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Motor Control & Drives e-Book is intended for non-specialist users of electric motor

control and drives, filling the gap between mathematical formulas and theory-based

academic textbook, which provide useful knowledge for understanding braking of DC

& AC motor. The e-Book explores the methods braking for DC and AC motor.

This e-Book is designed in accordance with the course content of DET50063 Motor

Control and Drives based on the local polytechnic syllabus for students of the

Department of Electrical Engineering. Hopefully this e-book would be advantageous

as a teaching text for a one semester course on the fundamentals of Motor Control

and Drives. Students are expected to be familiar with the basic circuit theories and

the knowledge of the principal operations and applications of motor control and

electrical drives in braking of DC and AC motors.

We hereby declare that all contents are solely written by us, and all sources has been

written as our book references.

[MOTOR CONTROL & DRIVES : BRAKING OF D & AC MOTOR]
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WONG KEE MENG
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CO-WRITER 2
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DET50063 MOTOR CONTROL AND DRIVES provide student with the knowledge

of the principle operations and applications of motor control and electrical

drives. This e-book covers the methods braking for DC and AC motors.

Emphasis is given on principle operation, characteristic curve and solving the

related problems. Various control methods based on the concept and principle

of motor control and drives is showed by considering energy efficiency and also

appropriate electrical equipment.

We hope that this e-book will benefit all students in DET50063 Motor Control

and Drives topic.

ABSTRACT
[MOTOR CONTROL & DRIVES : BRAKING OF DC & AC MOTOR]
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INTRODUCTION TO 
ELECTRICAL DRIVES 
Upon completion of this subtopic, students should be able

to:

➢ Recognize the block diagram of an electrical drive

system.

➢ Describe the function of the components in electrical

drive system

➢ Recognize the speed–torque characteristic for dc and

ac motor

➢ Understand and analyze the concept of four quadrants

in motor
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The combination of a motor and a drive will form a “drive system”.

(Source :Electricaltechnology.org,2020)



1.1 Define An Electrical Driver

Electric drive – combination of several machine equipment that form to convert electric

energy into mechanical energy. This process will control the electrical or electronical process

in that equipment.

Essentially, an electrical driver controls the motor protection and monitoring functions, the

direction, speed, and torque of an electric motor. Electrical drives, to put it plainly, are "the

system that controls the motion of electrical machines."

Figure 1.1 – Elements of an electric drive system
(Sources: El-Sharkawi, 2018)
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TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 



TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 

1.2 Advantages Of An Electrical Driver

14



TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 

1.3 Block Diagram Of An Electrical Driver

Figure 1.2 – Block diagram of an electrical driver
(Sources: El-Sharkawi, 2018)

1.4 Components In Electrical Drive System

The main components of the electric drive are :

➢ Power converter / modular

➢ Motor

➢ Control unit

➢ Sensing unit

Power converter :

The converter interfaces the motor with the power source and provides the motor with

adjustable voltage, current and frequency. It converts electrical energy of the source in the

form of suitable to the motor. During transient period such as starting, braking and speed

reversal, it restricts source and motor current within permissible limits.

15



TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 

1.4 Components In Electrical Drive System

Motor :

They convert the energy from electrical to mechanical, so they can be considered as energy

converters. Most commonly used motors for speed control applications are DC motors and AC

motors. The choice of the type of use depends on the application and the available sources.

Control Unit

The control unit operates the power converters as required. The motor and power converter

are matched to fulfil the load requirements. It inputs the command signal, from the input to the

control unit, adjust the working point of the driver.

Sensing Unit

It senses certain drive parameters, such as motor current and speed. From motor it

senses speed, torque, position, current and voltage from electric motor terminals. From load it

senses torque and temperature.

Source

AC and DC are the two types of power sources for electrical drives. AC sources are single phase

or three phase AC supplies.

Mechanical Load

The motor shaft is coupled with the mechanical load, which is commonly referred to as

machinery, such as flow rates in pumps, fans, robots, machine tools, trains, and drills.

16



(Source : Bryantmotors)
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TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 

1.5 Speed-torque Characteristics Of DC Motor

18



1.6 Speed-torque Characteristics Of AC Motor

Figure 1.4 – Speed-torque characteristic curve of AC motor
(Sources: El-Sharkawi, 2018)

19

TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 



TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 

1.7 Four Quadrant In Motor Operation

Figure 1.5 – Four-quadrant in motor operation
(Sources: John Wiley & Sons, 2003)

Braking in reverse 
direction

ea =  -
ia =  +

Motoring in forward 
direction

ea =  +
ia =  +

Motoring in reverse 
direction

ea =  -
ia =  -

Braking in forward 
direction

ea =  +
ia =  -

Tem

ωm
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TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 

1.8 Four Quadrant Operation In DC Motor

Figure 1.6 – The torque and speed co-ordination for forward and reverse motions
(Sources: El-Sharkawi, 2018)

21



TOPIC 1 – INTRODUCTION TO ELECTRICAL 
DRIVES 

1.8 Four Quadrant Operation In DC Motor

22



TOPIC 1 – SUMMARY

Electrical drive is the combination of several electric motors which plays the role as electric

control equipment that controls the motor’s performance. The two main types of motor

that can be used in electric drive are the DC motors and AC motors. TOPIC 1 emphasis

more on the understanding of electrical drive itself, the advantages and block diagram that

represent all main components of an electrical drive.

The characteristics of DC and AC motor speed torque were also being discussed in this

chapter to show differences between DC and AC motor, hence hopefully will guide for a

clear understanding.

Another focus that is being explained further is about the four quadrant operation in

motor. The torque and speed co-ordination for forward and reverse motion of DC motor is

also included for a better understanding of four quadrant operation in DC motor. By

learning this topic and subtopic, students will completely understand how the speed

torque and the braking system work together in an electrical motor drive system.

[INTRODUCTION TO ELECTRICAL DRIVE]

23



TIPS & TRICKS

(Souces : Ectricaltechnology,2021)
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TOPIC 1 – TUTORIAL & ANSWER
[INTRODUCTION TO ELECTRICAL DRIVE]

2. Skecth the complete diagram of torque against speed for four quadrant control in DC motor 

operation.

Answer : →

25



TOPIC 1 – TUTORIAL & ANSWER
[INTRODUCTION TO ELECTRICAL DRIVE]

3. Name each point (a,b,c and d) of the speed – torque characteristics curve for AC 

motor. 

Answer : →

• Starting Torque / Lock rotor Torque

• Pull up Torque

• Breakdown Torque

• Full Load Torque

26



TOPIC 1 – HOMEWORK
[INTRODUCTION TO ELECTRICAL DRIVE]

1. State SIX (6) advantages of using

electrical driver.

2. Discuss the speed – torque curve of the

induction motor based on the induction

motor curve.

4. Figure 1A shows the block diagram of an electrical drive system. Recognize the element

of B.

A. Electronic converter

B. Power Source

C. Controller

D. Motor

Figure 1A

3. State the advantages of an electrical driver.

I. Flexible control characteristic and can be manipulated as per

requirements.

II. Available in a wide range of speed, torque, and power.

III. The operation is pollution free.

IV. Electric braking can be employed in easily.

A. I, II, III B. I, III, IV C. II, III, IV D. I, II, III, IV

27
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BRAKING OF DC 
MOTOR

Upon completion of this topic, students should be able to:

➢ Understand the methods of slowing down a DC motor

➢ Apply the dynamic braking of DC shunt motor

➢ Apply the regenerative braking of DC shunt motor

T

O

P

I

C



(Source: Electricalbaba)
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TOPIC 2 – BRAKING OF DC MOTOR

2.1 Braking Of Electric Motor

2.2 Dynamic Braking Of DC Motor

30



TOPIC 2 – BRAKING OF DC MOTOR

2.2 Dynamic Braking Of DC motor

Figure 2.1 – Dynamic braking of DC motor
(Sources: El-Sharkawi, 2018)
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TOPIC 2 – BRAKING OF DC MOTOR

2.3 Regenerative braking of DC motor

Figure 2.2 – Example of regenerative braking of DC motor
(Sources: El-Sharkawi, 2018)
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TOPIC 2 – BRAKING OF DC MOTOR

2.3 Regenerative Braking Of DC motor

Figure 2.3 – Regenerative braking in second quadrant
(Sources: El-Sharkawi, 2018)

33



TOPIC 2 – BRAKING OF DC MOTOR

2.4 Dynamic Braking Of DC Shunt Motor

34



TOPIC 2 – BRAKING OF DC MOTOR

2.4 Dynamic Braking Of DC Shunt Motor

35



TOPIC 2 – BRAKING OF DC MOTOR

2.5 Speed-current Characteristics Under Dynamic Braking

36



TOPIC 2 – BRAKING OF DC MOTOR

2.6 Dynamic Braking Of Gravitational Torque Load

37



TOPIC 2 – BRAKING OF DC MOTOR

2.6 Dynamic Braking Of Gravitational Torque Load

Table 2.1 – Summary of the dynamic braking for a gravitational load
(Sources: El-Sharkawi , 2018)

Operating 

point 

Motor 

Torque 

Terminal 

Voltage 

Armature 

current 

Speed Field Ea Comments 

A 
Tl   A  EaA < Vt 

Motor 

B 
Tb 0  B = A  EaB = EaA 

Generator 

Origin 
0 0 0 0  0 

No Load 

C 
Tl 0  C  EaC 

Generator 
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TOPIC 2 – BRAKING OF DC MOTOR

2.7 Regenerative Braking Of DC Shunt Motor

Figure 2.9 – Speed-torque characteristics under regenerative braking
(Sources: El-Sharkawi, 2018)
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In the uphill direction, the DC machine acts as a motor represented by equations (2.3) to

equations (2.5).

𝑉𝑡 = 𝐸𝑎 + 𝑅𝑎𝐼𝑎 = 𝐾ɸ𝜔 +
𝑅𝑎

𝐾ɸ
𝑇𝑙

𝜔 =
𝑉𝑡
𝐾ɸ

−
𝑅𝑎

𝐾ɸ 2
𝑇𝑙

𝐼𝑎 =
𝑉𝑡 − 𝐸𝑎

𝑅𝑎

=
𝑇𝑙
𝐾ɸ

The load torque in this case is opposite to the direction of the bus motion, and the drive

system is in the first quadrant as shown in Figure 2.9. The equivalent circuit of the motor

operation at point 1 is shown at figure 2.10 below :

TOPIC 2 – BRAKING OF DC MOTOR

2.8 Speed-torque characteristics under regenerative braking

→ equation 2.3

→ equation 2.4

→ equation 2.5



Ea

R
a

I

VIa
If

R
f

t

Figure 2.10 – Motor Operation at point 1
(Sources: El-Sharkawi, 2018)
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TOPIC 2 – BRAKING OF DC MOTOR

2.8 Speed-torque characteristics under regenerative braking

Figure 2.11 – Motor operation at point 3
(Sources: El-Sharkawi, 2018)
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TOPIC 2 – BRAKING OF DC MOTOR

2.8 Speed-torque Characteristics Under Regenerative Braking

Figure 2.12 – Summary of equations for regenerative braking
(Sources: El-Sharkawi, 2018)

➢ The machine acts as a motor when  Ea <  Vt 

➢ The machine is a generator when Ea > Vt

2.9 Back emf During Regenerative Braking

Figure 2.13 – Back emf during regenerative braking
(Sources: El-Sharkawi, 2018)




K
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
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=

K

T
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3 

Speed 
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2 
1 

down
at T
)K(

R

K

V
23


−


=


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−
=

K

T
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EV
I down

a

at
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3
3

3at EV 

up
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)K(

R

K
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21


−


=


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−
=

K

T

R
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I

up

a

at
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1
1

1EVt 
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TOPIC 2 – BRAKING OF DC MOTOR

2.10 Summary of regenerative braking

Table 2.2 below summarizes the general operation of regenerative braking.

Operating 

point 

Load 

Torque 

Terminal 

Voltage 

Armature 

current 

(Ia) 

Speed Field 

current 
(If )  

Ea Comments 
 

 

 

1 
   1 < o  Ea1 < Vt 

Motor 

2 
0  0 2 = o  Ea2 = Vt 

No Load 

3 
   3 > o  Ea3 > Vt 

Generator 

 

Table 2.2 – Summary of regenerative braking
(Sources: El-Sharkawi, 2018)
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TOPIC 2 – SUMMARY

TOPIC 2 strengthen the student's knowledge more into specific details of DC motor

braking motor. General introduction about methods of slowing down DC motor were

being explained to help better understanding of students.

Students were introduced with the chart or diagram and equation formulae that

represent the characteristics of DC shunt motor for both, dynamic braking and

regenerative braking. A few examples on problem solving is given in this chapter.

[BREAKING OF DC MOTOR]
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TIPS & TRICKS

baba

a
b

RR

k

RR

E
I

+
−=

+
−=


→ How to calculate dynamic 
braking current of DC shunt motor

ba

2

ba

2
a

b
RR

)K(

RR

E
P

+
=

+
=

 → How to calculate dynamic 
braking losses of DC shunt motor

→ How to calculate speed, current and emf  in 
regenerative braking of DC shunt motor


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K

Vt=2

022
2 =


=

−
=

K

T

R

EV
I l

a

at
a

2at EV =
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Speed 

Torque T(up) T(down) 

2 
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down
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)K(

R

K
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−
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=
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=

−
=
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R
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I down

a

at
a
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3
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)K(

R

K

V
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−


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
=

−
=

K

T

R
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a

at
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TOPIC 2 – TUTORIAL & ANSWER
[BREAKING OF DC MOTOR]
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TOPIC 2 – TUTORIAL & ANSWER
[BREAKING OF DC MOTOR]

3. A 440 V, DC shunt motor has a rated armature current of 76 A at a speed of 1000 rpm.

The armature resistance of the motor is 0.377 Ω and the field resistance is 110 Ω. Assume

that the load torque is gravitational. The current of the motor is 40 A at the steady state

condition. A dynamic braking technique employing a braking resistance of 2 Ω is used to

slow down the motor. Calculate the new steady state speed.

Answer :

The new steady state speed:

𝐸𝑎 = 𝑉𝑡 − 𝐼𝑎𝑅𝑎 = 440 − 76 0.377 = 411.348 V

𝜔 =
2𝜋𝑛

60
=
2𝜋 1000

60
= 104.720 rad/sec

𝐾Φ =
𝐸𝑎
𝜔

=
411.348

104.720
= 3.928 V sec

𝐼𝑏 = −
𝐾Φ𝜔

𝑅𝑎 + 𝑅𝑏

40 = −
3.928𝜔

0.377 + 2

𝜔 = −24.206 rad/sec

𝑛 =
60𝜔

2𝜋
=
60 −24.206

2𝜋
= −231 rpm
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TOPIC 2 – TUTORIAL & ANSWER
[BREAKING OF DC MOTOR]

4. A DC motor of 440V has a rated armature current of 76 A at a speed of 1000 rev/min.

The armature resistance of the motor is 0.377 ohm, the field resistance is 110 ohm and the

rotational losses is 1 kW. The load of the motor is bidirectional. Calculate the following:

a) no load speed of the motor

b) the motor speed when the armature current is 60 A during regenerative braking

c) the developed load torque during regenerative braking

d) 𝐸_𝑎 during regenerative braking.

Answer→ :

Point 1 represent the motor operation at rated current and 1000 rpm. During motor

operation, V 35.41176377.0440 =−=−= aata IRVE

3.93 V sec

2
60

a aE E
K

n


 

= = =

1

no
3

Speed

TorqueT(motor)T(braking)

1000

n3

n1

a)No- load speed of the motor ;

2( )

t a
up

V R
T

K K


 
= −

rad/sec 96.111
93.3

440
===




K

Vt
o

rpmn o
o  1.1069

2

60
=


=




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TOPIC 2 – TUTORIAL & ANSWER
[BREAKING OF DC MOTOR]

b)  Point 3 represent during regenerative braking. The speed of the motor when the 
armature current is 60 A ; 

rad/sec 72.117
93.3

60377.0440

)(

3
323 =

+
=

−
=−=




K

IRV
T

K

R

K

V aat
l

at

3
3

60
1124.1 

2
n rpm






= =

c) The developed load torque at point 3 during regenerative braking;

Nm 8.235)60(93.333 −=−== al IKT 

a3 3E   K 3.93 117.72 462.64  V =  =  =  

d) The back emf at point 3, 𝐸𝑎3 during regenerative braking is;
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TOPIC 2 – HOMEWORK
[BREAKING OF DC MOTOR]

2. Based on Figure A1 below, complete the table of summary of dynamic braking DC

shunt motor for gravitational load.

3. With the aid of a circuit diagram, demonstrate the concept of regenerative braking

for a DC motor.

1. With the aid of diagram, elaborate the concept of dynamic braking of a DC motor.

Figure A(1) 

50



TOPIC 2 – HOMEWORK
[BREAKING OF DC MOTOR]
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TOPIC 2 – HOMEWORK
[BREAKING OF DC MOTOR]

5. Figure A3 shows the speed-torque characteristic of a DC shunt motor under

regenerative braking. The motor received 440 V and the rated armature current of 76A

at a speed of 1000 rpm. The armature resistance of the motor is 0.35Ω, and the field

resistance is 110Ω, and the rotational losses are 1kW. The load of the motor is

bidirectional. Calculate the no-load speed of the motor.

A. 1070.48 rpm

B. 1063.70 rpm

C. 1043.68 rpm

D. 1020.28 rpm

Figure A(3) 
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BRAKING OF AC 
MOTOR
Upon completion of this subtopic, students should be able to:

➢ Understand the methods of slowing down an AC induction

motor

➢ Apply the dynamic braking of AC induction motor

➢ Apply the regenerative braking of AC induction motor

➢ Apply the DC injection braking of AC induction motor

T

O

P

I

C

Sources: pexels-alex-tepetidis-5279346



Galileo Ferraris
(1847-1897)

Inventor of the Induction Motor

Ferraris’s motor (1885)

54

(Sources: Wikipedia, Galileo Ferraris) 



TOPIC 3 – BRAKING OF AC MOTOR

3.1 Faraday’s Law

(Source : Hyperphysics)
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TOPIC 3 – BRAKING OF AC MOTOR

3.2 Lenz’s Law

(Source : Hyperphysics)

Emil Lenz, 1804 - 1865
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TOPIC 3 – BRAKING OF AC MOTOR

3.3 Faraday’s Law & Lenz’s Law - Combined

(Source : Electromagnetic, 2018)
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TOPIC 3 – BRAKING OF AC MOTOR

3.4 The AC Induction Motor
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TOPIC 3 – BRAKING OF AC MOTOR

3.4 The AC Induction Motor

Figure 3.1 : Squirrel cage rotor and slip ring rotor
(Source: Moflon)

Figure 3.2 : Squirrel cage induction motor
(Source: Theengineeringknowledge)
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TOPIC 3 – BRAKING OF AC MOTOR

3.5 Working Principle Of Three-Phase Induction Motor

60



TOPIC 3 – BRAKING OF AC MOTOR

3.6 Synchronous Speed

3.7 Slip

𝑛𝑠 =
120𝑓

𝑝

The synchronous speed is referred as the speed of the rotating magnetic field in the

stator. The synchronous speed, 𝑛𝑠 can be calculated as:

where, 𝑛𝑠 = synchronous speed (rev/min, rpm)

f = frequency of the power supply (Hz)

p = number of poles

The speed of an induction motor is always lower than the synchronous speed. 

The rotor of the three-phase induction motor is always running at the speed which is

slightly below the synchronous speed of the induction motor. Rotor tries to catch up the

synchronous speed of the stator field but in practice, rotor never succeeds in catching

up (https://www.electrical4u.com).

If rotor catches up the stator speed, there won’t be any relative speed between the

stator flux and the rotor. Thus, no induced rotor current and no torque to maintain the

rotation. That is why the rotor rotates at speed which is always less the synchronous

speed.

The difference between the synchronous speed (𝑛𝑠) and actual speed (𝑛𝑟) of the rotor

is called as slip, s. The slip, s can be calculated as:
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3.8 Equivalent Circuit of Induction Motor

Represents the load of the motor, which includes the 
mechanical and rotational loads 
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3.9 Power Flow of Induction Motor

Stator losses:
Copper losses (Pcu1)
Core losses (Piron)

Airgap power (Pg)

Input power (Pin)

Rotor Copper 
losses Pcu2

Developed 
power (Pd)

Rotational
losses (Protational)

Output 
power (Pout)

Detailed power flow of the induction motor

𝑃𝑐𝑢1 = 3𝐼
2
1𝑅1

𝑃𝑖𝑟𝑜𝑛 ≅ 3
𝑉2

𝑅𝑚

𝑃𝑔 = 3 1′2
2
𝑅′2
𝑠

= 𝑇𝑑𝜔𝑠

𝑃𝑖𝑛 = 3𝑉𝐼1 cos 𝜃 1

𝑃𝑐𝑢2 = 3 𝐼
′
2
2𝑅′2 = 𝑠𝑃𝑔

Protational Pout = Tω

𝑃𝑑 = 3 1′2
2
𝑅′2
𝑠

1 − 𝑠

= 𝑃𝑔 1 − 𝑠 = 𝑇𝑑𝜔
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3.10 Dynamic braking of Induction Motor
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3.10 Dynamic braking of Induction Motor

Depending on the size of the motor and the braking time, Ib could be selected as high

as three times the rated current. Remember that the shorter the braking time is, the

larger the braking current. A larger braking current results in a stronger stationary field

in the air gap, which induces larger current and higher losses in the rotor circuit.

To reduce the voltage across the stator windings, PWM or FWM techniques are often

used. To calculate the highest braking voltage, let us examine the stator circuit.

Assume that the stator windings have only resistive elements (El-Sharkawi, 2018). The

total DC current for this circuit are often calculated by :
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3.11 Regenerative braking of Induction Motor

Regenerative braking occurs when the motor speed exceeds the synchronous speed. This

may happen when the load torque drives the electric motor beyond its synchronous

speed. In this case, the load is that the source of energy and therefore the induction

machine is converting the mechanical power into electrical power, which is delivered

back to the electrical system.

Since the torque of the machine is negative during regenerative braking, but the

direction of rotation of the machine is the same as that in the first quadrant, the flow of

power is reversed.

The mechanical power is the source of energy and is converted to electrical power by the

machine. This electrical power is delivered to the electrical system, and the machine is

acting as generator.

Figure 3.6 – Regenerative braking of induction motor
(Sources: El-Sharkawi, 2018)

s < 0
s  =  0

s  >  0

Speed

Torque
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3.12 DC injection braking
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TOPIC 3 – SUMMARY
[BRAKING OF AC MOTOR]

TOPIC 3 explained further about methods of slowing down an AC motor and induction

motor. Electric circuit diagram and graph chart is used to help students understand the

methods clearly. Equation derivation and example is given to determine the motor speed

and the delivery power.

There are three methods of controlling the induction motor braking that students need to

know. Those braking methods are dynamic braking, regenerative braking and DC injection

braking. Simple illustration and equations is provided in this chapter to help students

understanding.
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TIPS & TRICKS

“While Faraday’s law tells the magnitude of the EMF that is produced, Lenz’s law
tells the direction in which the current will flow. The law states that the direction is
always such that it will oppose the change in flux that produced it”
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TOPIC 3 – TUTORIAL & ANSWER
[BRAKING OF AC MOTOR]

1. A 208 V, 60 Hz, 6-pole, 3 phase, Y-connected induction motor has the following

parameters:

R1=0.6 Ω R’2=0.4 Ω Xeq=5 Ω

The motor is loaded by a 30 Nm bidirectional constant torque. If the load torque is

reversed, calculate: (i) the motor speed; (ii) the power delivered to the electrical supply

(https://www.homeworklib.com/qaa/1669113).

Answer :

(i) The motor speed

𝑛𝑠 =
120𝑓

𝑝
=

120(60)

6
= 1200 𝑟𝑝𝑚

𝜔𝑠 =
2𝜋𝑛𝑠

60
=

2𝜋(1200)

60
125.664 𝑟𝑎𝑑/ sec 𝑤ℎ𝑒𝑟𝑒 𝑇𝑑 ≈

𝑉2𝑠
𝜔2𝑅

′
2

−30 ≈
2082𝑠

125.664 (0.4)
𝑎𝑛𝑑 𝑠 = 0.035

Motor speed = 𝒏𝒔 𝟏 − 𝒔 = 𝟏𝟐𝟎𝟎 𝟏 + 𝟎. 𝟎𝟑𝟓 = 𝟏𝟐𝟒𝟐 𝒓𝒑𝒎

(ii) The power delivered to the electrical supply

𝜔𝑠 =
2π𝑛𝑠
60

=
2π(1242)

60
= 130.062 𝑟𝑎𝑑/𝑠𝑒𝑐

𝑃𝑑 = 𝑇𝑑𝜔 = 30 130.062 = 3.902 𝑘𝑊

𝑃𝑑 = 3 𝐼′2
2
𝑅′2
𝑠
(1 − 𝑠)

−3902 = 3 𝐼′2
2 0.4

−0.035
(1 + 0.035) where 𝐼′2 = 10.486 𝐴

𝑃𝑙𝑜𝑠𝑠 = 3 1′2
2 𝑅1+ 𝑅′2 = 3 10.486 2 = 330𝑊

𝑷𝒅𝒔 = 𝑷𝒅 − 𝑷𝒍𝒐𝒔𝒔 = 𝟑𝟗𝟎𝟐 − 𝟑𝟑𝟎 = 𝟑. 𝟓𝟕𝟐 𝒌𝑾
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