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ECE330: Power Circuits & Electromechanics

Lecture 23. Induction machine 

torque-speed characteristics

Prof. Richard Y. Zhang

Univ. of Illinois at Urbana-Champaign

ryz@illinois.edu
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Last time: Induced currents
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Stator field at synchronous speed

Rotor construction?

Nonmagnetic conductor Induction machine

But spins at reduced speed

Balanced 3ϕ stator currents

Cheap, rugged, reliable, but quite complicated and 

historically difficult to squeeze maximum performance

Squirrel cage

Torque-Speed / Power-Speed Curve
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http://electricalacademia.com/induction-motor/torque-speed-characteristics-induction-motor/

Today: Figure out how to drive this thing

• Review: Induction machine model

• Starting torque and no-slip torque

• Torque-speed characteristics

• Example problems
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Recall: Poles, 

Mechanical Speed, 

Slip, Torque

Torque [Nm] =
Mechanical power [W]

Mechanical speed [rad/s]

2 pole

4 poleMechanical Electrical

Slip 
[Dimensionless]

Same idea 

behind torque 

as sync mach
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Electrical model (1-p equiv)
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Rr / s

Issue: Rotor currents 

hard to compute!

Solution: Transformer 

equivalent circuit
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freq
rotor
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+

+
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Lumps mutal 

AND spd voltage
Physical model

Computational tool

stator freqstator freq

Actual

Fake
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http://electricalacademia.com/induction-motor/torque-speed-characteristics-induction-motor/
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Power transfer
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Rr Rr / s

Computational tool

Actual
Fake
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2𝑅𝑟

3 ҧ𝐼𝑟
2𝑅𝑟

3(1 − 𝑠)

𝑠
ҧ𝐼𝑟
2𝑅𝑟

Drives the 

torque

Efficiency 

≈ 1 − 𝑠

Physical model

• Review: Induction machine model

• Starting torque and no-slip torque

• Torque-speed characteristics

• Example problems
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Today
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Starting torque

++

Rr

Rr / s

Mechanical power input

(drives the torque)

Mechanical speed

Torque = Power / Speed

What happens if ωm = 0?

Limit of zero 

divided by zero

A) Te = 0; B) Te = ∞; C) Te finite

𝜔𝑚 =
2

𝑝
𝜔𝑠 −𝜔𝑟 =

2

𝑝
1 − 𝑠 𝜔𝑠

𝑇𝑒 =
𝑃𝑚
𝜔𝑚

=
𝑝

2

(1 − 𝑠)𝑃𝑎𝑔
(1 − 𝑠)𝜔𝑠

= 3
𝑝

2

ҧ𝐼𝑟
2𝑅𝑟

𝑠 ⋅ 𝜔𝑠
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Zero-slip torque

++

Rr

Rr / s

Mechanical power input

(drives the torque)

What about ωm = ωs?

Limit of zero 

divided by finite

A) Te = 0; B) Te = ∞; C) Te finite

Mechanical speed

Torque = Power / Speed

𝜔𝑚 =
2

𝑝
𝜔𝑠 −𝜔𝑟 =

2

𝑝
1 − 𝑠 𝜔𝑠

• Review: Induction machine model

• Starting torque and no-slip torque

• Torque-speed characteristics

• Example problems
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Today

12

R / s

jX

𝑉∠0∘

Assume:

• v(t) = V cos(ωst)

• Constant V, say 120V

• Constant ωs, say 120π for 60Hz

• Two-pole machine

ҧ𝐼𝑟
2 =

ത𝑉𝑎
2

𝑅/𝑠 2 + 𝑋2

=
𝑉2

𝑅2
𝑠2

1 + 𝑠2 tan2𝜙

𝑃𝑎𝑔 = 3 ҧ𝐼𝑟
2𝑅/𝑠

=
3𝑉2

𝑅

𝑠

1 + 𝑠2 tan2𝜙

𝑇𝑒 =
𝑃𝑚
𝜔𝑚

=
3𝑉2

𝑅𝜔𝑠

𝑠

1 + 𝑠2 tan2𝜙

=
(1−𝑠)𝑃𝑎𝑔

(1−𝑠)𝜔𝑠
= 

𝑃𝑎𝑔

𝜔𝑠

𝑃𝑐𝑢 = 3 ҧ𝐼𝑟
2𝑅 = 𝑠𝑃𝑎𝑔

𝑃𝑚 = 𝑃𝑎𝑔 − 𝑃𝑐𝑢

=
3𝑉2

𝑅

(1 − 𝑠)𝑠

1 + 𝑠2 tan2𝜙
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http://electricalacademia.com/induction-motor/torque-

speed-characteristics-induction-motor/

𝑇𝑒 =
3𝑉2

𝑅𝜔𝑠

𝑠

1 + 𝑠2 tan2𝜙

𝐼 =
𝑉2

𝑅2
𝑠2

1 + 𝑠2 tan2𝜙

𝑃𝑚 =
3𝑉2

𝑅

(1 − 𝑠)𝑠

1 + 𝑠2 tan2𝜙

Torque-speed curve

Theorem. Max torque at

𝑠 =
±1

tan 𝜙

Proof: Differentiate Te against s
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Torque-speed curve over a wider range

𝑇𝑒 =
3𝑉2

𝑅𝜔𝑠

𝑠

1 + 𝑠2 tan2 𝜙

https://people.ucalgary.ca/~aknigh/electrical_machines/inducti

on/im_trq_speed.html

• Review: Induction machine model

• Starting torque and no-slip torque

• Torque-speed characteristics

• Example problems
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Today
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http://electricalacademia.com/induction-motor/torque-speed-characteristics-induction-motor/
https://people.ucalgary.ca/~aknigh/electrical_machines/induction/im_trq_speed.html

