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Mechanical Power

Linear Motion

Power(W) = Force (N) x Speed (m/s)

Rotational Motion

Power(W) = Torque (Nm) x Rotational Speed (rad/s)

 P = Tω → T =
P

ω
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Can you guess a few applications that require high start-up torque?

Electric Cars: BMW i3
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Start-up Torque

For curious students: BMW i3 Specs,
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Importance of Start-up Torque: BMW i3 vs WV Golf GTI

For curious students: Tesla Induction Motor Info, Reverse engineering a Tesla
drivetrain, BMW i3 Specs,
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Torque-Power Relation

What is  of the rotor?

= 3Pmech I
′2

2

(1 − s)

s
r′

2

T =
P

ω

ω

ωr= (1 − s)ωs
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Torque-Power Relation

= T (1 − s) = 3Pmech ωs I
′2
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Generated Torque

, which is equal to:

 or 

 is the mechanical synchronous speed! 

T = 3I ′2
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Generated Torque

 We know:

, if we know  and number of poles

: if we know rotor speed

 from locked-rotor test

How can we calculate ?

T = 3I ′2
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How can we calculate ?I ′

2
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How can we calculate ?

Inaccurate but easy: Move parallel branch to source
side

I ′

2
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How can we calculate ?

Inaccurate but easy: Move parallel branch to source
side

More accurate: Calculate Thevenin equivalent as
seen from the rotor side

I ′

2
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Thevenin Equivalent Circuit

=Vth

( //j )Rc Xm

+ j + ( //j )R1 X1 Rc Xm

V1

= ( + j )//( //j )Zth R1 X1 Rc Xm
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Torque

=Te

3V 2

th

( + + ( +Rth

r′
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Torque

If you're in a hurry, move the parallel branch to motor
terminals and replace:

=Te

3V 2

th

( + + ( +Rth

r′
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)2

r′
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sωs

→ → →Vth V1 Rth R1 Xth X1
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Torque

=Te

3V 2
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Torque Characteristics

Can you guess the waveform wrt rotor speed?

Torque Graphs

=Te

3V 2

th

( + + ( +Rth

r′

2

s
)2 Xth X ′

2
)2

r′

2

sωs
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Typical Torque Curve of an Induction Motor
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Torque characteristics

For small values of slip: Torque is proportional to slip

For large values of slip: Torque is inversely
proportional to slip

Rated slip is usually smaller than 0.05
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Start-up Torque

Substitute s=1 in the torque equation

=Tstart

3V 2

th

( + + ( +Rth r′
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Maximum Torque Point

=Te

3V 2
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Maximum Torque Point

Maximum torque point = Maximum airgap power point

=Te

Pag

ωs
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Maximum Torque Point

What is the condition for maximium airgap Power?

Maximum Power Transfer Theorem: 

=
r′

2

s
+ ( +R

2

th
Xth X ′

2
)2‾ ‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾√
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Slip for maximum torque

Maximum Torque (substitute s)

Notice that  depends on  but  doesn't.

=smaxT

r′

2

+ ( +R
2

th
Xth X ′

2
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= 3Tmax
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