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W6-M5 PM Synchronous Machine 
Formulations 

 

INTRODUCTION 
In this report, a permanent magnet synchronous 

machine “PMSM” is developed. First a cross sectional 
drawing of the machine is represented along with the 
schematic diagram that shows the windings of such 
machine. Then, writing the voltage expression for this 
“PMSM” and corresponding State Space Models using 
lecture notes [1].  

 

MACHINE’S PARAMETERS 

A 6-pole, three-phase magnet type 
“synchronous” machine has a phase self-inductance of 
150 μH and a phase-to-phase mutual inductance of 15 
μH. At an electrical angular speed of 1,337 rad/sec, the 
rotor radially mounted permanent magnets induced the 
following back emf’s in the a, b, and c phases of the 
stationary armature. 

 

The three armature phases are Y-connected with 
an isolated neutral, that is ia+ib+ic=0, and has a per-
phase resistance of 9.4 mW 

 

MACHINE’S CROSS SECTION AND SCHEMATIC DIAGRAM 

The cross-section of the permanent magnet 
synchronous machine and the corresponding winding 
schematic diagram are given in Figures 1 and 2, 
respectively.  The machine under consideration does 
not include any damping circuits. However, Fig. 2 
show two sets of damping circuits that are added for 
illustration. 

 

 

 
Fig. 1: Two-pole, 3-phase, Salient Pole PM Synchronous 
Machine Cross-section [2] 

 
Fig. 2: The winding representation in the synchronous 
machine [3] 
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FORMULATIONS 
A- Voltage expression: 

The voltage expression for the permanent magnet synchronous machine is as follows [1,3]: 
 
𝑉!"# = 𝑅. 𝐼!"# + 𝐿. 𝐼!̇"# + 𝐸!"#                                                                                                           (1) 
 
Equation (1) can be expanded in matrix form in the following equation: 

                            (2)   

 
B- State-Space Model 
C- The state space equations that represent the machine can be expressed as follows [1,3]: 

𝑋̇ = 𝐴𝑋 + 𝐵𝑈                                                                                                                                      (3) 

Or 

𝐼!̇"# = .−𝐿$%. 𝑅0. 𝐼!"# + 𝐿$%. (	𝑉!"# − 𝐸!"#)                                                                                      (4) 

   (5) 

                                                (6) 

                                                                        (7)
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