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Abstract. The permanent magnet synchronous motor (PMSM) can be successfully utilized in 
variable speed positioning drive systems due to their great standstill torque and good dynamic 
characteristics. The drive system using PMSM has a three leveled control unit based upon the rotor 
flux oriented vector control of the machine. The dynamic behavior of the PMSM driven 
positioning system was analyzed by simulations and tests. The simulations were performed by 
using the SIMULINK package. The measurements were made on a special test bench. The results 
obtained by the two ways are compared and they are found to be in good accordance. 
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The expansion of power electronics and the availability of 
high energy permanent magnets at relatively low cost 
makes more attractive the permanent magnet synchronous 
machine (PMSM) for variable speed and positioning drive 
systems. The synchronous machine, usually a three-phase 
one, has the armature winding on the stator. This winding, 
supplied adequately, produces a mmf wave moving at 
synchronous speed relative to the stator. The permanent 
magnet disposed on the rotor produces a mmf wave that is 
stationary with respect to the rotor. For the machine to 
develop a uniform torque the rotor has to rotate at 
synchronous speed, so that its mmf wave travels in step 
with the stator mmf wave. The permanent magnets can be 
placed inside the rotor iron core (buried permanent 
magnets) or on its surface (surface permanent magnets). 
The high performance motors are built up with very high 
energy on the volume unit and linear demagnetization 
characteristic permanent magnets [1]. 
The main purpose of an electrical machine control system 
is to assure that the machine will perform in a desired 
fashion. The electrical machines supply source must be a 
controllable one, static power electronic converters being 
mainly used. The electronic power converters control is 
extremely important, because all the limits in the electrical 
machine control are given by the source lack of ability to 
offer the desired input voltage and/or current. Usually this 
control is of vectorial type i.e., the field oriented control. It 
means independent flux and torque control. In the case of 
the PMSM, the rotor flux oriented vector control is used. It 
means that the rotor flux remains constant and the stator 
current, in quadrature with the rotor flux, is controlled in 
order to regulate the machine torque. The PMSM is well 
fitted for positioning drive systems. It has large standstill 
torque,  good acceleration and breaking characteristics. 
The control solution adopted is the usual one, a three level 
of control. The lowest one is performed by the motor-
controller. A higher level, built-up on a DSP, controls the 
speed trajectory and reduces the positioning time and 
errors. The highest one provides the computing support for 
the user's program packages.  
In this paper some results of simulating and testing the 
PMSM driven positioning system will be presented. It has 
be done in respect to the subject the followings: 

  Elaborate a mathematical model and a computer 
program for the assembly. 

  Build up a test bench to check the output characteristics 
of the assembly. 

  Compare, for a given assembly, the results obtained by 
simulation on computer with the ones obtained on the 
test bench. 

The mathematical model is based on dq0  PMSM model. 
At that one the PWM inverter model is attached with the 
PID controller model. The computer program based on 
these models uses SIMULINK, even it has some feeble 
points that will be discussed in the paper. 
The test bench built up in a specialized lab contains a 
particular type of controlled eddy currents break device. 
The test bench contains also a measuring platform that 
consists of a set of sensors, a data acquisition card and a 
Pentium type computer. The data acquisition process runs 
under a LabVIEW package and we developed all the 
necessary programs for the virtual instruments we needed. 
The synchronous motor parameters were determined via 
easy to conduct tests and all the assembly was simulated 
on the computer. The simulation results are in good 
agreement with that obtained on the test bench. 
 
 
MATHEMATICAL MODEL 
 
The utilized mathematical model of the PMSM is a 
two-phase (dq0) model, oriented according to the 
preferential rotor axis. All the relations that describe the 
model lay on the following assumptions [2]: 
 The magnetic circuit of the motor is not saturated due to 

the significant air-gap, that contains the permanent 
magnets, too. 

 The magnetic circuit being cylindrically symmetric the 
two inductances are the same ( L L Ld q  ). 

 The magnetic flux generated by the permanent magnet is 
constant.  

The mathematical model of the PMSM is described by the 
well-known equations: 



 

where Em  is the constant magnetic flux produced by the 

permanent magnet, and can determined via the no-load 
test: 

The mechanical equation of the motor completes the 
mathematical model: 

where the electromagnetic torque can be expressed as: 

 
 
DRIVE SYSTEM 
 
The positioning drive system to be simulated and tested 
was developed for a positioning axis of a more complex 
machine produced by FESTO A.G.  
It is based upon the rotor flux oriented vector control of 
the PMSM. The rotor flux remains constant and the stator 
current, which is in quadrature with the rotor flux, is 
controlled in a way to achieve the required torque. 

So the stator current does not have a d axis component: 

For this situation the following relations are obtained: 

If the PMSM is working in a steady-state regime (  ct.  
and T ct .), than the iq  current is also constant and it is 

equal to its prescribed value iq
* : 

where T*  is the prescribed torque. 
The relations from Eq. 7 become: 

The internal load angleis given by: 

The block diagram of the PMSM's rotor flux oriented 
vector control assembly designed for the positioning 
system is shown in Fig. 1.  
The control system is organized on three levels and 
contains the following units [3]: 
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Figure 1 The block diagram of the control system
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 The supplying and control unit (first level), that contains 
an intelligent motor controller, the rectifier, the breaking 
block, the PWM inverter with six IGBTs and their firing 
circuits. The controller captures the actual currents, 
compares them with the prescribed values, generates the 
firing signals for the IGBTs, detects and processes the 
resolver output in order to produce a position feedback.  
A PID type regulator produces the imposed current 
signal function of the difference between the actual and 
imposed speed. 

 The DSP-based control unit (level 2) generates the speed 
trajectory function of the parameters imposed by the 
third level control unit and of the computed position 
error. The DSP processes the signal obtained from the 
position transducer and converts the user instructions in 
specific command signals.  

 The PC-based (user level) control block is of the highest 
level and enables the user to control the entire drive 
system. 

 
 
SAMPLE MOTOR 
 
The utilized sample motor was made by BALDOR and 
has surface permanent magnets. The main characteristics 
of the motors are: 
 connection type: Y 
 number of the pole pairs: 2 
 standstill torque: 1.47Nm 
 standstill current: 2.1A 
 rotor moment of inertia: 0.47Kgcm3 
 torque at 4000rpm: 1.3Nm 
 current at 4000rpm: 1.8A 
 maximum speed: 7000rpm 
 stator winding resistance: 5.9 
 synchronous inductance 20.7mH. 

The last two characteristics were determined by a set of 
simple test, too. The stator winding resistance was 
measured directly. The synchronous inductance was 
estimated by a symmaterical three-phase short-circuit test. 
6.1, respectively 27.5mH were obtained. 
The motor's main steady-state parameters were determined 
by means of tests, too. All the measurements were made at 
4000rpm. The two voltage components were obtained as: 

Computing the load angle the phase voltage of the stator 
windings comes:  

It means that the voltage in the intermediate c.c. circuit 
must be: 

This value is a little bit greater than the one indicated in the 
catalogue (300V). 
In the simulation programs and at the test bench the 
experimentally determined steady-state parameters were 
utilized. 
 
 
DYNAMIC SIMULATION 
 
The dynamic simulation of the PMSM was performed by 
using the MATH WORKS’s SIMULINK interactive 
simulation environment [4]. Only the first level control 
unit was simulated. A simply speed profile generator was 
attached to the simulated control unit. The general block 
diagram of the SIMULINK programs is presented in 
Fig. 2.  
The main components of the program are: the speed 
trajectory generator, the speed regulator, the imposed 
currents generator, the PWM inverter, the three-phase to 

 
Figure 2 The general block diagram of the simulation program
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two-phase coordinate transformer and the two-phase to 
three-phase coordinate transformer.  
Several situations were simulated, as: the response of the 
drive system to an imposed speed step and to different 
speed profiles. In all the cases the resistent torque was of 
1.3Nm and was applied at 0.1 seconds after the starting. 
Results of simulating the drive system's behavior for a 
given velocity profile are presented in Figs. 3÷6 (the d and 
q axis current, the three phase currents, respectively the 
imposed and actual angular speed). 

 

As it can be seen the imposed speed profile was entirely 
fulfilled. The obtained results are in good accordance with 
the theoretical anticipation. These results will be compared 
with those obtained by experiments. 
 
 
 
EXPERIMENTAL MEASUREMENTS 
 
 
The experimental measurements were made on a test 
bench (see Fig. 7). The main components of the bench are: 
a usual Pentium processor based PC having a DSP unit 
and a National Instruments DAQ PC+ type acquisition 
board, a servo amplifier, the PMSM integrated with the 
resolver, the eddy-current breaker with an external resistor 
and current transducers. The data acquisition (for the 
actual motor speed and for the phase currents) was made 
by utilizing National Instrument's LabVIEW PC+ 
package. 
All the simulated tasks for the given PMSM were run on 
the test bench, too. Results for the same imposed speed 
profile that was simulated above are presented in Figs. 8 
and 9 (the plots of the stator phase-currents and the speed 
versus time).  
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Figure 3 d axis current versus time 
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Figure 4 q axis current versus time 
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Figure 5 Phase currents versus time 
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Figure 6 Imposed and actual angular speed versus time

 
Figure 8 Measured values of speed and current  (all the 

speed profile)



In all of the presented figures the scale factor for the speed 
is of 600rpm per a division and for the currents 5A per a 
division.  
These figures show well the dynamic behavior of the 
PMSM. As dynamic breaking was applied, the 
deceleration slope is more significant than that the 
acceleration one.  
 
 
 
 

 
CONCLUSIONS 
 
The results obtained via simulations and tests were found 
as to be in good agreement. This means that the utilized 
mathematical model of the PMSM is quite pertinent and 
the motor parameters were determined well by the tests, 
although very simple measurements were made. 
The small differences between the results obtained by the 
two ways are due to the imperfect PWM inverter 
modelling and to the impossibility to introduce in the PID 
regulator model the constants obtained by the fine tuning 
of the regulator during the tests.  
The SIMULINK model of the PWM inverter is deficient, 
because the existing hysteresis function in the utilized 
package version is not entirely adequate to this purpose. 
Therefore the inverter model is generating more with 
significant amplitude as in the reality. These harmonics are 
amplified during the numerical solution of the PMSM's 
mathematical model and the obtained results are a bit 
deformed. 
 

 
Figure 7 Test bench for the experimental measurements 

Figure 9 Measured values of speed and current - a 
small part of the speed profile (the start up) 
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