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Course Logistics

• Lab 5 Monday section moved to Wednesday (Apr. 8) at 10:30 AM
• Only Monday section is modified, Friday sections are not impacted

• Quiz 4 takes place at the beginning of lecture on Apr. 2
• You can leave after quiz

• Assignment 6 is posted

• SEI survey: March 28 – April 13

• Final exam: Apr. 19 @ 12 PM in IRC 4
2
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Synchronous Motor – PF Control 
• Assume 

( ) constIV st =cos
=>

ssft IjXEV +=

( ) constEV ft =sin

(stator resistance is neglected)

( ) const
X

EV
P

s

ft
==  sin1• Assume constant mechanical load

(a) Under-Excited



4

Synchronous Motor – PF Control 
• Assume 

( ) constIV st =cos
=>

ssft IjXEV +=

( ) constEV ft =sin

(stator resistance is neglected)

( ) const
X

EV
P

s

ft
==  sin1• Assume constant mechanical load

(b) Unity Power Factor
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Synchronous Motor – PF Control 
• Assume 

( ) constIV st =cos
=>

ssft IjXEV +=

( ) constEV ft =sin

(stator resistance is neglected)

( ) const
X

EV
P

s

st ==  sin1• Assume constant mechanical load

(c) Over-Excited
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Synchronous Motor – PF Control 

• Assume ssft IjXEV += and ( ) const
X

EV
P

s

ft
==  sin1

V – Characteristic
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Salient Rotor Synchronous Machines
Most high-pole count rotors have salient structure

12-Pole Salient Rotor

4-Pole Salient Rotor

2-Pole Salient Rotor

64-Pole Salient Rotor Hydro Generator
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Salient-Pole Machines

- Direct axis synchronous reactance 

d

d

N
L


=

2

q

q

N
L


=

2

- Quadrature axis synchronous reactance 

lsmdd XXX +=

lsmqq XXX +=
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Current Components
Stator current ෩𝐼𝑠 = 𝐼𝑞 ෤𝑞 + 𝐼𝑑 ሚ𝑑



10

Phasor Diagram (generator)
Voltage equation ෪𝐸𝑓 = ෩𝑉𝑡 + 𝑅𝑠෩𝐼𝑠 + 𝑗𝑋𝑞𝐼𝑞 ෤𝑞 + 𝑗𝑋𝑑𝐼𝑑 ሚ𝑑

Assume lagging pf

ddqqsstf IjXIjXIRVE +++=Also written as for simplicity
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Phasor Diagram (generator)
Voltage equation dqs III += => dsq III −=

( ) dqdff IXXjEE −+=

( ) dqdsqsstf IXXjIjXIRVE −+++=

ddqqsstf IjXIjXIRVE +++=
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Winding resistance         is negligible.

Example 3
Salient-pole Syn. Gen delivers rated kVA power at unity PF and rated terminal 

voltage. The rotor angle                . The open-circuit voltage is puE f 4.1=

sR

30=

(a) Sketch a phasor diagram and show relevant angles 
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Winding resistance         is negligible.

Example 3
Salient-pole Syn. Gen delivers rated kVA power at unity PF and rated terminal 

voltage. The rotor angle                . The open-circuit voltage is puE f 4.1=

sR

30=

(b) Calculate reactances Xq and Xd in pu. 
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Power & Torque (generator mode)
Assume 

dqs XXR , ⇒ sR

ddqqtf IjXIjXVE ++=

can be neglected 

Voltage equation 
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Real & Reactive Power (generator mode)

( ) ( ) ( ) sincoscos dqs III +=
⇒

( )

d

tf

d
X

VE
I

cos−
=

( ) qqt IXV =sin

( ) ddtf IXVE += cos

( ) ( ) ( ) cossinsin dqs III +−=

( ) ( ) ( )( ) sincoscos dqtst IIVIV +=

( ) ( ) ( )( ) sincossin qdtst IIVIV −=

⇒

( )

q

t
q

X

V
I

sin
=
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Real Power (generator mode)

( ) ( ) ( ) cossin
11

sin 2
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Reactive Power (generator mode)
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
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Power-Angle Characteristic (generator mode)

( ) ( ) 2sin
11

2
3sin3
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Principle of Reluctance Motor

( ) 2sin
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Use salient rotor with no winding
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Principle of Reluctance Motor

( ) 2sin
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Principle of Reluctance Motor
Use salient rotor with no winding
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Brushless DC Machine
• Use PM Synchronous Machine & Variable Frequency Drive

• Use Hall-Effect or Electro-Optical sensors of the rotor position



23

SM Control



Looking ahead…

• Start Module 7
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