Trends in Electrical & Mechanical Engineering o
Unit 1 (D.C. Circuits & D.C Machines) MEM101/201

What do we study in D.C. circuits & D.C Machines?

This unit consists of basic network or circuit parameters : Elementary eectrical circuits and
measurement of voltage and current, Numerical problems. Fundamental laws and their application in
circuit parameter calculation. To introduce the students to fundamental concepts and principles of D.C
machines including motors and generators. This unit fundamentally deals with the principles and
behavior of eectromechanical systems that convert electrical energy into mechanical energy and vice
versa

Why do we need to study D.C. circuits & D.C M achines?

The need for D. C. circuit arises to develop an understanding of the fundamental laws and elements of
electrical circuits. Also to learn the energy properties of e ectric elements and the techniques to measure
voltage and current and explain the relationship between voltage, current and res stance (Ohm's law).
D. C. machinesallows faster and more efficient means to do almost everything done in locomotive
industry, commercial work.

Wheredo we use D.C. Circuits & D.C Machines?

D.C. circuits are used to analyze substances DC power is more efficient than AC power. Apply
Kirchhoff's laws in solving DC Circuits. List several different circuit components. D.C Machines are
used in mogt of thereal-world application, like transportation, and e ectric traction system.

1.1 Networ k and Cir cuit

e Network: Any Combination of eectrical é ements such as Voltage sources, current sources,
res stances, Inductance & capacitanceiscalled a” Networ k" . It may be opened or closed.
e Circuit: Any Closed path formed by the voltage / current sources, resistance, inductance and

capacitance that resultsin a flow of current isknown asa"Circuit”.

NOTE:- Every circuit isaNetwork but every Network may or may not be a circuit.
Ry Ry

MWW

OPEN uiinn CLOSED Ry

4 B

Fig. 1.1.1 Basc opm_éhd closed network
1.1.1 Active and passive elements:

Elements that are capable of delivering electrical energy are called “Active Elements”. Examples:
Voltage source, Current source, Battery. Examples are shownin fig.1.1.2
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Fig. 1.1.2 Different types of active e ements with their symbol

The e ements which are Capabl e of storing or diss pating the electrical energy are called " Passive
elements”.

Actual Passive elements and their symbol look like as shown in figure 3. Resstor can be measured in
ohm(€),inductor in Henry (H) and capacitor in Farad(F).

—J— e

Capacitor Inductor Resistor

Fig. 1.1.3 Different types of passve e ements with their symbols

Short questions

Q1 Disgtinguish between active and pass ve e ements.
(AKTU 2015-2016)
Q2 Writetwo characterigtics of active e ements.
(AKTU 2016-2017)
Q3 Define:
(i) Active and passve d ements
(i) Bilateral and unilateral e ements
(AKTU 2017-2018, 2017-2016, 2018-2019)
Q4 Define Active and passive € ements
(AKTU 2018-2019, 2020-2021)
Q5 Describe the active and passive elements with examples.
(AKTU 2022-2023)
Q6 Differentiate between ideal voltage source and practical voltage source.

(AKTU 2023-2024)
1.1.2 Unilateral and Bilateral Elements
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If the characteristic behavior of elements remains unchanged on Changing the direction of current is
known as a “Bilateral element”.

Examples- Resistance, Inductance, Capacitance

C
R
—1{}— - g
Capacitor Inductor Resistor

Fig. 1.1.7 Different types of bilateral e ements with their symbols

If the characteristics, behaviour of element changes on changing the direction of Current is known as
Unilateral Element”

Examples:- Diode, Transstors etc
1.1.3 Linear and Non-Linear Elements

Linear elements are those dements whose V-l or |-V characterigtics should be linear or we can say
they will follow the ohm’s law.

R is Constant

(1) Juaun)

Voltage(V)
Fig. 1.1.5 V-l curve for Res stance
OR

Linear elements are those elements which provides the same V-I or 1-V characteritics after changing
the polarity of the supply voltage.

- R is Constant
o
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Fig. 1.1.6 V-l curve for Resstance with different polarity
Examples: Resigtor (R), Inductor (L), Capacitor (C)
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Fig 1.1.7 Symbol of different linear e ements
Note: linear circuit obey the homogeneity and additive (superposition) properties
Non-Linear elements are those elements whose V-I or |-V characterigtics should be non-linear or we
can say they will not follow the ohm’s law.
Current

— e ———— - —

Voltage
Fig. 1.1.8 V-l curvefor Diode

OR
Non-Linear elements are those elements which provides the different V-l or |-V characteritics after

changing the polarity of the supply voltage

Current

+

— -+
- Voltage Voltage

Current

Fig. 1.1.9 V-l curvefor diode with different polarity

Note: non-linear circuit does not obey the homogeneity and additive properties

Short questions

Q7 What do you understand by unilateral and bilateral e ements? Give examples.
(AKTU 2019-2020)

Q8 Why islinearity important in circuits?

(AKTU 2021-2022)
Soultion: Linearity isan important and desrable feature of an analytical method in a circuit because the
point of the calibration functionis linear, then it is easier to estimate the equation, and evaluation errors

arelikdy to be small.
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Q9 Describe briefly the following € ements with examples:
() Unilateral & bilateral
(ii) Active & passive
(AKTU 2022-2023, 2023-2024)

1.2 TYPESOF SOURCES
There aretwo types of sources existing in Electrical Engineering:

e Independent Sources

e Dependent Sources

1.2.1 Independent Sour ces
Therearetwo types of independent sources:
() Voltage source
(b) Current source

1.2.1.1 Ideal and Practical Voltage Sources
e |deal Voltage sources: It gives congant voltage across its terminal s irrespective of current

drawn through itsterminals.
L 4 Vi=Vs

> ’,,,\ - /
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Fig. 1.2.1 Circuit and V-I characteristics for ideal voltage source
Relation between terminal voltage and source voltage is given below

VL =Vs
Note:
> Provides constant voltage independent of current drawn from it
» Haszerointernal resistance (Rs=0

e Practical Voltage sources. It does not give congtant voltage across its terminals
irrespective of current drawn through its terminals. Practical voltage source has the following
configuration shownin figure:
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Fig. 1.2.2 Circuit and V-I characteristics for practical voltage source

In this caserelation between terminal voltage and source voltage shown bel ow

Vi=Vs—ILRs
Note:

> Providesvariable voltage dependent of current drawn from it
> finiteinternal resistance (Should bevery low)

1.2.1.2 Ideal and Practical current Sources

e |deal current sour ce:-It isthe source which gives constant current at its terminals
irrespective of the voltage appearing across its terminals.

Iy
h

> F/ I =lg
g
1
® LOAD Vi
- vL

Fig. 1.2.3 Circuit and V-1 characteristics for ideal current source

Note:

> Provides constant current independent of current drawn from it
> Infiniteinternal resistance (Rs=Infinity)

e Practical current source: -t is the source which does not give congtant current at its
terminalsirrespective of the voltage appearing acrossitsterminals.
Practical current source has the following configuration shown in figure:

I

> I

“\\\\‘ A
I=lg (VL /Rg)
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Fig. 1.2.4 Circuit and V-1 characteristics for practical current source
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In this case relation between [oad current and source current shown given below
I =1Is —(VL/Rs)
1.2.2 Dependent Sour ces
Thereare four types of dependent sources shownin fig 14
(a) Current dependent current source(CDCYS)
(b) Voltage dependent current source(VDCYS)
(c) Voltage dependent voltage source(VDVS)
(d) Current dependent voltage source(CDVS)

) -
) -
a b c d

Fig. 1.2.5 Different symbol of dependent source

Note: Application of dependent sourcesare not in first year Syllabus
Short guestions

Question 10 Explain (i) Ideal voltage source (ii) Practical voltage source
(AKTU 2017-2018)
Q11 Explain
(i) 1deal current source
(if) 1deal voltage source
(AKTU 2018-2019)
Q12 Define ideal voltage and current sources
(AKTU 2018-2019, 020-2021)
Q13 Draw the V-l characterigtics for ideal voltage source and ideal current source.
(AKTU 2021-2022)
Q14 Describe the following elements briefly:
(i) Independent ideal voltage source
(i) Independent ideal current source
(AKTU 2022-2023)
Note:
> Providesvariable current dependentson load voltage
> Very-very high amount of internal resistance
1.3 SOURCE TRANSFORMATION

Source Transformation simply means replacing one source by an equivalent source.

1.3.1 Conversion of Voltage Sourceinto Current Source

A practical voltage source can be transformed into an equivalent practical current source and
smilarly a Practical current source into voltage source. When the voltage source is connected with
the resstance in series and it has to be converted into the current source than the resistance is
connected in parallel with the current source as shown in the above figure 1.3.1
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Where Is=Vs/R
.
Ow. = O 3=

Fig. 1.3.1 Equivalent circuit for voltage sourceto current source transformation
1.3.2 Conversion of Current Sourceinto Voltage Source
In the above circuit diagram a current source which is connected in parald with the
resstance is transformed into a voltage source by placing the resistance in series with the
voltage source.
Where, Vs=1s/R

3 —\\N—

M §R |- ()v

Fig. 1.3.2 Equivalent circuit for current source to voltage source transformation
1.4 KIRCHHOFF’S LAWS

Kirchhoff’s laws are basic analytical tools in order to obtain the solutions of currents and
voltages for any eectric circuit; whether it is supplied from a direct-current system or an
alternating current system. But with complex circuits the equations connecting the currents
and voltages may become so numerous that much tedious algebraic work is involved in their
solutions.

Elements that are generally encountered in an eectric circuit can be interconnected in
various possble ways. Before discussng the basc analytical tools that determine the
currents and voltages at different parts of the circuit, some basc definition of the following
termsare considered

Fig. 1.7.1 Basic electrical circuit
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Node: A node in an eectric circuit is a point where two or more components are
connected together. This point isusually marked with a dark circle or dot. The circuit
in fig. 1.7.1 has nodes a, b, ¢, and g. Generally, a point, or a node in a circuit
specifiesa certain voltage leve with respect to areference point or node.

Branch: A branch isa conducting path between two nodesin a circuit containing the
electric dements. These elements could be sources, resstances, or other e ements.
Fig. 1.7.1 shows that the circuit has sx branches: three resstive branches (a-c, b-c,
and b-g) and three branches contai ning voltage and current sources (a-, a-, and c-Q).

Loop: A loop isany closed path in an ectric circuit i.e., a closed path or loop in a
circuit isa contiguous sequence of branches whose starting and end points for tracing
the path are, in effect, the same node and touches no other node more than once. Fig.
1.7.1 shows three loops or closed paths namdy, a-b-g-a; b-c-g-b; and a-c-b-a
Further, it may be noted that the outside closed paths a-c-g-a and a-b-c-g-a also form
two loops.

Mesh: amesh isa special case of loop that does not have any other loops within it or
initsinterior. Fig.1.7.1 indicates that the first three loops (a-b-g-a; b-c-g-b; and a-c-
b-a) just identified are also ‘meshes’ but other two loops (a-c-g-a and a-b-c-g-a) with
the introduction of Kirchhoff's laws, various types of dectric circuits can be
analyzed.

MEM101/201

1.4.1 Kirchhoff’s Current Law (KCL)

KCL datesthat at any node (junction) in acircuit the algebraic sum of currents entering and

leaving a node at any instant of time must be equal to zero.
L =0
k=1
Wherek=1,2,3........ n

Here currents entering(+ve sign) and currents leaving (-ve sign) the node must be assgned

opposte algebraic signs (fig.18)hence,
[1+12-13-14+15=0

Fig. 1.7.2 Circuit representing node
Note: Charge should be conserved at any node.

1.4.2 Kirchhoff’s Voltage Law (KVL)

It satesthat in a closed circuit, the algebraic sum of all voltages must be equal to zero.
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M=

V. =0

=

=1
Wherek=1,2,3........ n
Or we can say that the algebraic sum of all source voltages must be equal to the algebraic
sum of all the voltage drops.
Note: Voltage rise should be considered as positive Ssgn(+ive sign)
Voltage drop should be considered as negative sign(-ive sign)
Kirchhoff’s voltage law is explained with the help of fig. 1.7.3.
Ro .Vz R3

. oo

the closed puth

- I« Current R
flowing through 4
R3 :

e
= B A vy
-T- Vi -T—
ll |
I o) EEE S o
Rs

Fig. 1.7.3 Circuit representing mesh or loop to apply KVL
KVL equation for the circuit shown in fig. 1.7.3 is expressed as (we walk in clockwise
direction garting from the voltage source and return to the same point)
V1-1.R1-1.R2-V2-I.R3-1 .R4+V3-1.Rs5-V4=0

Note: Energy should be conserved in any close loop.

Short questions

Question 15 State Kirchhoff's law.

(AKTU 2021-2022,2023-2024)
Question 16 Describe KCL and KVL with necessary circuit representati on.

(AKTU 2022-2023)

1.5MESH ANALYSIS
It is the application of Kirchhoff’s voltage law. Mesh Current Analysisis atechnique used to
find the currents circulating around a loop or mesh within any closed path of a circuit. There
are the following steps for obtaining the responses by using mesh analysis.
Step-1: Draw the circuit on a flat surface with no conductor crossovers.
Step-2: Label the mesh currents (i) carefully in a clockwise or anticlockwise direction.
Step-3: Write the mesh equations by ingpecting the circuit.
Step-4. Solve the mesh equation for finding the mesh currents as well as the branch current
also.
For example, consider the following circuit.

10
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I, 100 200 1

Fig. 1.5.1 Circuit to apply mesh analysis

501 -401>=10

—401:+6012=-20

Solving these equation for obtaining mesh currents 11 and |2 by using any method

l1=-0413 A
[2=-0429 A

L ong guestions

Q17 Find the current in 2 ohm resistance in the following figure. usng loop analysis method.

(AKTU 2015-2016)

40 20 3n
40V 20V 10V

Fig."1.6‘.1F Circuit

Solution: The circuit shown in fig. in which mesh currents are indicated,

40 20 310
Iq iy
40 V i 20V t 10V

Fig. 1-.6.2 Circuit

Applying KVL in mesh 1,

11
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—41,—2(l,—1,)—20+40=0
—6l, + 21, = —20 (1)
Applying KVL in mesh 2,
-3, —2(I,—I)—10+20=0
21, — 51, = —10 (2)
By solving Equation (1) and Equation (2) then both mesh current would be
I, =4624, 1,=3854
Current in 2 Q resistance i.e
I, -1, =385—462=—-077 4
Or Current in 2 Q resistance i.e
I, -1, =462—-385=077 A
Q18 Determine current in 4 onm resistor by using mesh analysisin the circuit shownin figure.
(AKTU 2017-2018)

5 ohm & ohm
—VVV AVAVAVAY
"
] —— A
a8V ——— 4 ohm 2 ohm
—
Fig. 1.6.3 Circuit

Solution: The circuit shown in fig. in which mesh currents are given,Now applying KVL in al

meshes.

Do not apply KVL in mesh 3 because current sourceistheir soin mesh 3 current would be,
I,=-24

5 ohm & ohm

—AWW—T— W

//_;\~.

—_— | ( ) 2A
8V 1 sonm 12 bonm B )
\‘\—/'

Fig. 1.6.4 Circuit

Now applying KVL in mesh 1,
—9I, + 41, = —8

12
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Mesh 3 is not associated with mesh 1 so the Coefficient of 15 will be zero.Hence
—9I,+ 41, + 0I; = —8
— 9L +4L,+0.(-2)=-8
—9I, + 41, = —8 (1)
Applying KVL in mesh 2,
—6L, —4(I, —1,)—2(I,—I;) =0
Substitute the value of 13 then,
—6l; — 4“2 - -{1:] —2(,—(-2))=0
4, — 121, —4=0
41, — 121, = 4 (2)
By solving Equation (1) and Equation (2) then both mesh current would be
I, =08694, I,=—-0.044 4
Current in 4 Q resistance 1i.e
I, -1, =—0.044 - 0869 =—-0913 4
Or Current in 4 Q resistance i.e
I, — 1, =0.869 — (—0.044) = 0.913 A4

Q19 A battery of e.m.f 40 V and internal resistance 2 Q is connected in parallel with a second

source of 44 V and internal resistance 4 Q. A load resistance of 6 Q is connected across the ends of

parald circuit shownin fig. Calculate the current in each battery and the by using mesh analysis.
(AKTU 2001-2002)

20 40

60

40 vV 44 VW

F g.__1.6._5 Circuit
Answer:
I,=3094, ,=5644
Currentin 40 V battery i.e
I, =309 4

Currentin 44V battery i.e
I,—I, =564—309=2554

Q20 Using mesh analysis, cal culate the currents Iy and 1212,
(AKTU 2011-2012)

13
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4 ahm 4 ohm
= = =
po <= 4.ohm < sonm
= = =7
e 5 2 e = e
IR § R F ]
A1
Fig. 1.6.6 Circuit
Answer :
I, =10 A

I,=2334, ,=4334

Q21 Applying mesh analysis, through obtain the current through 5 Q resistance in the following
(AKTU 2020-2021)

circuit.
10 ohm 5.ohm 4 ohm

—\

+

o
l‘l LY
: ( w 2 ohm 2onm ( J o0y

Fig. 1.6.7 Circuit
Solution: The circuit shown in fig. in which mesh currents are given,Now applying KVL in all

meshes.

14
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10 chim 5 ohm 4 ghm

e

E-ﬂt ':I:Il:t 'ul‘_.l
Fig. 1.6.8 Circuit
Do not apply KVL in mesh 1 because current sourceistheir soin mesh 1 current would be,
I,=24
Now applying KVL in mesh 2,
—2(1,—1,)—5L,—2(I,— 1) =0
Subgtitute the value of 1 1,
—2(1,—2)—5L,—2(l,—I;)) =0

Applying KVL in mesh 3,

—41, —2(1; — I,) —100= 0

21, — 61; — 100 =0
21, — 6I; = 100 (2)

By solving Equation (1) and Equation (2) then both mesh current would be

I,=—3524, I;,=—1784 4
Current in 5 Q resistance i.e

I, =—352 4,
Q22 Determine the currentsin all branches of the circuit as shown in below figure, usng Mesh
current method? (AKTU 2022-2023)
200
VANMAMAA
30 0 40 0
—AAAAN T VWAMA———
50 02
60 2 100
20V
II T JI
¥ o L
100 V 50 V

Fig. 1.6.9 Circuit

Solution: The circuit shown in fig. in which mesh currents are given,Now applying KVL in al
meshes.

15
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202
NAMAA
)
30 Q2 40 €2
——— A AAMA 4
50 £2
Iz ls
60 Q2 10402
T 20V

100V 50 V
Fig. 1.6.10 Circuit

Applying KVL inmesh 1,
—20I, —40(1, —I;) —30(I, — ,) =0
—901I, + 301, + 40I; = 0 (1)
Applying KVL in mesh 2,
—601, —30(1,— I,) — 50(I, — I;) — 20 + 100 = 0
301, — 1401, + 50I; = —80 (2)
Applying KVL in mesh 3,
—10I; —50(1;— 1,) — 40(I;— I,) +50 +20=10
401, + 501, — 1001, = —70 (3)
By solving equation (1),equation (2) and eguation 3 then all mesh currents would be
I,=1494, I, =1654, I, =212 4
Current in 20 Q resistance,
I,=149 4

Current in 30 Q resistance,
I, -1, =149 — 1.65= —0.16 A
Current in 40 Q resistance,
I, -1, =149 —212= —0.63 A
Current in 50 Q resistance,
I,—I,=165—212=—047 A
Current in 10 Q resistance,
I, =212 4
Current in 60 Q resistance,
I, =1654

r

Q23 Find the current in 2 ohm resistance in the following figure using loop analys's method.
(AKTU 2015-2016)

16
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40 20 iqa
40V 20V 10V

Fig. 1.6.11 Circuit
Answer:

I, =4624, I,=3854
Current in 2 Q resistance i.e
I, -1, =3.85—4.62=—077 A
Or Current in 2 Q resistance i.e
I, -1, =462 —385=0.77 A
Q24 Applying mesh analysis, through obtain the current through 5 Q resistance in the following
circuit. (AKTU 2020-2021)

10 ohm 5 ohm 4 ohm

T VWW——VV

—
\ i
5 Q) i i ( ) Wi

Fig. 1.6.12 Circuit

Answer :

IL=24

I, =—3524, I;=-17844
Current in 5 Q resistance 1i.e

I, =—352 4,

=

1.6 NODAL ANALYSIS

It is the application of Kirchhoff’s current law. There are the following steps for obtaining
the responses by using nodal analysis.

Follow these steps while solving any electrical network or circuit usng Nodal analyss.

Step 1 — Identify the principal nodesand choose one of them asreference node. We will
treat that reference node as the Ground.

Step 2 — Label the node voltages with respect to Ground from all the principal nodes except

17
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thereference node.

Step 3 — Mention the all branch current in any direction.

Step 4 — Write node voltage equations at all the principal nodes except the reference node.

Nodal equation is obtained by applying KCL.

Step 5 — Solve the node voltage equation to get the node voltages.

Step 6 - Finally find the current in any branch of the circuit by using ohm’s law.

L ong questions

Q25 Using Nodal analysis, find Vedfor the circuit Shown below in figure.

)
24V -

Fig. 1.6.1 Circuit

- Ans. Using Nodal Analysis:

AtNode(A):>24_VA _Va-Vc Va-Vp

12 4 8

At Node (C)=> Va-Vc _Ve-Vp Ve-Vp

4 6 10

At Node(B)= Ve-Vp _Vc—-Vp , Va-Vp

20 6 8
Form equation (1), (2) and (3)
11V, -3V -6V =48
15V, +10Vg-31V- =0
15V, -41Vg+20V =0

Ve =Vp
And
VC=%VA
Vo =75V
So,
Vep =75V

(AKTU 2017-2018)

..(D)
Q)
...3)

Q26 Using nodal analysisto find the currentsin variousres stors of the circuit shown in figure.

18

(AKTU 2022-2023)
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511

YW WA
3n 10

inm gsn 40 C)u

Fig. 1.6.2 Circuit

Solution: I, 50

10A - g ey @ G 9A

Fig. 1.6.3 Circuit
Applying KCL to node A, B, and C
At node (A)
I +1,+13=1
V4 ;VC L Va ;VB . VA2—0 _
6V, —6Ve +10V, —10Vp +15V,
30 -
31V, —10Vg -6V =300 . ()

10

10

At node (B)
Iy =1,+15
Va-Ve _Vp-Vc Vp-0
3 1 5
5V, -5V =15V 15V +3Vp
5V, —23Vp +15Vp =0 . (i)

At node (C)
I]_ +I4 216 +2A
Va-Vo Ve-Vo _Vo-0
5 1 4
4VA +20VB —29VC =40 (111)

2

From equation (i), (ii) and (iii) :
I3 =6.02A I, =2.3A
I, =1.65A I, =1.29A

19
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I =1.024 I =0.95A

Q27 Using nodal analys's, find the current through 8 Q resistor.
(AKTU 2016-2017)

3 onm 10V 8 ohm 5 onm
F——AMA—T— AA——
2 onm
2 ohm §3°“m e T2V
10N o———7
Fig. 1.6.4 Circuit
Answer:

V, =381V, V,=—687V
Current in 8 Q resistance will be,
v, -V, 3.81— (—6.87)

3
8 8
Q28 Determine current through 15 Q resistance by node analysis.

= 13354

(AKTU 2018-2019)

5 ohm 3 ohm

NV, AN

15 ohim
10 ahm <> 13 A +

2 ohm

Fig. 1.6.5 Circuit
Answer .
v, =939V, V,=1256V
Current in 15 Q resistance will be,

Vo=V _939-0
15 15

I, = = 0.626 A

Q29 Determine the current by nodal method, through 2 Q resistor for the network below.

20
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(AKTU 2022-2023)

0.5 o0hm
Va Vg

1 ohm
1 ohm
2ohm
| fe—— — 20V
20V e
=
Fig. 1.6.6 Circuit
Solution:
VA 0.5 ohm VE
I
1 ohm
1:0hm
A Iy
| e e 20V
20V oomm

Fig. 1.6.7 Circuit
Applying KCL at node A,
I,—I,—I,=0
(Ve —Va+20)  (Va-Vg) [(Ma—Vg) _ G':Vc—VA +20)  (Va—Vp)  (Ma-Veld _
1 0.5 1 1 0.5 1
Substitute the value of Ve = 0V = 0
(0-V,+20) (Vua—Vp) (u—0) _
1 0.5 1

0

0

21
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(—V, +20) _ (Va — V&) _ (Va) =0
1 0.5 1
Simplify, then node A voltage equation would be
—4V, + 2V, = —20 (1)

Now applying KCL at node B we have
L+I,—1, =0
(Va —Vs) | (Ve — V5 +20) _ (Vs — V)

0.5 1 2 0
Subgtitute the value of Ye = 0¥z = 0 then we have
(Vi =Vs) , (0= Vs +20) (% =0) _
0.5 1 2
Simplify, then we will have node B voltage equation,
AV, — 7V = —40 (2, — 7V = —40 (2)

By solving Equation (1) and Equation (2) then node voltages are,
v, =11V, V=12V
Current in 2 Q resistance will be,
Ve —V. 12-0
[4 = = =fH4d
2 2

Q30 Determine the currents in the various branches of the circuit shown in figure by nodal analyss.
(AKTU 2022-2023, 2022-2023)

20 ochm 153 ohm 10 ochm
A B D
14 I Iq
] Is
P—— 10 of A" ; 10 of -
100V ohm ,;:; c “E: ohm === e
P—— -
E F

Fig. 1.6.8 Circuit
Solution: Applying KCL at node A,
I,—IL,—I,=0
Vg—Vg+100) (Vgp—Vg) [(Vp—Vg) _ G':VG_VB +100)  (Vp-Vg) _ (Vp—Ve) _
20 1o 15 20 1o 15
Substitute the value of Ve = 0¥z =0
(0—Vy; +100) (Vz—0) (V5 —1;) _

0

20 10 15
(—Vz +100) _ (Vs) _ (Ve — V) =0
20 10 15
Simplify, then node B voltage equation would be
—13V, + 4V, = —300 (1)
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Now applying KCL at node C, we have
IL,—I1,—I, =0

(Vs _Vc]_ (Ve — Ve +SGJ_EVC —Ve) =0
15 10 10
Substitute the value of Y& = 0¥z = 0, then we have

(VB_ch_(vc_ﬂ+5':'j_[vc_ﬂj:

0
15 10 10
Simplify, then we will have node C voltage equation,
oV — 8V, = 240 (2)V, — 8V, = 240 (2)
By solving Equation (1) and Equation (2) then node voltages are,
V, =15V, V.=-2625V
Current in 20 Q resistance will be,
V, —Vy +100 —(—26.25) + 100
I, = = = 6313 4
20 20
Current in 10 Q resistance will be,
I, = = =154
= 10 10
Current in 15 Q resistance will be,
Ve — 1 15— (—26.25
=2 _f= ( ) _ 275 A
15 15
Current in 10 Q resistance will be,
V. -V, +80 (—26.25)—0+80
= = =53754
10 10
Current in another 10 Q resistance will be,
V- -V (—36.25] -0
=+ —t= =-26254

5 10 10

Super-Node Problem
Q31 Calculate the current in both res stances by using nodal analyss.

2V
3A A /—\ B 2 A
> U >
Iq I2
I,
3A
e 2 ohm 1 ohm 2,
W
c
—

Fig. 1.6.9 Circuit
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Solution: We will apply both law’s i.e KVL and KCL to solve the problem.
2a A Super-Node B 2 A

b, +
3A Q E: .
h 2 ohm 1 ohm ) 2A
I

c

—

Fig. 1.6.10 Circuit
Applying KCL at super-node,
3-L—1,—-2=0
E (VA _ch_ (VB_VE:]_E_
1 2 1 1
Substitute the value of Y& = 0¥ = 0, then we have
3 (,-0) (-0 2
1

Simplify, then we will have super-node voltage equation,
—V, —2Vp = —2 (1)
Now applying KVL inthe path of 4 = B = € = 4 i the following circuit shown in fig. 1.6.11
—2-()+ () =0
Vi — Vg =2 (2)
By solving Equation (1) and Equation (2) equation(3) then node voltages are,
Vv, =20V, V=0V,

— h »
o T
3A & L _
"2 ohm 1 ohm 2 A

ok

Fig. 1.6.11 Circuit
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Current in 2 Q resistance will be,
(VA B ch _ 2—10

2 2

I, = =104

Current in 1 Q resistance will be,

3 1

=04

DC MACHINES
Electrical machinesare broadly categorized into two types-
1. Generator, which converts Mechanical Energy into Electrical Energy.
2. Motor, which converts Electrical Energy into Mechanical Energy.

The process of converting mechanical energy into electrical energy or electrical energy into

mechanical energy is known as Electro-Mechanical Energy Conversion.
1.7 DC Generator

1.7.1 Construction /Basic Structure:-A rotating electric machine has two main parts,
Stator & Rotor separated by air gap. The stator of the machine is a stationary part (it does not

move). Normally it isthe outer frame of the machine.

_- Field windings

P

Pole shoe

Fig. 1.7.1 Main parts of a4 Pole DC Machine

- / ~Commutator

Frame or yoke

Conunutator
segments

Interopole

Rotor is freeto move and normally it istheinner part of the machine. Both stator and rotor are
made of Ferromagnetic material. Slotsare cut on theinner periphery of the stator and the outer
periphery of therotor. Conductors are placed in the dots of the stator or rotor. The

interconnection of conductors forms winding.

The winding in which voltage is induced is called the armature winding. The winding through
which a current is passed to produce the main flux is called the field winding. Permanent

magnets are used in some machinesto provide main flux.
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M agnetic Field System:- The object of the field system is to create a uniform magnetic field
within which the armature rotates. The magnetic field sysem is the sationary part of the DC
machine.
Yoke or Outer Frame:- The outer frame or yoke is a hollow cylinder of Cast steel or rolled
stedl. An even number of pole cores are bolted to the yoke. The yoke serves the following two
pUrposes: -

a) It supportsthe pole coresand acts as protecting cover to the machine.

b) It formsa part of the magnetic circuit
Poles:- Poles provide the uniform distribution of magnetic flux in the air gap. The projected
poles are called “Salient Poles”. Each pole core has a pole shoe having curved surface. The
function of pole shoes are as follows -

a) It supportsthefied cails.

b) It increases the cross-sectional area of the magnetic circuit and reduces the |eakage

flux
Armature:- The rotating part of the DC machine is called the armature. The armature core has
grooves or dots on itsouter surface. The insulated conductors are put in the dots of the armature
core. The conductors are fastened round the core to prevent them flying under centrifugal forces.
The conductors are suitably connected. The connection arrangement of the conductor is called
armature winding. Two types of windings used: -
a) Wave wound b) Lap wound

Commutator And Brush Gear :-
a) Itismounted on the shaft. It is made up of a large number of wedge-shaped segments of
hard-drawn copper, insulated from each other by athin layer of mica.

b) The commutator connects the rotating armature conductor to the sationary external
circuit through carbon brushes.

c) It converts AC emf into DC in case of generator and bidirectional torque into
unidirectional torque in case of motor.

Bearings:- In the small machines ball bearings are used at both ends. For large machines, roller
bearings are used at the driving end and ball bearing may be used at the non-driving end i.e. at
the Commutator end.

Shaft:- The shaft is made of mild sted with a maximum breaking strength. The shaft is used to
transfer mechanical power from or to the machine. The rotating parts such as armature core,
Commutator, cooling fan etc. are mounted on the shaft.

Short questions

Q1. Why isa commutator needed? AKTU (2019-2020)
Q2. What isthe function of the commutator in the DC generator? AKTU (2021-2022)

1.7.2 Working Principle of a DC Generator:

According to Faraday’s laws of electromagnetic induction, whenever a conductor is placed in a
varying magnetic field (or a conductor is moved in a magnetic field), an emf (eectromotive
force) gets induced in the conductor. The magnitude of induced emf can be calculated from
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the emf equation of DC Generator. If the conductor is provided with a closed path, the induced
current will circulate within the path. In a DC generator, field coils produce an e ectromagnetic
field and the armature conductors are rotated into the field. Thus, an eectromagnetically induced
emf is generated in the armature conductors. The direction of induced current is given
by Fleming’s right -hand rule.

1.7.3 EMF Equation:-

We know, when armature winding of a DC generator isrotated in any direction by applying a
mechanical force, then the flux linkage with armature conductors are changed and hence an emf
across armature conductors is induced. This induced emf is also known as “emf of rotation” and
given as E;in generators.

Let

® = Flux per polein Weber

Z = Total No. of armature conductors or coil sdeson thearmature

P = Number of poles

A = Number of parallel pathin the armature

N = Rotational speed inarmature

* Note: -
A = 2in case of wave winding
A = Pin case of lap winding

Lap winding isused for high current and |ow voltage requirement.
Wave winding isused for low current and high voltage requirement.
We know that induced emf is proportional to
_ do
T

Flux cut by one conductor in one revolution = P®
Time taken by armature conductor to complete one revolution

h J—
=t )
__ PON

e="2volt e e

Number of armature conductor per paralle path :E

Therefore, thetotal emf generated between theterminalsis given as.--

Z

= o —
Eg e

= fon [fromEqg. 2]

&0

P&NZ
E =
g 604

volt
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This equation is known as EMF equation of Generator.
When the machine is operating as generator this induced EMF is called the “Generated EMF

(Eg)” where as in case of the machine operating as a motor it is called the “Counter EMF” or
“Back EMF (Ep)”.

Short guestions
Q 1:What isthe generated EMF in the D.C generator? AKTU(2021-2022)

Q 2 :A dynamo (DC Generator) has a rated armature current as 250 Amp. What isthe current per
path of the armature if the armature winding is simplex wave wound or simplex lap wound? The
machine has 12 poles.

Solution:-
Rated current
I, = 2504Amp
No. of poles
P=12
A = 2 (for wave winding)
Current per path
[ =% =22 =1254mp
A = P (for amplex lap winding)
Current per path
[ =%=%2=20—308334mp
A B 12

Q 3: An 8 pole lap connected armature has 960 conductors and a flux of 40 x10° Wb per pole. The
speed is400 rpm. Calculate the emf generated on open circuit.

Solution :- EMF generated on open circuit condition

PpZN B+40+ 10 %+960 =200
E = = = 256Volt
g 604 E0+8

Q 4: An 8 pole generator has 500 armature conductors and a useful flux of 0.05 Wb. What will be
the emf generated. If it islap connected and runs at 1200 rpm? What must be the speed at which it
isto be given to produce the same emf, if it is wave connected?

Solution:- When generator is lap connected

BpIN B+0.05+500+«1200
E, = ::m = — =500 &7 Volt{forlapA = P = 8}
Speed of the generator when wave connected to generate 500 Volt
PpEN'
E,=——
&04

Eg #B00+d _ B00+60+2

N" = =
PpZ 2+0.05+500

= 300rpm{Ad = 2 = forwavewinding}

Q 5:The armature of a 6 pole DC generator has a wave winding containing 664 conductors. Calculate the
generated emf when flux per pole is 0.06 Wb and speed is 250 rpm. At what speed the armature must be
driven to generate an emf of 250 Volt if flux per poleis reduced to 0.058 Wb?
Solution:-

Generated emf
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Eg — p;.j'-.f — Esﬂ.ﬁi;iiﬂli-im} — 498Volt
When flux per pole is reduced to @’=0.058 Wb
' - b ] e 3
E; — Pgp IN — 250+604+2 — 1301";?]‘?1
604 0.058+664 +6

1.7.4 Typesof DC Generator
1.7.4.1 Separately Excited Generator:- A DC generator whose winding is excited from an
independent DC source, such asa battery, isknown as a separately excited generator.

VWA [ 4 J-
RHEOSTAT &

SERARATE —.
SOURCE OF —
EXCTATKON —

=

Fig. 1.7.2 Circuit Diagram of Separately Excited Generator
In this case current flowing through the armature Ia and load & is the same and the terminal voltage V
isequal to the generated emf Eq
The voltage drop in thearmature = I_R_
I,=1I=1I

FIELD

V =E, — IR, (Ra= Armature Res stance)
Power developed = Pg= Egl
Power delivered to external load P .= VI

1.7.4.2 Self - Excited Generator:- The field winding of the self excited generator is excited by the
current supplied by the generator itself. Self -excited generatorsare classfied as -

a) Series wound generator

b) Shunt wound generator
1.7.4.2.1 Series Wound Gener ator :- The field winding is connected in series with armature winding so
the whole current flowsthrough the field winding as well asload.
Since full load current flows through field winding, it is designed with very low resistance of the order
of 0.5 Q.

Irz :[ss :[L-:[
V=E, =I(R+R,)

Power developed Pg= Egyl
Power delivered P.=VI

SERIES
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Fig. 1.7.3 circuit diagram of Series Wound Generator
1.7.4.2.2 Shunt Wound Generator:- The field winding is connected in paralld with armature for

forming a shunt circuit. The voltage across the fiddd winding is the same as the terminal voltage of the
generator.

The armature current laisdivided into two path:

(i) Load current (ii) Shunt field current

Fig. 1.7.4 Circuit diagram of Shunt Wound Generator
The power of the generator is proportional to current delivered to load. So it is necessary to keep the
shunt current as small as possible. It is kept at about 2.5 % of rated armature current. The resstance of
the shunt winding is of the order of 100 Q.
Vv

Shunt field currentl_, = —
zh

Armature currentl, = I, + 1
Terminal voltageV = E; — IR,
Power developed F, = E, I,
Power delivered P, = VI,

Armature Resistance:- The resstance offered by armature circuit is known as armature resi stance and
represented by Ra. It includes

(i) Resstance of armature winding (ii) Brush contact resi stance.

Brush Contact Drop:- It isthe voltage drop over the brush contact res stance when current flows from

the Commutator segment to brushes and finally to external load. It is equal to the product of the values
of current and contact res stance.

The voltage drop allowed for all brushes of each polarity shall be 1.0 Volt for Carbon or Graphite
brushes and 0.3 Volt for Metal Carbon brushes. This means the total drop of 2 Volt for Carbon or
Graphite brush and 0.6 Volt for Metal Carbon brushes.

L ong questions

Q 1. A D.C shunt generator delivers 50 kW at 250 V when running at 500 r.p.m The armature and field
resistances are 0.05 Q and 125 Q respectively. Calculate the speed of the same machine and developed a
torque when running as shunt motor and taking 50 kW at 250 V.

AKTU(2016-2017)
Solution:
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Given,
P=50kW, N=500r.p.m, Loadvoltage =250V

Armature winding resi stance,
R, =005 10

Shunt field winding res stance,
R, =125 0

Generator isshown in fig. 1.7.5

|
lsh L

< > +
S a P =50 kW

sh
s V=250V
J_H]K\—‘ Eg l

Fig. 1.7.5 Circuit Diagram

Now theload current would be,

P B0 10
I =,=-—_——=2004
Shunt field winding current,
=Y 0
Lsn T Ry 125 24

So the armature current of the generator,

I.=1I,+1, =200+2=2024
Applying KVL in the armature circuit for finding the generated voltage,

—V —1,.R, + E;, — brushdrop =10
consder the brush drop is zero so,
~V—-1I1,.R, +E, =0
E,=V+I,.R,

Substitute the value of Ra-V and I, so,

Eg =250+ 202x0.05=2601VF

Generator isrunning with a speed of N1 g,

_ PON,Z
E; = £0.4 (1)

Now same machineis running as shunt motor so its diagram is shown in fig.1.7.6
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Ish I
- - l
Ia 50 KW<——
Ry s
Ra V=250V
Ep
4

Fig. 1.7.6 Circuit Diagram

Now the supply current would be,

Shunt field winding current,

v
[ [
sh g, 125

So the armature current of the motor,
I,=1,—1, =200—2=1984

Applying KVL in the armature circuit for finding the back e.m.f in motor,

+V—1,.R,— E, — brush drop =0
consder the brush drop is zero so,

+V—I.R,—E, =0
E,=V—I_.R,

Substitute the value of Ra.V and I so,

E, =250—-198 X0.05=2401V

Motor isrunning with a speed of V2 o,
P.BN, .Z

By = ~eoa (2)
Hence compare equation (1) and equation (2),
Eg _ N
Ey B Ny
So,
N, =22 XN, (3)
27 %,

Substitute the value of Vz+ Ex and E, in equation (3)so we have,

N, =222 % 500 = 461.6 r.m.p
= 2e0.l

Torque developed,
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_Ey X1, Ey,XI,
4 @  2.mN,
60

. _ 240.1X 198 X 60
7 Ixmx461.6

Q 2:A 4-pole shunt generator with lap connected armature has field and armature resistance of 50 Q and
0.1 Q respectively. If supplying power to 100 W lamp load for 100 V. Calculate the armature current and

=983.57 N.m

the generated e.m.f. Consider a contact drop of 1V per brush. AKTU (2018-2019)
Solution
Given,
P, =100W, Loadvoltage =100V, Brushdrop =1V perbrush
R,=01 0
R, =50 0

Generator isshown in fig.
ISh IL

[
.3 L >

+

A la
- @ﬂ V =100V @ BT T
h’ﬂ“—‘ —+ J/Eg l

i =,

Fig. 1.7.7 Circuit Diagram

Now theload current would be,

v; 100
Shunt field winding current,
=" _ 100 _
I, =i = o 24

So the armature current of the generator,
I =1, +I,=1+2=34
Applying KVL in thearmature circuit for finding the generated voltage,
-V, —1,.R, + E; —total brush drop =0
Subgtitute the value of Ba- V and I, and brush drop so,R,,V and I, and brush drop so,
E’g =100+3X01+2X1=1023V

Q 3: Calculate the e.m.f generated by 4 pole wave wound generator having 65 slots with 12 conductors per
slot when driven at 1200 r.p.m. The flux per poleis 0.02 Wh.

AK TU(2021-2022)

Solution: Induced e.m.f of the generator would be,
g _ P-ON.Z .
9 60.4 (1
Given,
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No.of poles,

P=4
Flux per pole,

¢ =0.02 Wbh.

Speed of the armature,
N=1200r.p.m
No.of papallel path of Wave connected armature winding,
A=2
No.of slots in the armature winding,
5=65
No.of conductors per slot in the armature winding,
Z =12

persiot

No.of armature conductors in the armature,

L=z X5 =12x 65 =780

perslot
Substitute the value of A,P,N,Z,A and ® in equation (1),Then
4% 0,02 x 1200 x 780
E =
g 60 x 2

Q 4. A 4-pole generator with 400 armature conductor has a useful flux of 0.04 Wb per pole. What is the
e.m.f produced if the machine iswave wound and runs at 1200 r.p.m? What must be the speed at which the
machine should be driven to generate the same em.f if the machine islap wound?

= 624V

AKTU (2021-2022)
Solution: Given,
No.of poles, p=y4
Useflux per pole,

& = 0.04 Wbh.
N=1200r.p.m
A=2

No.of armature conductors in the armature,

Z =400
Induced e.m.f of the generator would be,
P.O.N.Z
E,=— 1
g 60.4 (1)

Substitute the value of A,P,N,Z,A and ® in equation (1),Then

4% 0.04x 1200 x 400
E, = = 640V
g 60 X 2

Now machine should be driven to generate the same em.f if the machineislap wound,
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So, No. of paralld path of lap connected armature winding,

A=P =4
Speed of the machine would be,
V= 60.A.E, 2)
P.O.Z
Subdtitute the value of A,P,E; ,Zand @ in equation (2),Then
N = 60 x # X 640 = 2400 r.p.m

4% 0.04 X 400

1.8 DC MOTORS

1.8.1 Condtruction: - Same as DC Generator:

1.8.2 Operating Principle of DC Motor

When a current carrying conductor is placed in a magnetic field, a force is produced on it. Let us
congder one conductor is placed in the dot of armature and suppose that it is acted upon by the
magnetic field from the north pole of the motor. By applying fleming’s left hand rule it is found that the
conductor has a tendency to move the left hand sde. Since the conductor isin dot of rotor, the Force Fc
in atangential direction to therotor conductors. Sincetherotor isfree to move, it starts rotating.

Congder a sngle conductor placed in a magnetic field as shown in the figure (a).

|

Flux by—
Conductor— 184 fe— Main ““d"“‘:,
flux Current cd’rr’ying
- conductor
e =
Fig. (a) Conductor in a magnetic field Fig. (b) Flux produced by current carrying conductor

Fig. 1.7.8 Operating Principle of DC Motor
The magnetic fidd is produces by a permanent magnet but in a practical dc motor it is produced by the

field winding when it carries a current.

Now this conductor is excited by a separate supply so that it carries current in a particular direction.
Congder that it carriesa current away from an observer as shownin the figure (b).

Any current carrying conductor produces its own magnetic field around it, hence this conductor also
produces its own flux around. The direction of the flux can be determined by the Right Hand Thumb
Rule. For the direction of current considered, the direction of flux around a conductor is clockwise. For
smplicity of understanding, the main flux produced by the permanent magnet is not shown in the figure
(b).

Now there aretwo fluxes present:

a) Theflux produced by the permanent magnet called main flux.
b) The Flux produced by the current carrying conductor.

Inthefigureit is clear that on one sde of the conductor, both the fluxes are in the same direction.
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=
w

/ E:\ﬁ-— Cancellation
Addition ——#-<<8>>"
\\:// Direction of force
N s 4
4 44 44 Weak
‘4 N I of flux
Fig (c) Interaction of two fluxes Fig (d) Force experienced by the conductor

In this case, on the left of the conductor there is a gathering of the flux lines as two fluxes help each
other. As againg this, on the right of the conductor, the two fluxes are in opposite directions and hence
try to cancd each other. Due to this, the density of the flux lines in this area gets weakened. So on the
left, there exigts a high flux density area while on the right of the conductor there exists a low flux
density area as shown in the figure (d).

This flux distribution around the conductor actslike a stretched rubber band under tension. This exertsa
mechanical force on the conductor which acts from high flux density area towards low flux dendty area
i.e. fromleft to right for the case considered as shown in the figure (€).

" p<«—Field,
« winding

Fig (e) Torque extended on armature
Fig. 1.7.9 (ab,c,d,e) Operating Principle of DC Motor

1.8.3 Back EMF:
_ PONZ

5 804

Where P = Number of poles

¥ = Flux in Weber

Z = No. of conductors

N = Speed in rpm

A = No. of paralld path (A = 2 for Wave winding, A = P for Lap winding)

***Due to rotation of armature during motor action, the conductor cuts the magnetic flux so

thereis an induced emf in conductors. The direction of this induced EMF is such that it opposes the
applied voltage so it isknown as Back EM F.***
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As shown in an equivalent circuit of a DC motor the applied voltage V must be large enough to
balance both the voltage drop in armature resistance and the back emf all timei.e.

V=E, +1R,

V—E
I, =—*
Rﬂ

Short questions
Q 1. How can we change the direction of rotation of the DC motor. AKTU(2018-2019)

Solution: The direction of the torque and the speed can be reversed by changing the direction of either
the field winding current or armature current by changing the polarity of the field winding or armature
winding terminals.

1.8.4 Types of DC Motors

1.8.4.1 Separately Excited DC Motor:-The armature and field coils of separately excited DC motors
are fed from different supply sources as shownin the figure.

Iy la

Field<
=il
Supply Y

1 LOAD

Armature

Fig. 1.7.10 Circuit diagram of Separately Excited DC Motor
Armature current!, = I Line Current = [
Back emf developed E, =V — IR,
Power isdrawn from supply mains P=VI, where V isthe supply voltage
Mechanical power developedP= Power input to the armature — Power lost in armature
=VI—I°R_=I1(V—IR,) =E,I

1.8.4.2 Self-Excited DC Motors

1.8.4.2.1 SeriesWound DC Motor:
Thefield coil isconnected in series with armature.

Armature currentla= Seriesfield current |se= Line Current | =I
Back emf developed E, = V —I(R_, + R_,)
Power isdrawn from supply = VI
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Fig. 1.7.11 Circuit diagram of Series Wound DC M otor
Mechanical power developed

Pr= Power input — Lossesin armature and field
=VI—-I*(R_+R_)
=I[V—I(R,+R_)] =IE,

1.8.4.2.2 Shunt Wound Motor: The field coil isconnected in parallel with the armature.
Input line current I, =1, + 1,

P 14
sh T o
Rsh
Back emf
E,=V—LR,
Power isdrawn from the main supply P= VI
| Iy
i e

Fig. 1.7.12 Circuit diagram of Shunt Wound M otor
Mechanical power developed Prn= Power input — Lossesin armature and shunt field

=VI, —VI, —I-R,
= V(IL - Ishj - [:ERR
=VI, —IZR, = E,I,

Short questions
Q 1: What will happen, if the field winding of running DC shunt motor suddenly open?

AK TU(2018-2019)
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Solution: Speed of D.C motor can be achieved by the following expression,

N E, Xx 60 x A4
= r.p.m
Px@xP P

o,
N ol
K_
o

If the field winding becomes open then flux due to the field winding becomes zero. In this case D.C
shunt motor will have resdual flux which is very small. So, motor tries to achieve dangeroudy high
speed and may get damaged.

Q 2: A 4 pole 500 V DC shunt motor has 720 wave connected conductors on its armature. The full load
armature current is 60 A and the flux per poleis 0.03 Wb. The armature resistance is 0.2 Q and contact
drop is1V per brush. Calculate the full load speed of motor.

Solution :-Back EMF on full load,
E, =V —I_R_, — Brush contact drop =500—-60+=02—-2=1 =486V
Full load speed of motor when armature conductors are wave connected

B0 A __ 485 &0 2
Nfz_i':.,;.,__.,;.,__z_.,;.,_ ¥— = 67/5rpm
& Z P 003 720 4

Q 3: A DC shunt machine connected to 250 V supply has resistance of armature as 0.1 Q and field winding
resistance as 100 Q. Find the ratio of speed as a generator to the speed as a motor when line current in
each case being 80 Amp.

Solution ;- Shunt field current

_ Vv _ 1m0 _
I; = — =00 2.5Amp

Line current [z = 80Amp
As generator armature current
Ig =1, +1; =80+ 2.5 = 82.54Amp
Generated emf
E.'g =V+ Iﬁan = 250+ 825 =0.1 = 258.25Volt
As motor armature current
I,=1I1,—1, =80—25=7754mp
Back emf developed
E,=V—1I_R_=250—775=0.1=24225Volt
Since machine is shunt wound and field current is same so the ratio of speed is given below

Speed as generator E 258.25
=2 =""—=1.066

LFpeed as motor - Ey 242,25

Q 4:A 220 Volt DC generator supplies 4 KW at a terminal voltage of 220 Volt, the armature resistance
being 0.4 Q. If the machine is now operated as a motor at the same terminal voltage with the same
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armature current. Calculate the ratio of generator speed to motor speed. Assume that the flux per pole is
madetoincrease by 10 % asthe operation is changed over from generator to motor mode.

Solution:-As Generator
__ Pel000 441000
Load current * Vi 220
Generated emf Bs = V + LR, =220 + 18.18 = 0.4 = 227.27Volt

= 18.184Amp

Neglecting shunt field current and brush contact drop.

As Motor
Armature current
I, =18.184Amp

same as generator operation
Back emf

E,=V—I_R,=220—1818=%0.4=21273Volt
Flux per pole @,,, = 1.10,

Speed asgenermtar E, P _ 227.27

#1.1 =1175rpm
Speed as motor Eb @y 21273

L ong questions
Q5: A 250V D.C motor takes 41 A at full load. Resistance of motor armature and shunt field winding
are 0.1 Q and 250 Q respectively. Find the back e.m.f on full load. What will be generated e.m.f, if working
asagenerator and supplying 41 A to aload at terminal voltage 250 V.

AK TU(2018-2019)
Solution: Motor isrunning as shunt motor so itsdiagramis showninfig.1.7.13

I =41A +

Lﬁ é JeeT

£ & oA —

Fig. 1.7.13 Circuit Diagram

The supply current would be,

I, =414
Shunt field winding current,
_ vV _ 150 _
Isn = R 250 L4

So the armature current of the motor,
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I =1, —1,=41—1=404
Applying KVL in the armature circuit for finding the back e.m.f in motor,
+V —1I1,.R, — E, — brushdrop=10
consder the brush drop is zero so,
+V—1I_.R,—E, =0
E,=V—1I_.R,
Substitute the value of Ra:V and I; so,
E, =250—-40X01=246V
If the machine isworking asa generator and its circuit diagram isshownin fig.1.7.14

L =41A

T

Fig. 1.7.14 Circuit Diagram

Now the load current would be,

I, =414
Shunt field winding current,
_ L — 250 —
Isn = R 250 L4

So the armature current of the generator,
I =1 +1,=41+1=424

Applying KVL in the armature circuit for finding the generated voltage,

—V, —1,.R, + E; —brushdrop=10
consider the brush drop is zero so,

—V, —I,.R, +E, =0
E,=V, +1,.R,
Substitute the value of Ra,V and |4 so,
E.'g =250+42 X 01=2542V

1.8.5 Torque equation of a DC motor:

V oltage equation of a DC motor
V=E+IR,
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Multiplying both side by /=
Vi, = EI, + I;R,
VI, = Electrical power input to the armature

"

I2R2 = Copper lossin armature

Let Tav = Average € ectromagnetic torque devel oped by the armature in N-m
Mechanical power developed by armature

N
P, =wt,, = EHEIRF
_ PgIN
60A {N=no. of revin RPM}
LERIN 1 =g X
" ooa o = 2T Tay

PZgI PZ
qu = _—-Ta |:> —Jir:,{pfm

ZmA ZmA
Alternative Method... Ry
Torque istheturning or twisting force about an axis. /,./ TR N
\
Let awhed having radius R meter. ( =] \'\'
Circumferential force= F Newton \ ,A
Speed of rotation of wheel = N rpm Wl J
So angular speed of wheel is—
Fig. 1.7.15

Therefore,

— 48 _ 2w _ 2N

a0 )

So work donein onerevolution isgiven by —
W = F = Distance travel in one revolution = F # 2R (Joule)

Now Power Devel oped,

P = work done/time
o~ P

=aw R () =T 2)

Let

Ta— Grosstorque devel oped by the armature of the motor.
So gross mechanical power devel oped by the armatureis—

Py=Ey*lp . (3) {from power equation}
Now From equations (2) & (3).
2niN
E,*I,=T,*
60
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PZNP 2nN
-:x.[n: 2
604 60
1 ¢pZPI ZPI
=——¢ “=u¢59¢ =
2 A

T, @ *la

Ta

Tﬁ = Tf + Tsh [Tsh = Tn:]

Ta= Armature torque

Tt = Log torque (To overcome stray lossesi.e. Friction loss, windage 10ss)

T«= Load torque or Shaft torque (available at the shaft for doing useful work)
L ong questions

Q 1: A 6-pole lap wound D.C shunt motor has 250 Q armature conductor, a flux of 0.04 Wb./pole and runs
at 1200 r.p.m. The armature and field winding resistances are 1.0 Q and 220 Q respectively. It is connected

toa 220V D.C supply. determine: AKTU(2015-2016)

(i) induced em.f in the motor

(it) Armaturecurrent

(iii) I'nput supply current

(iv) M echanical power developed in the motor
(v) Torque developed

Solution: Given,

Wb
P =65, Z = 250, © = 0.04 o N = 1200 r.p.m, supply voltage= 220V

pole
R.,=10 1
R, =220 0
A, for lap winding it would be,
A=P=6
(i) The expression for finding induced em.f in the motor would be,
PONZ
Eb =
604

So E, would be,

E = 6x0.084%1200 %250 200 V

b 606 -

(i) Circuit diagram isshown in fig.1.7.16

Ish |

20V

la ]
Rap R, , e

Fig. 1.7.16 circuit diagram
Applying KVL in the armature circuit,
V—1,R,—E,— brushdrop=20
consder the brush drop is zero so,
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V—I.R,—E,=0
Armature current would be,

I, =—/"t= 20 A4
(if) Applying KCL at the node,
Ir=1,+1,
Shunt winding field current,
la=—=2=14
n 220

So line current would be,
I=1_+1,=20+1=214
(iv) Mechanical power devel oped,
Mechanical Power developed (Pm) = Electrical Power devel oped in armature (Pe)

So,
'F:-n :PE:Eb.fR:EDﬂle]:q_ﬂnu ﬁ
(v) Torque devel oped,
T =P'_"'1= Fm =-Pm}C6E'
@ o :_:_:." Imw N
Ty = 4DI}D.>-<5[:| =3183 N—-m
w1200

Q 2: A 8-pole, 400 V shunt motor has 960 wave connected armature conductors. The full load armature
current is 40 A and flux per pole is 0.02 Wb. The armature resistance is 0.1 € and contact drop is 1 V per
brush. Calculate the full load speed of the motor.

AKTU(2021-2022)
Solution: Given,

No.of poles,

P=38
Flux per pole,
¢ =0.02 Wb.
Speed of the armature,
N =7
No.of papallel path ef wave connected armature winding,
A=2

No.of wave connected armature canductars,

Z =980
Supply voltage,

V=400V
Full load armature current,

I.=404

Armature winding resi stance,
R.=01 NR_=01 N
Contact drop,
Brush drop = 1 V per brush
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But we need to cal culate the back e.m.f in the shunt motor. Its cicuit diagram is shownin fig.1.7.17

Fig. 1.7.17circuit diagram
The armature current would be,

I.=404
Applying KVL in thearmature circuit for finding the back e.m.f in motor,
+V —1I1,.R,— E, — brushdrop=10
So,
E,=V—1I,.R, —brushdrop
Substitute the value of Ra. V and I so,
E,=400—-40X01—-2x1=394V
Speed of the shunt motor would be,

y = 60-A-Ep 1)
P.O.Z
Hence subgtitute the value of A,P,Z,Epand @ in equation (1),Then
N = 60 %2 X 39¢ =307.81 rrp.m=308r.p.m

T 8% 0.02 X960

Q 3: A six-pole, 2-circwave-connected armature of a D.C machine has 300 conductors and runs 1000
r.p.m. The e.m.f generated on the open circuit is400 V. Deter mine the useful flux per pole.

AKTU(2022-2023)
Solution: Given,
No.of poles,

Useflux per pole,
¢ =? Wbh.
Speed of the armature,
N =1000r.p.m
No.of papallel path of wave connected armature winding,

A=2
No.of armature conductors in the armature,
Z =300
Generated voltage in the generator,
E.'g =400V
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Induced e.m.f of the generator would be,
P.O.N.Z
E = —
g 60.4
So useful would be,
o= Ea:60:4 .
- P.N.Z (1)

Substitute the value of A,P,N,Z,A andE, in equation (1),Then

400 X 60 X 2
0= = 0.0267 Wh.
6 X 1000 x 300

0= 26.7 mWb

Q 4. A 6-pole lap wound D.C shunt motor has 500 conductors in the armature. The resistance of the
armature path is 0.05 Q. The resistance of the shunt field is 25 Q. Find the speed of the motor when it
takes 120 A from D.C mains of 100 V. Flux per poleis0.02 Wh.

AKTU(2023-2024)
Solution: Circuit diagram of the shunt motor is shownin fig.1.7.18 given below,

I =120A

Ish
o+ - ¥
la T
Rsh
Y I:‘ D V=100V
| )

Fig. 1.7.18 circuit diagram

Given,
Wb
P =6, Z = 500, ¢ = 0.02 m, N =7 r.p.m, supply voltage =100V
Armature winding resi stance,
R, =005 10
Shunt field winding res stance,
R, =251
No. of paralée path of the armature windingi.e A, for lap winding it would be,
A=P=6
The supply current would be,
I, =120 A
Shunt field winding current,
V 100
I, = P 44

So the armature current of the motor,
I =1, -1, =120—4 =116 4
Now applying KVL inthearmature circuit for finding the back e.m.f in motor,
+V—1,.R,— E, — brush drop =0

consder the brush drop is negligible so,
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+V—I.R,—E, =0
E,=V—I_.R,
Subgtitute the value of Ra, V and la so,
E, =100—-116 X0.05 =942V

Back em.f in the shunt motor would be,

P.O.N.Z
E,=——
60.4
So, speed of the shunt motor would be,
V= 60.A.E, .
~ P.0.Z 1)
Hence subgtitute the value of A,P,Ep,Z and @ in equation (1),Then
60 X 6 X 94.2
= = 5652 r.p.m
6 X 0.02 X 500

N =565 r.p.m

1.8.6 Applications of DC Motor

Shunt Motor:- The characteristics of a shunt motor reveal that it is an approximately constant speed
motor. It istherefore used:-
1. Wherethe speed isrequired to remain almost constant from no load to full load.
2. Where the load has to be driven at a number of speeds and any one of which is required to
remain nearly constant.
3. Some of industrial uses are:- Lather factories, drills, boring machine, shaper, spinning and
weaving machines etc.
Series Motor:- It is variable speed motor i.e. speed islow at high torque and vice versa. The motor has
ahigh garting torque. It istherefore used: -
1. Wherelarge darting torqueisrequired e.g. in elevators and electric traction.
2. Wheretheload is subjected to heavy fluctuations and speed is automatically required to reduce
at high torques and vice-versa.
3. Indudtrial useElectric traction, cranes, elevators, air compressors, vacuum cleaners, hair dryers,
sewing machines.
Compound Motors:
Industrial Use: Press, shear, reciprocating machines etc.

1.9 BLDC Motor

A BLDC Motor is a type of synchronous motor powered by a direct current (DC) voltage supply to
generate a magnetic field for rotation. It does not have brushes or a commutator. It commutated
electronically to transfer the power to therotor for movement.

1.9.1 BLDC Motor Components and Construction

A BLDC motor has three main components:. the stator, the rotor, and the Hall effect Sensor.
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1.9.1.1 Stator
The gtator isthe stationary part of the motor that contains the windings. These windings are made up of

insulated copper wire and are arranged in a specific pattern. The sator provides a magnetic field that
interacts with the rotor to produce torque.

Fig.1.9.1 stator

1.9.1.2 Rotor
Therotor istherotating part of the motor that contains permanent magnets. The magnets are arranged in
a specific pattern, opposite to that of the sator. Theinteraction between the magnetic fiel ds of the Sator

and the rotor produces rotational movement.
‘l“

Fig.1.9.2

1.9.1.3 Hall Effect Sensor or Electronic Controller
The Hall effect Sensor isthe brain of the motor. It is responsble for controlling the flow of current to
the motor windings. The controller also senses the postion of the rotor and adjusts the current

accordingly to ensure smooth and efficient operation.

1.9.2 Working Principle of BLDC Motor

The working principle of BLDC motors is based on the interaction between the magnetic fields of the
gator and the rotor. The stator produces a rotating magnetic field, which interacts with the permanent
magnets on therotor, producing atorque that causes therotor to rotate.
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Magnets

Fig.1.9.3 BLDC motor

The Hall Effect Sensor plays a crucial role in the operation of the motor. It controls the flow of current
to the motor windings based on the position of the rotor. The controller senses the position of the rotor
using sensors or Hall effect devices mounted on the stator. These sensors detect the position of the
magnets on therotor and send signalsto the controller.

Based on the signals from the sensors, the controller adjusts the flow of current to the motor windings to
ensure that the magnetic fields of the stator and rotor are properly aligned. This ensures that the motor
operates efficiently and smoothly, without any loss of power or vibration.

1.9.3 Advantages of BLDC Motors

BLDC motors offer several advantages over conventional DC motors. Some of the advantages are:

1. Higher Efficiency: BLDC motors are more efficient than conventional DC motors due to the absence
of brushes. Thisresultsin lessfriction and lower power |oss.

2. Higher Power Density: BLDC motors have a higher power density compared to conventional DC
motors. This means that they can produce more power inasmaller sze.

3. Longer Lifespan: The absence of brushesin BLDC motorsresults in less wear and tear, making them
more reliable and durable.

4. Low Maintenance: BLDC motors require less maintenance compared to conventional DC motors.
Thisresultsin lower maintenance costs and longer service life.

1.9.4 Applications of Brushless DC Motors (BLDC)

BrushlessDC Motors (BLDC) are used in a wide variety of applications, including varying loads,
congtant loads, and positioning applicationsin industrial control, automotive, aviation, automation
systems, healthcare equipment, and more. Some specific applications of BLDC motorsinclude:
1. Electric Vehicles (EVs): BLDC motors are used in dectric and hybrid vehicles for propulsion,
providing high efficiency and performance compared to traditional internal combustion engines.
2. Industrial Automation: BLDC motors are used in robotics, CNC machines, belt driven systems,
and other automated systems for precise motion control and high efficiency.
3. Consumer Electronics: BLDC motors are used in appliances like air conditioners, refrigerators,
washing machines, compressors, fans, pumps, blowers, and dryers for improved efficiency and
reliability.
4. Aerospace: BLDC motors are used in aircraft systems for actuation, such as in flight control
aurfaces, landing gear, and fuel pumps, due to their high power-to-weight ratio and reliability.
5. Medical Devices: BLDC motors are used in medical equipment like surgical tools, pumps, and
ventilators for precise control and reliability.
6. Computer Peripherals. BLDC motors are used in hard disk drives (HDDs), optical disk drives
(ODDs), and cooling fans for their reiability and efficiency.
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7. Renewable Energy: BLDC motors are used in wind turbines and solar tracking systems for their

efficiency and ability to operate in harsh environments.

8. Home Automation: BLDC motors are used in smart home devices like smart locks, curtains, and
HVAC systems for their efficiency and quiet operation.
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