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Basics of machines

DC

D Generator
2) Motor

AC

Da,
transformer ( I-0)
3-9 induction motor

Electromagnetictnductim

Faraday's First Law
conductor moving in B→ ⇒ emf generated

Faraday's Second Law

magnitude of emf induced a rate of change
of flux

Lenz's Law
direction always opposes change in flux



Directionofemfinduced

Fleming's Right Hand Rule - Generator
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1) Statically induced emf
• transformers
• induced with stationary conductors
• allowing an AC
↳ self - induced emf
↳ mutually induced emf

2) Dynamically induced emf
• moving conductors



Degenerate

einnrgtgy-beaenerator-senutf.ggmechanical electrical

working Principle
1

. Faraday's EM induction

• AWG - American wire Gauge
• SW G - standard wire gauge

8Wh -o : thickest
SWG- 50 '

- thinnest

• EMF induced is given by rate of change of flux

2. Dynamically induced EMF

• rotating pump (conductor)



Simpleton
magnetic flux
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• If slip - rings are used , AC is generated
. If split-rings used , pulsating unidirectional current
is generated Chot perfect DC)

• Also called commutator (mechanical rectifier) ; cannot
use diodes to rectify

• Brushes collect current /voltage at output
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Constructional (Motor or Generator)

DC excitation + - lifting eye
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Input : primary mover/ shaft moved
output: brushes

Armature system
all moving parts

field system
an stationary parts



Lifting eye
• on top of machine
• hooking for cranes to lift

Base
• concrete and cement
• machine is bolted g fixed to it
• avoid vibrations

Yoke
field System

• outer frame of generator / motor
• 2 functions
D mechanical support for pole body
2) Proper path for magnetic field in machine

Pole core
• stationary
• electromagnets are cheaper, lighter and more flexible
• to hold field windings
• separately excited DC generated
• two adjacent poles with opposing polarities
. four - pole machine shown
a copper field windings

Pole shoe
• cylindrical for uniform B→

,
at the base of pole body

Air gap
• for armature to easily rotate
e between the stationary and moving parts

Field windings
• wound on pole cores in opposing directions



DC Excitation
• external supply for field windings (here , separately excited)

Armature system
Armature core

• laminated and slotted Cthin sheets)
• avoid eddy current and hysteresis loss
• slots for armature windings

Armature windings
• emf is induced here
. armature fixedto shaft and rotates
• conductors in slots rotate
• cut I' and emf induced
• made of Cu

ventilation ducts
• to dissipate heat

commutator
• mechanical rectifier for AC-7 DC
• many split rings
• rotates with armature
o brush forced onto commutator
• armature windings terminate here

Shaft
• armature q commutator attached
• rotates

Brushes
• collect current
• use springs



TYPESor-ARMATUREWINDINII.LAP WINDING
2- WAVE WINDING

a Difference in how they terminate at commutator
• can be simplex , duplex or multiplex
- LAP WINDING

two ends of coil connected to adjacent segments of commutator

coilInductor/ '
'
n

,.mil 2
co
-l l '

izz Cho of conductors --4)

finishing / l ! !
endof startingend
one coil / / f

-

of next coil

commutator -1T

no. of parallel paths CA) = no . of poles CP)

• high current rating low voltage rating
• no of conductors CL)

Eg : Machine rating for 2--16, Vccond) --Lou, 3C condos
-
- 10 A

P --4
n n
-1 k k k
I
-1 k k k
#÷¥¥¥→



- WAVE WINDING

two end connections not adjacent

-

FF .

.coil I coil2 n
.

#

¥11

no matter the number of poles,
no . of parallel paths CA) =L

• low current
, high voltage

Eg : Machine rating for 2--16, Vccond) --Lou, 2C condos
-
- 10 A

P --4

n n n n
-

B A R B D k k k
u v u

ok



EMfEquatimforator
Nomenclature

2-- no . of armature conductors

of = useful flux per pole
N -- speed of armature in rpm
P = no . of poles
A-- no . of parallel paths
Eg -- EMF induced in any parallel path

Flux cut by a single conductor in one revolution

= Pg
Time taken by conductor to complete one revolution

= 61 see
N

EMF induced in 1 conductor

E- = adftotot = Poli thnx linkage
(g)→ time

.

E = PIN
60 conductors

per parallelEMF induced per parallel path pathg)
no -

of

Eg = Paton x tf = POLI
60A



For lap , P-- A

Eg -- P0N2_ = ONI
60 A 60

for wave
,
A --2

Eg = P0N2_
60×2

TYPESoFDCGENERAT0R#

1. SEPARATELY EXCITED

2- SELF EXCITED
↳ series wound
↳ shunt wound
↳ compound wound



i. separatelyuxcitedlsccaenerator
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• single letter : eve , double letter: -ve
. G : generator
• Field altered by external DC supply
a single entity , not separate
• Eg : emf generated
a V : terminal voltage
• Ia : armature winding current
• Lc : load current
" Tp : field current

Relationships

7-a -- LL
y drop in

armature

Eg -- V -Taka Cin parallel paths)

Power developed = Eg Ia

Power delivered = Vh



2. setfexcitedbcenerator

a. series wound DC Generator

Tr

"

rse {w I
f) loadt

m v

Eg ④ Ra

-at
Field windings :

low no . of turns
thick conductor Clow resistance)
carries load current
delivers head voltage

relationships

Eg = Vt La ( Rset Ra)

Power developed = EgIa

Power delivered = Vh



b. Shunt wound DC Generator

ynIa
"h § es ! rat II load

Relationships
7-a = Ish t Le

Ish = I
Rsh

Eg -- Vt IaRa

Power developed = EgIa

Power delivered = Vk



c- Compound wound DC Generator

is short shunt

<
Ish
"e Rse

y>

nIak¥¥.
-

dig long shunt
Tsh K
L
one

?

rn load

Eg G Ra



9: A six-pole wave-wound armature has 300 conductors
and runs at a speed of 1000 rpm .

The emf generated
on open circuit is 400V. Find the useful flux per pole.

poles speed
t d y

conductors

Eg -- P0N26°
AS parallel paths

150

400=(64/011000)-(30/0)
(6/0)

of = 400
1007150

= If Weber

01 = 26.67 mWeber

O: A four-pole 1500 rpm dc generator has a lap -wound
armature having 32 slots and 8 conductors per slot . Iftheflux per pole is 0.04Weber

,
calculate emf induced in

the armature
.

What would be the Unf induced if the winding was wave
connected?

Lap : Eg
-

-NON2
-

no . of60A L conductors

= (0-047115003132718)-0 = 256 V
Coo)



wave :

Eg --!%oo
(25*4) = 512 V
2)

9 : A 4-pole wave connected generator has a useful flux of
0.02 Webers per pole . If the emf induced is 2ft Vat
1200 rpm ,

find 2 in armature
.
If each shot contains

10 conductors
,
find no . of shots .

Eg -- P0N260A
288 = (4)(O-O2)(1200) Z
-

(69 (2)

2=360 conductors

no . of shots = 36

O: the armature of a E- pole lap wound shunt generator
has 120 slots with 4 conductors per slot . The flux per
pole is 0.05 Weber. The armature resistance is o .Orr

.

The shunt field newstanee is 50N. Find the speed of
the machine when supply 450A ,

V -- 250V

2=120×4 If 450 A
0--0.05 Weber v = 250 V
Ra- O. 05h
Rgh -- 501



Ish = 250
goes

= 5A

Za -- Isht Tr = 455A

Eg = Vt Lara
= 272-75

2

Eg
-

- RON2 = (-05134/2014)
GOAT #

N'= (272-7-5)
8×0.05

= 681 . 875

Oi. A 6-pole armature is wound with 498 conductors . The

speed and flux are such that the average emf
generated in each conductor is av. the current in
each conductor is 120 A

. find total current and

generated cent of armature if the armature coils are
in wave wound
In Lap wound

Also find the total power generated in each case.



{I&gg Econd -- ZU Ia = ? Eg = ? power= ?
Fond = 120A

i) wave

A- =L

Eg = tax Econd
Eg -- (49,8-11/2)=498 V

Ia = Trond X A = 240 A

power generated -- Eg - Ia
= 119-52kW

④slap
A- =P -- 6

Eg -- Zzx Ewnd = 4961×2

Eg = 166V

Ia = Icondx A = 120×6

La - 720 A

power delivered -- 119.52kW



Demeter

• Electrical → mechanical

• Principle: a current - carrying conductor experiences
a force when placed in a uniform I

'

CHEMing's Left Hand Rule)

Fleming's Left Hand Rule Calero F' = HE'xB→ )

①FEED
three

simple case of 2 conductors CI coil)

a

→

Dead centreanti:b
④

④
Ffa

'



I

• when two conductors are perpendicular to magnetic field
lines
,
there is no net torque Cmotor stops)

• Dead centre : forces equal and in same line

• therefore
,
we use multiple conductors

• when the conductors are displaced slightly from
dead centre

,
the torque is restoring

• The dead centre is a stable equilibrium
• we obtain pulsating torque
e therefore

, we use a
commutator to change the

direction of the current at the dead centre region

Backeinf

Shunt motor - in syllabus
Ish Te
c-t

tu l
M

Rsh O
mass:* y am; femme
produced > I-

f- Lat Ish



• Armature starts rotating under the influence of magnetic
field (windings)

a emf produced by armature that opposes supply voltage
is called back emf

.

Eb = RONI
60 A

✓= LaRat Eb

VIA = EbIa t 1a
'

Ra

✓La : power given to armature

EbLa : electric form of mech . energy

Laka : electrical loss in armature windings

• Due to back emf
,
DC motor is a self-regulating

machine

• Automatically adjusts speed based on load



Torquetquationoftxmotorita
= rxf mm

F

armature

work done by armature in one rotation

W = FX 2178 Joule

Power developed in armature -
- work done in I see

N -- rev per min
I. = rev per see

60

61 = time per revN

Ta

i . P = fx2 = f④N
60 60
T

P= 2xNTa
-

60



Power developed = elec. eq. of mech energy
InNla
got

= Eb Ia

2ngN_ = P¥oN# In

ta=÷P0¥z torque* on
→ constants

Ta = 0.159 Nm

A-

Ta d lo Ia

f = flux produced by machine
L

current in field windings
18h

Ish --I = constant
Rsk

i. Ta d Ia



-

TYPESOFDCMOTORS.fi
) DC shunt → syllabus
2) Dc series
DDC compound

Destructor
Tr Tsh

t#-)

/ f ta small drop
74 in brush

✓
ra④A, { Rsh

I t -
---

✓= Ebt LaRat v
← = 0

brush

Ia -- IL - Ish

Ish --I
Rsh



Dc series motor

t

series { Rse tf
field V

✓ Ia

Ra MEB )w

1-
-

Loses in DC machine
+ stray nut.

✓ / X"" finer
copper loss
(resistance ) Iron Loss Mechanical Loss

1) Armature cu loss cure)
2) Series field cnloss] 1) Eddy current loss 1) Friction loss
3) Shunt field Cielo) 2) Hysteresis loss 2) Windage loss
. - -

constant constant constant
canst - air. Variable losses

through
shunt
field)



Q: 4-pole wave wound motor is connected to 500 V DC

supply and takes Ia = 80A . Ra -- O -4h , 2=522,
useful 01=0.025 Wb. Calculate backemf

, speed CN ), Ta -

V-- 500 V A = 2
Ta-- 80A 2=522
Ra = O -4S

V-- Eb t Lara

Eb = 468 V

Eb = PION 2 ⇒ N-- box EBXA
- -

60A P 0/2

N-- 1075.86

Ta -
-I19022217A

Ta -- 332-31 Nm

Q: Armature
,
Ra -- o.in

,
250 V supply . Calculate emf generated

when it is
d) generator giving to A
④ > motor giving 60 A



is generator

Eg = Vt IaRa
= 250-180×0.1
= 258 ✓

in motor

Eb = V - Lara
= 250 -60×0-1
= 244 V

Q: A U-pole DC shunt motor takes 22-5 A from 250 V supply .
Armature resistance = 0.52

.
Field resistance = 125N .

Wave wound . 2--300 . 01 = 0.02Wb- Calculate N
, Ta , P.

Ish = LA Le -- 22.5

IL = Ish t Ia

Ia -- 20.5 A

Eb = V -IaRa = 250 - 10-25 = 239.25

Eb -- Poli
60 A

NZ 60xEbxA_ = 1198.75 min
- l

P 02

Tae I 190/232 =
39.15 Nm

217 A

P- Epa -- 4.915kW



Q: 25kW , 250N Dc shunt machine has armature and field
resistance of 0.06 rand loor respectively . Determine total
armature power developed when working as

i} generator delivering 25kW output .

motor taking 25kW input

is Te = 25×11 = 100 A
250

Rae O - 061 Rgh= 1001 ⇒ Ish = 2.5 A

Ia = Ict Ish

Ia = 102.5 A

Eg -

- Uttara -- 250+6.15=256-15 V

Ptof = Eg Ia = 26.255kW

ii) IL = 250-00 = 100 A
250

Ice- Tat Ish

Ish = 251 = 2-5 A
100

Ia = 97- 5A

Eb = V - Lara = 244.lt V

Pfot = 23- 804 kW



* &
Q: 10kW

,
250 V DC shunt motor with armature resistance

of o.fr and field resistance 275N takes 3.91 A when

running on light at rated voltage and rated speed .

(a) Find constant loss
(b) Calculate machine efficiency as a generator when
delivering output of 10kW at rated voltage and
speed and used as a motor drawing input of 10kW

.

Running on light = no load
ideally , no power

power to meet its losses
total loss

✓ of machine

ca) D= VIL = 250×3.91 = 977.5W wart coast)

Total loss -- constant loss t variable loss

we = We t Wv ← only be , no field

Wv -- IoiRa

Ia = IL- Ish = I -I = 3 A
RSL

Wv = 7.20 W

we = 927-5-7.20 = 970 -3W



47 As a generator
Output Power Pout -- 10kW

Ppn = Pout t losses

Pout = 10kW

Pin = 10kW t Wut We

2L -- Prost = 100002 = 40 A
250

Za = Ict Ish = 40 f- O -91

Ta-- 40.91 A

Wr -- 1338.8 W

Wc is constant with diff . loads

Pin -

- 10000 t 1338 - ft 970*3
= 12309.14 W

N
-
- fl - 24 Yo

y as motor
Te - 40 A

Za = 39.09

Wv = 1222-48

M --¥22 = 78-07 %
10000



AC MACHINES
↳ Transformer
↳ Induction motor

TRANSFORMER
• Static device - no moving parts
• Eddy current losses, hyste
• varies voltage
• High efficiency

Parts
• core
• primary windings - input
• secondary windings - load

Principle :
• mutual induction

Types of Transformers

i . step up
2- step down

core
. cores are laminated to avoid Eddy current losses

lamination of core

D single lamination

Imma:c:



2) Multiple laminations

cis shell- type cis core -type

FEI BO ¥8 Er
E-E U -L

alternate orientation of layers
→ →⑤ . . .

Working principle

Muta induction between two magnetically coupled
windings .

I, y
laminated core

← -O

u
.E! tyron'
• I t.
primary secondary
winding winding

Two winding Transformer



E, = -N, dot Ez = - Nz dot
dt dt

EI = NeNI
if Na> N, : step up transformer

if N, > Nui. Step down transformer

For ideal transformer

input CVA) -- output CVA)

E, y = Ertz

tea
-

- ¥5 Mae

TYPESOFTRANSFORMERSHOWwindings are wound around core

D core type
2) Shell type



coretype
• 2 limbs
• single -piece or U-I or L-L
° Fux leakage is more
• inter- leaving chaff 4 half windings) to reduce flux
leakage

• core used for high rating transformers

shelltype
° 3 limbs
• au windings on central limb
• low flux leakage
• low rating Centro VAC Op)

• E -E and E-I

prim

see



Emftquation
0

is, f r
laminated core

← -5

u
.

1
; tyron.

• I t.
primary secondary
winding winding

Y --Vmsinwt

10=9m sin wt
e, =

-N,d¥ Csetf induced)

e,
= -N

,
w Omneswt

e,
-

- -2nF N
, Dfm his (wt -900)

em -- WM, Om apeak value)

E,
= egg = wNrL0m_ arms value) =2nfrMdm_

Z

E
,
= 4.44 f- Niom

Ez-- 4-44 f- Nylon



Differencebetweenbemotorand-ndu.tnfor
Nicholas Tesla invented

DC Motor AC motor

• Armature made to rotate . Rotor rotates due to

using supply through brushes EMI

and commutator

. Conduction motor . Induction motor

Advantages of 301 Induction Motor
• self - starting
• high efficiency
• simple construction Cno brushes/commutators)
• maintenance cheaper
e industry use
a simple

construction
a two main parts
↳ rotor

-DE

↳ stator

m.YIII.rendai.gs - www.ecrmmtagiz.ta.ms



stator

• Laminated core •
Dc: outer

• slots at inner periphery
• Insulated stator conductors placed inside the slots

• star or delta - 301
Rotor

1) Squirrel cage Rotor
• no wires ; All Cu bars in rotor slots
• short - circuited by end rings cohort circuiting rings
• low torque
• low cost

2) Phase wound Rotor Islip Ring Rotor
• one end left open g connected to brush Ee slip
• high Harting torque
• can include resistance

Dsquirreage
e slots in outer periphery
• laminated core

end
rings cooks like

'EEE 's:"s
q

woot
culm : cannot add

resistances



• not exactly parallel to prevent magnetic
locking and humming Cskewed)

• no of slots on stator # no . of slots on rotor

locking; L
motor will not start

2) Phase wound Rotor / Slip Ring
• expensive, high maintenance
• 34 winding , usually star
• slip ring at other end

,
shaftt.to#tE.m.I

, q en-%aaeIE.atstar - connected rotor
rotor winding frame



Conceptoftmf
e self - starting induction motors
• 3-of flux created of constant magnitude
• Aux rotating at speed called synchronous speed CND
• rotating magnetic field

Ng = 12of ←
must

y
remember

f-- frequency
P = no .

of poles

"P
speed of rotor a synchronous speed

CN) Is)
-
never catches
up(otherwise slows

flip= Ng - N
down)

Yo Sz NSI x 100%
Ns



O: A 50 kVA transformer has 300 turns on primary
winding and 20 turns on secondary winding connected
to 2200 V , 50 H2 supply. Calculate

cis secondary voltage on no load
di) appox . Value of I, and In on full load
) Max value of flux

N, = 300 g
also as 300120 turns

Nz = 20
E,
= 2200 ✓

cis Egg =Nj ⇒ En -- Eino
-
- 4h03 V

Ez> 146.67 V

dis power -- 50kVA

input power -- output power
EiI, = ELIZ = 50 hurt

4=2,50-1--22-72 A
Iz = 340.90

Ciii) Ei = 2nfNi0/m_ or 4-44 f-N, dm
re

2200 = 4-49×50×300 frm

pm = 0.033 Wb



Q: A 250 kVA 110004415 V , 50 Hz single phase
transformer with so turns on secondary winding ,calculate
is primary , secondary currents
iis no . of primary turns
Ciii) Max . value of flux
in voltage induced per turn

E , = 11000 V P - 250 kVA

Ez -- 415 V 9 power ratingNz = 80
capparent power)

i) E,I, = 250 kVA

-4 = 22-73 A

Egfr -- 250 UVA
1<=602-41 A dummy

L coil

di) N, = E¥×N, = 2120.5
= 2121

Ciii) E 4-44 f-NIM

0m= 23-37 mwb

Civ) voltage induced per turn :

E,

g-
'Eq = 5.19 V



A: the primary winding of a transformer is connected to
240 V

,
50 the supply . The secondary winding has 1500

turns
.

If the Max . Value of the core flux is 2-07 mwb
determine

is secondary induced emf
iis no . of turns on primary
Ciii) core area of cross -section if the flux density

has its Max . Value of 0.465 Tesla

E, =240V f -- 50112

Nz = 1500

pm = 2-07 m Wb

i) Ez = 4-44 f- Nz Om
Ez= 689 - 76 V

Cli) N, = Nz XLI = 522-61 = 523

Ez

din Om = O -465 ⇒ A = 4-45×10-3 m2
AT = 44.5 X 10

- 4 Mt
← 44. 5 Chi

O: A single phase 20 kVA transformer has 1000 primary
turns and 2500 secondary turns - The net cross sectional
area of the core is 100cm'

. when primary windingis connected to 500V , 50 Hz supply , calculate the
Max value of flux density in the core

, voltage induced
in the secondary winding , primary and secondary currents.



N
,
= 1000 E,

= 500V f -- 50112
Nz -- 2500 P -- 20 kVA
A- = 100 cm2

cis flux density Cmhx)
Cin Ez
It

④7 In

E
,
- Bent N

, Olm
Ofm --50€ =L

r2nl5o) (100/0) 2 Racoon

¢m= 2.25×10-3 Wb

d) fame = 0.225 T

Ci) NNL
,
=E¥
,

⇒ Ez = 1250 V

Lili ) Eit , = 20×103 = EzIz

I, = -20×103 = 40 A
500

Civ) EzIn= 20×18

Iz = 16 A



O: A six - pole induction motor is connected to a 50112

supply . It is running at a speed of 970 rpm .
Find

synchronous speed and slip .

P = 6 f- = 50112 N-- 970 rpm

20

Ng -- 1201 = 129×502 -
- 1000 rpm

p

61%8
= 1000-920 = 3%
1-000


