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1

Assembly Drawing and Working
Drawing of Simple Electrical
and Mechanical Items

Drawing is the graphical language of engineers which is built upon certain basic
principles and standards. A good drawing can be prepared making use of these.

symbols, lettering and dimensioning, selecting standard sizes of drawing sheets,

basic standards and principles will be discussed. In addition, assembly drawing

ill be with.

1.1 SYMBOLS FOR ELECTRICAL AND ELECTRONICS ENGINE-
ERING DRAWING

In engineering drawing it is a common practice to employ graphical symbols
to denote the various components and accessories used. These symbols must
convey the same meaning to everyone who reads the drawing. Symbols arc
therefore standardized by the Bureau of Indian Standards. An important con-
sideration in selecting symbols is that they should be, as far as possible, self
explanatory and easy to draw. Following are some of the symbols in common
use. IS: 1032 gives a complete list of symbols.

LL1 Resistors

—w—
—_— e resitor Non —reactive
Fined resistor continuous resiser
N

fnemw‘k —W—— —
Adjustable Impedence

resisbr Tpped resistor
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— o S
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g AN\ s Thernser
i

High voltage Resistors VOR
T3

s ivait
High Current TITF  voitage vependent
resistor wan L tage det
112 Capacitors and Inductors
L m O L L
T LT oo
a8 T drcoreail gl Irén core. inductor
armena (choke)
Capacitors
Variable
inductor Trimmer } Adjustable
Variable inductor
capacitor
Gang capacitor Tapped inductor
113 Transformers
le coupli
Air core Iron core \if::,_m ing Power transformer

transtormer
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transformer  variable transformer  Bifitar winding

114 Antennas
Antenna Antemna diople flesia
geneqal Loop antenna

1.1.5 Semiconductor Diodes

A-lnnde Kz cathode
3—;1—- .—u(—. ._.}_-.

Rectitier
% % 1
oo oP—o ¥
A K A ’ K K
Photoconductive Photovoltaic Photoemissive

1.1.6 Bipolar Junction Transistor

3
C Coltection C = Collection
B=Base B= Base
8 E= Emettes ®
hole cumm ole current
€ out frombase into base
NP

1.17 Field-Effect Transistor (FET)
Channel

D Drain
G Gate
S Source

H
seet IGFET or MOSFET N-channel



9 D =%ain
S : G = Gate
S = Source
IGFETor Mostet
P-channel

G E @;
61
Dudl gate IGFETor
N-channel

1.1.8 Vacuum Tubes

P = Plate
K = Cathode
Heater
Heater
K

Electrical Engineering Drawing

0= Drain
G = Gate
2 S=surce

IGFET or MOSFET
N-channel enhancement

D = Drain

=Gate 2
s = Source
Gy=Gate 1

= Plate
Gy G. = Contol g

1.19 Thyristors
L3 K= Cathode
G G =Gate
A= Anode
A
Silicor

control
rectitier (SCR)
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MT) MTI= Main
ter minaP'1
MTy= Main
terminal 2
MTy
Diac

1.1.10 Meters

©

‘oltineter

©

Ammeter

1.1.11 Motors & Generators

®

Motor Generator

®

Direct current motor,
General symbol

ac Generator, General symbol

de two wire generator (G)
or motor (M), compound excited,
short shunt

1.1.12 Miscellaneous

Direct current

1L

Earth or ground

Unijuction tran sistor
(usmy

®

Watimeter

®

Frequencymeter

ac Motor, General symbol

Direct Current Generator,
General symbol

Lo

de two wire generator (G)
or motor (M), seperately excited

L]

de two wire shunt generator (G)
or motor (M)

I

Chassis earth connection
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++

Alternating current Conductor not joined
B} 1+
Fuse Conductors joined
Screen Zero adjuster
s
e
O

Screencd cable Electrostatic screening Magnetic screening

1.1.13 The Greek Alphabets

A o apn = a = ¢ a = x(k)
BB ba =b 0 o omeon = o

Ty gamm = g n o=z i =0

A5 dia = d P op o r

E e eplon = ¢ I of sigm = s

Z { za =z Tt ot =t

Hon & =€ Y v Gpsllon = u(yo0)
© 6 them = e (oftedn transcribed y)

T v m =i © ¢ i = phh

K x kappa = k X x o Kh(hh)

A A lambda = 1 (often transcribed ch as in Latin)

Mop omi m ¥ oy opi = ps

N v om = Q o omg =3

1.1.14 Prefixes for SI units

‘The following prefixes may be used to indicate decimal fractions or multiples
of the basic or derived SI units.
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Fraction Prefix Symbol Multiple Prefix Symbol
10 deci 4. 10 deca da
102 centi c 10 hecto h
102 milli m 100 kilo k
10 micro n 10° mega M
107 nano n 10° giga G
10712 pico P 10?2 tera T
10718 femto f 05 peta P
10718 atto a 108 exa E

Compound prefixes should not be used, e.g. 10 metre is represented by
1 0m, not 1 mpm

‘The attaching of an exponent to a unit in effect constitutes a new unit, e.g.

1 km? signifies 1 (km)* = 10° m?

and not  1k(md) = 10°m?
Where possible any numerical exponent should appear in the numerator of an
expression. Symbols for units do not take a plural form and should not be
followed by a full stop; e.g. 5 cm but not S cms or 5 cms., and not § cm. (except
at the end of a sentence).

‘The decimal point should be a dot on the line. In most Continental publica-
tions the comma is used as the decimal sign; it should therefore be avoided as
 spacer for grouping figures in thousands, a small space being used instead:
12345; 12,345 678. Four-digit i
should be unspaced: 1234; 1234, 12 3456769,

A central point may be used as a multiplication sign: x - y, kg - m? - s

1.2 SIZE OF DRAWING SHEETS

‘The following drawing sheet sizes are as per Indian Standard Code for general
engineering drawing: IS: 696-1972.

Designation Trimmed size (mm) Untrimmed Size (mm)
A0 Size 841x 1189 880 1230
Al Size 594x 841 625880
A2Size 420X 594 450x 625
A3 Size 297x420 330450
AdSize 210x297 240330
ASSize 148210 165 x 240
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‘The untrimmed size is the size of the paper on which the drawing is o be
made. When the drawing is compreted the paper is cut to the trimmed size. On
the trimmed size a margin of 10 mm on all sides is to be drawn, except for Ad
and AS where the margin is only S mm. Sufficient space should be left for the
title block. The standard size for title block is 185 mm x 65 mm.

13 LETTERING

(i) The main requirements for ‘lettering’ in engineering drawing are
legibility, uniformity, ease and rapidity in exccution.

(i Boththe vetical nd sloping types of leters and numerals e siable
for where lower size
letters are ncc:pwd in international usage for abbreviations. If soping
type is used, an inclination of approximately 75 degrees is recom-
mended.

(iii) Letters and numerals are designated by their heights. Recommended
sizes of letters and numerals to suit different purposes are given below:

Purpose Size in mm
Main title and drawing No. 6.8,10,12
Sub-titles and headings 3.4.5.6
Notes such as legends, schedules, materials and 2,3.4.5
dimensions

(i) Allletters and numerals should be kept clear off the line. Words may be
underlined in a drawing where preferr

() Lettering should be done on the drawing in such a way that it may be
read when the drawing is viewed from the bottom edge or from the right
hand edge.

(vi) Wh 1o be reproduced to a smaller scale by
process the sz of lettrs inthe original drawing should be accentuated
it legibility after

1.4 DIMENSIONING

(i) Dimension lines in be placed a
the outline of a view.
(i) Alldi ive dis lines,

or right hand side of the drawing sheet.
(i) Dlmcmmn lines should not cut each other. Smaller dimensions shnuld
thati

order.
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(iv) Dimension lines are never shown dotted.
) Di nly be gi her views.
(vi) Holes are dimensioned by stating their diameters.

‘There are usually three representations as follows:

46 HOLE

N

@ ® (3}

Fig. 1.1 Three types of dimensioning holes

1.5 TYPES OF PROJECTIONS

‘The most common types of projections are:
(i) isometric projection and (ii) orthographic projections

1,51 Isometric Projection

Isometric projection conveys an impression of the overall appearance of the

i ot on of the averal appearance ol
h ke equal angle: her, i.c.. 120", one axis
(OA) being vertical to the base (horizontal) and the other two axes (OB and
0C) are in opposite directions making 30° to the horizontal, as illustrated in
Fig. 1.2(a). The object is assumed to be placed on these axes with its edges
coinciding them, and the view is obtained by drawing all the sides and edges
along and parallel to these th InFig. 1.2(b) iew
of a rectangular box drawn using the above method.

152 Orthographic Projections

In an orthographic system of projection, a number of views are arranged in a
particular way to represent the exact shape of the object. Three planes namely
the vertical plane, the horizontal plane and the side vertical planc, as shown in
Fig. 1.3 (a), are assumed at right angles, to one another.

The object is placed in front of the two vertical planes and above the
horizontal plane. The projections of the object on the three planes are taken.
‘The projection on the Vertical Planc is called Elevation, and the projection on
the Horizontal Planc is called Plan, and that on the Side Vertical Planc is called
Side View or Side Elevation. If the horizontal plane, vertical planc, and the side
vertical plane asshowninFig. 1.
are obtained as if they are drawn on a plain sheet of paper. This method of
projection is known as first angle method projection.
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HORIZOM YAL

HORIZONTAL

Fig. 1.2 (a) Representation of axes in isometric projections; (6) Isometric projection
of a rectangular box

(a) First angle projection: jection, the object is assumed
1o be placed in between the observer and the planes of projection. The view
seen from the front is shown on the plane at the back of the object and is called
as front view or clevation. Similarly, the plan or top view is scen when looking
from the top and is shown on the plane at the bottom of the object. In the case
of side view, the view obtained by looking from the left s placed on the right
side vertical planc or vice-versa.

(b) Third angle projection: i jection, the object
is assumed to be placed behind the planes of projection, and the planes arc
assumed to be transparent, as illustrated in Fig. 1.4(a). The front view o
clevationiis obiained on the vertical plane at the front of the object, the top view
or plan, as seen from the top s obtained on the horizontal plane at the top of
the object. Side view of the objeet looking from the left is placed on the left
side vertical plane. If into one plane,
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SIDE_VERTICAL
ELEVATION Al

SIDE VIEW

Y

ta)

VERTICAL PLANE_Z__SIDE VERTICAL PLANE

ELEVATION SIDE VIEW

PUAN

HORIZONTAL PLANE Y
(b

Fig. 13 () Pictorial view; (b) Orthographic (first angle) projection of an object

can be seen as if drawn in a plain sheet of paper as shown in Fig. 1.4 (b). The
side view of the object as seen from the right can be obtained and placed on the
right side vertical plane as shown in Fig. 1.5 (a) and (b).

“This method of projection appears to be a more logical representation
because the plan or top view as seen from the top is obtained on the horizontal
plane at the top of the object. Also in the case of side view, looking from the
rightis placed on the right side vertical plane, or vice versa. This will not create:
confusion, as in the first angle method of projection, where the view looking
from the left is placed on the right side vertical plane. The Burean of Indian
Standards has recommended the adoption of this system of projection as a



12 . Electrical Engineering Drawing
Y NDIRONYAI. PI,AME
sio x
veRTicall
i I NN

=

7

SIDE VIEW

ELEVATION

T VERTICAL PLANE
@

Y___ HORIZONTAL PLANE

_pan
Y o x
SIDE VIEW | ELEVATION
SIDE_VERTICAL VERTICAL PLANE
PLANE ®

Fig. 14 (a) Pictorial view; (b) Orthographic (thd angle) projection of the object

standard practice. In this book, the third angle method of projection has been
followed widely
Weh; ;

L isometric

d the jections of an object, i

of the isometric view of an nhjccl from the given orthograpkic prjectons. To

student should
draw the thrce axes first. Then by taking and marking out on the axcs, the
different dimensions of the object from the given orthographic projections the
isometric projection can be drawn. A few examples of orthographic and
isometric projections are given as under:
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Horizontal Plane

Erevarion b

Varticol Plane z
©

Horizontal Plane

Twvaror Sidevion
riical Plane Sida Vertical
v. ) one

Fig. 1.5 Another representation of the three projections of the object: (a) Pictorial
view: (b) Onthographic (third angle) projection of the object

Example 1.

iew of the given
object as shown in Fig. 1.6.

Solution. The orthographic projection ., plan, clevation, and side view have
been drawn as in Fig. 1.7 following the third angle projection method.
Example 2. An isometric view of an object is shown in Fig. 1.8. Draw the
following views: (1) Plan (2) Elevation nd (3) Side view.

Solution. The pl iew of inFig. 1.9.
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< >

4

Fig. 16 Isometric view of an object

=77 Wl
-L%?Jh

—_
Fq T I !

@ R 3 n

ol ;:I .

— o e ———— T

sioe ViEw, ELEvaTioN

Fig. 1.7 Orthographic projections of the object (of example 1)

Example 3. Fig. 1.10 shows the plan, elevation and side view of an object.
Draw the isometric view of the given object.
Solution. The isometric view of the object is shown in Fig. 1.11.
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e——— 60 ——+]

i, 1T

1
1

30

ELEVATION SIDE VIEW

Fig. 1.9 Orthographic projections of the object (of example 2)
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! T
? L
H
2l
PLAN
]
o
Mo
f——6s —f 30— |30
':———mo — ey
SIDE ViEw ELEVATION

Fig. 1.10 Orthographic projestions of an object

Fig. 111 Isometric view of the object

Example 4. Draw the isometric view of the object from the orthographic
projections given in Fig. 1.12.

Solution.  The isometric view of the object is as shown in Fig. 1.13
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p— —

[

|
L i

R10-
CYCTN o
! ‘w0
¥
RN
T t -
50 “0
ELEVATION SIDE View

Fig. 1.12 Orthographic projections of an object

Fig. 113 Tsometric view of the object
1.6 SECTIONAL VIEWS

Inengi drawing, the interior invisi ils of objects to be drawn are
shown by dotied lines. In case of complicated objects, views are drawn ‘in
tion’. Thi more clear with its interior details. In making

sectional drawings, object is imagined to be cut by a plane in a particular
‘position and direction and the part of the object is assumed to be removed. The
projected view of ining portion of the object i its sectional view.
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See Fig. 1.14. The object is assumed to be cut by a cutting plane AB half way
through with the front portion of the object removed

Fig. 1.15 shows the plan and the full sectional elevation of an object. Note
tha the cutting plane AB is shown in the plan as line AB, and the Sectional

<
S
A

<

FULL SECT
*secT

10NAL ELEVATION
CTON ON AB"

Fig. 1.15 Plan and full-sectional elevation of an object
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elevation is labelled ‘section on AB'. The exposeckout surface is indicated in
the drawing by uniformly spaced hatched lines at 45",
‘The scctional views can be in full section, half section ‘px offset section

Fig. 1
a half-sectional view and Fig. 1.17 illustrates an offset-sectional view of an
object.

SIDE VIEW

Fig. 1.16 Half-sectional view of an object

Fig. 1.17 Offset-sectional view of an object

1.7 ASSEMBLY AND DETAILED WORKING DRAWINGS

Detail and ry essential i i ice. Detail
drawings show the different parts of an item or machine giving the complete
information about the structure. Assembly drawing shows the complete view
of an object with all its parts assembled together. Detail drawing is necessary
for the production of cach part of the object in the workshop, and asscmbly
drawing is necessary for fitting or assembling the different parts of the item or
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machine together. Fig. 1.18 shows assembled view of a pole core and coil. Fig.
1.19 shows the detail drawing of the pole core and coil separately.

N
Fig. 1.18 Assembled view of a pole core and coil

Fig. 1.19 Detail drawing of the pole core and coil

1.8 DRAWING OF SIMPLE ELECTRICAL ITEMS

InFig. 120 s shown the method of writing the value of a esistor with the help of
some colour code. Different colour bands are painted around the surface of the
resistor, each colour representing some value. The first three bands represent the:
value of the resistor. (The first two bands indicate the first two digits in the
resistance value whereas the third band indicates the number of zeros that must

InFig. 1 lc of been given. The student

advised to draw a resistor of vnlllr. 270 kilo ohm £ 5 percentage tolerance.

1.8.1 Types of Cable Joints

Joints of cables can be made in different h ied joints, e joints

etc. Figs. 1.21 (), (b}, (¢) and (d) show different types of cable joints.
 procedure for each type of jointing is as follows:

(a) Married joint
1. Use 3/0.914 PVC single core cable
2. Strip off 8 cm insulation from each cable
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o e 2nd BAND 3rd BAND
[Tz s

BLack | = -

BROWN 0

RED 00

ORANGE 600

YELLOW 0000

GREEN 00000

BWE 000000

VIOLET | 7

GREY |86 COLOUR  VALUE

wHite |9 |9 ;:‘d:mg 8L 6
ER 210%, ithgano LD %

WOk 0% RESISTANCE 68002 £ 5%

BaND s68kns 5%

Fig. 1.20 Resistor colour code

==

sol
LDER

MARRIED JOINT TEE JOINT ON STRANDED CABLE

(@
INSULATION o

:,%:5

STRAIGHT TWIST JOINT TEE TWIST JOINT
@ @

Fig. 1.21 Types of cable joints: (a) Married joint; (b) Tee joint, (¢) straight twist
joint; (d) Tee twist joint
3. Twist strands of each cable firmly in direction of lay for 3 cm
Leave § cm splayed out
Bring strands together, each strand lying between two strands of op-
posite cable
6. Hold strands of right hand cable along left hand cable.

Lo
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=

‘Wrap three strands of left hand cable round right hand cable half a tum
atatime tightly and close together
. Wrap other side in opposite direction
Tighten with pliers and solder the joint.
(b) Tee joint on stranded cable
Use 7/0.737 PVC single core cable
Strip off 8 cm insulation from through wire. Do not cut cable
Strip 8 cm of tee wire
Twist tee wire for 3 cm in direction of lay
Secure with two or three turns of 1/0.737 binding wire
Divide tee wire strands, three on one side of through wire and four on
other side
Wrap three strands tightly round through wite to the right
Wrap four strands in opposite direction to the left
9. Tighten with pliers and solder the joint.
(c) Straight twist joint
. Remove insulation, clean and tin the ends for 8 cm
. Lay wires together 5 cm from ends
. Twist tightly round each other in opposite directions, each turn of wire
fitting closely to the next
Solder the joint.
(d) Tee twist joint
Barc ‘through wire" for 5 cm (this wire is not cut)
2. Bare ‘tee wire' for 5 cm
3. Tightly bind round through wire from left to right
4. Solder the joint leaving first two or three turns free o allow flexibility.
1.8.2 Bus-bar Post
Bus-bars are thick copper strips from where connections of electrical sub
ciruis are taken. Bus s o e in bus bar chambers. They should be
the bus-barch
for this purgoe. Each bus-br i supporid by wo msululnd bus-bar posts at
hows the three views of a bus-par pos
Fig. 122 Shows b e i of 5 b0 o post. The dents ‘may draw the
bus-bar post in isometric vies. Any dimension not given in the figure may be
assumed proportionately.
1.83 Kit Kat Fuse Assembly

(a) One part of a kit kat fuse assembly in isometric view: Fig. 1.23 shows an
isometric view of one part of a kit kat fuse assembly. The students may draw
the three views i.., the plan, elevation and side view from the isometric view.
(b) Three views of the male part of a kit kat fuse assembly. Fig. 124 shows the
three views of one part of a kit kat fuse assembly. Draw its isometric view.

R T E

e

>
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wouts.
| [

eLevaron 08 view

Fig. 1.22 Three views of a ceramic bus-bar post

Fig. 1.23 One part of a kit-kat fuse assembly shown in isometric view

1.84 Single Pole Single Throw Knife Switch

Knife switches are available in single pole, double pole and triple pole type.
‘These switches can be of single throw type or double throw type.
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[

iz
44».

ELevaToN oview
Fig. 1.24 Three views of one part of a kit kat fuse assembly

A single pole single throw knife switch is shown in isometic view in Fig.
1.25. Students may redraw the knife switch on a proportionate scale.
3

Fig. 1.25 Isometric view of a SPST knife switch

1.8.5 Carbon Brush Holder

A brush is mounted in such a way that it is pressed on to the commutator for
delivering or receiving current. Brush holder carrics the brush such that it is
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held firmly without vibration. To provide a continuous electrical circuit, the
brush should evenly press over the whole contact area, with correct pressure.
A flexible copper connector wire is attached to the brush through which the
supply is taken out to the terminals.

Usually brushes are made of hard carbon. Graphite brushes are used in case
of collecting high currents. In case of very high current densities, brushes are
made from a mixture of copper and graphite.

Innumerable pattems of brush holders are there, out of which two are
discussed as follows:

Figs. 1.26 () and (b) show two types of box type carbon holders. The brush

lides in a bo) Th i

surface by means of a pressure arm and an adjustable spring. See Fig. 1.26 (a).

i
3
§

Fig. 1.26 (2) Box type carbon brush holder

n the other type of brush holder, the pressure on the brush is produced by
using a clock spring, adjusted by a lever as shown in Fig. 1.26 (b).

Fig. 1.26 (b) Another type of box type carbon brush holder

1.8.6 Iron Clad Switch
h fuse mountedin i i lad switch.

Tron-clad double-pole (ICDP) switches are used for controlling single-phase
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two wire circuits, iron-clad triple-pole (ICTP) switches for three phase three
‘wire circuits and iron-clad triple-pole with neutral link (ICTPN) switches for
three phase four wire circuits. All these three types of iron clad switches are
shown in Figs. 1.27 (a), (b) and (c).

©
Fig. 1.27 (a) ICDP Switch; (b) ICTP Switch; (¢) ICTPN Switch

187 Cable Lugs or Thimbles

To make connections with a cable, a suitable form of cable lug or thimble is to
be fitted at the end of the cable. Itis also called as cable socket. Fig. 1.28 shows
various forms of cable sockets suitable for single core cables.

Usually a cable lug consists of two parts viz., the tail part where the cable
end i fixed and gripped in tightly and the head part which is bolted on o the
terminal face. Fig. 1.28 (a) and (b) show cable lugs in which the cable end is
gnppﬂd in by bols and nut. Insome othr ypes, the cable inet of the lug is

the cableinlet of the lug i crimped with the cable :nd in,tokecp it in position.
There are also cable lugs in which the cable end and the socket tail part is
soldered together to keep the cable tightly in position.
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Fig. 128 (contins
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e

@)
Fig. 128 Various types of cable sockets
‘The head part of the cable socket is flattened with a hole in it for connecting
it to the terminal face with bolts and nuts.
1.9 DRAWING OF SIMPLE MECHANICAL ITEMS

Di i i jcal items i keys, coupliny
bearings, joints etc. are discussed in this section.

1.9.1 Shafts and Keys

1.9.1.1 Shafts: A shaftis a rotating bar in any rotating machine which trans-

mits power. Shafts are made of either mild steel or high-carbon steel. Shafts

aro sl round and may be iher sohd or hollow. The diameter of the shaft
h. The diameter at

d:

P " " s impor
criterion inis shaft. Di
as armature, i pulley et A haft
is slmwn in Fig. 1.29 in which lhc puslu(m nf the armature, commutator etc.
Twokey ways for

pulley.

1.9.1.2 Keys: Machine parts ke pulleys, wheels, gears etc. are mounted on
arotating shaft. In order (o prevent and these
parts, keys are inserted in between. Grooves are cut on the surface of the shaft
and on the bore of the part to be mounted, and are called key ways. The key
ways on the shaft and the mounting should be kept in line and the key inserted
so that a firm joint is obtained.
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Fig. 1.29 A shaft of a dc motor

Fig. 1.30 shows the isometric view of  key andits key way cut on a shaft.
‘The end view of a pulley mounted on a shaft is also shown in-the figure.

Fig. 1.30 (a) An isometric view of a key and its keyway cut on a shaft; (b) The end
view of a pulley mounted on a shaft

1) Saddle ke d (2) Sunk keys.
(1) Saddle keys: Saddle keys are sunk into the key way on the hub of the
‘mounting. There s no key way provided on the shaft. There are two types of
saddle keys: (a) hallow and (b) flat.

In the hollow saddle key, the hollow surface, which rests on the shaft, has
the same curvature so as to butt against the circular shaft. The flat saddle key
is simply a rectangular wedge, to match with the flat surface on the shaft. Fig.
1.31 gives the illustration of the different saddle keys.

These types of keys are used for low power transmission.

(2) Sunk keys: Sunk keys are fitted into the key ways grooved half-way in the

sunk key, (b) Square sunk key, (c) Woodruff key and (d) Feather key.
A rectangular sunk key and a square sunk key are shown in Fig. 1.32. These
keys have taper 1 in 100.
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® @

(2) HOLLOW  SADDLE KEY. (B) FLAT SADDLE KEY

Fig. 1.31 Different saddle keys

Fig. 132 () Rectangular sunk key (b) Square sunk key

Woodruff key is a scgment of a circular plate. The keyways in the hub and
the shaft are cut accordingly as shown in Fig. 1.33. The key is first placed in
the keyway in the shaft and the hub is slided over it. This type of key is used to
fit pulleys etc. on a tapered shaft.

k-

R-04D
oD

Fig. 1.3 Woodruff key

Feather keys are also known as parallel keys. Such keys are used when the
mounting is required to slide along the shaft, i.e., when axial movement, in
addition to usual rotary motion s required. Different types of feather keys an.
illustrated in Fig. 1.34.

192 Couplings

To increase the length of a shaft, two shafts are connected together by means
of couplings. Flanges or muffs, different types of keys, bolts and nuts, pins and
cotters etc. are made use of to fabricate the different types of couplings. Shaft
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(2) SINGLE HEADED

(1) DoUBLE HEADED (c)pes FeATHER
Fig 1.34 Different types of feather keys

couplings are mainly used to couple the shafts of 1wo machines (e.g., and
induction motor with a d.c. generator) to run together at the same speed.

Shaft couplings can be classified mainly into two broad categories: (1) Rigid

couplings and (2) Non-rigid or flexible couplings.

1.9.2.1 Rigid couplings: 1f the shafts to be connected are rigid and in axial
alignment, rigi i i i
are: (1) Muff couplings and (ii) Flange couplings.

() Muff coupling: 1t is the simplest form of coupling and s mainly used
for connecting small size shafts. A cast iron cylindrical muff or box
slides on the two ends of the shafts which butt (kept close together but
not overlapping) against cach other. A long.gib head key is driven
through both the shafts and the muff. This is shown in Fig. 1.35.

.

22222 55+

Fig. 1.35 Muff coupling

In half-lap muff coupling the ends of the two shafts overlap each other
as shown in Fig. 1.36. The lap being tapered does not separate out if the
shaftis in tension.
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(ii)

Fig. 136 Half-lap muff coupling

Splitmuff coupli ists of amuff. i i cylindsi-
cal halves. These two halves are held together by means of bolts and
nuts in the recesses provided in the muff. See Fig. 1.37. To keep the two

shafts together, a feather key is driven through the shafts and the muff.

A
R

d
k]

M)
Jozkevtariznp B

=
e 1

Fig. 1.37 Split muff coupling

Itis arigid i of coupling.
It consists of two cast iron flanges, cxactly similar to each other. The
flanges are keyed tightly to the ends of the shafts with the help of
rectangular sunk taper keys. The keys arc inscrted from the inside faces.
of the flanges and at 90" to each other. This is to prevent the two shafts

becoming weak atthe same longitudinal section.
‘The faces of ightly o mean
of tight fitting bolts. The diameter and number of the bx

upon
the size of the shaft for which the flange is designed. The two shafts o

ular i
1o fit into a corresponding recess on the face of the other flange. Fig.
1.38 shows the half scctional elevation and end view of a simple flange
coupling.

A N . .
SecFig. 1.39.In thi ing, a portion
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Fig. 139 Flange coupling - Projected type

out to cover bolt ‘This is t id workmen's clothe d
Compression coupling is another type of rigid coupling. It does not
employ a key, but a sleeve which is radially flexible and grips firmly
both the shafts.

1.9.2.2 Flexible couplings: If the two shafts are slightly out of inc or f there
is any chance of their getting slightly deflected under load conditions, flexible:
couplings are employed. This type of coupling is used to couple electric motor
with certain types of machines. The most common type of flexible coupling is
the pin type flexible coupling which is illustrated in Fig. 1.40. It consists of two
flanges bolted together by means of bolts and nuts. Compressible or flexible
I h as rubber, leather etc. the bolts, while joining the
flanges. All the other arrangements are the same as in flange coupling.
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fe2s o fo25 =t -

Fig. 140 Flexible coupling

‘This type of coupling is used as di ing device, ie., wh lectri

load torque.
‘The sudden shock due to the heavy starting torque may fracture the bolts of a
rigid coupling. o prevent i, fexblecoupling s used in wich he eather
rrubber Thus,itwill
i ingduor,

‘There are some other lypcs of fexble couplings such as () Universal
coupling, (b) Oldham’
two shafts whose axes are not in linc hul inclined to a certain anglc Oldham s
coupling i

1.93 Bearings

Bearings are used to support rotating shafts. They enable free and smooth
rotation of shafts. They are required to bear all the loads applicd on the shafts.
As the shafts are rotating, there is constant frictional resistance and rubbing
between the contact surfaces. To reduce wear and tear due to friction, the
bearings are lubricated. Bearings are of different types. They are:
(i) Journal bearings
(a) Solid bearing
(b) Bush bearing
(¢) Pedestal bearing or Plummer block
(i) Thrust bearings
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(iii)

Ball and roller bearings

1.9.3.1 Journal bearings: These bearings support the normal loads i.., bear-

ing

a stationary member. The common types of journal bearings are: (a) Solid
bearing, (b) Bush bearing, (c) Pedestal bearing or Plummer block.

(@

Solid bearmg ‘The simplest form of bearing is the solid bearing. It is

Journal

is the part of the shaft which rotates inside the bearing. The inside

dimension of the ol i 5o chosen that the shaf round fts iside. Fig.
141 iewofa

at the top to introduce the lubricant into the bearing. The disadvantage
of such a bearing is that,due to constant friction and rubbing, the inner
surface of the

Ny

oL HOLE 501A.

oL HoLe

Fig. 1.41 An isometric view of a solid bearing

Bush bearing: This bearing is an improved form of a solid bearing. A
bush made up of brass, gunmetal, manganese or any soft metal is
introduced between the shaft and the hole. When bush gets worn out, it
can be replaced. It may be locked with the body of the bearing using a
set screw, to prevent relative rotation of the bush in the block. An
isometric sectioned view of a bush bearing is shown in Fig. 1.42.
Ttisalsok black. Thisi

lomg shafts rotating a high speeds s o be supported. The upper semi
circular position is made separately which is known as cap. The lower
position or the body of this bearing is the pedestal. The bush or brasses
are also made of two pieces. The snug prevents them from rotating with
the shaft. The cap and the pedestal are held together by means of bolts.
Fig. 143 shows the sectioned isometric view and the half-scctional
elevation of a pedestal bearing. The students may redraw half sectional
elevation and also draw the half sectional end view and plan.
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(G

ET
—s o
Fig. 143 Pedestal bearing o Plummer block
1.9.3.2 Thrust bearings: These bearings support the axjal loads, i.e., bearing
I il is. Pivotor fc it

bearings are the two types of thrust bearings.
Pivot or foot-step bearing is used only for vertical shafts. In this type of
bearing, the bottom end of the shaft rests on a steel disc placed at the base with
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the bush as shown in Fig. 1.44. This disc is prevented from rotating alongwith the
¥ fpins. This type of beari i

&

Full Sectional sievation
Fig. 144 Pivot or foot-step bearing
Collar thrust bearing is used on horizontal shafts to support axial loads.
Collars are made on the shaft and these collars rotate in the grooves of the
bearing, thus taking the axial load on the shaft. See Fig. 1.45.
ccoLLARs  CLNNG

MACHINE. FRAME
Fig. 1.45 Collar thrust bearing

et ey
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1.9.3.3 Ball or Roller bearings: These bearings support shafts with high
speeds and heavy loads. They ogupy very little axial space. In ball bearings,
small metal balls are fixed between the shaft and bearing as rolling elements,
‘whereas in roller bearings, they are rollers. A ball or roller bearing consist of
four main parts as shown in Fig. 1.46 (a) inner race, (b) outer race, (c) balls or
rollers, (d) cage. The balls or rollers run in the grooves of the races. Cage is

in position. Pictorial views of a ball bearing and

aroller bearing are shown in Fig. 1.47.

Fig. 147 (a) Ball bearing (b) Roller bearing

194 Wall Brackets
Bearings for shafts which
brackets. The brackets are generally of two types viz. wall brackets and pillar
brackets. Fig. 1.48 shows a wall bracket. Pedestal bearings may be cast with
bolted toit. Pillar i

‘where there is no wall nearby.
1.9.5 Joints

Many a times different structures, vessels, machines etc, are built up of a
nes cifferent S amsof joins. Rod: .
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Fig. 148 Wall bracket

angles, channels, metal sheets, plates et inted in such Inthis
section, we shall discuss the different types of joints used for such purpose.
1.9.5.1 Cotter and Pin Joints: Such joints are used to fasten together two rods
which are subjected to axial forces. A joint employing a ‘cotter” is known as a
cotter joint and a joint cmploying ‘a pin" is known as a pin joint.

(a) Cotter joint: Two types of cotter joints are discussed below:

() Gib and cotter joint: ‘This type of joint is used for jointing two square
orrectangular rods. The end of one rod is formed into a U-form in which
the end of the other rod fits in. Slots ar cut in both the pieces. Gib is
first kept in position and the cotter is driven in later.

Fig. 1. i ion of a gi joint. The
students may draw the plan and side view.

(ii) Socket and spigot cotter joint: This type of joint is used to connect two
circular rods. As shown in Fig. 1.50 the end of one rod is enlarged and
formed into a socket into which the spigot end of the other rod fits in.
Slots are cut in these ends, and cotter is driven tightly through the slots.

(b) Pin joint: Two types of pin joints are Knuckle joint and Hookes' joint
(universal joint). Knuckle joint s discussed here in detail.

(i) Knuckle joint: Tn places where relative oscillation of the jointed rods is

10 be allowed knuckle joints are used. The end of ope rod is made into

afork, with circular holes on both limbs of the fork. The end of the other
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Fig. 1.50 Socket and spigot cotter joint

rod is forged to an eye. The eye and is placed in the fork-end and a pin
is passed through the holes and held in position by a collar and taper pin.

Fig. 1.51 (a) shows the isometric view of the parts of a knuckle joint. The

students may redraw the orthographic projections shown in 1.51 (b).

1.9.5.2 Pipe joints: Pipes are often used for carrying water, gas, oil, steam
ete. Pipes are manufactured in pieces and are connected together to form any
length of piping system. The commonly used types of pipe joints are:

(a) Flanged pipe joint: Flanges are cast separately and welded or screwed
atthe ends of pipes. They can also be cast integral with the pipes. At the
centre of one flange is made a small spigot. which fits into the cor-
responding recess in the other flange. The flanges are then bolted
togetherto form a tight junction. A thin packing of suitable soft material
is placed between the flanges to prevent leakage.
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Fig. 1.51 (a) Isometric view of the parts of a knuckle joint; (b) Orthographic projec-
tions of a knuckle joint
Fig. 1.52 shows the isometric view (upper half in scction) of a flanged
pipe joint. The students may draw its half sectional elevation and side
view.

Fig. 1.52 Isometric view (upper half in scction) of a flanged pipe joint
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(b) Spig ipe joint: Such joint d fo conecting under-
dsoc ‘ .
the socket end of the other pipe. The space in between is filled in by
yam, jute, or coir, and the rest is closed by molten lead. Fig. 1.53 shows.
such a oint.

(b
Fig. 1.53 Spigot and socket pipe joint

(c) Union joint: Union pipe joints can be used where the making and
breaking of the joint is lrcqucnlly required. This jointis generally used

- for aunion pipe joint
i shown in Fig. 1.54. The pxp:s 1o be jointed are threaded on the outer
surface at the ends. Nut A having a step on its end is screwed on one
pipe. Nut B having threads on both inne1 and outer surfaces is threaded

— 10 5
35 o a5

+ (ool "ol eor voop \n;nim‘

Fig. 1.54 Union pipe joint
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on to the sccond pipe. Nut C screws on to nut B and draws together the
two nuts i.e., nut A and B along with the pipes. A thin ring of packing
i inserted between the pipes. )

(d) Expansion joint: Pipes carrying fluid or gases at high temperatures
undergo expansion and contraction. Expansion joints are used in such
pipelines. Fig. 1.5 shows an expansion joint employing a stuffing box
and a gland. Pipe B is free to move inside the stuffing box A. The gland
Gis fastened to the stuffing box using nuts and bolts. Asbestos packing
P prevents any leakage of hot gases. Pipes are not rigidly clamped and
therefore allows expansion of the pipes in the joint.

-

Stay Bous

i

226 voues
Fig. 1.55 Expansion joint
1.9.5.3 Riveted joints: Rivets are very commonly used in connecting two or
more metal plates or sheets. A rivet consists of head, shank and tail as shown
in Fig. 1.56. A number of holes arc made on the plates to be jointed through
rivets.
o
suank

N

Fig. 1.56 An isometric view of a rivet
“The tail end of the rivets are made into heads to hold the platcs firmly. This
i known as riveting. The two main types of riveted joints arc (a) Lap joints and
(b) Bult joints.
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(a) Lapjoints: If the ends of the plates are made to overlap each other, and
riveted together, then it is called a riveted lap joint. The different types

of lap joints are shown in Fig. 1.57. If a single row of rivets hold the
plates, the joint is called single-riveted, and if two rows of rivets aré
used, then the joins called double riveted. In double riveted joints, the
rows may be arranged cither in a chain fashion as shown in Fig. 1.57 (b)
orina zig-zag fashion as shown in Fig. 1.57 (c). The sectional elevation
and planof i iveti

is done.

i+
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Fig. 1.57 Different of : i lap joint; (b)
lap joint; (c) Double riveted zig-zag lap joint

(b) Butt joinss: If the ends of the plates meet face to face and are riveted
with a cover plate cither on one side or on both sides, then it is called a

butt joint. With a single cover plate the joint is single-strap and with two
cover plates one on top and the other on bottom; the joint formed is
double-strap type. Fig. 1.58 shows the di types of butt joints.

&
€3
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Fig. 1.58 Different types of but joints: (2) Single riveted, single strap, but joint; (b)
Single riveted, double strap butt joint; (c) Double riveted, double strap zig-2ag butt
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Drawing of Electrical Instruments

2.1 DRAWING OF COMMON ELECTRICAL INSTRUMENTS

Instruments which are commonly used for measuring electrical quantities are
(i) Ammeter, (i) Voltmeter, (ili) Wattmeter, (iv) Energymeter, (v) Frequency
meter, (vi) Power factor meter (vii) Phase sequence indicator, (viii) Synchro-
scope and (ix) Ohm-meters etc.
Ammems and Voltmeters are the most commonly used instruments. Am-
of current and for the
‘measurement of voltage or potential.
Electrical instruments are generally of four types:
(i) Moving iron type
(i) Moving coil type
(i) Dynamometer type
(iv) Induction type.

2.1.1 Moving Iron Type Ammeter and Voltmeter

Moving iron type instruments aro non-directional and can be used for measur-
ing both A.C. and D.C. values of current and voltage.

Constructional details of a repulsion type moving iron type meter is shown
in Fig. 2.1.

A moving iron type instrument of  cylindrical coil or a solenoid made of a
number of turns of insulated copper wire. The size of the wire used and the
number of tums will depend upon whether the instrument is to be used as a
voltmeter or as an ammeter. When itis to bc used as a voltmeter,the coil will
h of rns of thin copper wi
10 bo used 5 an ammeter, 1t il have tess nurbe of urns of thick copper wire
capbe of aking therted csrvent.

vanes. One fixed and the
as shown inside the coil. The fixed vane has a special tapered shape. The
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Fig. 2.1 Repulsion type moving iron meter

movable vane has rectangular shape. The design allows the scale to be more.
uniform i.e., less cramped.

The controlling torque is exerted by a spiral spring of phosphor bronze
connected to the shaft of the movable vane. A pointer is also attached to the
same shaft. It moves on a calibrated scale.

i i

212 Moving Coll Type Ammeter and Voltmeter

A permanent ay be u
or a voltmeter. These instruments lre directional md are uwd for D.C. meas-
urement only.

A permanent magnet moving coil instrument consists of a powerful per-
‘manent magnet fitted with two mild steel pole picces. A round mild steel core
divides the gap into two air gaps of uniform width in order to achieve uniform
radial distrbution of field.

wound on an aluminium former. The ends of \he coil are connocted 10 two
phospho bronze hair springs. Only one spring has been shown in Fig. 2.2.
They also

exert controlling torque on the moving coil.

A pointer is attached to the spindle near the top spring. This pointer moves
on a uniform scale.

‘When the instrument is to be used as a voltmeter, external multiplier
resistances are to be connected in serics. When it is to be used as an ammeter,
shunts are to be connected externally.

Fig. 2.2 shows a permanent magnet moving coil instrument.
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SPIRAL SPANG.
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PERMANENT CrLNDRICAL
MAGNET IRON CORE
Fig. 2.2 Permanent magnet moving coil meter

213 Dynamometer Type Instruments

Dynamometer type instruments are also of moving coil type but having no

permancnt magnet. The magnetic field is produced by two fixed coils (see Fig.
23)

Fig. 2.3 Dynamometer type instrument

The two fixed coils are positioned co-axially and connected in serics. In
between the space of these coils, there are two movable coils positioned
coaxially on different planes. They are also connected in series.

attached to the shaft,
the nlhcr at ﬂ\c bottom. When used as an ammeter, the fixed and moving coils
are connected in parallel, whereas in voltmeter, they are in series with each
other. Figs. 2.4 (a) and (b) show the circuit arrangement when the instrument
i used as a voltmeter and as an ammeter.

2.1.3.1 Dynan Type Wartmeter:
ment of electric power. The most commonly used type of wattmeter is of
dynamometer type.
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vouTs.
ALl

®)
Fig. 24 Circuit amangement of dynamomeer type voltmeter and ammeter

‘There are two sets of coils. A pair of fixed coils is made of a few turns of
thick i ire. The ils. The voltage
coil (or potential coil) which is free to move consists of large number of turns
of thin insulated copper wire. Fig. 2.5 shows the arrangements of coils of a
dynamometer type wattmeter.
‘The current coils are connected in series with the circuit. The voltage coil is
" el ; e he !

pring.
‘The damping is of air friction type. Fig. 2.6 shows the connection diagram of
dynamometer type wattmeter.

214 Induction Type Instruments

‘These instruments work on the principle of electromagnetic induction, Torque
is produced by the reaction between one flux whose magnitude depends upon
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sounce g
Fig. 2.5 Dynamometer type watt-meter
CURRENT
Y
voLTaGe
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Fig. 2.6 Circuit diagram of a dynamometer type wattmeter

the value of current or voltage to be measured. The torque is proportional to
square of current or voltage.

Induction type instruments are necessarily A.C. instruments. They have a
full scale deflection of about 300°. Eddy current damping is used in these
instruments.

“There arc two types of induction instruments: (i) the Ferraris type, (ii) the
Shaded Pole type.
2.1.4.1 Ferraris Type Induction Instruments: These instruments work on in-
duction motor principle. Fig. 2.7 shows two pairs of laminated poles wound
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MNAED MAGNET

Fig. 2.7 Feraris-type induction instrument

wih nulued copper wire, B he pirs of poles ar suppledfomthe saoe
pairof poles.

Totheother
difference of about 90" in the currents flowing through the two pairs of pole
windings. This produces & mw.mg m.gnmc field which s the drum to
rotate. A ‘The moving system
is carried by a spindle movmg freely in Jaweu«t cups. Damping torque is

the air gaps of two permanent magnets.

2.1.4.2 Shaded Pole Type Induction Instruments: - As shown in Fig. 2.8, there
is a thin aluminium disc mounted on a spindle which is supported by jewelled
cups. The spindle also carries a pointer and a control spring attached to it. The
edge of the disc moves in the air gap of a laminated electro-magnet which is
energised'by the current or voltage to be measured. Thin copper bands fixed
around one half of each of the two poles provide pole shading. Due to pole
shading, a ime lag of about 40 to 50" is produced in the two fluxes. This phase
displacement produces the deflecting torque.

Fig. 2.8 Shaded pole type induction instrument
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‘The instrument is spring controlled. The springs are attached to the same
spindle which carries the disc. Damping is achieved by placing a permanent
‘magnet on the opposite side of the disc.

215 Controlling and Damping Devices

2151 Canlmllmg Devices: In measuring insirumenis, controlling devices
areused
wmmllmg unquc There are two type of controls:

(@) Spring control: One or two springs may be used in order to provide the
controlling torque. See Fig. 2.9. The spring tightens up as the pointer
tends to deflect. The pointer comes to rest when the two torques, the.
defllecting torque and the controlling torque are equal.

Pr—sPRING &'

SPRING '8'

Fig. 29 Spring controt
(b) Graviry control. Gravity controlled instruments have a small weight

y
or controlling torque when the system is deflected as illustrated in Fig.
2.10. The controlling torque can be varied by adjusting the position of
control weight upon the arm which carries it. Instruments which use
gravity control must be placed in vertical position in order that the
control device operates.

Fig. 2.10 Gravity control
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Due to its limitations, gravity control is not suitable for indicating
instruments in general and for portable instruments in particular.

2.1.5.2 Damping Devices: In an instrument, damping is necessary in order to
bring the moving system quickly to rest i its final deflected position. Without
a damping force (to be provided by a damping device) the pointer of the
instrument would oscillate about its final deflected position for some time
before coming 1o rest. Thus it causes wastage of time in taing reading.

Th . Selection of a particular

type of damping device will depend upon the type of instrument.

(a) Air friction damping: As shown in Fig. 2.11, a light aluminium piston
is attached to the moving system. As the pointer deflects, the piston
moves in an air chamber closed at one end. The pressure of air thus
counteracts the movement and the pointer comes to rest without oscil-
lations.

DAWPING
pisToN  GHAMBER

SPINDLE FOR
MOVNG SYSTEM

Fig. 2.11 Air friction damping

(b) Eddy current damping: The system works on the principle of cddy
currents. These currents always oppose the movement which is respon-
sible for producing them.

A thin disc of aluminium or copper is mounted on the spindie which
carries the pointer of tie instrument as shown in Fig. 2.12 (a). A
nermanent magnet is olaced such that the disc moves in the gap of this

DAMPING
MAGNET

Fig. 2.12 Eddy current damping
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magnet. As the spindle rotates, the disc moves and cuts the flux of
permanent magnet. Eddy currents are produced which have a damping
effect. The pointer attains its final deflected position quickly.

() Fluid friction damping: In Fig. 2.13 (a) a light disc, attached to the
moving system is dipped into a pot containing oil for damping. The
damping force is produced when the spindle moves causing the vane to
move in oil.

In Fig. 2.13 (b) vanes are used in vertical planes which are attached to
the moving spindle. The vanes are immersed in damping oil and they
provide the damping force as the spindle moves due to the deflecting
force.

TTACHED TO SPNOLE

Fig. 2.13 Fluid friction damping

216 Fuqmm.-y Meters

reqy i They

are described as follows:
2.16.1 Vibrating Reed Frequency Meter: The working of this instrument
i inFig.2.14,
the instrument consists of a number of thin steel strips or ‘reeds’ arranged
alongside and close 0 an eleciromagnet. Th electromagnet is laminated and
its winding i ed.
‘The reeds are about 4 mm wide and 1/2 mm thick, and are not exactly similar
tocach other. They are cither of slightly different lengths and breadths or carry
flags of varying weight at their upper ends. As a result the natural frequency of
vibration of the needs becomes different. The needs are arranged in ascending
order of their natural frequency — say 47 cycles to 53 cycles. When the
frequency meter is connected across the supply. the reeds will tend to vibrate.
But the reed whose natural frequency of vibration is equal to the supply
frequency will vi Th from the
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Fig. 2.14 Vibrating reed frequency meter
scale marking. If the supply frequency lies half way between the natural
frequencies of two adjacent needs, both of these will vibrate equally.

2.1.6.2 Electrical Resonance Frequency Meter: ‘This type of frequency
meter consists of ising coil which i d of a laminated

Iy. A movi

pivoted at one end as shown in Fig. 2.15 and having a pointer attached to it. A
capacitor C'is connected to it.

Fig. 2.15 Resonance frequency meter

it HaCof! i i
As the pivoted coil moves along the iron core its inductive reactance (wL)
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increases. The moving coil ising coil unti 1
1/6C . Then the torque is zero, and the circuit is in resonance. The position of
the pointer indicates the frequency.

2.1.6.3 Weston Frequency Meter: Here, there are two fixed coils A and B
cach in two equal parts. These coils are fixed perpendicular to each other, A
long, thin soft iron needle is pivoted at their centre which carries a pointer. The
inductances L, and Ly and the resistances Ry and Ry are connected as shown
in Fig. 2.16 5o that 90" phase difference is obtaincd. between the currents
through the coils A and B.

NORMAL

Wmm
I

| ~——romTeR

I
|
o || soFT RON NeEDLE
8
®
t ng
)
L

Fig.2.16 Weston frequency meter

2.1.7 Power Factor Meters

Power factor indi factor of acircuit irectly. The different
types of power factor meters are illustrated as follows:

2.1.7.1 Dynamometer Type Power Factor Meter

(@) For single phase loads: As shownn Fig.2.17 the two fixed coils F and

carry the current in the circuit under test. Between these two fixed

coils, there are two coils A and B rigidly fixed at an angle of 90" apart.

They can move together and carry a pointer which indicates the power
factor of the circuit directly.
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SUPF

Fig. 2.17 Dynamometer type single phase p.f. meter

(b) Forthree-ph ing coi ith their
plancs 120" apart. They i of the
the line current.

A pointeri
factor can be read directly, as shown in Flg 2.18.
g o Lea
0193 sy,
A
. 4
i
—
A
2 puase 0
SupRy

Fig. 2.18 Dynamometer type three phase p.f. meter



Drawing of Electrical Instruments 57

2.1.7.2 Nalder-Lipman Power Factor Meter: Three moving irons By, By, ana
By arc mounted on a single spindic, one above the other and the three pairs of
sectors are displaced in space by 120° relative to one another, as shown in Fig.
2.19. Each iron is magnetised by a pressure coil

N

SRy
an LE e
- Al A ®, "
& Ry "
LOAD M L

Fig. 2.19 Nalder-Lipman power factor meter
‘There is one current coil, divided into two equal pasts, placed onc on cach
dide of the moving system. The pressure coils, are conneeted across the three
phases of the supply while the current coil is connected in any one of the supply
lines.
218 Synchroscope
A synchroscope is used to synchronise two alternators so that they are able to
operatc in parallel. Synchroscopes have four terminals, two for the already
operating machines or bus bars and the other two for the incoming machine or
the machiae to be synchronised.
Th

i)D:

iron type.

2181 Type Weston The jon of a
is similar to th ion of single phase

dynamometer type wattmeter The fxed coil and tho moving cofl aro bawever

designed for small currens.

‘As shown in Fig. 2.20, the fixed coil is connected in series with a resistor
across terminals of incoming machine. The moving coil is connected in series
with a capacitor further to the supply terminals or to the terminals of the
machine which is already operating. The instrument also incorporates a lamp
which is connected to secondary of a special transformer having two primary
windings. One winding is connected to the incoming machine and the other to
the bus bar.
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Fig. 220 Weston synchroscope

“The instrument is marked ‘slow” on one side of zero position and ‘fast’ on
the other side. btained when the pointer at
the centre zero position on scale and the lamp s in full brightness.

2.1.8.2 Moving Iron T e Fig.2.21 sh
synchroscope. These are two iron vanes (P o P;) mounted one above the
other on a single spindle. They are separated by a nonmagnetic distance piece.
These iron vanes cary the voltage il (C, tnd ) comeced across the
in series with one

coil and an mducllve coil (L) in series with the other. The current coil A, A is
dividedinko two squal pars mounted one onexch sid o the moving syse.
inseries.

*@’f‘*f@%

T

1

M My

>
>

Fig. 221 Moving iron type synchroscope
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When the frequencies of the two machines are equal, the pointer of the

machine is ready for synchronising. In case the two frequencies are not equal,
the spindle rotates continuously, the direction and speed of rotation depends
upon the difference of frequencies of the two machines.

2.1.9 Maximum Demand Indicator

A maximum demand indicator is used to indicate the maximum power being
drawn by a consumer at any interval of time. Some consumers make a sudden
heavy demand on the supply than their nounal local requirements. Some
consumers may have a lower power factor causing larger current being drawn
from the mai high power
factor. This would necessitate installation of a higher capacity power station to
‘meet the consumer demand and therefore would increase capital cost.

“The purpose of installing maximum demand indicator is to ensure that

do share a fair amount of burd ital cost that might occur on

account of installation of a higher capacity power station.

One such type of maximum demand indicator is Wright maximum demand
indicator which is shown in Fig. 2.22.

LEADS ~

INDEX TUBE
SULPHURIC ACD'

Fig. 2.2 Wright maximum demand indicator

‘The indicator consists of a glass U-tube whosc upper ends arc formed into
two glass bulbs filled with air. One of the bulbs consists of a heater strip whose:
leads carry the main circuit current. Near the upper end of the other limb of the
U-tube is a narrow side tube having a graduated scale alongside. The U-tube is
filled with sulphuric acid, upto the level of the branch tube, and the side tube
is also filled upto the zero mark on the scale.
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‘When current flows through the heater, the air in the bulb becomes hot and
therefore, expands. The sulphuric acid in the right hand side of the U-tube
overflows into the index tube. The instrument thus gives a true record of
‘maximum current flowing during a given period. At the end of each of such
accounting period, the instrument has to be re-set.

Since the current has to heat the bulb and the air inside it, and since this
heating will depend upon the length of time for which the current will flow in
the heater, flow of momentary heavy currents in the circuit will not affect the
working of the instrument.

22 CONNECTION DIAGRAMS OF ELECTRICAL INSTRUMENTS

Electrical instruments are used to read electrical quantities. It is necessary to
connect an instrument correctly in the circuit. For this purpose, it will be
necessary to identify the instrument terminals and also to know whether such
terminals are to be connected in series or in parallel with the supply.

Connection diagrams of commonly used electrical instruments arc given in
the following sections.

221 Ammeter

An ammeter is always connected in series. There are two terminals for an
ammeter. One supply terminal may be connected to one terminal of the
ammeter. The second terminal of the ammeter s connected to the other supply
terminal through the load. When the supply is switched on, the meter will read
i it. See Fig. 2.23. i
there is one common terminal and others for different range of currents.
Connections are always to be made with only two terminals which would
depend upon the range sclected.

Fig. 2.23 Connecting an ammeter
222 Voltmeter
A voltmeter is used to read the potential difference of voltage. It s always

connccted in parallel with the supply. One terminal of the voltmeter is con-
nected to one supply wire and the other terminal to the other supply wirc, as



Drawing of Electrical Instruments 61

shown in Fig. 2.24. A multi range voltmeter will have one common terminal
and other terminals for different voltage ranges.

|
suppLy é
5

—

Fig. 2.24 Connecting a voltmeter
223 Wattmeter Connections

A wattmeter is used for the measurement of electric power. It is generally
dynamometstype. It s four temial. Two terminalsae from curent o
The other oltage coil. These
may be marked as Com. and 220 V/440 V (the voltage to be measured).
‘The current coil terminals M and L are to be connected in serics and the
voltage coil terminals Com. and 220 V in parallel (See Fig. 2.25). When the
supply is switched on the wattmeter reads the power in the circuit.

—)} MmN
c
L
suprLy 5
2
B
—

Fig. 2.25 Connecting a wattmeter
Fig. 2.26 shows a circuit diagram in which a voltmeter, an ammeter and a
wattmeter are corfnected to read the values of voltage, current and power
respectively.
Fig. 2.27 shows how two wattmeters are connected in a three-phase circuit
10 read the power in the circuit.

2.2.4 Connecting a Frequency Meter

A frequency meter ks used to measure the frequency of AC supply. Frequency
meters are usually <alibrated in hertz (Hz). For measuring supply of 50 Hz, the
markings on scale usually are from 47 Hz to 53 Hz.



suPPLY

J—
Fig. 2.26 Connecting a voltmeter, ammeter and a wattmeter in 8 circuit

M L

R—0
‘ Gy
3Phase >
supply ¥ O (o0 ]
w. E
Kt
C, 4
g N %
Fig. 2.27 Two wattmeter method of measuring three-phase power
Th y ing iron type ( meter) or
i ined in Section 2.1.6. A ‘meter will
b inals which in parallel to supply, lik ing
a voltmeter, as shown in Fig. 2.28.
—
suppY 10AD
—

Fig. 228 Connecting a frequency meter
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225 Connecting a Power Factor Meter

A power factor meer is used to measure power factor of a single phase or a
three-phase circuit. There are two types of power factor meters, the
dynamormeter type, and the moving iron type.

For three-phase meters, there are five terminals marked M, L and V,, V, and
V. Terminals M and L are of the fixed coils which are called current coils.
hese are connected i serics withshe oad. Vy, V3 nd Vs are the vlage il
terminals and d in parallel ly. as shown in Fig. 2.29(aj.
A single phase power factor meter has four terminals only and is connected as
shown in Fig. 2.29 (b).

cos¢
—3

oror

3oiase by
sy 2

(a}
5 s

CWTV E
L _

Fig.2.29 (2) Connecting a three-phase power factor meter, (b) Connecting a single
phase power factor meter

226 Cennection Diagram of an Energy Meter

An energy meter is used to register the energy supplied to an clectricity
consumer over a given period. Energy is the product of power and time. An
energy meter has a train of gears and indicating scales to show the cnergy
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consumed in a given period of time. The number of rotations made by the
aluminium disc for | KWH of energy consumed is called the meter constant.
() Single phase energy meter: The connection diagram of a single phase
energymeter is shown in Fig. 2.30 (a).

—
|_—sHNT coL
|———SHUNT maNET

PF. COMPENSATOR
Disc

)

SERES COL
SERIES MAGNET

MT M2 uf

ac.smy ¢ ¢ Lo

¥ig. 230 (a) Electrical circuit of a single phase energy meter

flows

Their fluxes produce a resultant torque on the aluminium disc which
starts rotating. The speed of disc is proportional to the current. The
amount of encrgy consumed in terms of KWH can be dircctly read from
the meter.

(b) Polyphase energy meter: In case of a three phase circuit, the power
consumed by the circuit can be measurcd by using two wattmeters. The
total power consumed is obtained by summing the readings of the two
waltmeters. Similar] in i
can be done by using a group of single phasc energy meters. But, since
this method is not feasible in case of commercial measurements,
polyphase energy meters are employed for this purpose. As in case of
power in the polyy . the energy
ina‘n’ conductor I . Thercfore.
a 3-phase, 3 wire system will require 2 2-clement energy meter. This
2-clement cnergy meter consists of two discs mounted on the same
spindle. The torque developed by the two elements should be exactly
equal for equal amount of power input. In order to achieve this. an
adjustable magnet is provided on one or hoth clements so as to balance.
the torques produced by them. For adjustment. the coils are encrgised
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from a single phase supply. The p: il in parallel

‘The magnet kept near
the edge is adjusted so that the two torques are equal and opposite and
the disc dos not rotate. The magnet placed near the edge of the disc
produces a field in which the disc rotates causing an emf to be induced
in it. This emf causes eddy currents which interact with the field of the
magnet to produce a torque in opposition o the driving torque. The
position of this magnet can be adjusied and so the net torque can be
increased or: required. Fig. 2. circuit
and other details of « three phase three wire encrgy meter.

T e T prase it sy
L1 LmeTee phase cutput o e phase ad

Fig. 2.30(b) Polyphase energy meter.

227 Current Transformre and Potential Transformer (C.T and P.T)
CT’s and PT's arc used for the purpose of extension of range of ammeters,
‘voltmeters and wattmeters.
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mmfnmmnunedwexlmdnwnn;enfmmwr See
( F'g 2.31(a). Iespective of the rting of the primary of a CT, the sccondary is

usually rated at SA. ith
the current m:fom\cn

A potential transformer of  voltage transformer is used to extend the range
of a voltmeter. See Fig. 2.31(b). Whatever may be the primary rating of a PT,
the secondary is usually rated at 110 V. The voltmeter to be used is usually
calibrated along with the potential transformer.

Figs. 2.31, 2.3 and 2.34 show how an ammeter, voltmeter, wattmeter and
watt-hour meter can be connected through a CT and PT in a circuit.

228 Extension of Range of D.C. Instruments

Range of d.c. instruments can be extended by using shunts and multipliers.
Shunts arc very low resistors used to extend the range of a D.C. (moving coil)

SuPRLY

N —

eT

PRI onoARY
SUPPLY
—s
(b)
Fig. 231 () CT an ammetet, (b) PT

range of a voltmeter
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" H
Suppiy 2
cl
cr
| —_ P2
|
|
| b1
|
Fig. 2.32 Connection di o )gh a CT and PT
o

Fig. 2.33 Connection diagram of a wattmeter through a CT and PT
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Fig.2.34 di f CT and PT vltmeter, watt-
meter and watt-hour meter
ammeter. and carry
current.
Mul are non-inductive resistance used in series with the D.C.

Itipliers
voltmeter to extend its range. A voltmeter of a lower range can be used for

measuring higher voltage by the use of a proper multiplier resistance. The
excessive i d he non-inductive resi

~

(*)

-

supPLY

W

1
i

<

Fig. 235 (a) Usi

o

(b) .
®

‘Using a maltiplier resistance for extending the range of a voltmeter
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Electrical Machine Drawing

This scction deals with mechanical drawings of electrical machines and
machine parts. This will include drawings of d.c. machines, induction
machines, machines, fractional KW motors an

3.1 D.C.MACHINES

Fig. 3.1 shows the i ic cut view of a d.c. machine i ing its diff
parts. The main parts are discussed in detail.

3.1.1 Stator

“The stator is the stationary member and consists of the field system. The field
system, comprising the field poles and the field windings, when cxcited by
direct current, produces the magnetic field.

A pole is made up of laminated steel sheets. The pole core supports the field
coil and the pole shoe spreads out the flux over a large portion of armature
peripliery. The stampings are made in such a shape as to include both pole core
and pole shoe, and they are riveted together under hydraulic pressure. The
laminations are 1 mm to 1.5 mm thick. The pole cores are then bolted to hollow
cylindrical stator frame called yoke. Figs. 3.2and 3.3 llustrate the arrangement
clearly.

The yoke is built either of cast-iron or cast-steel. In small machines, the yoke
is made in one piece, but in large machines, the yoke is made in two pieces. In
large machines for convenience, the yoke is divided horizontally, and the two
parts are bolicd together. Such a frame is shown in Fig. 3.

‘The field winding or field coils are placed on the poles. For making field
coils. copper wires or strips are wound on an adjustable former for the correct
dimensions. Then the former is removed and the coil is made rigid by impreg-
nating and taping. The coils are placed on the poles after providing proper
insulation.




1.BRUSH BAR 10. DRIVING END BEARING

2. BRUSHES 11.FANHUB

3. BRUSH HOLDER 12. ARMATURE COILS (COMMUTATOR
WINDING)

4 BRUSH PRESSURE SPRING 13, MAIN POLE BOLT

5. TERMINALS (MAIN) 14 MAIN POLE

6. INTERPOLE 15. MAIN POLE COIL WINDING

7. INTERPOLE COIL WINDING  16. COMMUTATOR SEGMENTS

8.FAN 17. COMMUATOR END BEARING

18. ARMATURE CORE
Fig. 3.1 Parts of a d.c. machine

9. DRIVING SHAFT

LAMINATED
POLE CORE

Fig. 3.2 Field pole and field coil

P
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Fig. 3.4 Field magnet frame
3.1.2 Rotor

‘The rotor is the rotating member which houses the armature windings inside a
large number of slots. The rotor of a d.c. machine is called the armature. The
armature is a laminated cylinder and is mounted on a shaft. The armature
laminations are about 0.4 mm to 0.6 mm thick and are insulated from one.
another. i i Holes
are cut in laminations for air ducts which permit axial flow of air through the
armature for cooling purpose. Sec Fig. 3.5. In small machines. the circular
stampings are cut out in one piece and are keyed directly to the shaft. Fig. 3.6
() shows such a circular stamping. In large machines, however, the circular
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sLOT
LAMINATIONS K

KEY way-

\
AIR HOLES

Fig. 3.5 Armature of a d.c. motor showing the laminations
TR A .
sections or segments, which form part of a complete ring.
Such a segmental lamination is shown in Fig. 3.6 (b).

uitable

y slots are

of two types: (1) open type slots and (2) semi-closed type slots, as shown in

Fig. 3.7. The slots are lined with tough insulating material such as paper or

cotton tape. After this, coils are placed inside the slots and the slot insulation
folded p

intheir places by hard-wooden wedges or fibre-glass wedges. This i illustrated
inFig. 3.8.
AIR HOLES 7.!175

|
SEGMENTAL KEY WAY
LAMINATION

AIR HOLES

@ ®
Fig. 3.6 () Circular stamping; (b) Segmental laminaticns

Voo

@
OPEN TYPE SLOTS SEMI CLOSED TYPE SLOTS

Fig. 3.7 Different types of slots
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DGE
INSULATING PAPER LINER

TTON TAPE
-CONDUCTOR

Fig. 38 Placing of conductor in a slot (open type)

3.1.3 Commutator

‘The commutator is an extension of the armature conductor themselves. Each

is a cylindrical body mounted on the shaft alongwith the armature. In fact, the
armature core and the commutator form one single unit mounted on the shaft.
is made up of wedge-shaped segments of hard d

The
arranged to form a cylinder. Mica insulation is provided between commutator
segments. Fig. 3.9 shows a simple commutator construction.

Fig. 3.9 Construction of a (simple) commutator

Brushesare p pply or collect current to
the armature coils through the commutator segments. Brushes are made of
carbon and are housed in brush holders. A spring in the brush holder maintains
the desirable pressure on carbon brushes so that proper contact is maintained
between the brushes and the commutator surface. A box type brush and
brush-holder unit has been shown in Fig. 1.28 (a).

3.14 Interpoles

These arc small poles fixed to the yoke and spaced in between the main oles.
The interpole winding consists of comparatively few tums of heavy gauge
copper wire and is connected in series with the armature. The purpose of the
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field. also known
as auxiliary poles or commutating poles, are usually rectangular in shape. For
fixing the coils, a shoe is screwed o it. An interpole and its coil are shown
separately in Fig. 3.10.

4 /INTERPOLE CORE

Fig. 3.10 Interpole core and coil of a dc machine

3.1.5 D.C. Motor Starters

Various types of manual face plate d.c. motor starters — commonly known as
two-point, three-point, and four-point starters — are available. A degree of
similarity exists among these starters. All have a face-plate rotary switch with
a connected group of current limiting resistors. The difference lics in the form
of protection they contain.

3.1.5.1 Two-point Starter: A two-point starter is used for starting a d.c. series
motor, which has the problem of overspeeding duc to the loss of load from its
shaft. Such a starter is shown in Fig. 3.11. For starting the motor the control
arm is moved clockwise from its OFF position to the ON position. The control

Fig. 3.11 Two point starter
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amis held in the ON position by an electromagnet. The hold-on electromagnet
is connected in series with the armature circuit. If the motor loses its load, or if
the supply voltage cuts off, the control arm returns to the OFF position. L and
Fare the two points of the starter which are connecter with supply and motor
terminals.

3.1.5.2 Three-point Starter: A threc-point starter is used for starting a d.c.
shunt or compound motor. The coil of the hold-on electromagnet is connected
in series with the.shunt field coil. Such a starter is shown in Fig. 3.12. In case
the motor loses its field excitation, or if the supply voltage is low or is cut off,
OFF position,

called no-volt release (NVR). Also if the motor is overloaded, the overlnud
release (OL OFF position. Th

connection for a three-point starter with NVR and OLR is shown n Fig. 3.13.
Points L, A and F are the terminals of a three-point starter. Use of a brass are
enables the connection of the field circuit directly with the supply.

Fig. 3,13 A three-point starter with NVR and OLR

3.1,5.3 Four-point Starter: ln a four-point starter the hold-on coil is con-

field circuit. This makes
a wide range of field m_,usnmem possible. The connection diagram of a
four-point starter is shown in Fig. 3.14. No-volt release (NVR) and overload
release (OLR) are also included in the circuit. The four terminals of the
four-point starter are L, Ly, Fand A.
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Fig. 3.14 A four-point starter with NVR and OLR arrangement
32 A.C.MACHINES
This section deals with the drawings of induction machines, alternators, single
phase induction motors and transformers.
321 Induction Machines

‘The various parts of an induction machine is illustrated with the help of an
exploded view of it as shown in Fig. 3.15.

A DRIVEEND
B. NON.DRIVEEND
1. ENDSHIELD, DRIVEEND
2 ROLLING-CONTACT BEARING, DRIVEEND
3. SEALING RING
4 ROTOR
5. STATOR
6. CAST-METAL HOUSING
7. BEARING COVER, NON-DRIVE END
8 ROLLING-CONTACT BEARING, NON-DRIVEEND
9. ENOSHIELD, NON-DRIVE END
10, INTEGRAL FAN
11. END COVER
Fig. 3.15 Exploded view showing the various parts of an induction machine
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3.2.1.1 Different Types of Motor Enclosures

‘There are certain standardised type of motor enclosure. They are:
(a) Open-protected type: This type of enclosure is suitable where there is

of air and also provides sufficient mechanical protection. See Fig. 3. 0.

Fig. 3.16 Open-protected type enclosure

(b) Sem:- Inorder to give additional
i he mnlonmeﬁalgnds r i

showninFig.3.17.T

‘may cause short cicuitor other type ofdumagz to the motor.

Fig. 3.17 Semi-enclosed type enciosure

() Talnl!y closed type: In Inu.lly closed type motor cnclosure design there

the motor;

howev -, i ily ‘airtight'. A

motor enclosure is shown in Fig. 3.18. Thistype of enclosure s used in
‘motors installed in mills and factories where there are dust and moisture
in the environment.

Fig. 3.18 Totally closed type enclosure:
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(d) Totally-enclosed fan-cooled type: In a totally-enclosed machine, an

itself, ble:ing external air over the cooling surfaces and through the
cooling passages.

Drip-proof type: In this type of enclosure the openings for ventilation
are so provided s to prevent vertically falling water or dirt entering
inside, as shown in Fig. 3.19.

Fig. 3.19 Drip-proof type enclosure

S

Splash-proof type: With such an cnclosur, liguid or solid paticles
part of the machine at any angle between the
100"

y
* thie machine.

(®) Pipe-venilated or duct-venti i ,there
i a continuous supply of fresh ventilating air. The frame i ged
that ventilating are is conveyed to and from the machine through pipes
or ducts attached to the enclosing case as shown in Fig. 3.20.

Fig. 3.20 Pipe or duct ventilated type enclosure

3.2.1.2 End-plates: ‘The end-plates support the armature by means of bear-
ings, cover

depend upon the type of machine. In open type enclosures the end plates arc
made open as shown in Fig. 3.21.
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Fig. 321 View of an end-plate

heend. id. Two end.

one at cach end. They may be of the same shape or may differ in their shape.
i ‘motor il beused
for both ac and dc machines. Design of the suitable type of enclosure and end

Jaminated stat

3.2.1.3 Stator: The ists of the stator
core. Laminations of stator are made from high silicon steel and are separated
from each other with varnish insulation.

‘Three-phase windings are housed in the slots punched round the inner
periphery of the stator core. The slots are either of open-type or semi-closed
type. The windings are made up of formed coils and are placed in insulated
stator slots. Three single phase windings displaced in space by 120 deg.

lectrical, i i hree-pl inding.
A partly wound induction motor stator is shown in Fig. 3.22.

Fig.3.22 Stator of an induction motor
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3.2.1.4 Rotor: There are two types of rotors: (a) squirrel cage type and (b)
wound rotor type or slip-ring type. Motors employing each type of rotor are
named accordingly.

(2) Squirrel cage rotor: A squirrel cage rotor core is a laminated steel

<ylinder having closed o semi-closed slots in which heavy bars of
copper or aluminium arc inserted from one end. The rotor bars arc
shorted at both the ends by end-rings. The rotor slots zre not made
parallel to the rotor shaft but are skewed at a certain angle with the shaft
to reduce the noise during motor operation, and to prevent magnetic
locking or rotor with the stator. A cage type rotor showing the slots
housing the rotor bars, and end-rings are shown in Fig. 3.23.

stots.

Fig. 3.23 Squirrel cage rotor of an induction motor

Wound-rotor: A wound rotor, similar to the stator has slots which carry
o e A N
pl gs. The

hree sl

Under operating conditions, the rotor winding is short-circuited at the

slip-rings. During starting period, additional resistance can be intro-
i ircui ip-rings. A

of an inductor motor is shown in Fig. 3.24

Fig. 3.24 Wound rofor of an induction motor
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The rotor is placed inside the stator and is supported on both sides by
two cnd-plgtes which house the bearings. For casy understanding, a
simplified diagram of a slip-ring type induction motor has been shown
in Fig. 3.

STATOR FRAME
STATOR CORE

ROTOR CORE
BALL BEARING,

@i

HIINHH\I\IIII\I [
. 2‘ IIIIIleIIlI!!IIIIIllI '

Fig. 3.25 Simplified diagram of a slip-ring induction motor

BRUSH

3.2.1.5 Slip-rings: Through slip-rings current is given to or taken out from
the rotor. These are mostly made of brass or gun metal. Usually a slip-ring
assembly will have three circular shape slip-rings. A slip-ring assembly with
upper half in scction is shown in Fig. 3.26.

e LH M
Ry,

Fig.3.26 Half-sectional elevation of a slip-ring assembly

3.2.1.6 Outside Dimensional Drawings of Induction Motor:  As per 1S: 1231-
1974, the outside dimensions of an induction motor have been standardised.
The end view and elevation (outside) of a foot mounted, 3-phase induction
molor s shown in Fig. 3.27.

‘The different di indi ing letter symbols. The list of letter
symbols is given as follows:
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e

3
bl s

END VIEW ELEVATION

Fig. 3.27 End view and elevation of a three-phase induction motor

List of letter symbols

A Distance between centre-lines of counting holes (end view)

AA  Width of end foot (end view)

AB  Over-all dimensions across feet (end view)

AC  Diameter of machine

AD  Distance fro i terminal box

B Distance between centre-lines of fixing holes (clevation)

BA  Lengthof foot (elevation)

BB Overall dimension across feet (elevation)

c i shoulder of shaft line of mounting holes in
the nearest feet

CA  Distance from shoulder of second shaft to centre-line of mounting
holes in the ncarest feet

D Diameter of shaft extension

DA Diameter of second shaft extension

E  Lengthof shaft extension from shoulder

EA  Lengthof the second shaft extension from shoulder

F  Widthof keyway .

G Distance of bottom from keyway to the opposite surface of the shaft
extension

GA  Distance from the top of the key to the opposite surface of the shaft
extension

GD  Thickness of key

GE  Length of keyway al the crown of shaft

H  Distance from centre-line of shaft to bottom of feet

HA  Thickness of feet

HC  Top of horizontal machine to bottom of feet
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K
L
Lc

Diameter of holes for width of slots in the feet of machine

Overall length of the machine with single shaft extension

Overall length of the machine when there is a double shaft extension
Table 3.1 Gives the preferred values for the different dimensions repre-

sented by different letiers.

Table 3.1 Preferred Values for Dimensions

S.No.(Frame| H | 4 | B | ¢ | Kk | D | F | E

(mm) | (mm) | (mm) | (nm) | (mm) | (mm) | (mm) | (mm)
1 |s6 s6| 90| m| 3| s8 o 3| 2
2 |63 63 | 100 | 80| 40| 7 [ 1 4| >
3 n 7lmnz| % 4| 7| 4| 5| 30
4 |80 80 [ 125 | 100 | 50| 10 | 19 | 6 | 40
5 |o0s | 9 | 140 | 100 | 6| 10 [ 24 | 8 | 50
6 |9L | 9 | 140 | 125 | s6| 10 | 24 | 8 | 50
7 [100L | 100 [ 160 | 140 | 63 | 12 | 28 | 8 | 60
8 (2™ | 112 [ 190 [ 140 | 70| 12 | 28 | 8 | 60
9 (1325 | 132 | 216 | 140 | 89 | 12 | 38 | 10 | 80
10 |i32M| 132 | 216 | 178 | 89 [ 12 | 38 | 10 | 80
1 [16oM | 160 | 254 | 210 | 108 | 15 | 42 | 12 | 110
12 |160L | 160 | 254 | 254 | 108 | 15 | 42 | 12 | 110
13 [1soL | 180 | 279 | 279 | 121 | 15 | 28 | 14 | 10
14 (2005 | 200 | 318 | 305 | 133 | 19 | 55 | 16 | 110
15 [2255 | 225 | 356 | 286 | 149 [ 19 | 60 | 18 | 140
16 [225M | 225 | 356 311 | 149 | 19 | 60 | 18 | 140
17 |2soM | 250 | 406 | 349 | 168 | 24 | 65 | 18 | 140
18 {2805 | 280 | 457 | 368 | 190 | 24 | 75 | 20 | 140
19 |315s | 315 | 508 | 406 | 216 | 28 | 80 | 2 | 170
20 [315M | 315 | s08 | 457 | 216 | 28 | 80 | 22 | 170

3.2.1.7 A.C. Motor Starters: Various mclhndsnfsumng three-phase squirrel
cage induction motors are discussed as follow.
@) Direct-on-line starting. Direct-on- lmg (DOL) method of starting of

(b)

is shown in Fig. 3.28.

When the ON push button is pressed, the contactor coil A becomes
encrgised. The motor gets connected across the supply mains through
the main contacts of the contactor. The motor continues to get supply,
even when the pressure on the push button is released, through the
hold-on contact ‘2’ of the contactor. When the OFF push button is
pressed, the coil gets de-cnergised, and the motor stops. A thermal
overload relay has been used to protect the motor winding against
overload. Fuses are pmvided for short circuit protection.

starter consists of an

ing: An
Aoaransformer and a switch s shown n Fig.3.29.
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Fig.3.29 A manuat auto-transformer starter
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»

When the swich S is puton START position. a reduced vollagc is
applied hen
10 80% of s normal speed,the switch s put to RUN posiion. Then e
auto-transformer is cut out of the circuit and full rated voltage gets
applied across the motor terminals. The auto-transformer may have
more than one tapping to ehable the user o select any suitable starting
voltage depending upon the conditions.
Star-delta method of starting: The stator phase windings are first con-
nected in star and full voltage is connected across the free terminals. As
and they arc reconnected in delta across the supply terminals. A simple
‘manual star-delta starter is shown in Fig. 3.30 (a).
Manual star-delta starters may also be designed using contactors and
over-load relays as shown in Fig. 3.30 (b). In this type of star-delta
starters when push button “P" is pressed and the handle of the starter
switch’S s brought 0 Y posion, the conactor coil “A” getscnergised.
‘The stator winding getstar ph
supply. The motor ing wi ind
The starting current drawn from th lines will b only one-third of the
current which the motor would have drawn if the windings were delta
drawn by the motor automatically gets reduced and, therefore, the
windings are connected in delta turning the switch S to D position with
the help of the handle. The pressure on the push button P can now be
released. The contactor coil “A” remains energised by getting supply
through the hold-on contact of the contactor A.
The thermal ™ e nseriss with
coil for all the time of motor operation. In the event of any
persistent over-load on the motor the thermal over-load relay will
.

ruse|
2
@ nw ¥

RS

Winn/ In Ly

Fig. 3.30 (a) A manual star-delta starter



Electrical Engineering Drawing

e i e illge ised

thereby switching off the motor.

Star-delta starter may be designed to be of semi-automatic type or of
" ; h-buttons, etc, In the semi

ic star-delta starter connection of stator windings in star is achieved by
keeping the ON push-button pressed. At the instant when the ON
push-button is released, the changeover from star to delta takes place.
The power circuit diagram and the schematic diagram of the control
circuit are shown in Fig. 3.31 (a) and (b).

‘The automatic star-delta starter uses time-delay relay (TDR) through
which star to"delta connections take place automatically with some
pre-fixed time delay. The schematic diagram of the control circuit is
shown in Fig. 3.32.
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Fig.331 (@) diagram; (b) ic di circuit of a

semi automatic star-delta starter

Fig.332 i f the !l circuit of an automatic star-del
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3.2.1.8 Starting of Wound Rotor (Slip-ring) Induction Motors: An extra star-
ting resistance is connected across the slip-ring terminals of the rotor while
starting. The connection diagram is shown in Fig. 3.33.

e —

Fig. 333 Slip-ring induction motor starter

‘When the ON push button is pressed, the contactor A gets energised. As the
motor ing, the full rotor circuit.
As the resistance is gradually cut out, the position of the switch changes from
T, 10 T, and acts as "hold-on’ to the push button. At RUN position, the full
resistance s cut out, and the motor attains rated speed.

322 Alternators

A synchionous genersor i alsorfered o 3 an atermator since it generates
alternating voltage. y other clectrics

1wo main parts viz., the stator and the rotor. In a synchronous generator, m=
armature winding is placed on the stator slots. The rotor carries the field poles.

3.2.2.1 Stator: The stator consists of stator core and stator frame. Stator core
is built up of laminations of special magnetic iron or steelalloy. Laminations
are cut out i The slots for housing
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conductors lie along the linear periphery of the core. The stator core is held by
the outer frame, called the yoke. Three-phase windings are placed on the stator
slots wound for a particular number of poles.

3.2.2.2 Rotor: The rotor carries the field poles, which produce the required
magnetic lines of force. The construction of the rotor may be made (a)
non-salient type (cylindrical type) or (b) salient type (projected type). Type of
otor construction depends upon the type of prime mover used to drive the
alternator.

(a) Non-salient pole type rotor: For altemators using high speed turbines
(300C rpm) like steam turbines as prime movers the number of rotor
poles required to generate electricity at 50 Hz is only two. Non-salient
(eylindrical) type rotor construction is made for such altemators. In this

j the rotor. The length
of such a rotor is more than its diameter. Simplified representation and
isometric view of such a rotor are shown in Fig. 3.34 (a) and (b).

Fig. 334 (@) Simplified representation of non-salient pole type rotor; (b) Isometric
view
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(6) Salient pole type rotor: Alternators driven by low-speca prime movers
like water
will have salient-pole rotors. This is because, to generate electricity at
50 Hz the number of rotor poles required becomes more. smm pﬂlc

a rotor the diameter is bigger than its length. Figs. 3.35 (.) and (b)
illustrate such a rotor.

Fig. 3.35 (a) Simplified representation of a salient pole type rotor; (b) Isometric
view
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3.23 Single Phase Induction Motors

Single phase motors are manufactured in fractional kilowatt (fractional horsc-

ence they
fractional kilowatt (FKW) motors. These motors are classified on the basis of
their construction and starting methods employed.

A single phase induction motor physically looks similar to that of a tree-
phase inducticn motor except that its stator is provided with a single phase
winding. The rotor is identical to the short-circuited squirrel cage rotor. There
is uniform air-gap between the rotor and the stator. The stator slots arc
distributed uniformly and usually a single phase double layer winding is
employed.

A simple single phase winding would produce no rotating magnetic fild,
and no starting torque. Therefore, it is necessary to modify or split the stator
winding into two parts, cach displaced in space on the stator to make the motor
self-starting.

Single phase rotors are classified into:

(a) Split-phase type;

(b) Capacitor type;

(c) Shaded pole type.

Thie abx P

is based on the starting

3.2.3.1 Split-phase Induction Motors: In a split-phasc induction motor, in
addition to the main single phase winding, an auxiliary winding is provided on
the stator slots. Both of them are connected in parallel (o the single phase a.c.
supply. The main (running) winding and the auxiliary (starting) winding arc
distributed uniformly around the stator in slots and are displaced in space by
90" electrical irom cach other. See Fig. 3.36.

SWITCH
(NORMALLY CLOSED)

Fig.3.36 Split-phase induction motor



3.2.3.2 Capacitor Motor: In capacitor motors, a capacitor is connected in the
y ( 8)

the main wi winding. Th
types of capacitor motors.
3.2.3.3 Shaded Pole single Phase Motor: Shaded pole single phase motors
have salient poles on the stator and a squirrel cage type rotor. Short-circuited
coils known as shading coils are fixed on one portion of each pole. A pole on
which a shading ring is fixed is called shaded pole. Shading coils may be of
thick single turn in the form of a ring or may have a nunber of short circuited
tuns. The poles are excited by applying single-phase mpply o the field coils
connected in series. Fig. 3.37 shows a shaded pole mo

SHADING RING (COIL)

SHADED POLE

g 3.37 Shaded pole single phase motor
324 Transformers

A transformer is an lectrical device having no moving parts. It transfers
electrical energy from one circuit to another at the same frequency, by
electromagnetic induction. In its simplest form it consists of two windings
insulated from each other and wound on a common core made up of magnetic
material such as slicon steel.

3.24.1 C fa The main of a trans-
former are: (i) Magnetic core, (i) Windings.

(i) Magnetic core: ‘The magnetic circuit of the transformer may be core-
type or shell-type. A core-type transformer is one in which there is only
one iron path and the windings are wound.an two opposite limbs. In
shell-type construction, there are two parallel magnetic paths and the
primary and secondary windings are wound on the central limb one
above the other.

In short, a core-type transformer is one in which the iron corc is
surrounded by windings, whereas a shell-type transformer is one in
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which the windings are surrounded by iron core. Fig. 3.38 (2) and 3.38
(b illustrate both these types of transformers.

- w

@

e phase core-type transformer; (b) Single phase shell-type trans-
former

The core is built from thin silicon sheet steel laminations, cut into
particular sizes and shapes and stacked together. Laminated sheets are
insulated from cach other by applying a thick layer of varnish insulation
on them. The thickness of lamination used is 0.4 mm or less.

A small size core type transformer will have rectangular limbs, whereas
a large size transformer will have circular limbs. Circular shape of the
limbs is obtained by using laminations of different widths. Fig. 3.39
shows the various shapes ie., Square, Cruciform, Three-stepped, Four-
stepped. ete. of the core limb which are used in practice.

ELEVATION ELEVATION ELEVATION ELEVATION

Fig. 3.39 Various shapes of the core sections

The ion of a th is similar to a single
phase one. A three limbed core is used on which the three-phase
windings are placed.

“Three-phase transformers gre usually built core-type. Fig. 3.40 shows a
threc-phase core-type transformer.
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INSULATION
Fig. 340 Three-phase core-type transtormer

(i) Windings: There are two windings in a transformer. The winding to
which voltage is applicd is known as primary winding, and the other
winding is known as secondary winding.

These windings are also referred 1o as high voltage and low voltage

windings depending upon the voltage applied to the winding.

The primary and secondary windings are made of a series of multiturn

coils, would round the core. The coils of transformer windings are

generally of two main types viz., (i) Cylindrical concentric coils and (ii)

Sandwitch coils.
3.2.4.2 Core and Coil Assembly: In core-type transformers, the primary and
secondary windi i the limbs Using cylindri
coils taking up the whole length of the transformer core limb as shown in Fig.
3.41. To make the core limb circular in shape, insulating material like empire
cloth is wrapped round the core, or any other insulating material is uscd to fill
inthe space. The low voltage winding is placed nearer to the core, as it requires
less insulation between the core and the windings. The high voltage winding is

laced concentric (o the low voltage winding, and sufficient insulation is
provided in between them. In oil-immersed type transformers, a bakelite
cylinder s provided between high voltage and low voltage windings having
ducts which facilitates oil circulation and provides better insulation. This
LV. WINDING

HY.WINDING
Fig. 3.41 Winding configuration in a core type transformer
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iskeptin p y pl
the height of the winding between the bakelite cylinder and high voltage
winding. Bakelite or metal rings, wooden packings, may always be used on the
core limb above and below the winding.
After assembling the core and coil, the core yoke at the top and bottom are
held tight by means of channls. The core and coil assembly of a three-phasc
transformer, as shown in Fig. 3.42, illustrates this clearly.

cone
wr.co
b U

—
=
=
=]

o sour =i
=

CORE CLAMP — ’
’ WOODEN SUPPORT

CHANNEL BAR

Vwry:
=

{&=

Fig. 3.42 Core and coil assembly of a three-phase transformer

In shell-type transformers a series of flat coils of primary and secondary
winding sections are placed one above the other on the core limb as shown in
Fig. 3.43.

BAKELITE
PIECE

L.Y WINDINGG—
5= S
o g g seenions

Fig. 343 Winding configuration of a shell type transformer

joni i The low voltage
winding sections placed at the two ends have half the number of tums of the
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normal low voltage sections. This is to reduce the insulating material required
between the core yoke and the winding sections.

3.2:43 Cooling Arrangement in Transformers: At cooling method i used
for cooling small I whereas with high
ratings are oil-cooled. Oil, in addition to cooling, provides insultion o the
windings. The transformer is placed inside a tank filled with transformer oil
and the tank is sealed. Heat is radiated to the atmosphere through the outside
surface of the transformer tank.

To increase the radiating area, hollow tubes or fins are provided with the
transformer tank. Oil circulates through these radiating tubes or fins and
accelerates heat dissipation. Fig. 3.44 shows a transformer oil tank with
radiating tubes

BASE_ANGLE
RON
WHEELS'
SaLr -sectionat usvmw HALF -SECTIONAL SIDE VIEW
All dimensions in mm
Fig. 344 tank. (a) (b) Hal.- I side view

3.24.4 Terminal Bushings: Ordinary porcelain insulators arc used at the high
voltage terminals of the transformers upto about 33 KV rating. For higher than
33KV, o prevent {aulla due o lashover between the conductor and the metal
tank, two typ used. They are (i) Oil

(ii) Condenser lype bushmg,

(i) Oil-filled bushing: This type of terminal bushings consists of a hallow
cylinder made up of annular rings of porcelain, with a conductor through
its centre. The porcelain hollow cylinder is filled with oil. To prevent
suspended particles in the oil to line up and cause breakdown, bakelite.
tubes surround the conductor concentrically. Such a bushing is shown
in Fig. 3.45.
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Fig. 345 Oil-filled bushings

(i) Condenser type bushing: In this type of high voltage bushings the
conductor atthe centre is woundwith alternate layers of bakeliscd paper
and tin foil. A series of capacitors arc formed by these tin foil layers.
‘The axial length of the layers is reduced as the radius increases for the
capacitances to be made cqual. See Fig. 3.46. Such an arrangement will
provide uniform field strength between conductor and earth.

3.3 SOLVED EXAMPLES

Example 1. Fig. 3.47 shows isometric view of a pole with shoe and the
isometric view in section of the field coil of a d.c. machine. Draw the full plan,
and half secti ion of th ew of th i

Solution. The full plan and half sectional elevation of the assembly view of
the field pole and field coil are shown in Fig. 3.48. All dimensions mentioned
in the figure are in mm.
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Fig. 346 Condenser type bushing

Example 2. Draw the side view and upper half sectional clevation of the
armature of a d.c. machine with the main dimensions given below:

Outside diameter = 100cm

Inside diameter

Length of armature core
Length of armature with spider.
Number of slot

Size of slot
Diameter of the shaft

Th acastiron spider
and clamped between end plats. Al dimensions are in cm.
Solution. The side view and half sectional elevation are shown in Fig. 3.49.

Example 3, Make a suitable sketch of a 10 hp squirrel cage induction motor
and show the various parts of the motor.

Solution. See Fig. 3.50.
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Fig. 347 Isometric views of a pole with shoe and a feld coil of a d.c. machine

Exampled. The half sectional elevation and half-scctional end view of an
altemator with salient pole rotor having four poles are shown in Fig. 3.51.
Redraw the figure and mark the various parts of the machine.

Solution. See Fig. 3.51

Example 5. Part sectional elevation of an end-cover is shown in Fig. 3.52.
Draw the end view looking from the open side of the end cover.

* Solution. Ses Fig. 3.53.

Example6. The half-scction elevation and half-sectional end view of a
i inducti is shownin Fig. 3.54 (a). Redraw
the figure and mark the various parts of the machine.

Solution. See Fig. 3.54 (a)
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+;% 55
1ot ——f

\
HALF - SECTIONAL ELEVATION

Fig. 3.48 Plan and half sectional elevation of the assembly view of the field pole
and field coil of a d.c. machine of figure 3.47 (Solution of example 1)

Example 7. Draw two views in halfsection) of a single phase capacitor type
induction motor used in certain specific application,

Solution. Fig. 3.54 (b) shows two half sectional views of a Bracket fan type
single phase induction motor. The main dimensions of the motor have been
shown in the figure. The motor is rated at 60 walts. All dimensions shown are.
in MM,

Example 8. Draw the full i

view of the core and yoke assembly of a three-phase transformer as per
dimensions given below. Show clearly the method of fixing the core and yoke.
All dimensions are in mm.
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SIDE VIEW HALF_SECTIONAL ELEVATION

Fig. 349 Side view and half sectional elevation of the armature of a d.c. machine
(Solution of example 2)

0 covpR

AL SETIONAL ELEVATON
AL OMOSOHNS N .
Etiaty

Fig. 3.50 Induction motor assembly (Solution of example 3)
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1 SIATOR sioTs 2. sTATOR ™
& oo £ 2Np Cover
7 BEARING & base

Fig.3.51 Elevation and end view in half sections of an altemator (Example 4)

T‘—:

210 ——
2006.
1900

1959

Fig. 3.52 Sectional elevation (part) of an end cover (Example 5)
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Fig. 3.53 End-view (looking from the open side) of the end-cover
(Solution of example 5)

—

1. FRAME
3. END COVER
5 SHAFT

7

2. STATOR WINDING.
4. BEARING COVER

o 8 ROTOR
. COPPER RING 10. VENTILATION

Fig.3.54 (a) Shaded pole single phase motor (Example 6)
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Fig.3.54 b)

Core : 3 step construction
Core diameter D = 26 mm

Height of the core = 55 mm
Height of the yoke = 28 mm
Length of the yoke = 110 mm

Solution: See Fig. 3.55

ELEVATION END VIEW

Fig. 3.55 Three views in section of a three-phasc transformer (Example 8)
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34 EXERCISES

1. Theisometric view of inFig.3.54.
Draw the elevation and side view and mark the different parts.

. The detailed isometric views of the interpole, pin and the interpole coil
in section are shown in Fig. 3.56. Draw the following views of the
interpole and coil assembly.

(a) Plan
(b) Elevation left half in scction
(¢) End view right half in section

»

126 TAPPED
HOLE
20 DEEP

Z N i |
é Z

~

w3
coi 2

Fig. 3.56 Isometric views of interpole, pin, and interpole coil in section of a d.c.
machine

3. The half-sectional clevation and the sectional end view of a slip-ring
induction motor are shown in Fig. 3.57. Redraw the figure choosing a
convenient scale and show the different parts of the motor.

Fig. 3.58 shows the half-sectional elevation of the slip ring assembly of
an induction motor. With the help of the dimensions indicated, redraw
the figure and also the end view.

Draw a neat sketch of a foot-mounted, three-phase induction motor
showing both elevation and side view. Show the following dimensions
on it as per Indian Standard Specifications.

ks

w
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Fig. 3.57 Half-scctional clevation and scctional end view of slip-ring induction motor
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Fig. 3.58 Half-scctional clevation of slip-ring assembly of an induction motor

i) Distance from centre-line of shaft to bottom of feet (H)
(ii) Distance between centre-line of mounting holes (A)
(i) Overall dimension across feet (BB)
(iv) Diameter of shaft extension (D)
) Overall length of machine with single shaft extension (L)
(vi) Distance from shoulder of shaft to centre-line of mounting holes in
the nearest feet (C)
(vii) Length of the second shaft extension from shoulder (EA)
(viii) O i i
<)
6. Fig. 3.59 shows a single phase core type transformer in plan and
elevation indicating clearly the dimensions on it as per
(2) Redraw the Fig. 3.59 on a different scale.
(b) Draw a diagramatic representation of three-phase core type trans-
former in plan and elevation and mark the dimensions on it.
7. tank as in Fig. 3.4

=
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TOTAL WIDTH OVE
TWO LiMBS

d.CORE DIAMETER

D-DISTANCE BETWEEN THE
ADJACENT LIMBS

W- LENGTH OF YOKE

Wy~ WIDTH OF WINDOW

Dy-DEPTH OF YOKE

H -HEIGHT OF FRAME

Fig. .59 Single phase core type transformer

‘The half-scctional elevation of the armature of a large d.c. machine is
shown in Fig. 3.60. Draw the end view of the armature. There are 60
slots each having a depth of 60 mm.

The isometric view of a half cut squirrel cage rotor and the details of the
rotor stampings, fan blade etc. are shown in Fig. 3.61. Draw the full-sec-
tional clevation and half-sectional end view.
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Fig. 3,61 Half cut squirrel cage rotor of an induction motor with other details

109



4
Panel Wiring Diagrams

‘The instruments and accessories required to control and measure electrical

fuses, regulators, supply indicators, relays for protection of equipments and

sheet cubicle, and ons and wiring are also done. Switch
board panels are named after the purpose for which these are used. In this
chapter, the switch board panels for controlling d.c. generators, altematoss,
transmission lines etc., will be discussed.

4.1 D.C.GENERATOR PANELS

A d.c. generator is connected to the busbars through a control panel as shown
in Fig. 4.1. As the main switch is switched ON, the busbars become live and
they feed the outgoing feeders. A voltmeter is connected across the main leads

ide of ife switch, so that i tage
of the machine, even when the switch s open. In Fig. 4.1(a) the front view of
a panel board is shown. The wiring diagram is shown in Fig. 4.1(b).

4.1.1 Switch Board Panel for Parallel Operation of Compound
Generators

Wiring diagram of a switch board panel for parallel operation of two d.c.
compound generators is shown in Fig. 4.2. For parallcling two d.c. generators
the generated voltage of both the machines should be the same. Usually two
voltmeters are used for the two generators. In Fig. 4.2, however, only one
voltmeter has been employed. When the voltmeter plug is inserted in the
voltmeter socket (VS), the voltage of each machine can be read separately. At
the instant when voltages of the two machines are same, the switch is put on,
and the machines run in paralicl.
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SCREWS"
FOR FIXING

@ ®

Fig. 4.1 DC generator switch board panel: (a) Front view of a panel; (b) Connection
di

42 ALTERNATOR PANELS

In power stati ber of altemators run in parallel, Al the al
synchronised with a common busbar. If nwuluer alternator is to be added, it
should () by using th or (b) by using
asynchroscope.

Before connecting an alternator in parallel with the busbars, the following
conditions are to be fulfilled:
(i) The g oltage of the incomii the
busbar voltage.
(ii) The frequency and phase-sequencs of the voltage of the altemator
hould be same as that of the busbar voltage.

421 Three-lamp Method of Synchronising

Thres pairsof| ho
in Fig. 4.3. One pair of lamps are connected between the R phases of the
altemnator and the busbar. Other two pairs of lamps arc connected between the
'Y-phase of the altemator and the B-phase of the busbar and vice-versa. At the
moment of synchronisation, the lamps connected in phases RR will be dark
whercas the other two pairs of lamps will be bright.
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Fig. 4.2 Panel diagram for parallel operation of two d.c. compound generators: (a)
ront view of panel, (b) Connection diagram

422 Synchronising Using a Synchroscope

A synchroscope determines the instant of synchronism more accurately than
the three-lamp method. A synchroscope consists of a moving coil and a fixed
cail, one of which is connected to the incoming alterator and the other to the
busbar through switches S, and S, as shown in Fig. 4.4. If there is difference
in frequencies of the incoming alternator and the busbar, the synchroscope
pointer will rotate. Anti-clockwise rotation of the synchroscope pointer indi-
cates that the frequency of the alternator is lower, whereas clockwise rotation
of the pointer indicates that the frequency is higher than the busbar frequency.
Voltmeter *V* can be used to read either the busbar voltage or the generator
voltage by means of a two-way switch.

For high-voltage machines, potential transformers are used to measure the
voliage.
busbars. This is done to avoid disturbance when the machine is switched
‘main busbars. Such an arrangement with other protection and metering arran-
gements of an alternator panel is shown in Fig. 4.5.

Note: Following are the symbols and their names used in Fig. 4.5 and 4.6
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&
Fig.43 i 3-phs by -lamp method
8 @:ﬁ AN
g |
i

s

Fig.4.4 Synchronising of an alternator using a synchroscope
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7. 1 EXd 0C 8Us BAR.

I {5
A
RRY
Fig.45 Altemator panel wiring diagram
Hz Frequency meter
v Voltmeter
A Ammeter
w Wattmeter
PF. Powerfactor meter
Synchroscope
SBB  Synchronising busbar
R, Voltage regulator
OCB Oil circuit breaker
CcT Current transformer
PT Potential transformer
Alt Alternator
M DC Motor

OL  Overload relay.

4.3 CONTROL PANEL IN A SUB-STATION
In a sub-station, a feeder is coming from a distant generating station and the

is received through an OCB to the transformer. The protection and measuring
accessories included in such an OCB panel are shown in Fig. 4.6.
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.
+
" ok A
o |
il [ +
Touster
Fig. 4.6 OCB panel for a sub-station
4.4 EXERCISES

2

w

L

Draw the front view and the connection diagram of a d.c. generator
switchboard panel with voltmeter, ammeter, etc.
Draw the wiring diagram of an alternator panel with protection and

the busbar.
Draw the pane diagram for parallel operation of two d.c. compound
gcnemors

the bus-bars cither through a synchroscope or through three. lamp
method.

Design and draw panel wiring di fori f
supply diesel for an exist ical installation.
Design and draw a panel board wiring diagram for an electrical

Iaboratory having provision to giving dc and both 3-phase and 1-phase
supply 10 the machines and switching arrangement for connecting
electrical loads. Provision should also be made for connecting measur-
ing instruments.
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Winding Diagrams

Electrical machines usually employ windings distributed in slots over the
circumference of the armature core. It is this armature winding in which emfs
are induced. The armature winding is made up of a group'of conductors
connected together in different types of series — pm.llal combinations.
d.c. winding, conductors d series
of loops. Butana.c. di

or open in the case of star connected windings. All these different types of
windings are discussed as follows.

5.1 LAP AND WAVE WINDINGS FOR DC MACHINES

Definitions of certain important terms used in windings are given below:
(a) Pole-pitch (Y,): Med s the distance between the centre of two adjacent
poles. It i the number of slots per pole or the number of coil-sides per

pole. See Fig. 5.1.

Fig. 5.1 Pole Pitch

Number of slots in a machine

Pole-pitch = Nugiber of poles
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_ Number of coil-sides in a machine
= Number of poles
(b) Back-pitch (¥,): Is the distance measured in terms of number of arma-
wre conductors (coil-sides) between the two coil-sides of a coil
‘measured around the back of the armature; i.e.. away from the com-
‘mutator end of the armature. See Fig. 5.2.

LAP WROING. WAVE WINDING
@ [O)

Fig. 5.2 Figure showing ¥, ¥ ¥,, Ye in (a) Lap-winding (b) Wave winding

(c) Frontpitch(Y,): isthe distance between two coil-sides connected to the
same commutator segment.
Resultant pitch (Y,): Med is defined as the distance in terms of the
number of coil-sides between the start of one coil and the start of the
next coil to which it is connected. This is also known as winding pitch.
Commutator pitch (¥,): Med is the distance measured in terms of
commutator segments between the segments to which the two ends of a
coil are connected. For a simplex winding ¥, = 1, and for a duplex
winding ¥, =
Depending upon the method of connecting coils together, the windings arc
classified into (i) Lap winding and (ii) Wave winding.

(«

&

°

5.1 Lap Winding

Ina lap winding the finishing end of one coilis connected via the commutator
segment to the starting end of the adjacent coil situated under the same pole.
As the sides of the successive coils overlap cach other, this type of winding is
called as lap winding. Following ar the characteristics of a lap winding:

(a) The back pitch (¥,) and front pitch (¥;) must be odd.

(b) The average pitch should be equal to the pole-pitch

where Z s the number of conductors, and P is the number of poles.
©Y, =¥ 2y,
When ¥, is greater than Y, the winding is progressive, and when ¥ is
Tess than ¥, the winding is rclmgn:siwe
For a simplex lap winding, ¥,
ie. y,:y,thy,,-y,—




18 Electrical Engineering Drawing

(d) The resultant pitch is always even, being the difference of two odd

numbers.
() The number of parallel paths in the armature winding for a simplex lap

winding is equal to the number of poles P.

512 Equalisers for Lap Windings

In a lap winding, the number of parallel paths is equal to the number of poles.

The emf's induced in each parallel path may not be exactly equal. This will

cause intemal circulating currents in the armature circuit and in the brushes.

‘This could cause excessive heating, sparking at the brushes and mechanical

vibration. To overcome this problem equaliser connections are provided to

P g
are connected together which should under ideal conditions be exactly at the
same potential. Equalisers are low resistance copper conductor rings provided
at the back of the armature.

No. of equaliser rings = Mmlszld-ugm

No. of connections to one equaliser ring = no. of pair of poles.
le, a winding di forad.c. machine has bet

der:
Example 1. Design and draw a developed winding diagram for a 16 slots,
double layer, 4 pole, d.c. lap winding. Make provision for equaliser rings.
Solution. No. of conductors or coil-sides Z = 16 x 2 =32

No. of poles P= 4.

Y, + Y= 16
For a simplex progressive lap winding ¥, ~ ¥,=2
Y, +Y=16
Y- ¥=2
Adding the two equations,
2%, = 18, ie, ¥, = 9 and ¥;=7

.. _ No.of coil-sides per pol
No.of equalise ings = No-ofcoik gm  pole

No. of connections each equaliser ring = No. of pair of poles
=2
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Fig. 5.3 shows the developed winding diagram and Fig. 5.4 shows the
<chematic diagram of the winding.

——= orecron o Roranon

counaers

+5 oumeur Tomamas A

Fig. 53 Developed lap winding diagram

1 I m VW Y W W R XX 0K WX

Fig. 5.4 Schematic diagram of the above winding

The sixteen coils are divided into four parallel paths as shawn in Fig. 5.5.
5.1.3 Wave Windings

Ina

si i dcoil-sid
which approximately occupies the same position under the next pole through
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Fig. 55 Schematic diagram showing the four parallel paths

back connection. The second coil-side is then connected forward o another
coil-side under the next pole.

‘The characteristics of a wave winding are:
() Both back pitch (¥,) and front pitch (¥)) should be odd numbers.

¥,+Y,
(b) Average pitch ¥, = -"——1 sz

IfY, i m71P,...c-m g

all the coils. which s not desirable.

Average pitch should be a whole number. To make it a whole number,
wave winding is not possible with any number of coil-sides. Further, if
standard stampings with a definite number of slots are to be used, the
coil-sides need to be placed in all the slots. In such cascs, the extra coils
are left unconnected and are called dummy coils.

In the example to follows, we shall see how a wave winding diagram is
made.

Example 2. Design and draw the winding diagram for a 4 pole, 13 slots,
double layer, wave winding with 13 commutator segments.
Solution. No. of conductors Z= 13 x 2= 26

No. of poles P=
Y+Y, zi2
We know that ¥, = —--— = 222
2 P
_ 262
T e
=706

Since ¥, and ¥, have to be odd integers, ¥

Figs. 5.6 and 5.7 show the developed wave winding diagram and schematic
diagram respectively.

two parallel

paths. In Fig. 5.8 the two parallel paths are shown.
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5.2 A.C. MACHINE WINDINGS

Basically the .c. machine winding and the d.c. machine winding arc identical,
butin an a.c. winding and The
standard d.c. winding is aclosed loop, i.e.,it closes in tself. A.C.
be open, in the case of star connected windings, and closed in the case of delta
connected windings.
AC. winding i designed s0 5 o give  sinusoidal emf as near s possible.
th

AC.
are three identical separate windings dlspl.’mcd lzo' from each other. The

CTzlaTsTcTel7Telo[wlnT]s

Fig 5.6 Developed wave winding diagram

WM 1 I I ¥ Y W AW R X XX

+ —

Fig. 5.7 Schematic diagram of the wave winding of Fig 5.6

Fig. 5.8 Schematic diagram showing the two parallel paths
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thres-phase windings are wound for a particular number of poles, depending
upon the speed requirement. The classification of different types of windings
are as follows.

AC windings
Three phase windings Single phase windings

Smglelllyﬁ Double layer

|
[ 1 i 1
Mush type Concentrictype  Lap winding Wave winding
Unbifurcated Bifurcated
Intcgral slot Fractional slot
Full chorded Short chorded

Before giving the details of different types of winding, definition of some of
the important terms used in ac windings are provided as follows:

() Slots per pole per phase (spp): To divide the slots around the armature:
periphery into different phase-groups, slots per pole per phase is used.
If spp = 3, then one phase group consists of three slots. If spp is an
integer, inding i i indi ifspp
is a fractional number, then it i a fractional slot winding.

Coil-pitch or coil-span: Coil pitch or coil-span is the distance between
two active sides of a coil in terms of slots. Sece Fig. 5.9.

4

Fig. 5.9 Figure showing coil-pitch and pole-pitch

I the coil-pitch is equal to the pole-pitch, the winding is said to be
full-pitched, and if the coil-pitch is less than the pole-pitch, then it is
called short-pitched winding.
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Fig.5.10 ? i the th
In this developed winding diagram, at the instant of start, current direction
inphase YondBarei
direction. If the current direction i coil sides 1, 2, 3 are in th cddi

then 10, 11, 12 will carry current in the downward direction. The current
direction in the other pole phase groups are also decided in the same manner.
‘The developed mush winding diagram is shown in Fig. 5.11.

5.2.1.2 Concentric Type Winding: A concentric type winding is made up of
conoemn: coils of mfluvm pnu:h for ‘each pair of poles.

i ‘groups viz., (a) unbifur-
cnled ‘winding and (b) bifurcated winding. In an unbifurcated winding, a pair
of adjacent pole phase groups form a concentric coil, whereas in bifurcated
winding, each pole-phase group is split-up into two sets of concentric coils
sharing its return coil sides with another such group. The above will be clear
by refering to Figs. 5.12 and 5.13. In such windings, overhang or end connec-
tions should be accommodated in separate planes. If the number of pole pairs
is even, the overhang can be accommodated in two planes. If the number of
pole pair is multiple of three, then a three-planc overhang can be used. In case,
if the overhang has to be accommodated in two planes, a cranked coil group
results which is shown clearly in Fig. 5.14. In the following examples, all the
above types of winding aangements are shown:

Example 4. Draw a single layer concentric winding unbifurcated diagram
‘with two plane overhang, for a three-phase, 48 slots, 8 poles a.c. armature.

Solution.
48
Slots per pole per phase =5 ==2

Thus one pole phase group consists of two slots.

Coil span = pole-pitch = slots per pole =

Angle between consecutive slots = % 30" electrical
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‘The displacementin slots between the start of phase R and start of phase ¥=
120°
2% = dsloss.

One coil group is placed in four slots, one pole-pitch apart. Therefore, the

number of coil groups = ? =1

The number of pole-pairs is even. Hence the overhang is arranged in two
planes (iers).

In a coil group, the end wire of one coil is connected to the beginning wirc
of the next coil in the same group, and then gocs to the next group. The
doveloped unbifurcated winding diagram as cxplaincd is shown in Fig. 5.12.
Example 5. For . machine, th is having 24 slots. A
single layer concentric bifurcated winding for four poles s to be made. Draw
the developed winding diagram with the overhang i three plancs.

Solution.

Slots per pole per phase (spp) = m =2

That is, one pole phase group consists of two slots. In bifurcated winding,
these two coil sides are split into two sets of concentric coils sharing its return
coil side with another group.

In single layer windings, chmdmg is not done.

. Coil span = pole-pitch = 2t =

=30" electrical

Angle between consecutive slots =

‘The angular displacement between two phases = 120" electrical
. Thedi i hase R phase

20
Y= 30 4slots.

In a bifurcated winding, one coil group s placed in two slots.
Therefore, number of coil groups = % =12

As the first pole phase group is split into two, the start of phase R is placed
in slot 2, the start of phase ¥ lies in slot 6, and the start of phase B lies in slot
10.

‘The overhang i accommodated in three planes.

“The coils in the coil groups are arranged in such a way that the emfs of the
coil groups becomes additive. That s, the finish of the first coil group of phase:
Ris conncted to the finish of the second coil group of same phase. s.mnmy
the start of th d
‘The developed winding diagram with all these details are shnwn inFig. S
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Example 6. Develop a single llyer concentric unbifurcaed type winding
diagram with two for 36 slots. 6 pol

Solution.
Slots per pole per phase (spp) = 6 " 3 =

e., one pole phase group consists of two slots.

Coil span = pole-pitch = %

Angle between consecutive slots = ‘-;'—'3 =30"

‘The displacement in slots between the start coil sides of phase R and Y =
S =4slots

Number of coil muplsl‘éxg

‘The number of pole-pairs = 3

Hence the overhang can be arranged in three planes.

But if the overhang has to be accommodated in two planes, we get cranked
coil groups. The cranked coil group is shown in Fig. 5.14.

52.2 Double Layer Windings

Double ayer windings have two coil sides per slot. The winding is made up of
identical coils, one coil side of cach coil lying in the top half of one slot and the
other coil side in the bottom half of another slot spread approximately one
pole-pitch apart. If the coil-span is exactly equal to the pole-pitch, then the
winding is full pitched (full chorded) winding, and if coil-span is less than the
pole-pitch the winding is fractional pitched (short-pitched or chorded). Chord-
ing is advantageous because undesirable harmoniés are eliminated and the
waveform of the induced emf is made more towards a sine wave. Another
advantage of fractional pitched winding is that there is saving in copper an
reduction in inductance of the coil.

Double layer windi )1 d G iype. Lap
windings are used in the stators of high speed machines. Wave windings are
used for wound rotors of medium and large size induction motors.

5.22.1 Lap Winding
Example7. Design and di i fa double layer

lap winding for a three-phase, 6 poles, 18 slots machine. Assume that the
winding is full pitched.
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Solution.
Slots per pole per phase (spp) = &~ 5 =1 slot
For full pitched coils, coil span= pole pitch
18
=g = 3slots

“Top coil side 1 in slot 1 is connected to bottom coil side 8 in Iot 4. Top coil
side 3 in slot 2 is connected o bottom coil side 10 in slot 5 and so on.

‘We know that one pole-pitch corresponds to 180" electrical.

Here, the number of slots in gne pole-pitch = 3 slots.

. Angle between two consecutive slots =%

electrical

Also we know that the phase are displaced by 120" electrical.

No. of slots by which the phases are d;splwed=’—2°~=2 slots

i.e. the start coil side of phase Y is two slots away fiom the start coil side of
phase R ie. it lies in slot 3. Start coil side of phase B is again two slots away
from the start coil of phase Y i.e. it lies in slot 5.

‘The developed winding diagram is as shown in Fig. 5.15.
Example 8. A double layer lap winding is to be made for a three phase 4 pole
machine having 24 slots in its armature. The coil span is reduced by one slot.
Draw the developed winding diagram.
Solution. :

Slots per pole per phase (sp) = 320 =2 slots

Pole pitch =24 = 6slots

Coil span = 5 slots

Top coil side. 1 in lot 1 is connected to bottom coil side 12 n slot No. 6 and
50 0. It s clear thathe top and bottom coil sides in one slot may not belong
o the same phase i all cases.

Angle between two consecutive slots = %= 30° electrical

No. of slots by which phases are displaced ='—19= 4slots

The developed winding diagramis as shownin F:g 5.16.
5.2.2.2 Wave Winding: Wave wi

size machines with more number of poch ‘This is because, in the case of lap
‘winding, interconnections are used for corinecting individual coils and pole
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Line supports arc broadly classified into (a) Poles and (b) Towers.

61 POLES

Overhead line conductors are supported on poles by means of cross arms and
insulators. i ‘poles whi i
‘They are: (a) wooden poles, (b) steel poles and (c) concrete poles.
6.1.1 Wooden Poles

The use of wooden poles is mainly limited to support low voltage distribution
lines for short spans. If properly impregnated with suitable preservative,
wooden poles may give a long useful life. Double-pole structures of the ‘A" or
*H’ type can be employed for 33 kV and 66 kV lines. See Fig. 6.1.

A-TYPE H-TYPE
i el

15

i =

o .
b i 3
bttt fl -y

WOODEN_POLES
Fig. 6.1 Wooden poles (a) A-type (b) H-type
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Such wooden poles are also sometimes used as transmission line support in
areas where supply of timber s in plenty and transportation cost of stecl poles
and towers is high.

Single pole structures, being cheaper, arc ofien used in LT lines for rural
electrification.

6.1.2 Steel Tubular Poles

Steel poles are stronger than wooden poles. Longer spans are possible with the
help of steel poles. They occupy less space and their use is generally favoured
in cities. To increase the life of such poles, they are galvanised or painted
regularly.

6.1.3 Concrete Poles

Reinforced Cement Concrete (RCC) poles as shown in Fig. 6.2(a) arc very
strong, have longer life and need little maintenance. They are quite heavy and
bulky, i ling is hij

difficulties Prestressed Cement Concrete (PCC) poles have been developed.
Since PCC poles are lighter, their transportation, handling and erection arc
casier. Thesc poles are in extensive use of 11 kV and LT lines particularly for
rural electrification. In figures 6.2 (b) and 6.2 (c) are given design data of a
Frestrssed concrete pole.

t ]

|

)| | -

| |

[T T

ALL DIMENSIONS IN M.
Fig. 6.2 (a) 11 kV concrete poles
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Fig. 6.2 (b) Typical Design of a rrestressed Concrete Pole 8 M & 9 M Long. Showing
Dimensions of Vertical Section
62 STEELTOWERS

Steel towers arc mainly used for supporting transmission lincs at high voltage
and uln—high voltage. They are space-frame structures fabricated from dif-
ferent sizes of sel-angle sections, painted or galvanised to prevent corrosion.
Steel towers have the ads f a long life

the most severe clumuc mdmml These can be classified i uuo (@ mnow-

type. The
used for long spans. When the span is too long, a broad base tower. is
appropriate. Fig. 6.3 shows a narrow-base lattice steel tower for supporting 33



-

f—ssi—

Section at top.

()

Section at bottom

NOTE

(i)  Section at botiom

+ Denotes the Tensioned Wire,
X Denotes the Uniensioned Wire.

Fig6.2(c)

tion at top and bottom. For () 8 M pole (i) 9 M pole

for sec-

KkV three-phase single circuit transmiission lines. Fig. 6.4 shows a broad-base

lines.

6.’5 ARRANGEMENT OF CONDUCTORS

in polel lnd nnlm, used in mlurmnlon and dumb'nlwn hm

lines are of

h

‘ment, the lines may be of

the load and safety require-

it or (b) doubl

methods of arrangement of conductors on poles are as under:
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ALL DIMENSIONS IN M.
Fig. 6.4 66 kV broad-base steel tower (double circuit line)

Fig. 6.5 Single phase, single circuit distribution lincs running on a pole

6.4.1 Wooden Poles

p (mufy
at the ground level. The portion of a wooden pole below ground should be
painted with b id deteriorati den pole is created, the
pit should be partally filled with brick-bats nd rammed well with a crowbar.
Thereafter carth filling should be done with simultancous ramming.




Transmission and Distribution Lines 145

work, backfilling should be started. Backfilling should be done with the
excavated soil.

6.5 HT & LT INSULATORS

For distribution and ission lines, conducty on poles and
towers. Tt have a potential di with respect to each oth
which may be as low as 415 V for LT lines and as high as 400 kV forextra high
tension lines. In order to prevent short circuit between the different phase
conductors of the line and also to prevent leakage of current to earth through
cross-arms on poles and towers, insulators are provided between conductors
and supporting structures. An insulator is an important item of transmission
and distribution lines.

6.5.1 LT Insulators

Forlow. i i i d

6.5.1.1 Pin Insulators: Pin insulators are manufactured for low voltages in
one picce and for higher voltages in two or three pieces of porcelain, cemented
together. Fig. 6.10 shows a one piece insulator used for LT lines. One piece
insulators are more prone to cracking because of rain. For rural lines, carrying
less load and using light conductors, however, such single piece insulators are
used for reasons of economy. These insulators are mounted rigidly on a
supporting structure by a pin passing upwards inside the insulator.

Fig.6.10 Low voltage pin insulator

6.5.1.2 Shackle Insulators: A shackle insulator is one consisting of a single
porcelain part. It should be mounted vertically or horizontally between and in
contact with the two ends of a U-strap. Shackle fitting is of two types. In one
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type, the shackle insulator is fitted dircctly on the pole. In the other type it is
fitted on the cross-arm of the pole by means of U clam. Sec Figs. 6.1 (a) and

INSULATOR
(a) (b)

Fig.6.11 i fitted on pole; (b)
cross-arm

Shackle insulators take tension of conductors at dead ends, junctions of
overhead lines with cables, road crossing and at lngl: poles. Thus these
. Fig. 6.12
shows a shackle insulator (half in section), fitted on a polc using a Gl strap.

6.5.1.3 Guy Insulators: These insulators are also called strain insulators or
egg-type insulators. They are generally used with pole-guys on low-voltage
lines, where it is necessary to insulate the lower part of the guy wire from the
pole for the safety of peaple or animals on the ground. See Fig. 6.13. This type
o insulators consis of a porcelain pcce pereed with o holes a right angles

through fthe guy wire are looped. This keeps
the porcelain between the two loops in compression and the guywire remains
in position even if the insulator breaks due to any reason.

6.5.2 HT Insulators

6.5.2.1 11 kV Pin Type Insulators: Pin type insulators for high voltage con-
sists of two or more pieces of procelain permanently fixed together. These
insulators are intended to be mounted rigidly on a supporting structure by an
insulator pin fixed inside the insulator. Fig. 6.14 shows a two-piece pin
insulator. The pin insulator is installed on the cross-arm of the pole. The
conductor is mounted on the insulator in the grooves provided for it. Such an
arrangement of a pin insulator is shown in Fig. 6.15.

6.5.2.2 Disc Insulators: Pin insulators cannot take conductor load in tension
which often occurs at angles and dead ends. To meet this requirement, disc
insulators, also known as tension insulators are used. Besides being used at
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At devonsions i mm

Fig. 6.13 Guy insulator

angles and at dead ends, disc insulators are also used as suspension insulators
in straight runs for line voltages of 66 kV and above. Suspension insulators are
also used in straight runs on 11 kV and 33 KV lines if the conductor size is large:
i.c. 48 mm? and above.

‘A disc insulator consists of a porcelain disc of sufficient thickness which
grooved at the bottom in order to increase the crecpage distance, ther
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Fig. 6.16 Ball-and-socket type disc insulator
reducing chances of flashover. There are two types of disc insulators viz (&)
dek i

twotypes of i th for the end fittings. Fig. 6.16 shows
a ball-and-socket type disc insulator and Fig. 6.17 shows a tongue-and-clevis
type disc insulator. One of the discs has been shown in full section.

6.5.2.3 String Insulators with Arcing Horn and Guard Rings: For high volt-
age lines operating at 33 kV and above, suspension insulator strings are used.

by metal links. The line conductor is secured to the bottom disc of the string
and the top disc is connected to the cross-arm of the pole or tower. The number
of discs in series in the insulator string depends on the voltage of the line —
the higher the voltage of the line, the larger is the number of dises required for
the insulator string.

‘The larger the number of insulator units. the longer will be the string, the
voltage distribution across the various insulator units will be non-uniform,
resulting in poor efficiency of the nnng A uniform dissiution of volage

of a string

ring called the guard ring connected ot metal work t the bottom of e uni.
‘The guard ring, when used alongwith the arcing horn fixed at the top end of the
string, also serves the purpose of an arcing shield and protects the insulator
string from damage on account of overvoltage on the system. If overvoltage
occurs in the system, sparking occurs between the guard ring and the arcing
horns thus safeguarding the insulator string. Such an arrangement of a string
insulator with arcing horns and guard ring is shown in Fig. 6.18.
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Fig. 6.17 Tongue-and-clevis type disc insufator

Fig. 6.18 String insulator with arcing horn and guard ring
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6.6 STAYS OR GUYS

The terminal poles i andtends
0 tilt the pole in the direction of the line. Similar situations causing tendency
for the pole to tilt occurs at poles (a) where the line takes a turn at an angle, (b)
where a branch linc is tapped from main line and (c) where the line is crossing
a road, a railway-line, a canal or another power line. To keep such poles
perpendicular, guys or stays may be used. Also intermediate poles on straight
run may be subjected to high-velocity winds under abnormal weather, condi-
tions, which may ilt and uproot the poles. For these reasons every fifth pole in
a straight run may be provided with two wind guys.

6.6.1 Different Types of Guys

Guys are classified as follows:
1. Aerial guy
() Span guy (b) Head guy
2. Ground guy
() Stranaed steel wire guy (b) Strut guy
Acrial guys do not need an anchor in the ground. They can be erected from
the top of one pole 1o the top of another pole as in a span guy, or from the top
of one pole to the bottom of the next guy as in a head guy.
In ground guys, the anchor is put in the ground. A stranded steel wire guy is
shown in Fig. 6.19. Such wire guys are fixed on the opposite side of the
conductor to prevent the pole from tilting towards the conductor side.

Stav RoD
¥ PLATE

Fig. 6.19 Stranded steel wire guy

Whenitis not possible to instal itions of site, strut
guys are used. A strut guy is shown in Fig. 6.20.

These are made of line poles and are installed on the same side as the
conductors, and they take compression.
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Fig. 6.21 (2) Guy bow assembly; (b) GI thimble
6.6.2 Guy Bow Assembly

S

InfFig 6.19, the different parts of a tranded steel wire guy ure shown, The guy
plate holds the guy assembly firmly in the ground. The guy plate s fitted on Ly
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. Fig. 6.23 shows the views of broad base lattice steel towers for support-

ing 132KV ths lines for disposi-
tion and (b) single circuit disposition. Redraw the figures choosing
another convenient scale.

Draw the full sectional view of an 11 kV pin insulator made of threc

picces.
. Draw the half sectional view of a ball and socket type disc insulator with

two discs.
Draw the view of a stranded steel wire guy and mark al! the accessorics.

DOUBLE CIRCUIT SINGLE_CIRCUIT
ALL DIMENSIONS IN M
Fig. 6.23 132kV broad-base steel towers
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7.1 LAYOUT DIAGRAMS OF DISTRIBUTION SUBSTATIONS

Distribution substation may be subdivided into the following types:

(i) H: 1y 25,40, 63, 100 and 200
KVA are mounted on rolled steel fixtures which are rigidly fastened 10
the two poles.

(i) Platform mounted: A platform is constructed on a four-pole structure
for placing the transformer on it. Platform mounting is done for trans-
formers of capacity 250, 300 and 400 KVA.

(iii) Plinth or foundation mounted: Transformers above 500 kVA are placed
on a plinth or foundation with a wall or fence surrounding it.

7.1.1 H-pole Mounted Distribution Substation

The arrangement of equipments in a pole mounted substation is shown in
Fig. 7.1. A single line diagram of the equipments connected is also shown in
Fig. 7.2.

The 11 KV/415 V transformer is mounted on a MS channel at a height 2.44.
m from ground level. For the protection of the transformer against lightning 11
KV lightning artestors are recied a th top ofthe H-pole siucture. Supply is

1 airbreak switch.
The operating handle of the G.0. (Gang Operating) switch s located on one of
the poles of the structure at a height of 1.25 m from ground. 11 kV hom gap
fuse, installed on the HT side below the gang operating switch, protects the
transformer on the 11 kV side.

On the LT side of the transformer a three and a half core LT cable is taken
from the LT bushing terminals to the LT main switch. This main switch with
fuse unit provides isolation and protection against feeder faults. LT cable is
sclected according to the capacity of the transformer.
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Fig. 7.2 Single line diagram of  pole mounted substation
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7.1.2 Platform Mounted Distribution Substation
When the transformer capacity is more than 200 kVA and is to be ounted
autdoor, platform mounted type of substation is to be instatied. A four-pole
structure is erected and platform is constructed on it. The transformer is
mounted on this platform. Air break switches, lightnig arrestors, insulators
etc. are installed on the four-pole structure. A platform mounted distribution
substation is shown in Fig. 7.3.

smotnoan H |
L Lt

Fig. 7.3 Platform mounted distribution substation
7.1.3 Plinth or Foundation Mounted Distribution Substation

f capacity VA for ing and
therefore are to be installed on ground. Plinth or foundation mounted substa-
tions can be installed outdoor or indoor. The equipments installed should be
enclosed by a fence or a wall. The switch gear consists of circuit beakers,
isolators ete. A foundation mounted outdoor substation is sho

In Indoor substations, th switchgear and th

a nsidea buiidine Thebuildi '
high, with adequate provision for ventilation. Ade the
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Fig. 7.5 Single linc diagram of an indoor substation
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walls and equipment and between different equipment should be provided to
ensure safety of personnel. The single linc diagram and layout of an indoor
substation are shown in Figs. 7.5 and 7.6.

L e— R
T e Offames

Fig. 7.6 Layout of an indoor substation
7.2 'LAYOUT OF 33kV AND 11 kV SUBSTATION

Single line representation of 11 KV and 33 kV substations are given as under:
() 11KV/A15 V substation with two 400 kVA transformers and one gener-
ator set is shown in Fig. 7
‘The 11 kV supply is received in an HT panel consisting of three 11 kV.

OCBs, oncincomi i idesof
are connected 1o M.V Pancl board through LT ACBs. Sectionalising to
the bus is done through the bus couplers. During power cut period,
essential loads can be supplied through a DG (Diesel Generator) set and

pl

interlocked with
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‘The 33 kV incoming line is connected to the 33 KV busbars through a
G.O.switch. Two nos. 33kV/11 kV transformers of 2MVA and I MVA
ratings step down the voltage to 11 kV. The LT sides are connected to
two separate 11 kV busbars through 11 kV OCBS. Feeders are run from
these busbars.

7.3 LAYOUT OF POWER PLANTS
Layout diagrams of hydro-clectric and thermal power plants arc given below:
7.3.1 Hydroelectric Power Plants

Hydroelectric power plants convert the energy stored in water into electrical
energy by the use of water turbines coupled with generators. The water from a
height (called, water head) is allowed 10 fall on the blades of wrbine through
Tong pipes or tunnels, called penstocks. Thi torotate
which in turn rotates the rotor of an alternator.
Depending upon the head or the height from which the water falls, the

hydroelectric plants are classified into the following categories:

- () High head hydroelectric plants: 200 m and above
) Medium head hydroelectric plants: 50 m to 200 m
) Low head hydroelectric plants: Upto about 50 m
7.3.1.1 High Head Hydroelectric Plants: A dam is constructed to make a
storage reservoir, from where a high pressure tunnel is taken off to the valve
house. A high head hydroelectric plants is shown in Fig. 7.9.

Fig. 7.9 High head hydroelectric plant

‘water from valve
house to the power house. A s surge Lank s situated just beside the valve house.
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In case due to reduction of load on the turbines, lhe inlet vnlvex tothe lulbincs

. may damage the ponstocks, Surge tank absolbs wair hammer by increas
the water level in it. In case of heavy load, it will lower its water level and will
increase the water supply 10 the turbine. Thus is acts like a flywheel. The
‘common type of turbine used is pelton wheel.
7.3.1.2 Medium Head Hydroelectric Plants: Tn these types of hydroelectric
plants we have forebay instead of surge tank. See Fig 7 10. Water is generally
carried i from the mais
pover house through the pen stock. The common (ype ofpn“le movers used
i this case are Francis, Propeller and Kaplan turbines.

Fig. 7.10 Medium head hydro electric plant

7.3.1.3 Low Head Hydroelectric Plants: A low head hydroelectric plant
stores water by constructing a dam across a river and the power house is
installed near the base of the dam on the down-stream side. The tail-race of
turbine s joined to the river on the downstream side. A low head hydroelectric
plantis shown in Fig. 7.11.

oam

Fig.7.11 Low head hydro-electric plant
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7.3.2 Thermal Power Plant

These plants employ steam turbines to run the alternators. Stcam is obtained
from high pressure boiler. The. fuel used for the boiler is coal: generally
bituminous coal is used. To increase the efficiency of boiler, the coal is burnt
in powdered form. Fig. 7.12 shows a line diagram of a thermal power plant.
‘The process of generation of electric power is carried out as explained below.

owen
Fig.7.12 Line diagram of a thermal power plant
Coal in powdered form s fed to the boiler furnace where is burnt and the

water in the boiler i f the fucl
cnough sir st b supplicd. The stcam a high pressure i further heated ina
to increase its Th team is supplied to

the turbine through the throttle valve. The steam at high pressure is expanded
through the turbine and as a result the turbine rotates. The shaft of the turbine:
s coupled wi nalternat
is converted into clectrical energy.
Stcam which comes out of turbine, which s atalow pressure, is passed into
d In the cond cold water i lated with the help of a pump
and hence the steam is condensed. The condensate i.e., water is pumped back
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8
Miscellaneous Drawings

In this chapter drawings of different types of earth electrodes, circuit breakers,
lightning arrestors etc have been dealt with.

8.1 EARTHING SYSTEM

‘The purpose of earthing s to ensure that an easier path (of low resistance) is
provided for the carth fault current o flow. This prevents the risk of shock. All
llic encl Felectrical equi all metal condui heath

motor starters, etc. should be bonded together and connected to an efficient
carthing systern. Earthing system consists of main carth clectrodes, ring main
carth continuity r.onduclors and different connections of earth wire from

and then the =mlhmg ln)oul of different substations will be described.
8.1.1 Earth Electrodes
(ii) plate electrodes.
8.1.1.1 Rod or Pipe Earth Electrodes: A typical illustration of rod or pipe
carth electrode is given in Fig. 8.1. These electrodes are made of metal rod or
pipe having clean surface not coated by at least 16.mm in diameter and those
of copper should be at east 12.5 mm in diametr, Pipe electrodes should not
be smaller than 38 mm if made of steel and
100 mm internal diameter if made of cast iron.

Pipes or rods as far as possible should be of one piece and not less than 2.5
m in length. These shouid be driven (o a depth of at least 2.5 m.

iz, i i ind

‘The pipe et the
botiom is surrounded by broken picces of coke or charcoal for a distance of
about 15 cm around the pipe. A cement concrete work is also done so that 3 to
4 buckets of water can be poured through the funnel to moist the carth. The
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Fig. 8.1 A typical illustration of rod or pipe earth-electrode

earth wire is carried in a GI pipe of 12.7 mm di atadepthof
ground 0 the pipe electrode using G.1. nuts and washers.
8.1.1.2 Plate Earth Electrodes: Plate earth electrodes when made-of gal-
vanized iron or steel should not be less than 6.3 mm in thickness and of copper
should not be less than 3.15 mm in thickness. They should be of a least
60cmx
ot less than 1.5 m from the surface of the ground. A typical illustration of a
plate electrode is shown in Fig. 8.2.

‘Three or four buckets of water are to be poured into the el keep the
soil surrounding the earth plate permanently moist.

8.12 Earthing Layout of Distribution Transformer Substations

For a pole mounted distribution substation, three pits are provided with earth
electrodes as shown in Fig. 8.3. The plan view of carthing layout of a double-
pole structure was shown in Fig. 7.1. In that figure two carth clectrodes are on
cither side of (2m away from) the two poles and the third one is cquidistant to
the other .5 maway from
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Fig. 82 A typical illustration of plate carth electrode

Fig. 8.3 Location of earth pits for a pole mounted distribution substation

each other. One of the three earth electrodes on cither side of double pole
structure is connected to the lightning arrestor. OF the remaining two earth
electrodes, one electrode is connected to the neutral of the transformer on the
LT side, and another earth electrode is connected to the transformer body, the
handle of the 11 kV Gang Operated (GO) switch, and the body of the LT
switches.

813 Substation Earthing Layout

As per IS 30431966 carth clectrodes for generating stations and indoor
substations arc to be installed adjacent to the building and for outdoor substa-
tions within and adjacent to the perimeter fence.

A main carthing ring is (o be provided around the station, through all the
main carth clectrods. Connections-are made to all major apparatus such as
transformers, circuit breakers eic. and to the framework of each item such as
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instrument transformers, meters, relays etc. For larger substations the ring
should be reinforced by one or more cross connections. From the main carth
bus, branch connection should be taken to cach apparatus. A typical carthing
arrangement for an outdoor substation is shown in Fig. 8.4 (a).

-
fete Tl
pei
b 5

i
L G P
caspazomaes)

Fig. 8.4 (2) A typical earthing amangement for an outdoor substation

Ata ion the neutral points of be directly carthed,
ar should be earthed through a resistance, if the fault current expected is too
high.

Tsh of, hould g system and
connected to the earth electrodes.

arrestors while for di
be provided for a set of lightning arrestors. (Station type and distribution type
lightning arrestors are described in section 8.3). Separatc carth electrodes for
lightning arrestors are provided for the reason that large earthing systems in
themselves may be relatively of litle use for lightning protection. These earth
electrodes should also be connected to the main earth system.

The secondary windings of current transformers and voltage transformers
should also be carthed by connecting to the main carth bus.

8.2 CIRCUIT BREAKERS

anus pss of circuit breakers used in a power system are described as
follow:
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8.2.1 Miniature Circuit Breaker

‘The Miniature circuit Breaker (MCB) is a high fault capacity, thermal/mag-
e g e 3 5 o

ripping. Photographic view of an MCB is shown in Fig. 8.4 (b).

Fig. 84 (b) Photograohic view of a MCB

Thermal operation s achieved with a bimetal trip which deflcts when
heated through it. Ir g
lever,relcasing th laich mechanism and causing the contacts o open under
spring action.

When shor-circuit fault occurs, the rising fault cumrent cnergises the
solenoid, attracting the plunger which strikes the trip lever causing immediate
relase of the latch mechanism, Rapidty of the magnetic solenoid oeraion
anMCBis shown

inFig. 8.4 (c).

Dusing short cicut cuent reakin, the MCB docs not allow such bigh
3KA
breaking current. This leduoes the let-through energy and opemn' nme and




Fig. 8.4 (c) Cross sectional view of a MCB

) ) " . N
to the reversal of current between the fixed and the moving contact further
assists in quicker opening time.

Ttis considered that just the use of current limiting design may not suffice
the requirement of quick breaking mainly due to the intertia of the latch
‘mechanism and inter-connected sequence of operations. A hammer directly
connected to the plunger strikes the moving contact with a force proportional
10 the current peak, thereby separating the contacts much before the latch
mechanism operatcs. The opening time of the MCB is reduced to less than 1

i the i d in MCBs, suc design hel,

further, i i
cuit, and ensurc§ positive opening of the contacts. Possibility of a contact weld
is completely eliminated.

‘The arc produced on separation of contacts is rapidly moved, under the
i i into the arc-chute stack, where it is broken

into partial arcs. These partial arcs require a considerably higher voltage than
that required to maintain a single arc.

Contact bounce, when making high short circuit current, results in contact
welding in pure silvet or ordinary silver alloy contats. The contacts in MCBs
are tipped with silver graphite, a non melting sintered material.

The possibility of arc-erosion i s i hi

in ali i i life
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increases manifold. No thermally stable oxides are formed during arcing and
hence contact resistance also remains low.

‘The body of MCB is made of flame-retardant high strength plastic which has
high melting point, low water absorption at saturation, high dielectric strength,
high deflection temperature under load and, low coefficient of linear thermal
expansion.

‘The tripping of the MCB is independent of the position of the knob., that is
0 say that whilst the operating knob may be held in the ON position, the MCB
will still open in the event of a fault.

“The vents in MCB are so designed that they prevent any ingress of dus.
“The ch: f dust settlement on th tacts duced and dust free perfect
electrical contact is made. Hot gases produced are diverted away from the
operating personnel during short circuit arc breaking.

8.2.2 Oil Circuit Breaker

In this upe of circuit breakers the contacts are surrounded by a pressure
chamber. Th
ment of the oilinto the space between the contacts after th t gocs to
zero. The pressure developed by the ol is dependent upon the value of current
interrupled. There are different types of pressure chambers.

Plain explosion pot. Tt consists of a strong shell of insulating material. The
moving contact is drawn vertically downwards. When the moving contact is
withdrawn an arc is struck and high pressure is developed. The oil at high
pressure moves violently into the arc and tries to quench the arc. See Fig. 8.5.

Fig. 8.5 Plain break explosion pot

Cross jet explosion pot. This is similar to the plain explosion pot. The fixed
and moving contacts are plug and socket type, and they fit into ezch other. See
Fig. 8.6. These are enclosed in an explosion chamber which is provided with
arc splitters. The arc splitters help in increasing the arc length and thus help in
reducing the arc which can be easily extinguished by the oil.

Self losion pot. i R i
d pl ion pot. Cross-j ion pot is cfficient for breaking heavy
h ircuit currents, whi i i is used for . There.
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Fig. 8.6 Cross-jet explosion pot

are two chambers, upper one is cross-jet explosion pot and the lower on is a
plain explosion pot. Arc is quenched by the plain pot action. See Fig. 8.7.

FixeD conTact

Fig. 8.7 Self.compensated explosion pot
82.3 Minimum Oil Circuit Breaker

In bulk-oil circuit breakers the quantity of oil required increases with the
increase of system voltage. However in minimum (low) oil circuit breaker, a
small volume of oil is used for arc extinction. It consists of a small container
having oil which s just cnough for arc extinction. This container is supported

porcelain insulators Lo gi the live parts from the
carth.

Fig. 8.8 shows the sectional view of a typical high voltage minimum il
content circuit breaker. Current flows between the top and the bottom current
terminals in the ON position. When breaking, the contacts begin to scparate
and arc is established. The moving contact rod forces the arc downwards to
enter the explosion pot. The arc energy produces a violent upward blast of oil
vapour. The resulting downward jet of cool il extinguishes the arc.

‘The details of the explosion pot (chamber) is shown in Fig. 8.9. It is made
up of diclectric material and s fitted o the fixed contact of the MOCB. When
th oil, the arc the oil
into hydrogen and other gases. As the arc is forced downward to the explosion
chamber, the gases escape through the side vents and thereby cools down and
extinguishes the arc. To prevent the contact space getting filled with hot gases,
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a piston attached to the moving contact, compresses fresh cool oil into the
cylinder to the contact space arca.

8.2.4 Air Break Circuit Breakers

Air break circuit breakers arc used in d.c. circuits and in a.c. circuits upto 11

KV, nindoor medium voltage and low voltage aplicatons. Therarstwoscs

of contacts viz the main
duct current. If the i

current for sometime. When the arcing contacts dislodge, the arc is formed

arch long th i

Due to lengthening and splitting of the arc, it is exting
the different parts of an air break circuit breaker.

ied. Fig. 8.10 shows

275 seLTTeR—

wa cmass = |

Fig.8.10 Air break Circuit Breaker
8.2.5 Air Blast Circuit Breakers

In such a breaker when the contacts are separated, high pressure air s forced
on to the arc. The ionized gases between the contacts are blown away by the
blast of air. The breaker consists of an air reservoir which contains the high
pressure air. During contact separation air flows from this reservoir o the
contact space where the arc is formed. Depending on the direction of air flow,
air blast circuit breakers are named (1) axial blast type and (2) cross blast type.

In axial blast type circuit breakers ir flows axially along the arc, and in the
cross blast type, air flows 1o the arc. Fig. 8.1 (a) and (b) clearl
shows the difference between the axial flow and cross flow around the contacts
in an air blast circuit breaker.

8.2.6 Vacuum Circuit Breaker

pol
unit, ted i One viewof a
breaker is shown in Fig. 8.12.
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Fig. 8.12 Vacuum circuit breaker

The breaker poles are fixed 10 the rear of the housing mechanism by two
insulators. Thei i i sheetsteel.
The energy storing mechanism and all the control and actuating devices are
installed in the housing mechanism.

‘The vacuum interrupter is rigidly fixed between the two upper and lower
pole supports. The external forces due to switching operations and the contact
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pressure are absorbed by the insulating struts. The basic construction of &
vacuum interrupter is shown in Fig. 8.13.

Th

XD TERMNAL PO

suATOR

XD conct
s
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Fig.8.13 Basic construction of a vacuum interrupter unit

de. Th

of the moving contact and seals the interrupter against the surrounding atmos-

phere.

When the contacts separate, the current to be interrupted initiates a metal
vapour arc discharge and flows through this plasma until the next zero current
of the current cycle. The arc is then extinguished and the conductive metal
vapour condenses on the metal surface within microseconds. As 2 result the
dilectric strength in the break builds up very rapidly.

827

Sulpher Hexa Fluoride (SF) Circuit Breakers

An SFq circuit breaker shown in Fig. 8.14 consists of the following main
components:

[0}
(i)
(iii)
(iv)
@

three breaker polés

aswitch cubicle

an SF gas supply unit and

connccting lines of SFy,air and clectrical connecing lins.

Th function.
Each breaker pole consists of (i) a poe column filled with SF, gas and
(ii) a pole driving mechanism operated with compressed air. Pole
column is divided into interrupter unit located in the upper part of the
column and the insultor whih i thelower par. The nterupter unit
consists of th chamber, fi
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Fig.8.14 SFg circuit breaker

ingr i

Pole driving mechanism actuates the interrupter unit assembly. Com-
pressed air is used as the actuating medium.

(i)

necessary for the breaker to operate independently. These components,
include OPEN-CLOS i il i
pressure gauge, pulse counter etc.

‘The SF gas supply system is responsible for the monitoring and filling
of the breaker. Gas is supplied centrally. The system consists of an SFy
pressure switch and a distributor with filler linear on the central pole and
SF couplings on the outer poles and SF connecting lines between the
poles.

(iv) Connecting lines: The SF, connecting lines between the breaker poles
re part of i i

ystem.
the link between the auxiliary switches of the breaker poles and the
control cabinet.
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8.3 LIGHTNING ARRESTORS

In an electrical system, high voltage surges are produced due (o lightning

in linc outage and d To divert such ltage surges on
the line o the carth,lightning arstors are connected between line and ground,
‘There are different types of lightning arrestors such as (1) horn gap type, (2)
electrolytic type. (3) pellet type, (4) thyrite type, (5) expulsion type and (6)
valve type.

83.1 Horn-gap Lightning Arrestors

A horn gap arrestor consists of two hor-shaped copper rods separated by a
small air gap. It is connected between cach line and earth. The horns are
mounted on porcelain insulators. See Fig. 8.15. Under normal voltage, there
no spark across the gap. During a lightning stroke, very high voltage surges
wravelling along the i, breakdown the gap and pass on o the carth, Horn gap
‘their limif Horn:
are prone to corrosion as they are affected by climatic conditions. Birds or
insects bridging the gap may cause accidental spark over. A horn gap arrestor
is not capable of stopping power frequency flow of current. For these reasons
horn gap arrestors are practically not used in high voltage power systems.

copneR 60D

Fig. 8.15 Hom gap arrestor

832 Electrolytic Arrestor

Athin film of aluminium hydroxide formed on the aluminium plates immersed

high resi Tow voltage, an i w0 high

voltages above a critical value. During the formation of the film, current flows
but stops flowing when the film is fully formed.

Such a stack of plates connected in series with an impulse gap to form an

arestoris shown n Fig. .16, The gap is made of two electrodes A, B and an

P. Atnormal C and

c, ar very high s comparcd to esistance R. During high frequency lightning
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Fig. 8.17 Thyrite arrestor

83.5 Expulsion Type Lightning Arrester

‘This type of an arrestor consists of  fibre tube in which a spark gapis provided.
An extemal gap is also provided in series with the internal spark gap. The
arrangement has been shown in Fig. 8.18. During over voltage, the internal and

surges. The arc in the impulse spark gap evaporates the fibrous material of the
tube, emitting gas. This gas is expelled through the hollow bottom electrode,
and thus the arc is extinguished.

type transformers.
83.6 Valve Type Lightning Arresters

A valve type arrester consists of a series of spark gaps connected together, and
a stack of porous blocks made from thyrite, metrosil etc. These resistor discs
have the property that when applied voltage/current increases, the resistance
decreases rapidly. These discs are separated by thin mica rings which provide
insulation for normal voltage. i
connected in series. Fig. 8.19 shows a valve type lightning arrestor.




182 Electrical Engineering Drawing

une conDucToR

ExTERNAL Gap

Fibae TuBe

L sac oap

[

Fig. 8.18 Expulsion type lightnine arestor

TeavaaL Fon
(s ConolTon

Fig.8.19 Valve type lightning arrestor

i Fespnirye



Miscellaneous Drawings 183

Valve type lightning arrestors are used mainly for the protection of large
substation equipments and transformers. They are expensive, cfficient and
consist of many units and are called station type lightning arresters. Lightning
arrestors which are used in small substations, of less weight and cost,are called
line type lightning arrestors.

84 AIR BREAK SWITCHES

Toi: i fi he ) door air
break switches are mounted on the pole siructure in case of pole mounted
transformer substations. This can be operated from ground, by a handle,
mounted on one pole. One set of such a switch is shown in Fig. 8.20.

S CHANNL 100 XS0 X 3—]
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Fig. 8.20 Gang operated air-break switch

8.5 HRC FUSES

High rupturing capacity (HRC) Fuse links provides complete protection to
cable, switchgear, contolgear and other cquipment by limiting the cureers,
both in magnitude and inthe time duration, thatcan

incircuit.

and encrgy, thus minimizing the electromagnetic and thermal stresses on the
clectrical apparatus.

Fig. 8.21 shows a particular type of HRC fuse link. These type of fuses
comprises a high grade ceramic body within which fuse clements are placed
and welded to the end plates. The assembly is filled with dry granular quartz

and. flow of high short circui hi idi
forming high resistance glass in the arc path to ensure cffective arc quenching
in optimum time. The fuse elements are non deteriorating type which means
that they maintain their characteristics over long service period.

Silver plated tag contacts provide good contact with fuse base and keep the
fuse temperature low. In type CD-2 HRC fuses the POP-OUT type indicator
provides positive indication in the event of fuse blowing. These type of fuses

n be plugged in and out even when hot or in service with an insulated fuse
puller.
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Graded Exercises on Reading and
Interpreting Engineering Drawings

9.1 INTRODUCTION

A

hether
site, is to read and interpret i tocarry o his fu

i icati i 5. 'I'luschaptumcludes
exercises, graded from simple to complex, covering various aspects of en-
gincering drawings.

9.2 GUIDELINES FOR READING AND INTERPRETING
DRAWINGS

() Reading the Title Block: This includes understanding the title of the

drawing, scale, projection, reference drawings. if any, etc.

(ii) Checking the Projections: Checking the method of projections, i.e., to
ensure that the first angle and the third-angle method of projections are
not be intermixed. Line alignment of the two views with the other view
is also to be checked.

Checking the relative position of points in views, i.e., to check that any
point or line has its respective projection in the other two views also.
These points are to be kept in mind throughout, while checking a given
drawings.

Checking the Line Work: This includes the followine:

Checking the thickness of the line.

Checking the border lines of the object with other line work in the
dmwmg such as dimension lines. section lines, centre lines, leader lines

Exiension lincs should appear to come from the object.
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Arrow heads of the dimension lines should touch the dimension leader
lines.
Checking the arrow-heads, i.c. 1o sce that they are proportionate. The
arrow heads throughout a drawing should be of the same type.

(iv) Checking the Dimensioning: Checking the system of dimensioning
whether they are all aligned or unidirectional.
Dimensioning throughout a drawing should be in any one system of
dimensioning.
Checking whether repetition of dimensions is there in other views. This
may be avoided.
Checking whether there are any missing dimensions. Diameters for full
circles and radii for part of a circle should be dimensioned.
Location and size dimensions should be given. Checking the labelling
ie., all notes should be indicated with the help of leader lines outside
the view.
Checking whether the views are labelled.
Checking imensioni

areas, angles etc. are done as per ISS in the three views.

Checking the Lettering: Checking the size and type of lettering for all

notes, labels, sub-heading, main heading, etc.

Al the notes and labels should be in simple, block letters.

(vi) Checking the Sectioning: Checking the correctness of sectioning in all
the three views.
Checking the hatching lines, (thizkness, slanting, uniformity in spacing.
etc)
Checking whether haiching lines cross any firm lines or terminate at any
dotied line.

(vii) Checking the Assembly and Details: Checking the dimensions of cach
detail drawing.
Checking whether the different parts fit each other as per dimensions.
Al the parts must tally :n dimensions.
If assembly drawing is given, scctional views should be given to
understand the interior parts. Major dimensions arc only necessary in
assembly drawing, and all the dimensions should be given in detail
drawings.
Checking whether parts are numbered in detail and assembly drawings.
by the same number., and whether the index table is provided.

2

9.3 GRADED EXERCISES WITH FEEDBACK
9.3.1 Pole of a d.c. machine

Fig. 9.1 shows the isometric view of a pole of a d.c. machine. Complete the
orthographic projections. Indicate the appropriate dimensions also.
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6-B4RIVET
116 LONG

Fig. 9.1 Isometric view of a pole of a d.c. machine

Answer
Complete O Projecti 4 d ioned properly as in
Fig. 9.2.

9.3.2 A cable socket

Fig. 9.3 shows scctional clevation and plan (in part) of a cable socket. Draw an
ordinary elevation showing all hidden positions in dotted lines and indicate the
dimensions also. Mention the drill angle *a’. Indicate the mistake at ‘b’

Answer
(i) Anordinary elevation showing all hi dotted lines is given
asin Fig. 94.

All the dimensions have been indicated.
(iii) Drill angle is 118"
(iv) The mistake at b is that no arrow head should be at the centre.

9.3.3 An overhead line insulator

Fig. 9.5 shows an overhead line insulator in half section. Draw the full section
of the insulator.

Answer

The full sectional view of the insulator has been drawn as in Fig. 9.6.
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2 HOLES #16-38 DEEP

Bt voes

Fig. 9.2 Orthographic projections of a pole of a d.c. machine

Fig. 9.3 Sectional clevation and plan of a cable socket
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Fig. 9.4 A cable socket i ordinary elevation

Fig. 9.5 An overhead line. lator in half secti
¢!
| T -
"
z
e
rhead li

Fig. 9.6 Anove
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934 A bus-bar post
Fig. 9.7 shows the two views of a bus-bar post.

$6-2HoLES

ELEVATION
Fig. 9.7 Two views of a bus-bar post

(i) Draw the side view.
(ii) Mention the angle of projection used.
(iii) What s the idea of hole C?
(i) What is the centre to centre distance of the hole C and E?
Answer
@) Side view is drawn as shown in Fig, 9.8
(i) Third angle method of projection is used.

() S8mm.

SIDE viEw

Fig. 9.8 Side view of a bus-bar post
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935 Female part of a kit-kat fuse

Fig. 9.9 shows the plan and front clevation in half section of the female part of
akit-kat type fuse. Draw the side view. Show the dimensions also.

R A—
Ae] pas
T

©

PLAN
B8 es 4obad )
.

Iz

ke
HALF - SECTIONAL ELEVATION
Fig. 9.9 Two views of the female part of a kit-kat type fuse
Answer

The side view has been drawn and the dimensions are indicated as shown in
Fig.9.10.

7

. % T
et | -
==

SIDE VIEW

Fig. 9.10 Side view of the female part of a kit-kat type fuse
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froieey

mepn

Fig.9.12 ic projections of

(iv) Half section.
93.10 Cartridge Type Fuse Assembly
Fig. 9.19 shows the three views of the D-type cartridge fuse assembly. Point
out the mistakes in the drawing, if any. Show the section plane in the plan.
Answer
(i) Screw B is to be shown in the top view.
(ii) The portion C is to be shown with the threads.
(iii) Section lines should be drawn at D in the elcvation.

(iv) Seat for the screw for fixing the cap with the body is shown at E.
(v) Base and cap should be of the same width as shown at F.

(vi) Section plane is shown as A-A"as in Fig. 9.20.
9311 'l'hre&phm Core Type Power Transformer
Draw neatly ion and plan in full secti

per main dimensions of a 3 phase core type power transformer.
Diameter of the core circum circle, d = 23 cm
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(@) HALF SECTIONAL ISOMETRIC VIEW

ey .
HALF SECTIONAL
SIDE VIEW HALF SECTIONAL ELEVATION
(b) ORTHOGRAPHIC PROJECTIONS

Fig. 9.13 (a) Half scctional isomeric view of a kit-Kat fusc, (b) orthographic projections
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Fig.9.14 Orthographic projections of one part uf a kit-kat fuse

Fig.9.15 Isometric view 01 a field magnet frame
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et do—stta—]

ELEVATION HALF IN SECTION SECTION (AT Ak
(AT A-A)

Fig.9.18 Three views of a kit-kat fuse assembly showing the section plane

ELEVATION IN HALF SECTION

END VIEW IN HALF SECTION

Fig.9.19 Three views of a cartridge fuse assembly
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Fig. 9.22 Single phase shell type transformer
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No. of poles = 10

Length of stator = 16 cm

Stator coil overhang on each side = 10 cm

Length of yoke =22 cm

Overall distance of the base plate from the centre line of the alternator to the

ground level = 50 cm.

Draw to the scale (a) half sectional end view of the alternator showing all
essential parts (b) half sectional longitudinal view showing the stator core. air
ducts, rotor etc.

Answer
See Fig.9.25.
93.16 A D.C.Machine in Sectional Views

The armature core of a D.C. machine is built up of laminations. Slots, to carry
armature coils, are made throughout the outer periphery of the laminations.
Poles are attached to the yoke by means of bolts. The commutator is built of
bars of copper which are insulated from one another by mica segments. The
dimensions are as follows:

Diameter of shaft = 5 cm

Outside dia of armature 36 cm

Axial length of armature

Armature winding ovcrhang on cnch side =7.5cm

No. of radial cooling ducts = 2

Diameter of commutator = 23 cm

Axial length of commutator = 11.5 cm

No. of poles =

Pole height = 16 cm

Pole width= 12 cm

Pole arc = 0.65

Pole pitch = 90"

No. of interpoles = 4

Inter pole dimensions =4 cm x 15 cm

Thickness of yoke = 3.5 cm

Depth of slot =

Draw (a) half sectional end view (b) half sectional clevation

Answer
See Fig. 9.26.

9.3.17 Power Control Panel

Fig. 9.27 shows the single line wiring diagram of a power control panel of a
factory. The supply 1o the punel is fed from a 500 KVA 11 KVA4IS V
transformer which is fed from Electricity Boards” supply system. The incoming
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supply is fed o the bus-bars through a 1000 A air circuit breaker (ACB) and
other metering instruments.

‘There is an alternative supply arrangement from a diesel generator through
another ACB and metering instruments. The RYBN bus bars are divided into
two by a bus coupler ACB of 1000 A. The outgoing feeders are as shown in
Fig.9.27.

Interlocking arrangements are provided between the two ACBs and bus
coupler ACB. Draw the outside view of the front elevation and side view of a
power control panel to be fabricated

Solution. T i ide view of the 1 Fig.9.28.

the dimensions of the panel

Length Breadth Height
L &T ACB (1000 A) 400 600 459
MCCB: 400 A 210 142 290
250 A 210 142 29
SFU: 63A. 70 81 86
3: 70 81 86
16A 70 81 86
5-D Starter 175 164 435
DOL starter 156 144 256

‘The height of panel should not be more than 2.5 m. The outgoing cable
connections are taken from the rear of the panel. As a result the width of the
pancl s taken as 900 mm. There s  base frame of 100 mm at the bottom and
busbar chamber of 300 mm at the top.

9.3.18 Panel Board for Control of Motors and Heaters

Fig. .20 shows the shemali diagram of the cotrlcrcuitand th complee

o whlch three
with 80 KW heaters. Motors and Heaters are to be conuolled by separate
‘main switch and f boilers are.

controlled with the help of separate thermostats whose contacts are shown in
the circuit as TH,, TH,, and TH,, respectively. Float switches (F,, F, and Fy)
are fitted in the boilers to prevent overflowing of water. Draw the isometric
view of a control panel for the motors and heaters.

Hint. Since the heaters are of 80 kW capacity, the rating of the switch fuse
units and the contactors should be 200 A.

Solution. See Fig.9.30 for the isometric view of te panel.
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Fig. 9.30 Isometric view of a control panel
9.3.19 Power Control Centre
Fig. 9.31 shows the single line di f the supply ina factory.

The clectricity boards’ industrial supply is taken through a 500 KVA trans-
former and an 800 A ACB to contol e industilload. Insroments tequired
for supply is taken from the
clectricity bmrds commercial !llpply lhmngh 2500 KVA transformer and an
800 A ACB, to control the commercial load requirement. Draw the front view
and side view of the power control centre.

Solution. General arrangements have been shown in front view and side view
asin Fig. 9.32.
9320 Fig. 9.33 shows the developed winding diagram of a 24 slot, 3 phasc
squirrel cage induction motor. Three phase motors have three independent
i each 120 degrees.
Study the diagram and answer the following:
(a) Mark the start and finish terminals of the three phase windings A, B &
Ciic. Ag, Ap. B, B, Cs and Cr.
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INCOMING ELECTRICITY BOARDS” INCOMING ELECTRICITY BOARDS”
INDUSTRIAL SUPPLY COMMERCIAL SUPPLY
P
ey

L 12 5008 ety sporee s e

®

P p— exse aco i . aneL soeEuenT
Fig. 931 Single line diagram of the supply amangement of  factory
(b) Ldentify the type of winding.
(c) Whatis the coil pitch?
(d) What is the number of slots per pole per phase (Spp)?
(¢) For how many poles has the winding been made?

(f) Whatis the angle (in clectrical degrees) b ive slots?
(2) Mark the direction of current in the conductors at an instant of time at
hich ion of currentin C p i i her two

phases are positive.
(h) Show the location of poles.
(i) Whatis the pole-pich?
@) Ts the coil pitch equal to pole-pitch? Whatis the type of winding in this
case?
() How will you conneet the winding terminals to make it star connected?
(1) How will you connect the windi i i d?

Answers

(2) Ag Ap Bg, By, Csand Cpare 1,5, 3,6, 4 and 2 respectively. -
(b) Lap winding

() Coil pitch is 6 slots

(d) Sppis 2slots.
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s
)

o ¢
SIDE ViEW

oGt Gen 0"

FRONT VIEW

Fig. 9.32 General arrangement of a power control centre in 1wo views

() 4poles
(f) 30 degrees
(g) Current direction is upward in the conductors in slots 1 10 6, and 13 to
18, whereas it is downward in slots 7 to 12 and 19 t0 24.
(h) Slots 1106, and 13 to 18-North poles.
Slots 70 12 and 19 to 24-South poles.
(i) Pole pitch is 6 slots.
() Coil pitch is equal to pole pitch. Such type of windings are called full
pitch winding.
(k) To make star connected winding, terminals 2, 5 and 6 are to be shorted
or terminals 1, 3 and 4 are (o be shorted.
(1) To make delta connected winding, terminals 5 and 3, 6 and 4, 2 and |
are to be shorted.
9321 Study inding di 3 phase, 24
induction motor shown in Fig. 9.34 and answer the following:
(a) Mark the start and finish terminals of the three phase windings A, B &
c
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(b) Whatis the Spp?

(¢) How many poles are there?

(d) Whatis the coil-pitch?

(&) What is the pole-pitch?

(f) 1s the coil-pitch equal to pole-pitch? What is the type of winding in this
case?

(2) Whatis the angle between consecutive slots?

(h) Mark the direction of current in the conductors at an instant of time at
which the direction of current in phase B is positive and in the other two
phases are negative.

(i) Show the location of poles.

(j) How many conductors are there in the winding? What is the number of
coils?

(k) How many coil sides are placed in one slot?

Answers

() As. Ay, By, By, CSand Cpand 1,5, 3,6, 5 and 2 respectively.

(b) Sppis 2slots.

(@) 4poles.

(d) Coil pitch is 5 slots.

(e) Pole pitch is 6 slots.

(f) Coil pitch is note equal to pole pitch. Such type of windings are called
fractional pitch winding.

(@) 30 degrees.

() Current direction is upward in the conductors from lower layer of slot 2
10 upper layer of slot 8 and from lower layer of slot 14 to upper layer of
slot 20. Current direction is downward in the conductors from lower
layer of slot 8 to upper layer of slot 14 and from lower layer of slot 20
to upper layer of slot 2.

(i) Slots 3 to 7 and 15 to 19-North poles.

Slots 9 to 13 and 21 to 1-South poles.

(G) 48 conductors. 24 coils.

(k) 2coil sides are placed in one slot. Such windi
windings.

ble layer

9322 Study the developed winding diagram of a single phase high speed
compressor motor shown in Fig. 9.35 and answer the following:

(2) What s the type of winding used?

(b) Mark the direction of currents on both the windings.

() Show the location of poles.

(d) How many poles are there?

(¢) Name the two separate windings shown in the figure.

(1) In asingle induction phase motor why do we provide two windings?

(g) Whatis the space phase difference between the two windings?
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Drawings of Electronic Circuits
and Components

In this chapter has been included drawings of some of the commonly used

CRO, power supply, TV transmitter and receiver, tape recorder, sterco-
amplifier, etc.

10.1 RECTIFIER CIRCUITS

(a) Half if Fig. 10.1 sircuit of a half-
During the positive half-cycle of the Input voltage the diode conducts
and current i flows through the load resistor Ry, During the negative
half-cycle of the i mpul
diode will b ing; and ill flow and
no voltage will be developed across the load resistance.

Fig. 10.1 Half wave rectifier
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(b) Centre Tap Rectifier: The circuit of a centre-tap rectifier is shown in

g

Fi e 10.2. It uses two diodcg D and D. During the positive half-cycles
the diode D, i

biased. Current lows through the diode D, lozd R, and upper half of

the transformer winding. During the negative half-cycles diode D,

becomes forward biased and D; reverse biased. Now D, conducts and

D, becomes non-conducting. Current flows through diode Dy, load

resistor R and the lower half of the transformer winding.

PP o
[——h—‘
Power g
mans e
SO0Hz g
o

Fig. 10.2 Centre-tap rectifier
Bridge Rectifier: A more widely used full-wave rectifier circuit is the
bridge rectifier. It requires four diodes instead of two, but avoids the
need for a centre-tapped transformer. During the positive half cycle of
the secondary voltage, diodes D, and D, do not conduct. Current
therefore flows through the secondary winding, diode D, load resistor
Ry and Diode Dy. During the negative half cycle current flows through
load resistance R duc to conduction of diodes D, and Dy, In both the
cases, current passes through the load ressor in the same direction.
Therefore, fluctuating, unidi the load.

02
Power
maing. G t
220V R
S0Hz s

Fig. 103 Bridge rectfier

10.2 REGULATED BATTERY ELIMINATOR

Fig.

104 i . The main

transformer, diodes, and filter capacitor makes the eliminator, zener diode,
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Main transformer Dicde

[nd
N+00!

230V AC
SoHz

Output
75V 0.

Diode
>

|
INGOO! Filter |
‘capacitor

202y
250ma 5 500me/25v

Fig. 10.4 Regulated battery eliminator

wransistor and esistor forms the regulation ciruit, This circuit provides high
input i i iation i i

the zener diode.
atth wansistor base. The utput voltage will emainconsant ven when there
is variation in the main voltage or load.

10.3 CATHODE RAY OSCILLOSCOPE (CRO)

(a) Block Diagram of a CRO: Of all the lubumury instruments lvnllnblc
today, perhaps
scope (CRO). Itis primarily used for the display aFwaveforms. Block dllgrum
of a Cathode-Ray Oscilloscope is shown in Fig. 10.5. This diagram shows
minimurn stages required in a CRO. The subsystems are:

(i) Vertical deflection system

(ii) i i

synchronisation circuitry
(iii) The CRT (Cathode Ray Tube)
(iv) The high voltage and low voltage power supplies.

The vertical deflection system consists of an input attenuator and a nurmber
of amplifier stages. The gain o the vertical amplifi can be conirolled by the
attenuator. Th Y-input.
deflection system provides the voltage for moving the beam horizontally. It
includes a number of amplifier stages, the gain of which can be controlled. It
has a sawtooth oscillator, or a time-base generator. Also included in this
this circuitis to start the:
horizontal sweep at a specific instant with respect to the waveform under
observation. In addition o the intemal sweep, there is a provision for the
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Y-igeut | vertical
amplifier

intensity
and

Ext
A zation ckt tonusing

Figh voliage
X-input |POWer suRly

Fig. 10.5 Block diagram of CRO

extemal hotizontal Input (or X-Input). One may cither sclect the internal sweep
tage or any other r ing in hori

direction. Wh they will display

screen of CRO.

(b) Various Controls of an Oscilloscope. Fig. 10.6 shows the front outside

view of a CRO. The various controls have been numbered. Their description

have been given as under.

1. CAL Socket provided for squarc wave output 2 Vp-p
at | KHz frequency. Used for probe compensa-
tion and checking vertical sensitivity.

2. POWER ON/OFF Push button switch for supplying power to the
imstrument.

3. INTENS Controls the brightness of the trace.

4. FOCUS Controls sharpness of the trace.

5. TR Controls alignment of the trace with screw driver
adjustment.

6. ILLUM Controls illumination.

7. IM/30pf Input signal socket for channel 1 or X-input in
case of x-y mode.

8. AC/GND/DC Selects methods of coupling input signal to the

grid of input amplifier (vertical).
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Gscilioscope

Fig. 106 Front panel diagram of a CRO

9. POSITION (vertical)

10. VOLTS/DIV

11. VERTICAL MODE
(CHI/CH2/DUAL/ADD)

AC - DC component of i it signal is blocked
(by coupling capacitor inserted between input
connector and lmphfer)

GND

applied signal).

DC - All components of the input signal arc
passed to the input amplificr.

Controls vertical position of the trace. This control

position on the screen. This switch is for channel 1.
Selects vertical deflection factor. The amount of
deflecti dis i the
signal amplitude and the setting of the variable
volts/div. control. This switch is for channel 1.
Selects vertical mode of operation. This control
is found only on oscilloscopes having more than
one mode of operation.
CHI-Channel | signal is displayed
CH2-Channel 2 signal is displayed
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DUAL-Channel | & 2 both signalsare displayed.
ADD-Channel | & 2 signals are algebraically

added and
12. GROUND Ground of the chassis.
13. VOLTS/DIV Same as described at number 10 earlier. This

switch is for channel 2.

14. POSITION Same described at number 9 carlicr. This

(VERTICAL) switch is for channel 2.

15. AC/IGND/DC Same as described at number 8 earlier. This
switch s for channel 2.

16. IM/30 pf Inputsignal socket for channcl 2or Y signal input
in case of X-Y mo

17. POSITION Controls horizontal position of the trace. This

(HORIZONTAL) control moves the trace right or left on the screen

0 any desired position.
(common for both the channels).

18. VAR Controls the time speed in between two steps of
TIME/DIV switch.
19. TIME/DIV Selects the calibrated horizontal sweep rates for

the intemal sweep generators. The variable con-
trol provides continuously variable sweep rates
between the settings of the time/div switch.

20. LEVEL “The triggering level control determines the volt-

agelevel on the triggering waveform at which the

sweep is triggered.

When the control is set at (+) the tigger circuit

responds at a more positive point on the trigger

ignal. When the control is set at () the trigger

circuit responds at a more negative point on the
trigger signal.

21. SLOPE i ircuit = on the positive

or negative going portion of the trigger signal.

When switch is in positive (+) position display

will start with the positive going portion of the

waveform; in the negative () position, the

playwill start with the negative going portion of

thewaveform.

e

22. COUPLING

signal o the trigger circuit.

~ the ac position blocks the d-c components
of the trigger signal. The signals below the fre-
quency of about 30 Hz will be atien
HF REJ - This position passes all low frequency
signals between frequency of about 30 Hz and 50




228

23. SWEEP MODE

24. SOURCE

25. IM/100 Vp max
26. SCREEN

Electrical Drawing

KHz. When triggering from complex waveform

of low frequency waveforms.
TV — This position allows video signal at frame
frequency (up to 20 kHz) to be blocked.
DC - D.C coupling provides stable triggering
with low frequency signals which would be at-
tenuated in the A.C. position or with low repeti-
tion ratc signals.
Determines the sweep operating mode of a sec-
tion of the dual trace. This control is also known
as sweep seloctor, and provides three basic
xternal
and line frequency sine wave (internal).
AUTO TRIG — Used where reference trace is
needed and trigger signal is not available
NORM TRIG - This mode is used to display the
signals with repetition rate below about 20 Hz, o
when a trace is not desired in the absence of the
wigger signal.
SINGLE TRIG — When the signal to be displayed
s not repetitive or varics in amplitude, shape, time
a repetitive display may produce an unstable
waveform. This modeis uscdto avoid this situation.
Sclects source of triggering signal. This control
(also called sync selector; selects the type of
signal used to synchronize the horizontal sweep
oscillator.
INT - In this position the sweep is triggercd
internally and the trigger signal is obtained from
the vertical system.
LINE -~ In this position a sample of power line
frequency is connected to the trigger gencrator
and to the horizontal sweep generator.
EXT - Extemal signal through an ex. rig. input
connector is used (o trigger the sweep in the cxt
position of the switch
Input socket for external triggering signal.
Known as CRT (Cathode ray tube) is coated with
phosphor from inside so that, when clecirons
strikes this coating, it will fluorence and cmit
light which in tun displays the waveform on the
screen. The screen is cqually divided into dif-
ferent portions known as divisions. The X-axis
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27. PROTECTIVE COVER

28. TILTING HANDLE

and Y-axis reference lines are further subdivided
into equal parts for different measurcments
during the use.

‘This cover protects the intemal circuit and the CRT
from any mechanical damage. It also protects the

of be
used with this cover removed.

‘This serves the purpose of lifting the Oscillo-
scope as well as a tilting stand which can be
adjusted at some suitable angle for viewing the
displayed waveforms.

(c) Front panel diagram of a CRO: Fig. 10.7 shows the front panel of
another type of a solid state oscilloscope. The brief explanation of the

various controls have been given as follow:

ONPOWER (1)

INTEN (2)

FOCUS (4)

X-MAG (5)

SQ WAVE (6)

SAWTOOTH WAVE (7)

VERTICAL SECTION
CAL-Switch (8)
XI-XO.1 Switch (9)
Y-POS (10)

DCBAL(11)

Tt is a toggel switch meant for switching on
power. In ON position, power is supplied to the
instrument and the neon lamp (3) glows.

It controls the trace intensity from zero to maxi-
mum.

It controls the sharpness of the trace. A ‘slight
readjustment of this control may be necessary
after changing the intensity of the trace.

It expands length of time-base from 1 to 5 times.
continuously, and makes maximum time-base to
40 ns/em.

This provides a square wave of a 2v (p - p)
amplitude to enable one to check the Y-calibra-
tion of the scope.

This provides a sawtooth waveform output coin-
cident to sweep-speed switch with an output of 5
V (p-p). The load resistance should not be less
than 10k.

When pressed, a d.c. signal of 15 mV or 150 mV
is applied to vertical amplifier depending upon
the position of XI-XO.1 Switch (9).

in0.1 position,
sensitiviy to S mV/em from S0 mV/em.
‘This control enables the movement of the display
along the Y-axis.
Itis a preset control on panel. Itis adjusted for no
movement of the trace when either XI-XO.1




230 Electrical Drawing

T
®O 006 Shadal

Fig. 10.7 Front Panel of Solid-state Oscilloscope

Switch (9) is pressed or the position of AC-DC-
GND coupling Switch (14) is changed.
VOLTS/CM (Alterator) (12) lm s mpounon alternator switch which adjusts
tivity of the vertical amplifier from 50
7Vl to 50 Viem in 1, 2, 3, 10 sequence.
Alternator accuracy is + 3%
Y-INPUT (13) It connects input signal to vertical amplifier
though AC-DC-GND coupling switch (14).
AC-DC-GND Coupling It sclects coupling to the vestical. In DC mode, it
SWITCH (14) directly couples the signal to the Input; in AC
‘mode, i ignal

0.1 pf, 400-V capacitor. In GND position, the
Input to the attenuator (12) is grounded whereas
Y-input is isolated.
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SYNC Selector (15, 16,17) The INT/EXT Switch (15) selects internal or

TRIGG LEVEL (18)

TIME BASE (19)

STAB (20)

X-POS (21)

'VERNIER (22)

EXT CAP (23)

HOR INPUT (24)

EXTSYNC (25)

exteral trigger signal. The + ve or — ve switch
(16) selects whether the waveform is to be trig-
gered on + ve or ~ ve step. NORM/TV Switch
(17) permits normal or TV (linc frequency) frame.
i N

the time base line is displayed in the absence of

input signal, when the Input signal is present, the

display is automatically triggered. The span of
point

ly selected.
‘This selector switch 3 sclects sweep speed from
50 ms/m t0 0.2 ps/em in 11 stes. The position
marked EXTis used when an external signal is to
be applied 1o the Horizontal Input (24).
Itis a preset control on the pancl. It should be
adjusted so that one just gets the base linc in
AUTO position of Trigger Level control (18). In
any other position of the trigger level control, one
would not get the base line.
‘This control enables the movement of display
along the X-axis.
‘This control is fine adjustment associated with
the Time-base sweep selector switch (19). It x-
tendsthe range of swepby afacorof 3. Tshould
ition for

calibrated sweep speeds.

This pair of connectors enables the time base
range to be extended beyond 50 ms/cm. by con-
necting a capacitor at these connectors.

It connects the external signal to Horizontal
amplifier.

It connects external signal to trigger circuit for
synchronization.

10.4 BLOCK DIAGRAM OF A RECEIVER USING SILICON
TRANSISTOR

Most of the receivers use silicon transistors. Block diagram of a receiver is
shown in Fig. 10.8. The different blocks as follows :

Anunnn The electromagnetic waves transmitted from transmitters aréinter-

be in the form of a ferrils

Th
of MW Medium Wave) or may have shapes of indoor or outdoor type.
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Mixer and Oscillator: To select the desired station the first requirement is of
a tuner circuit, Antenna coil with gang capacitor forms this tuner circuit, By
varying the. cupnclly ofthe gang cap the tuner
ired is leleclmt

important plni uf xh: ‘mixer and oscillator block. First part s the oscillator,
whichis also known as the local oscillator (L .0.) and second part is the mixer.

Th T
circuit are simultancously fed into the mixer stage. Hereafter hmdymg
process (mixing and superimposing the signals) the outgoing signal is con-
nected 10 the intermediate frequency stage. In case a single transistor is
performing both the functions that of L.O. and mixer, it is called the converter
stage. In a converter stage usually 194 B transistor is used.

Intermediate Frequency Amplifier (IFA): The IF frequency produced by the
‘mixer stage, afier the hetrodying process is amplified by IF amplifier stage.
Normally two IF amplifier (IFA) stages are used. These are called the Ist and
the 2nd IFA respectively. Transistor BF 195 C is used as Ist IFA and transistor
BF 195 D is used as 2nd IFA.

Detector and Automatic Gain Control (AGC): Every signal has two side
bands. They are (i) upperud: blnd (USB) and i lowier side band (LSB), The
detector supp lo the upper

After this detecti ion) process, left. First, the
RF which act as carrier and by-pass filter, the second, the audio which are.
coupled to the audio amplifier stage through a capacitor for further amplifica-
tion, and the third the d.c. volage. Al these three combined are cmployed s
AGC i Dwde OA 79arlN'“' used for this
stage. The AGC volt F194B stage.
Audio Frequency Amplifier (AFA): The signal recuved at the output of the
detector and AGC is further amplified through the AFA, Normally two stages
are used in this section. First is called the pre-amplifier using BC 148 A
transistor. Second is the driver stage which may use any driver transistor such
as SL 100, BC 148 B etc.

Audi

tput Stage: Thit amplifier stage
ively. Class B Push

tion is most commonly used for this purpose. Matched pair of AC 128 is used
for forming the class B push-pull amplifier. The AC 128 transistors are 1' ixed
on heat sinks for propr heat dissipation.

10.5 BLOCK DIAGRAM OF MONOCHROME T.V. mNSMﬂTER

Fig. ™V
mittr. A brief description of sound ransmission and pmlnm transmiission is
given as follows,

Sound' The mi f i ith the
pi i ised i i ical signal, which is normally a
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increased TV ibers who pay a fec for this service. Signal

are transmitted from transmitting,earth stations, and these signals are received

by the satellte recciving antenna and amplified by amplifier which is inbuilt
into the satellite and then finally transmitted by transmitting antenna. These
ignals by dish d the i

being fed Into different receivers. Amplification is necessary because during
propagation signals become weak. The output of 7 receivers as shown in
Fig. 10,11 are fed i
10 increase the signal level and inally the signal goes nto co-&xial cable for
use by the subscribers.

10.8 SIMPLIFIED SATELLITE COMMUNICATION LINK

Block diagram of a s-ulhu wmmumcmo
consists of

> c
down-link fmqumcy e Ol e i assumed (o have only one
P

receiver. The downlink consists of mmponder transmitter, satellite transmit-

Transmitting
£ antenna

/\ \J‘G 4

Dish
antenna

[Transmitting Receiving
earth earth
station station

Fig. 10.12 Simplified Block Diagram of a 6/4 GHz Satellte Communication Link
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Distribution

Termination resistance - — -1
75N

Fig. 10.13 Block diagram of MATV system



Transmitting carth sation transmits the signal through propagation path, The
satellite transponder receives the incident signal, converts it from 6 GHz to 4
‘GHz band and transmits it back to the carth.

10.9 MASTER ANTENNA TELEVISION (MATYV)

‘The block diagram of a basic MATYV is shown in Fig. 10.13. The purpose of a

MATV system is to dn 'm a strong signal (over 1 mV) from onc or morc
y televi system. Typical applica:

tions of a MATV symm are in hotels, motels, schools, apartment buildings,

etc.Oneor

on available elecasts and their dlmclmn MATV syuems are dcngn:d o lmvc

a75ohmi

75 ohm intoa. 4 -way
hybrid. A hybrid is basically a signal combining linear mixer which provides
suitable impedance matches to prevent development of standing waves. The
output from the hybrid fecds into a distribution amelifir via a pre-amplificr.
‘The function of Tevel which
i sufficient to overcome the losses of the distribution system while providing
connections to every receiver in the system. The output from distribution
amplifier is fed to a splitter through co-axial trunk lines. A splitter is a resistive
inductive device which provides trunk line isolation and impedance match.
Co-axial distribution lines carry television signals from the output of splitters
to points of delivery, called subscriber tap-offs.
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