERIAL OUT (SISO)
SERIAL IN PARALLEL OUT (SIPO)
PARALLEL IN SERIAL OUT (PISO)
PARALLEL IN PARALLEL OUT (PIPO)



Shift Register Applications

* converting between * some counter

serial data and applications
parallel data —ring counter
* temporary storage in —Johnson counter
a processor — Linear Feedback Shift
— scratch-pad memories Register (LFSR) counters
* some arithmetic * time delay devices
operations * more ...
—multiply, divide | _ _
* communications J e [ [
—UART




Shift Register Characteristics

* Types
— Serial-in, Serial-out
— Serial-in, Parallel-out
— Parallel-in, Serial-out
— Parallel-in, Parallel-out
— Universal

* Direction
— Left shift
— Right shift
— Rotate (right or left)
— Bidirectional

”\ MIC W)
l!'lw

al 4_

n-bit shaft
register




Data Movement

* The bits in a shift register can move in any of the

following manners

<4

l-nn-ou Deain oot o= S Dats = — '—vl)unou

Serial in/shift right/serial out Serial infshift lefi/serial out
-—eEEE L.—._._—|.|
g DR T
Datas out Data oumt

Secrial in/paralicl out Parallc] in/paraliel out Rotate right Rotate left




Serial-In Serial-Out

* The logic circuit diagram below shows a
generalized serial-in serial-out shift register
— SR Flip-Flops are shown
— Connected to behave as D Flip-Flops

— Input values moved to outputs of each Flip-Flop
with the clock (shift) pulse

[ Q= = - - c— S ()_—".[ ’ - -

— —CP CK
—{>o——={» or—----- —— 0

N-Bit Shift Register




Serial-In Serial-Out

* A simple way of looking
at the serial shifting
operation, with a focus on
the data bits, is illustrated
at right

* The 4-bit data word
“1011” is to be shifted into
a 4-bit shift register

* One shift per clock pulse

* Data is shown entering at
left and shifting right

Datain

10

1



Serial-to-Parallel Conve_rsion

* We often need to convert
from serial to parallel

— e.g., after receiving a series
transmission

* The diagrams at the right
illustrate a 4-bit serial-in
parallel-out shift register

* Note that we could also use
the Q of the right-most Flip-
Flop as a serial-out output

‘
1

n-bitshift
register

Qe

4 bil Wide Parallel Data Oufput

1 |
Sevigl I T
L L it Gl—4al0 ) . 7]
FFA F FFC FFD Nata n
Gl CLK i1 K

CLR CLR [ Gl

I | |

Cooe 1

14
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Parallel-to-Serial Conversion

* We use a Parallel-in Serial-out *
Shift Register o-bit sif
* The DATA is applied in parallel

form to the parallel input pins PA
to PD of the register

* It is then read out sequentially
from the register one bit at a time l l l l
from PA to PD on each clock cycle
in a serial format

* One clock pulse to load = gee———
* Four pulses to unload bais ou

‘

‘

]
! ‘

<

<

-
—

Paratel inpuls 17



Parallel-In Parallel-Out

* Parallel-in Parallel-out Shift
Registers can serve as a
temporary storage device or
as a time delay device

* The DATA is presented in a
parallel format to the parallel
input pins PA to PD and then
shifted to the corresponding
output pins QA to QD when
the registers are clocked

* One clock pulse to load
* One pulse to unload Fi

Clock |

P11
VT 19




Universal Shift Reglster

Universal shift register l

Can do any combination of
parallel and serial e |
input/output operations ¥

Requires additional inputs to
specify desired function

Uses a Mux-like input gating o
r1 11

LS —p-o > L/S
At = =
= g R T & 4
1 }'1
21 ] B—
{

20

Uo




Universal Shift Register

« Parallel shift register (can serve as converting
parallel-in to serial-out shifter):
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BUFFER REGISTER

Buffer registers are a type of registers used to store a binary
word. These can be constructed using a series of as
each flip-flop can store a single bit.

By B; B: Bs
LD'] Q'l_ LDz QQ_LDS Og_ LD.; Q4—
FF1 FF2 FF3 FF4 coee £ 4+ | 14 L1 [t |
Clock——>Ck Q- rcnc G- rmk Gl —~Ek G (e | o [T T 0
Figure 1 4-bit Buffer Register 2 | : : : : : |
= 0 1 o ' 1 !
= I 1 I Q 1 0
o | o | ; ; | |:|
O utput 2z | D ] 1 | o
of 4-bit i : : : ;
Buffer
Register Tz o . 1 o | 1 ;
| Qs j 1 @ F 1 0
Figure 2 INnput-Output Wawveform for 4-bit



https://www.electrical4u.com/latches-and-flip-flops/
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CONTROLLED BUFFEER REGISTER

Buffer registers offer no means of control over the inputs which in turn
leads to uncontrolled outputs. In order to overcome this drawback one

can resort to controlled buffer registers.

Tri-state switches are used to control the operation of
loading and/or retrieval of the data to/from the bufter

register. Here one has to pull the LD or WR control line
(blue line) low in order to store the data into the register,

while RD control line (red line) should be made low to read

the data.
Ba B- B3 Ba
VR —— D4 3% Do e D Qs |— D N
FE1 FF2 FF3 FE4
Clock T—» Clk O 1—» Clk Q- | r» Clk Qs 1—> Clk -
tﬁ IR T ?ﬁ
Qa iz 5 O

Figure 3

d-bit Controlled Buffer Register



BIDIRECTIONAL SHIFT REGISTER

Bidirectional shift registers are the storage devices which are capable of
shifting the data either right or left depending on the mode selected.

n-bit bidirectional shift register with serial data loading and retrieval capacity.
Initially all the in the register are reset by driving their clear pins high.

Next R/LI... control line is made either low or high in order to opt for either left-
shift or right-shift of the data bits, respectively.

i [
R/L e
Data in.for— | — Qs 1 — Data in for
right-shift Aq Az A lA; Aqfl Az| left-shift
D1 Gq Dz Gz n-1 D_-. 1:1.1'1
FF, FF2 FFn
Clock +—>1Clk o o Q11— ’—> Clk o g Q2f— |—> Clk ~ RQnif— ’—> Clk ~ g @ —
Clear N | J

Figure 1 n-bit Bidirectional Shift Register


https://www.electrical4u.com/latches-and-flip-flops/

TRISTATE BUFFER

A tri-state buffer is similar to a , but it adds an additional
"enable" input that controls whether the primary input is passed to its
output or not. If the "enable" inputs signal is true, the tri-state buffer
behaves like a normal buffer. If the "enable" input signal is false, the tri-
state buffer passes a high impedance (or hi-Z) signal, which effectively
disconnects its output from the circuit

Tri-State Buffer —

a ———»»—>f

M =IOIO|IN
Mok ol

M OININ |



https://logic.ly/lessons/buffer/

APPLICATIONS OF SHIFT REGISTER

(A) TIME DELAY
(B) SERIAL/PARALLEL DATA CONVERSION
(C) RING COUNTERS

(D)UNIVERSAL ASYNCHRONOUS RECEIVER
TRANSMITTER



A/D AND D/A
CONVERTERS
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WHAT IS A/D CONVERTER?

An electronic integrated circuit which
transforms a signal from analog (continuous)
to digital (discrete) form.

Analog signals are directly measurable
quantities.

Digital signals only have two states. For
digital computer, we refer to binary states, o

and 1.
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WHY A/D CONVERTER IS NEEDED

Microprocessors can only perform complex

processing on digitized signals.

When signals are in digital form they are less
susceptible to the deleterious effects of
additive noise.

ADC Provides a link between the analog
world of transducers and the digital world of
signal processing and data handling.



APPLICATION OF A/D CONVERTERS

ADC are used virtually everywhere where an
analog signal has to be processed, stored, or
transported in digital form.

Some examples of ADC usage are digital volt

meters, cell phone, thermocouples, and
digital oscilloscope.



TYPES OF A/D CONVERTERS

Dual Slope A/D Converter

Successive Approximation A/D Converter
Staircase ramp or Single Slope A/D Converter
Parallel comparator A/D Converter



DUAL SLOPE A/D CONVERTER

Fundamental components
Integrator

Electronically Controlled Switches
Counter

Clock

Control Logic

Comparator



Block diagram of A/D Converter
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How does it work

A dual-slope A/D (DS-ADC) integrates an unknown
Input voltage (VIN) for a fixed amount of time (TiNnT),
then "de-integrates" (TpeinT) using a known

reference voltage (VRerF) for a variable amount of
time.

The key advantage of this architecture over the
single-slope is that the final conversion result is
Insensitive to errors in the component values. That
IS, any error introduced by a component value during
the integrate cycle will be cancelled out during the
de-integrate phase.







DS —ADC ADV. & DISADVANTAGES
ADVANTAGES

Conversion result is insensitive
to errors in the component
values.

Fewer adverse affects from
“‘noise’

High Accuracy

DISADVANTAGES

Slow

Accuracy is dependent on the use of precision external
components

Cost
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SUCCESSIVE APPROXIMATION A/D
CONVERTER

Uses a n-bit DAC to compare DAC and original
analog results.

Uses Successive Approximation Register (SAR)
supplies an approximate digital code to DAC of Vin.
Comparison changes digital output to bring it closer
to the input value.

Uses Closed-Loop Feedback Conversion.
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PROCESS OF SA-ADC

MSB initialized as 1
Convert digital value to analog using DAC
Compares guess to analog input
IS Vin>VDAC
» Set bit 1
* If no, bit is 0 and test
next bit
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ADVANTAGES OF SA-ADC

Advantages

Capable of high speed and reliable .

Medium accuracy compared to other ADC types.
Good tradeoff between speed and cost.

Capable of outputting the binary number in serial.



DISADVANTAGES OF SA-ADC

Disadvantages
* ADC’s will be slower
* Speed limited to ~5Msps



COUNTER TYPE ADC

THE COUNTER TYPE ADC IS THE BASIC TYPE OF ADC WHICH
IS ALSO CALLED AS DIGITAL RAMP TYPE ADC OR STAIR CASE
APPROXIMATION ADC. THIS CIRCUIT CONSISTS OF N BIT

COUNTER, DAC AND OP-AMP COMPARATOR AS SHOWN IN
BELOW FIGURE.

|
l CLEAR.
CLK

D—|_|7 M-Bit Counter
LOAD

|
A | STORAGE REGISTOR

DAC

Input Woltage
Vin



http://ecetutorials.com/wp-content/uploads/2013/09/Counter-type-ADC-or-Digital-Ramp-type.bmp

ADVANTAGES & DISADVANTAGES
OF COUNTER TYPE ADC

Advantages
Simple to understand and operate.
Cost is less because of less complexity in design.

Disadvantages
Speed is less because every time the counter has to start from ZERO.

There may be clash or aliasing effect if the next input is sampled
before completion of one operation ost is less because of less
complexity in design.



What is a DAC?

* A digital to analog converter (DAC) converts a digital
signal to an analog voltage or current output.

100101...
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Types of DACs

Many types of DACs available.

Usually switches, resistors, and op-amps used to
implement conversion

Two Types:

e Binary Weighted Resistor
e R-2R Ladder



a
Binary Weighted Resistor

Utilizes a summing op-amp circuit
Weighted resistors are used to distinguish each bit
from the most significant to the least significant

Transistors are used to switch between V_.and ground

(bit high or low)
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Binary Weighted Resistor

Assume IdealOp-amp v
ref

No current int op-amp

Virtual ground at | AR A

inverting input e 2R

— 4R
Vou= -IR % ) y
E : L Vout
: -+




Binary Weighted Resistor

V

Voltages V, through V_ are either ref

V. ¢ if corresponding bit is high or

~ \
ground if corresponding bit is low \_O\o_ll\/R\/\_

—f::) V. 2R | :/\/R\f/\_
V. is most significant bit STV
.~ V3 4R

V., is least significant bit w >Vout
: +




Binary Weighted Resistor

If R=R/2

Vout :_IRf :—(\g—l—\if +\§ +%)

For example, a 4-Bit converter yields

V. =-V +b, —+ +b—
out ref(bsz bl 16)

Where b3 corresponds to Bit-3, b, to Bit-2, etc.
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Binary Weighted Resistor

Advantages

e Simple Construction/Analysis
e Fast Conversion
Disadvantages

e Requires large range of resistors (2000:1 for 12-bit
DAC) with necessary high precision for low resistors

e Requires low switch resistances in transistors

e (Can be expensive. Therefore, usually limited to 8-bit
resolution.



R-2R Ladd

er

ref

Bit: o

IR fzﬂ EEH

i

[ |

_nhn__nnh__n;\i\_“,

ézq

Bit 0

g::n

o o o

4-Bit Converter

4

]

out
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Each bit corresponds
to a switch:

If the bit is high,

the corresponding
switch is connected to
the inverting input of
the op-amp.

If the bit is low, the
corresponding switch
is connected to ground.
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R-2R Ladder

Results:
1 1 1
V3 = évref J V2 = Zvref J Vl = Evref
V V V V
V — ref -I-b ref_|_ ref -I-b ref
ou R(b3 2R ‘4R b 8R 16Rj

Where b, corresponds to bit 3,
b, to bit 2, etc.

l—l'v
[ out If bit n is set, b_=1

If bit n is clear, b_=0
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R-2R Ladder

For a 4-Bit R-2R Ladder

Vau= VgD 4B 4B by

For general n-Bit R-2R Ladder or Binary Weighted Resister DAC

Vo=V, Sh, ~




/

/ T
R-2R Ladder

Advantages

e Only two resistor values (R and 2R)

e Does not require high precision resistors
Disadvantage

e Lower conversion speed than binary weighted DAC



APPLICATIONS

Digital Motor Control

Computer Printers

Sound Equipment (e.g. CD/MP3 Players, etc.)
Electronic Cruise Control

Digital Thermostat



SEMICONDUCTOR
MEMORIES
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Memory Organization

[t provides spaces for storing instruction and data,
space for intermediate results and spaces for final
results.

Memory is primarily of two types;

(a) INTERNAL MEMORY: Primary/Main Memory And
Cache Memory.

(b) EXTERNAL MEMORY: Secondary Storage.



 —
INTERNAL MEMORY

PRIMARY

Primary memory is computer memory that a processor or computer accesses first
or directly. It allows a processor to access running execution applications and
services that are temporarily stored in a specific memory location. Primary
memory is also known as primary storage or main memory

CACHE MEMORY

Cache memory is a small-sized type of volatile computer memory that
provides high-speed data access to a processor and stores frequently used
computer programs, applications and data. It is the fastest memory in a
computer
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EXTERNAL MEMORY

The storage capacity of the main memory or the
primary memory of the computer is limited.
Sometimes we have to store millions or billions bytes
of data and primary memory of this computer is not
able to store this data. Therefore, we require additional
memory called auxiliary memory or secondary storage.



WHAT IS MEMORY?

The ability to store and retrive the digital information in
a microcomputer system is called MEMORY.

In past years, magnetic tape is used as memory element .
But now days, with advancement in semi-conductor
technology, semiconductor or memories of different types
and sizes are used




MEMORY

MAGNETIC
MEMORY

SEMICONDUCTOR

MEMORY

1.MAGNETIC TAPE
2.FLOPPY DISK

3. HARD DISK 1
4.OPTICAL DISC \

5.MAGNETIC BUBBLE MEMORY ‘
J




SEMICONDUCTOR MEMORY

semiconductor memories are small in size, have low

cost, high speed of operation, high reliability and
memory size can be expanded according to their
requirements.




Step Iindicator LEDs

Stepper Motor
Connector

On / Off Jumper

PC Power {5-12 V)

y o 1

Signal from micro -
controller (Arduine
digital pins)




WHAT IS ROM?

Read-only memory (ROM) is a type of storage medium that
permanently stores data on personal computers (PCs) and other
electronic devices. It contains the programming needed to start a
PC, which is essential for boot-up; it performs major input/output
tasks and holds programs or software instructions.
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BLOCK DIAGRAM OF ROM

Address Bus Data Bus
-

CE CHIP ENABLE
OE OUTPUT ENABLE

CONTROL BUS
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TYPES OF ROM:-

Programmable Read Only
Memory[|PROM|]

Erasable Programmable Read Only
Memory [EROM]

Electrical Erasable Programmable Memory
|[EEPROM]|
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WHAT IS RAM?

Random Access Memory (RAM) is the hardware in a computing device
where the operating system (OS), application programs and data in
current use are kept so they can be quickly reached by the device's
processor. RAM is the main memory in a computer, and this type of

memory is volatile and all information that was stored in RAM s lost
when computer is turned off.




Types of Random-Access Memory(RAM)

i

1
J L ) ' I
X g Fast Page Extended Data B0
'SM‘::RTMG;\ sy S ' ORAMIFPM | DRAM(EDD ORAMBEDD
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TYPES OF RAM

1.STATIC RAM 2.DYNAMIC RAM

SRAM (Static RAM) is random  Dynamic RAM (DRAM), which
access memory (RAM) that stores bits in cells consisting of
retains data bits in its a capacitor and a transistor

memory as long as power is
being supplied.
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DIFFERENCE BETWEEN STATIC AND DYNAMIC RAM

Static RAM

Dynamic RAM

single bit of data

» SRAM uses transistor to store a

DRAM uses a separate capacitor
to store each bit of data

» SRAM does not need periodic
refreshment to maintain data

DRAM needs periodic
refreshment to maintain the
charge in the capacitors for data

than DRAM

» SRAM's structure is complex

DRAM's structure is simplex than
SRAM

compared to DRAM

» SRAM are expensive as

DRAM's are less expensive as
compared to SRAM

» SRAM are faster than DRAM

DRAM’s are slower than SRAM

memory

» SRAM are used in Cache

DRAM are used in Main memory
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Permanent memory

' I"enables data

Instructions written

d & write to in ROM can only be
‘memory read
~ Data can be Data cannot be

changed or deleted

changed or deleted

Instructions are
written into the RAM
at the time of
execution

Instructions are
written into ROM at
manufacturing time
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LEARNING OUTCOMES

After undergoing the subject, the students will be able to:

* Erect/install various electrical equipment as per IE Rules Act
by adopting all safety measures.

* Prepare specifications for different items required for
transmission lines.

* Design and excavation of cable trenches.
* Lay underground cables
* Test cables and their termination.

* Check HT/LT circuit breakers, transformers and related
equipment in a substation

* Carry out earthing, make earth pits and measure earth
resistance values.

* Find fault in a transmission/distribution system.
* Carry out preventive maintenance to minimize breakdowns.



DETAILED CONTENTS

1. Tools and Accessories (04 Periods)

Tools, accessories and instruments required for installation, maintenance and
repair work. Knowledge of Indian Electricity rules, safety codes, causes and
prevention of accidents, artificial respiration of an electrocuted person, workmen's
safety devices

2. Installation (18 Periods)

2.1 Installation of transmission and Distribution Lines:
Erection of steel structures, connecting jumpers, tee-off points, joints and

dead ends; crossing of roads, streets, power/telecommunication lines andrailway line
crossings, clearances; earthing of transmission lines and

guarding, spacing and configuration of conductors: Arrangement for
suspension and strain insulators, bird guards, anti-climbing devices and
danger plates; sizes of conductor, earthwire and guy wires.

Laying of service lines, earthing, provision of service fuses, installation of
energy meters






2.4 Testing of various electrical equipment such as electrical motor,
transformers, cables, and generators, motor control centres, medium
voltage distribution panels, power control centres, motor control centres,
lighting arrangement, storage, pre-installation checks, connecting and
starting, pre-commissioning checks, drying out

3. Maintenance (42 Periods)

3.1 Types of maintenance, maintenance schedules, procedures

3.2 Maintenance of Transmission and Distribution System

Authorized persons, danger notice, caution notice, permit to work,
arranging of shutdowns personally, temporary earthing, cancellation of
permit and restoration of supply.

Patrolling and visual inspection of lines - points to be noted during

patrolling from ground; special inspections and night inspections;Location of faults
using Meggar, effect of open or loose neutral

connections, provision of proper fuses on service lines and their effect on
system, causes of dim and flickering lights.






Chapter-1

Tools and
Accessories



Chapter-1 (TOOLS AND ACCESSORIES)

INTRODUCTION:- Tools are required to carry out the
installation and maintenance work. Without proper tool it is
difficult to carry repair and maintenance work.

Various tools used in installation and maintenance and
repairing:-

- Combination plier:- Side cutting plier
Long nose plier

* Screw driver

* Hammer:- Ball peen hammer

Cross pin hammer
Claw hammer

* Cutter

* Saws

* Wood saw



* Hack saw
* Knife

* Chisel

* Hand drill

* Files

* Poker

* Gimlet

* Auger bit

* Plumb bob
* Bench vice
* Centre punch

* Spanner

* Standard wire gauge




TESTING AND MEASURING INSTRUMENTS

Earth tester:- Earth tester is used to measure the earth resistance.
Earth resistance is special type of ohm meter which send A.c
through earth and D.c through the measuring instruments as
shown in fig. The value of earth resistance is indicated directly on
the scale when handle is turned at uniform speed. The distance
between earth electrode and current electrode should be 25m

and between potential electrode amd earth electrode it shold be
12.5m.

Value of earth resistance of different
systems

Large power station -0.50hm

Major sub station -1 ohm

Small sub station. -2 ohm
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Meggar :- Meggar is high resistance meter and is used
to measure insulation resistance of transformer,
generatormotor etc. Available in different voltage that is
500v,1000v,2500v,5000v. A high value of resistance
indicates good insulation.

Pole Piece

Annular
\ ___. Iron Ring
Current Coil

. ,-"' Magnet

]
m

Unknown
Resistance

Driven D.C
GGeneratar

3 ngaments

FIG. 1.25 INTERNAL CONNECTION DIAGRAM OF A MEGGER




Phase sequence indicator :- It consist of rotating disc
with an arrow marked on it and three terminal RYB.

= —

Rotating Dist with amow
J—_'-'_'_'_'_
"

Line Terminal —-'—"_""H-M

FIG. 1.26 PHASE SEQUENCE INDICATOR

Transformer oil test kit :- It is used to measure the
dielectric strength or breakdown value of transformer
oil. Details about the test will be discussed in
subsequent chapter.

Multimeter :- It is also known as AVO meter that is
ammeter, voltmeter and ohmmeter. It is also used to
measure AC/DC current and resistance.



Tools and tackles :-
a. Chain pulley

SQe "o a0 T

. Jacks
Crane
Hammer drill machine
| adder
Rubber gloves
Helmets
Protective clot
Crimping tools







Electrical accidents :- In every case where a person
receive an electric shock and suffer injury directly or
indirectly incommunication with generation,
transmission,distribution and used for electrical energy
should be electrical accidents.

Cause of Electrical Accidents :-

1. Working on line wires

2. Unsafe working

3. Lack of supervision

4. Lack of knowledge of electrical instruments
5. Not use proper insulation tools




Artificial respiration :- By following the above points if
a person is still not breathing the artificial respiration
should be applied immediately to restore the normal
breathing and prevent death until the medical aid
reaches.

Methods

B Schafer's prone method
BSilvester's method

B Mouth to mouth

A H {

Fig. 8.43 Schafer's manual method for artificial respiration,



Electrical safety rules :-

Indian electricity rules 1956 :- knowledge of this is imporatant
for all electrical engineer and supervisors etc.

Do not use wire with poor insulation.

Do not tough any electrical equipment with wet hands or
nleeding from cut an abrasion.

Do not work on online circuit without taking extra
precautions such as use of rubber gloves, insulated tools
ike plier, screw driver etc.

Do not use fire extinguisher on electrical equipment use
sand or blanket instead.

Do not throw water on electrical equipment in case of fire.

Do not allow to touch the electrical appliance or motor to
any unauthorized person or visitors.

Do not allow to any people in danger zone of HV line
Do not test the circuit with bare finger




Rule 29 :- Construction, installation, protection,
operations and maintenance of electric supply and
apparatus.

Rule 30 :- Service line and apparatus on consumer
premises.

Rule 35:- Danger Notice
Rule 42:- Accidental charge

Rule 44:- Instructions for restoration of person
suffering from electric shock.

Rule 45:- Precautions to be adopted by consumers
owner occupies electric contractors electrical work
man and suppliers

Rule 47:- Testing of consumer installation
Rule 50:- Supply and use of energy



Rule 51:- Provision applicable to medium high or extra
high voltage installation

Rule 56:- sealing of meters and cut-outs
Rule 60:- test for resistance and insulation

Rule 77:- Clearance above ground of the lowest
conductors.



Chapter-2
Installation



Chapter - 2 (INSTALLATION TRANSMISSION
AND DISTRIBUTION LINE)

Transmission system:- An arrangement of substation
transmission line and intermediate substation
associated control, protection observe etc are known as
transmission system.

Transmission line:- The transmission of electrical power
or eneiis done through wire supported on towers are
called transmission line.

Distribution system:- The system which which receives
the bulk power from the transmission system at the
receiving stations(66kv,132kv,220kv,400kv) and
distribute it to various consumers at reduced voltage
level i.e 440v 3- phase/230v single phase is known as
distribution system.
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‘Installation:- It is the process of installing the machinery/ :
'eauipment/transmission line etc. On foundation at site along |
' with accessories to make the equipment plant ready for '
'testing and commissioning.

 Testing:- After installing the equipment testing is carried on
'equipment and its sub-system to ensure safe and proper
. performance as per the the specification of the equipments.

Commissioning:- It is done after the testing of equipment is
. over.

Classification of Voltages:-
Low voltage - below 1000

- medium voltage -between 1000v and 33kv
high voltage - above 33kv

Extra high voltage - above 220kv

Ultra high voltage - above 750kv



Classification of Lines:-
Short line -80 km

Medium line -80 km - 160km
Long line - above 160km
Planning in Route of lines:-

B The proposed route of the line should be shortest
practicable distance and as straight as possible.

BIf possible the lines should be run along the roadway
or railway

BMBridges,industries,religious place,water logged areas,
garden,tress should be avioded as far as practicable.

BThe line should be away from bulk storage of oil tanks,
oil or gas pipelines.

BmLine should be away from telecommunication line.




Components of Transmission line
Conductors

. Supports and cross arms
Insulators

. Pole fitting

Stay wire

Miscellaneous items

S D 0O 0 T O

Conductors:- The conductors are used for
transmission and distribution of electrical power
from generating station to sub station and from sub
station to consumers premises.



Properties:-

* High Electrical conductivity
* High tensile strength

* Easily available

* Light in weight

* Low cost

Types of conducors:-

a. Copper

b. Aluminium

c. ACSR

Copper:-Copper has a high conductivity and greater
tensile strength. So, copper in hard drawn stranded form
IS a great option for overhead lines.



Aluminium:- Aluminium has about 60% of the
conductivity of copper; that means, for the same
resistance.Also, tensile strength of aluminium is less
than that of copper. Considering combined factors of
cost, conductivity, tensile strength, weight etc.,
aluminium has an edge over copper. Therefore,
aluminium is being widely used for overhead
conductors. Cheap in cost.

A.C.S.R:- ACSR consists of a solid or stranded steel
core with one or more layers of high purity aluminium
(aluminium 1350) wires wrapped in spiral. The core
wires may be zinc coated (galvanized) steel or
aluminium coated (aluminized) steel. Galvanization or
aluminization coatings are thin and are applied to
protect the steel from corrosion. The central steel core
provides additional mechanical strength and



Aluminium wire

Steel wire «— &

hence, sag is significantly less than all other aluminium
conductors.



Line support

The support for transmission and distribution lines are poles
and towers.

Properties:-
* High mechanical strength
* Light in weight
* Longer life
* Cheap in cost
* Low maintenance cost
* Easily accessible for paint
Types of line supports
1. Wooden pole
2. Steel pole
3. R.C.C poles
4. Steel pole
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Steel pole:- These poles have more strength as
compared to wooden poles.For low and medium
voltage tubular steel poles or Grider steel supports
are used. Longer spans are possible with steel
poles. The poles need to be galvanised or painted
periodically to prevent them from corrosion. Their
maintenance expense is high.

|

{(a) Tubular (b) Rail Pole (c) Rolled Steel
Pole Steel Pole Joist Pole

Life of this pole 40 yrs.
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FIG. 4.6 STEEL TOWER




Spans for poles and tower:-

Wooden and steel pole:- 30m to 50m as a distribution poles in
residential areas. Longer spans 50m to 80m are used in rural
areas. R.C.C poles spans are 80m to 200m.

Steel tower:- The height of steel tower varies from 20m to 45m
and span of 200m to 400m are used. For railway and river
crossing long span upto 800m are employed.

Erection of pole and steel structures:-

Once the collection amd transportation of material
about poles is completed the next- step is to start the
pole foundation excavation work and then erect the
pole.

1. Dead man method
2. Derrick pole method



Insulator:- The overhead line conductors are
supported by mean of insulating fixtures
called the insulators. The insulator are made
up of porcelain,glass or steatite.

Types:-

a. Pin type insulator

b. Shackle type insulator

C. Suspension type insulator
d. Egg type insulator



Pin type insulator:- used for 33kv line. These are
economical simple and easy to install. These type of
insulator carry the conductors at the top.
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Suspension type insulator:- It is used for high
voltage transmission. This insulator consist a

number of similar disc sus-pended from the tower
amd hold the conductors at bottom.

[

Insulator

e

conductor
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Cross-arms:- Cross arm are used to support on
the poles. These are made of either wddd or iron.
These are fixed at the top portion of the pole.

Stay wire and guy wire:- It is necessary to
support overhead line pole when conductor run
at angles and terminal position so that the pull
or tesnsion created by conductors is balanced
stay wire is also known as guy wire.

Single Stay Arrangemant with no Space Available
For Laying Stay Hod



Miscellaneous items

Lightning arrestors:- A lightning arrestors
provide a path through air gap for electric current
between electric circuit and the earth at the time
of excessive voltage caused by lightning.

Guarding of over head lines:- |.E rules 87 and 88
provide important guidelines about guarding of
overhead lines. Gurading is generally done to
prevent the falling of live wire on the ground.

Types:-

1. Cage guarding
2. Cradle gurading
3. Bird guarding




Cage gurading:- It provide on L.T lines when the
conductors are in vertical configuration.
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Bird guarding:- To prevent the fault condition caused
due to the bird come in contact with the high tension
line bird are fixed ovér the suspension isulator strings
in the saw tooth form

Anti-climbing device:- A wire which is wrapped on a
pole at a height about 2.5m from the ground atleast
1m length is called barbed wire.






Jumper

/él

.
v

Insulator

L

the jumper to the line conductor.

Tee-off:- Tee off should be taken from the pole not
from the centre of the line. It should be done in same
manner as in case of jumpers. Tee off for two different
conducotrs that is one for main line and other for tee
off line should not be done directly a special
connector such as tee connectors.



Types of tee arrangement:-
Single pole tee arrangement
H- pole tee arrangement

Parallel grove clamp:- A clamp or connectors which is
used for the purpose of connecting of two or more
conductors of similar material and whose axes are
parallel of each other.
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Right of way

The land require for AC transmission line is called right of
way.

Pole line

t require 7.5m to 15m in single ckt. In pole line

t require 9m to 22.5m in double ckt in pole line
Tower line

It requires 9m to 18m in single ckt in tower line

It requires 12m to 22.5m in double ckt in tower line

Size of conductors:-

The different material such as copper aluminium are used
to carry the current from one place to to another place is
called conductors.




Factor on conductor size depend:-
* Minimum size of conductors

* Current carrying capacity

* Voltage drop

Strength of material

Spacing and configuration:-

Conductors spacing:- spacing between the conductors
should be reasonable.

Spacing should be neither be large and nor be less.
Spacing=vS+V/150m

S- sag in meter

V- line voltage in kv



Conductors configuration:-

The meaning of conductor configuration is an
arrangement of the conductors on line suppport. It is
based on nber of the conductors to supported. It os
commonly used three types:-

a. Horizontal configuration
b. Vertical configuration
c. Triangular configuration

Clearance of conductor
Ground and lowest conductor rule 77 of I.E 78,709.



* Repairing and jointing of sleeve
Repairing:-

As we know that the ACSR are conductors are
generally used for transmitting the electrical energy
from generating station to substation due to
passage of time or other atmospheric condition
surface of these conductor may damage is causing
aluminium strands broken or damaged badly. when
damage of this conductors are less than repair
sleeves may be employed for repairing of a ACSR
conductor but when this damage is more than it is
better to cut the conductor and join it with the help of
jointing sleeve.



Jointing:-

It is not possible to use single length of conductor for
full length of transmission and distribution line
therefore jointing of conductor essential.

A good joint should have the following qualities:-

B |t should have some conductivity as as of
conductor used

B Joint must be able to withstand maximum for
current without failure

BMechanical strength should not be less than 95% of
breaking load of the conductor

B |t should have a trouble-free long life it should be
simple indesign



Types of joints:-
a. Splice joint

b. Britannia joints

C. Married joint

d. Sleeve joints

e. Compression joint

Conduclors
Crserlapping

-

Cwarlapping
Conductors

Ii Spliced

Splice Joint

Britannia Joint

[ —
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Marned Joint
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Service line or connection:-

The overhead line or cable connection taken from
the nearest pole of the line to the consumer
premises called service line. The voltage is step
down from 11KV to 440 volt in service line by
using transformer service line is the last line of
transmission and distribution system of electrical
power from generation to consumer premises.

Service board:- The board on which cutout neutral
link and energy metre are installed is called energy
board of service board.

Types of laying service line:-
Overhead service connection
Underground service connection
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Underground service connection:-

For background service connection cable box is
fixed at the service pole by mild steel channel of
size 16mm*25mm with bolts and nuts. Othis cable
IS carried from cable box of the cable box fitted on

the service board.

T




Installation of energy meter:-

Energy:- It may

be defined as work or dissipation of heat

over an interval of time.

Energy meter:-

Energy meter are the integrating

instrument used for measurement of energy consumed in

a circuit over a

given interval of time. The energy metre is

a selected as per load of the consumer etc. energy metre

install on wood
fixed on the wa
Energy metre s
premises and t

en board and these wooden boards are
| at suitable height from the ground.
nould be installed in the consumer

he next to the cutouts if used in service line.

G cece ¢ KWh D
" EAREAS N

E.-"UER(,‘T me TER
BY maen;



Conductor

. --:-'::::::‘. Insulation
i N Fillars

Ay
\ﬂ*ﬁ Belt Insulation
i

Copper Thereaded
Cotton Tape

bletall Soreens

Galvanized
Slesl Wire [armg:,u;':l

FIG. 4.22 THREE-CORE CABLE




Sheath:- Metallic aur non metallic protective covering
over the conductor insulation and shield extra it is
called as a jacket or covering.

Insulation:- Each conductor or core is covered by an
insulation.

Armour:- Outer most protective layer for protection
against soils,chemical,moisture and water extra.

Advantage of underground system:-
* It has a long life

* underground system installed in uninterrupted continuity
of supply

* Require less maintenance

* 8 altimate hazards of electrocution due to breakage of
overhead conductor

* Appearance in overhead system is not pleasant.






Control cable:- These conduct the low power of a
few tens of a V.A. These cables are used for
control measurement,monitoring,communication,
protective, and electronic circuits.

According to types of insulation

* Paper insulated cable

* Poly vinyl chloride

* Polyethylene cable

* Poly tera ethylene cable

* Cross linked poly ethylene cable




Inspection of the cable:-

Before installation of the cables these should be
inspected. Cables are generally available and solds
in cable drums with several rounds of cable wound
over it. The standard length of the cable are 250m,
500m,750m,1000m After receiving the cable
drums at site cable packing should be checked for
any damages to the drum.
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Handling of cables:-

* Tools which are used for opening the cable drum must operate
with at most care and ensure that tools does not damage the
cables

* Check the arrow on cable drum for directions of rotation
* Check the continuity of the cable

Transportation of cable:-
Special truck are used to carrying the cable drums

Should be tied with the ropes ti avoid free falling during loading
and unloading of cable drums.

Storage of cable:- Cable drum should be stored at a place where
free circulation of hair take place between them. Cable drum
should be placed on smooth ground this will help in easily
movement of cable drum. in damp situations it is a advisable to
allow at least three inches gap between table drums for
circulation of air.



Planning the route for cable laying:-
BFirstly survey of root of cable should be carried out

B The road should be shortest if applicable with
minimum bends.

B\While selecting the cable route corrosive soil and
ground surrounding Sewer influent cell be avoided
if it is not feasible then special precautions I'll be
taken.

B Present and future condition shall be taken while
deciding the future of cable such as cable route
should not affect widening of roads etc.

B where cable cross is one another the higher
voltage rating shall be placed at lower as compared
to lower voltage cable.







Rollers:- As the name suggest there are used in pulling
the cable on ground otherwise cable may be damaged.
Hanging type rollers are used when cable to be installed
at any height above ground level.

Winches:- These type of equipment help in loading and
unloading of cable drum from truck extra



Cable laying depth and clearance:-

As per ISI specification of following depth from the
ground level as under

Upto 11000v working voltage- 0.45+ radius of cable
3.3kv to 11kv voltage- 0.75+radius of cable

22kv to 33kv voltage- 1.0m+ radius of cable
Excavation of Trenches:-

The trenches are dug by any suitable means that is
manual or mechanical along the the mark route. before
starting the excarvation over the route should be
properly check by other ground service department.

The bottom of trench is levelled. over the lavelled
bottom of trenches a thickness of 8 centimetre of sand
IS prepared.



Method of laying of cable
There are two method of laying of cable
Direct cable laying method:-

There are various method of laying the table but direct laying
method is more common. Material required such a cement
bricks sand brought to the site. After this trenches are dug
about 1.2 metre deep and 0.5 metre wide. A layer of sand is
filled over the bottom of trench. The bottom of trenches
should be leveled free from sharp objects stone and bricks
bats extra. This method of laying the cable is simple clean
and cheap point This provide better condition for heat
dissipation point.
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Draw-in system:-

The system is

employed where excavation is expensive

and inconvenient. In this method of laying of underground
cable line of conduit ducks made of iron or cement
concrete ducks are laid in trenches side by side. the cables
are pulled from manholes up to the duct by mean of strong

ropes. The de
remains at lea

nth of trench should be such that top pipe
st 60 centimetre below ground level and

width of trenc

n depend upon number of pipe.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

iR |- Bricks for Protection
= Against Mechanical
Injury to Cables

, // Cable

Sand Layers 10 cm
Thick Each

FIG. 4.27(b) DRAW-IN SYSTEM




Manhole:- It is the underground chamber where pipe and ducts
terminate and which is employed for pulling in cable through
the ducts and joining chamber for cable coming in and going
out from it

Cable laying on surface:-

the cable may be laid on surface in switching /substation
factories overhead busbar etc. The cable shall be laid in trough
on bracket of fixed with mild steel clamp such as that there is
no under say in the cable.
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Cabses Suppodted on Treys Cables Supported on Brackets Cables Supported on Cleats



Cable jointing and terminations:-

Jointing:- The connection of two length of cable by suitable
method which provide a continuous path for flow of
current is called jointing.

Termination:- It is applied to the end of conductor in such a
way that is suitable for connection to the terminal to which
IS to be connected by the mechanical means.

before jointing or terminations of the cable it is necessary
to discuss the following terms:-

Cable glands:- The table and day matter in closed control
boxes of cable through the cable glands. Glands are made
of brass and stainless steel. types of cable glands that is
single compression gland and double compression glands.

Cable sealing box:- It is used to seal the cabke ends at the
terminating point where wires are taking out.



Classification of cable joints are cable box for cable termination:-

I. Classification based on application: termination jointing between
straight length

ii. Classification based on material: epoxy junction box cast iron jointing
box and lead jointing box

lii. Classification based on: straight T-shaped X-shaped
Method of cable jointing

Before jointing the conductor of cables in cable boxes conductor are
dressed manually if their conductor cross section is less than 25 mm square.
cable jointing is done by the following method

For copper conductor
1. Soldering
2. Compression
For aluminium conductors
1. Soldering
Welding
Riveting
Bolding
Compression

9 e B e



Precaution in cable jointing

* cable jointing work should be carried out
immediately without wastage of time after
cutting the cable

* Cable jointing work should not be undertaken in
rainy season

* There should not be any services before the
soldering

* correct grade of insulating material and box
compound amended by manufacture of cable
jointing system should be used

* after armouring properly clean the earth
continuity conductor should be bolted at right
place.



Cable filling compounds:-

The cable filling compound should have following
properties:-

a. It should have a good adhesive property.

b. It should have high flash point that is 250 degree
Celsius

c. Softening point should be high
d. It should not crack on cooling
e. It should have long travel free life




Testing and commissioning of cables
* Routine test

* Type test

* Special test

Routine test: These test are:-

* Conductor resistance test

nsulation resistance test
Power frequency (A.C.)high voltage test
Partial discharge test

Die electrical power factor

Types and special test
* Bending test

Dielectric test
mpulse withstand test
-ire resistance test

nsulation and sheath thickness test etc.



Commissioning:- after installation of cable at site 1
emission test are conducted on newly cables before
energizing it.

a. Insulation resistance are major between conductor
and earth. DC insulation resistance is measured by
meggar

b. check that cable terminated inside a panel should
have a cable glands.

Causes of failure of cables

- Mechanical failure

* Chemical causes

- Darkness aur moisture causes
* Overheating

* Insulation failure



Types of cable fault:-
Three types of cable fault:-
1. Ground fault

2. Earth fault

3. Open circuit fault

4. Short circuit fault

Ground fault:- when installation of cable breakdown
then current start flowing from core to earth

Earth fault:- this type of fault taken place when
conductor is broken of cable joint is open is known as
open circuit fault

Short circuit fault:- when insulator between cores of
the cable is damage then current flows from one pole
to another pole.






Precaution while working on cable and
capacitor banks:-

1. A permit to work to be obtained before starting the
work

2. Before any work on cable or capacitor is started it
should be made that discharge and earth

3. After completion of work on cable is should be
oroperly tag

4. In case star connected Bank of capacitor neutral
noint should be earth and before carrying out the
work







Classification of substation

1. Classification on the basis of nature of duties
Step up substation or primary substation
Primary grid substation
Step down or distribution substation
2. Classification on the basis of voltage
High voltage substation i.e voltage between 11KV and 66kv
Extra high voltage substation i.e. voltage between 132 KV and 400 KV
Ultra high voltage i.e voltage above 400 KV.
3. Classification on the basis of importance
Grid substation
Town substation
4. Classification on the basis of design
Indoor type substation
Outdoor type substation:- outdoor type substation are further two types.
Pole mounted substation
Foundation mounted substation



Pole mounted substation

Pole mounted substation are erected for mounting
distribution transformer of capacity upto 250
kilovolt ampere. Such substations are cheaper
simple and smallest of sub station. All the
equipments is of outdoor type and mounted on the
supporting structure of high tension distribution
line. Triple pole mechanically operated (TPMO)
which is used for switching on and off high tension
transmission line. HT fuse unit is installed for
protection of high tension side. To control low
tension side of ironclad low tension switch of
suitable with fuse installed. Lightning arrester are
installed over the high tension line to protect the
transformer from the surges.
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Land required for substation

Type of sub-station( kv) |Area in acre
400kv 35-40
220kv 12-16
132kv 6-8

66kv 2-4

33kv 1-9




Design of the substation:-
Selection of site

l.  Selection of switching scheme

ll. Selection of type of busbar

V. Design of bays width

V. clearance between phase to phase, phase 2toground,
phase to earth for isolator.

VI. Design of earth mat
VIl.Ground clearance
VIll.Main electrical equipment
IX. Design of layout

X. Auxiliary supplies

XI. Civil and electrical work




Key diagram:-

Key diagram of 66kv station
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Grid substation:-

These are they substations from where bulk power is
transmitted from one place to another place in the grid.
These are important because any disturbance in the
substation may result in failure of grid.

Bus-bars:- Copper aur aluminium conductor bar aur flats
to which various incoming and outgoing circuit are
connected known as busbar or simply a bus. bus bar
receive power from incoming circuit and delivers power to
outgoing circuits. the bus bar used in substation are
generally rectangular in cross sections. the bus bar can be
indoor or outdoor tubular type or a ACSR or AAC. These
are rated inin ampere 200A,400A,600A,800A,1600A etc.
All rigid type busbar mounted on support insulator are
coated with enamel paint of red yellow and blue colour to
indicate different phases. in case of DC system postive
busbar claret colour and negative busbar are blue in
colour.







Current and potential Transformer:-

Current Transformer:- CTs are used for stepping down
alternating current from higher value to lower value for
measurement protection and control purpose

Typical secondary current is 5 ampere RMS.
It is used to measure high current.

Potential Transformer:- PTs or VTs are used for stepping
down AC voltage from higher value to lower value for
measurement protection and control purpose.

Typically scandal voltage is 110 voltage RMS

the difference between power Transformer and instrument
Transformer are mainly due to their rating. Power
transformer have high KVA rating(500kva,1000kva upto
1000mva). instrument Transformer have rating of few tens
of V.A, 30 VA etc

It is used to measure high voltage or EMF



Potential Transformer are also two types:-
Electromagnetic
Capacitor voltage transformer

Lightning arrestors: It is used in substation for protection
of power system against the higher voltage surges it is
connected between line and earth at the substation near
the Transformer it is also known as surge arrester or surge
diverter.

lightning protection is done by lightning arrester gap and
overhead ground wire. Transmission line is protected from
direct stroke by running a conducted known as ground
wire over the tower and earth at regular interval at tower/
pole. substations and power our house are protected from
direct stroke by earthing screen. The ground wire and
earthing screen does not give protection against high
voltage. so for this different protective devices are
employed.



Diagram of lightning arrester

4 1. Line tedrminal
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FIG. 4.38 INSTALLATION OF SURGE ARRESTERS




Control and relay panel:-

Protective relay is an electrical device interposed
between the main circuit and the circuit breaker as
shown in figure. the protective relay are automatic
device which senses default and send signal to circuit
breaker to open. All the delay have three elements
sensing element, comparison element and control
element

Cioil

Circuit Breaker

FIG. 4.39 TYPICAL RELAY CIRCUIT




HT and LT circuit breaker

H.T circuit breaker:- The circuit breaker about 1000v
rating are called hightension circuit breaker.The circuit
breaker cannot be used on DC unless specified by the

manufacture. HT circuit breaker are classified as

BOCB:-Bulk oil circuit breaker
ABCB:- Air blast circuit breaker
SF6.CB etc.

L.T circuit breaker:- The circuit breaker disconnect d
lighter kal circuit automatically from supply during
abnormal condition such as overload short circuit power
failure etc. LT circuit breaker are two types

LT OCB AND LT ACB.









Dispatch of power transformer:-

the Transformer are dispatched by manufacture with main
body filled with Transformer oil up to the coil and they ok.
The oil level is reduced below the tank cover to provide the
sufficient space in the tank for the oil expansion during
transit on account of temperature variation. The
Transformer are packed in a strong wooden packing for
dispatch it over long distance. silica gel breather is fixed to
the Transformer body to check the moisture free breathing
due to ambient temperature variations. sometime the tank
is without oil filled with dry nitrogen gas at pressure of
3PSI| = 0.2kg percentage required at 35°c point in this
situation all the opening in the tank and valves are closed
so that nitrogen gas does not come out. All the other
accessories are transported separately. As soon as
Transformer reach the destination it should be exam in for
case number agree with packing list and crates are not
damaged.




Inspection and handling of transformers

After receipt of transformer at side gas pressure
should be checked inside the transformer tank and
recorded and to be intimated in writing to the
manufacturer/supplier copy to higher officer also. if
the pressure inside tank is zero report the matter
immediately and fill the tank with dry nitrogen gas upto
and internal pressure of 3 PSI at the earliest.
Transformer received at site are always fitted with
silica gel breather.

Handling:- Transformer should always be lifted by
ungs designed to take the total weight of the unit.
peside the lifting lungs transformer has subsidiary
ifting points and take care must be taken to use right
ifting point. normally in case of large transformer
cranes are all used for lifting the transformers.




Storage of oil drums:-

the oil drum should be stored at dry place in horizontal
position with Bungs at 45° degree to horizontal in the
downward direction. This will ensure that bungs are under the
positive pressure. Drums should be away from fire hazards.

Site preparation for installation of transformer:-

The Transformer should be installed on level Foundation. The
foundation should be strong enough to be the weight of
Transformer and to prevent accumulation of water.
Transformer Foundation should be provided drainage facility
of oil during fire and emergency. Transformers should be
installed in such a way that easy access is available all
around and rating of diaphargram plate the metre valves oil
level indicator can be easily read or reached. for the
Transformer installed in the room must be ventilated so the
air circulation can be done easily there. When roller are fitted,
suitae rails all tracks should be used and grease the saft




Important fitting and accessories of transformers:-
1.
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Lifting lungs

Rollers

Bushing

Conservator

Diaphargram explosion vent
Radiators

Earthing terminal

Breather

Oil level indicator

0.Remote

11.Markshalling kiosk

12.Fans

13.0ff circuit tap changing switch
14.Current Transformer
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Filling Transformer with oil:-

before filling the oil tank it should be tested to
meet the requirement laid down for oil. In case
the oil does not meet the requirement filter and
make it usable. When winding out of, oil filling
will be done under vacuum only, before the oil
filling all the accessories such as plunge and
valve gears must be fitted of Transformer. All the
air vents should be open. It should be filled with
the help of metal hoses from oil filter tank point
the oil should be filled only after testing and
passing through filter



Testing of Transformer oil:- The property of Transformer oil are
recommended as per IS 335- 1972 the fresh dielectric oil has a
pale yellow colour. A dark cloudy colour indicate that
deterioration as it contain moisture, dust particle etc.They
lower down the dielectric strength of oil, so, the dielectric
strength of soil should be tested by finding the breakdown
voltage at which there is a visible arcing through oil across to
electrode. This test is carried out in oil testing kit. A sample of
soil is taken from bottom and top sampling valve. Oil should not
be filled in sampling bottle completely, a space may be left for
stopper onit.

Dehydration:-

The oil filtering equipments is used for filtering or dehrydration
of transformer and switch gear oil. It is portable device. The oil
is circulated in this decvice for several hours till the desired di-
electric strength of oil is achieved.

OR The process in which moisture content or gases are
removed from the transformer oil if any,is called dehydration
of oil



FIG. 4.42 PORATABLE OIL FILTERING EGUIPMENT




Earthing system:-

Earthing is done to provide a low resistance path
to discharge current to the general mass of
earth.

Earth mats and earth electrodes are placed
below the ground level. These are connected to
equipments structures and neutral points for the
purpose of equipment and neutral point earth.

Fencing of yard:-

As per I.E rule 1956, 68(b) outdoor substation
except pole mounted sub-station be efficiently
protected by fencing not less than 2.4m in height
or other means so as to prevent access to
electric supply lines and apparatus there in by an



Unauthorized persons and animal etc.

Foundation and trenches:-

~oundation work are carried out by civil engg. Staff as
per the maps or drawing of layout of substaions
orovided by manufacturer. All the switchyard
equipment such as transformer, C.B,post,isolator,
earthing mats require a good foundation.




Testing and Maintenance of
Electrical Equipments

Electrical motor:-
Storage of a motor or machine:-
* The motor should be stored in dry and clean place.

* Temperature should be uniform otherwise it will cause differential
expansion.

* Heaters should be provided to avoid dampness

* Motor should not be placed on mud or loose earth floor

* There must be No smoking sign in the store room
Testing of motors

* Insulation resistance measurement

* Rotor and stator resistance measurement

* Blocked rotor test

* Open circuit test

* No load test







Testing of Transformer:-

After installation work testing of transformer and its sub-system
are carried out to check desired performance as per
specification of the equipment.

Routine test:- These test are carried out in manufacture premises on
every transformer.

BRatio test

HPolarity test

H|nsulation resistance test
BHigh voltage with stand test
HBreakdown value of oil
BNo load test

BTest on load tap changer
BResistance of winding
BMagnetising current test
BNo load losses



Test of Transformer oil

a good oil should have combination properties of physical, chemical
and electrical characteristics before discussing the test on
Transformer oil the:-

property are discussed here properties of Transformer oil as

a. the oil should not contain suspended partical such as acid water
sulphur etc.

b. the colour of oil should be clear pale yellow colour.

c. The Transformer oil have good resistance to electrical stress.

d. It should have low viscosity.

e. It should have thermal stability and excellent oxidation.
Various test

1. Physical test:- specific gravity, viscosity, pour point crackle
test.

2. Chemical test:- neutralization number or acidity test,
sapoxfication test, oxidation stability

3. Electrical test:- dielectric strength of oil, resistivity of oil,
water content test, total acidity test, resistivity of oil



Testing of cable:-

A single conductor insulated through its full length is
called a cable.

Testing:-

a. Routine test

b. Type test

C. Special test

Method of locating cable fault:-
* Ground fault of single cable

* Loop test

* Fall of potential test



Motor control centres:-

Motor control centre consists of switch fuse starter protection
relays and conductor extra.

Starters:- Motor draw high current at starting this hai current
mein damage the armature Hence motor. To avoid such
situation we use starter. the starter are used for limiting the
starting current to safe value.

For DC shunt and compound motor
3 point starter

4 point starter

For DC series motor

2 point starter

For AC motors

Direct online starter upto 5 HP

Star delta starter

Auto transformer starter



Protective relays

Release A device which sense of fault or short circuit
and send a signal to the circuit breaker for tripping.

Voltage control relay
Current operated relay
Sensitive relay

Contactors:- Contactors electromechanical device
used for making and breaking of an electric circuit
under normal and overload condition. These are not
operated under abnormal condition. like a circuit
breaker contactor are extensively used in motor control
circuit example motor starter and other control circuit
using interlock.






* Lightning arrangement

There must be proper and healthy lighting arrangement
in a switchyard roads and control room building along
with the standby arrangement. These are essential for
operation maintenance and inspection purpose in
substation.



Inspection of pre-installation checks

When the monetary received at site it should be
properly checked as per the manual or instruction
provided by the manufacture. If the packing is OK

then it should

be unpacked carefully. All the parts and

accessories are properly examined as per the
instruction provided. if there are any missing
damaged item it should be brought to the notice of
supplier or manufacturer immediately. after this
instruction resistance of stator and motor windings

are measured
satisfactory t

with the help of megger. If it is not
nen the winding should be dried. Inspect

the windings
of slip ring, oi

eads, brush, gear, bearing, commutator
| gauges etc. Check the router for easy

rotation by moving it with the hand. If any type of dust
seems on motor, remove the same by blowing.









Chapter-3
Maintenance



Maintenance:- It is the process in which

proper attention must be paid to protect the machine
and its components a proper attention means
lubrication cleaning and timely inspection it is
important on a account of the following fact:-

BMachine breakdown cause a possible loss of
production and their by sales

BmDirect labour and part of indirect labour become idle
B Actual cost of repairing and machine is also involved

Types of maintenance:- | Maintenancs |

Hlanned fa nhEnarce Unplanmad fda rilErance




Planned maintenance:-

The terms in the maintenance work carried out in
plant and orderly manner. It is two types.

1. Preventive maintenance
2. Corrective maintenance

Preventive maintenance:-

In this type of maintenance effort are made to prevent failure
and to locate the faults.

Running maintenance
Shutdowm maintenance

Corrective maintenance:- This type of maintenance is carried
out to restore the equipment to its original working condition.

Breakdown maintenance
Emergency maintenance






Maintenance of transmission and distribution system:-

Maintenance of overhead:- overhead line, their structure and
their components should be maintained to be in a safe
operating condition.

A system of maintenance of overhead line, their structure and
component consist of

* Inspection or testing programs
* Maintenance program

* replacement program for component approaching the end of
their serviceable life

* Tree management program to ensure public safety

* Minimise lyrics of fire caused by contact between trees and
overhead lines

- Reduce the number of introduction to supply caused by tree
and

* protect the electricity distributors assets from damage
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Danger notice:- Danger notice means a notice attached
to live electrical apparatus line calling attention to the
danger of touching such apparatus. It is provided at
height of 3.0 m from the ground. Every line must have a
danger plate as |E rule 35. A danger notice about the
line is written in hindi or english and local language
along with a sign skull and bones.

Caution notice:- caution notice means a notice
attached to the dead electrical apparatus to convey a
warning against such equipment being made live.



Arranging of shutdown personally or
telephonically:-

when return permit cannot be given line clear should be
given and taken over on the telephone. in such case
substance there of shall be repeated by the person who
receive the line clear message and shall be confirmed by
the standard to ensure that both parties are quite clear
as to its purpose. search instruction should be recorded
only in permit books at both sending and receiving end.
the issue of line clear over phone should be confirmed
by some other department employee to this supervisor
over phone and name of that person who confirm the
issue of line clear permit to work should be recorded in
the line clear permit book. Duplicate copy of line clear
should be send by post as soon as possible for record at
either end after cancelling the same.



Cancellation of permit and restoring of supply:-
PTW form issued to the supervisors shall be returned
to permit issuing officer only after all the work are
completed and earth remove so that apparatus main
and O.H line are safe in all respect horse charging and
after all the workmen are withdrawn from the working
area and our suitably be warned that it is no longer
safe to touch the apparatus within said area.

Special inspection and high inspection:-

The overhead line should be inspected regularly for
maintenance purpose in order to detect the fault which
may ultimate lead to breakdown of this line there by
causing extensive damage to power supply.the cost of
maintenance increased manifold is a major breakdown
occur in addition to loss of electrical power supply to
measure electrical installation






Patrolling and visual inspection of lines

Visual Inspection:- visual inspection of electrical
installation which is not considered is carried out Prior
to any testing.starting the inspection cell include a
check on the condition of electrical equipment and
material and will take following factor into account

1. Safety

. Wear and tear

Damage and corrosion
Overloading and overheating
External influences

the insulation and seat of each conductor at a
sample of termination point shall be inspected to
determine its condition and correct installation.
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Effect effect of open or loose neutral connection:-

when the neutral is not connected or remain open or
oose under such condition the neutral will assume a
potential which will is determined by the load on each
ohase and in such a case neutral is called floating
neutral. To explain this there may be three cases first
case when balance load on 3 phase than voltage
between neutral and each phase is same that is 230 volt
if line voltage is 400 volt. If load are unequal in different
phases. Voltage between all faces and neutrals will be
different that is in some phase voltage will be low and in
some phase voltage will be high. due to this several
equipment may get damaged when lamp in 3 phase
supply glow brighter than other of same voltage then it
Is an indication of something wrong with neutral
connection.







Causing of Dim and flickering lights:-

the cause of dim or flickering light can be because of
partially open connection providing varying resistance
and therefore intermittent voltage drop.

This can be because of following reason:-
Bad terminal connection

Burned or broken wire

Bad or burned wires splice

. Bad or burn light switch

e. Bad breaker etc.

even if there is nothing wiring is dry circuit and dim of
flickering of light taking place it can be due to
presence of large load on the same Francs circuit

which may be causing this.
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Temporary earthing:-

this is the most important phenomenon while
carrying out the repair maintenance of electrical
equipments. For temporary earthing stick or lose
earth wire must be connected to earth first then to
the phases. After completion of the work at sticker
loose earth wire must be removed from the face
first then from the earth.



Maintenance of Distribution
Transformer:-

Transformer maintenance,checking of
insulation resistance

The insulation resistance is measured with the help of
megger insulation is completely dried up and all the
moisture present is removed. The resistance of the
installation depend upon the temperature at which the test
IS being performed for class eight insulation the insulation
resistance get halves for every 10°c rise in temperature.
The minimum value of insulation resistance 2Mohm for
thousand volt operating voltage at 60°c temperature.the
voltage generated by the generator during measurement
of value should be steady.



Checking of Transformer oil level:-

The oil level of the transformer is checked by looking at the
level indicated in the printed fail on the glass installed at
the conservator tank. the conservative tanks should be
always be full of oil so that the oil which provide cooling
effect to the temperature rise due to current carried by
winding also provide insulation between the two winding
of primary and secondary as well as between core and
winding.

BDV test of oil:-

Breakdown voltage level test is conducted on the
Transformer oil to measure its dielectric strength. The test is
performed on a standard oil test set. This sample oil is taken
and laced between two electrode of specified dimension as
per relevant IS standard. The gap between these electrode is
usually kept at 2.5 mm. The voltage applied across the
electrode is gradually increased till a flashover take place.



the voltage level at which flashover take place is the dielectric
strength of the oil. The arrangement of the test is shown in
figure.

O

= ‘EE ~— Standard test cell

"'—-.__-- .
~Transformer oil

230 V 50
Hz supply G‘D

Varriac HT transformer

Measurement of earth resistance:-

Fall of potential method with the earth megger. the earth
megger is used for measurement of her electrode for earthing
system of small or medium extent such a single rod earthing
electrode, strip earth electrode. The earth electrode the probe
and auxiliary electrode should all lie in a straight line as for
apart as possible. The distance of probe from the earth
electrode test should be at least 2.5 times the maximum
extension of this electrode but not less than 20 m.



