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Abstract:- In this paper, the maximum torque per
ampere (MTPA) using vector control (VC) has been
implemented on a surface permanent magnet
synchronous motor (SPMSM). A complete hardware
setup based on the digital signal processor (DSP) has
been constructed to verify the MTPA concept. Texas
F28335 DSP will be used for executing the control
algorithm and MATLAB Target Support Package has
been used to write the code. A serial communication will
be used for sending the desired value of the speed and to
collect the readings via the DSP. In addition to
executing the MTPA concept, the DSP has been used to
act as a data acquesition to collect those data that don’t
need high scan rate.
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1. Introduction

Due to the advantages of the Permanent Magnet
Synchronous Motors (PMSM) the application of
PMSMs has greatly broadened [1]. The zero rotor
copper loss is that results in higher efficiency, the
high torque and output power/volume that results in
compact design and the simplicity in construction
and maintenance are some of the PMSM advantages.
Robotics, aerospace, power tools, generation with
renewable energy source, various medical
equipment and electric/hybrid vehicles etc are some
of the applications that can be established based on
PMSM. Because of its many advantages, the
permanent magnet machines are preferred over other
traditional machines such as brush commutated DC
motor, synchronous motor and induction motor
especially for highly efficient servo and variable
speed drive applications [1]. PMSM control can be
controlled using different approaches; scalar control
and vector control are possible methods for PMSM
motors control [2-7].

2. PM Machines Configurations

In a Permanent Magnet (PM) machine, the field
excitation comes from the permanent magnet pole
pieces. Depending on working principles, the PM
machine can be categorized broadly into three main
groups; brush commutated PMDC machines,
brushless PMDC machine and brushless PMAC or
PM Synchronous Machine (PMSM). The brush-
commutated PMDC machine is the DC machine in
which electromagnetic field has been replaced by the
permanent magnet field. In such machines,
permanent magnet poles are situated on the rotating
part and the stator consists of three-phase windings
that are fed with square waveforms from three-leg
converters. The switching of the converter is
controlled in such a way that at one time only two
phases conduct. This electronic commutation
scheme is functionally equivalent to the mechanical
brush commutation of the DC machine. Hence, this
type of PM DC machines is known as brushless
PMDC machines or square-wave PMDC machines.
The brushless PM DC machine is preferred for many
applications because of its low maintenance, high
efficiency and relatively simple switching scheme.
The brushless PM AC machine also has permanent
magnet poles in the rotating part and the stator or
armature consists of the three-phase, sine-distributed
windings. The machine operates with the principle
of synchronous rotating magnetic field, hence, they
are also known as PM Synchronous Machine
(PMSM) [5].

3. PMSM rotor configurations

The PM synchronous machines are built with a
number of rotor configurations. Among them,
interior and surface magnet rotors are the two most
commonly used configurations. In the interior
permanent magnet (IPM) structure, magnet poles are
buried inside the rotor where as in the surface
magnet rotor, the magnet poles are glued to the rotor



surface as shown in the Fig. 1 (a) and (b). In this
paper implementation of CPSR on the surface-
PMSM will be discussed, however same concept can
be modified and implemented for IPM also.

Fig. 1. Cross-section of the (a) IPM rotor (b) Surface
Permanent Magnet rotor.

4. MATHEMATICAL MODEL OF APMSM FOR
VECTOR CONTROL
The mathematical model of a PMSM drive can be
described by the following equations in
asynchronously rotating rotor d-q reference frame as

LysLy : d and q axes leakage inductance[H]

L Lng : d and q axes magnetizing inductance
[H]

Ly, L, : d and q axis stator inductances [H]

o, : Electrical speed in rad/sec

, : Mechanical rotor speed in rad/sec

= : number of pole pairs

Equations 1 and 2 can be rewritten as;

. di .
v, =R, +de—:—a)eLq|q &)
Vg =R, +L, %ereLdid + Doy (6)
Where;
o, =Po, (7
At steady state;
Vg = Riig - weLqiq (8)
v, =R, + oLy + gy 9)

The well-known electro-magnetic torque equation
of the electric machine in the d-q synchronous

reference frame is;
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v - Ri 4 dg, ‘o4, ) machine parameters of the PM machine as:
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And, Tezzp[¢PMlq+(Ld_Lq)ldlq] (11)
$q = (Lig + Lo Vg + Pou 3) In surface PMSM L4=L4=Ls, equation 11 can be
$g = Lyiq + dpy reduced to:
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2
- - : e
O g o e [ -
il Va = " = =
[ ] wo| o - | 8
=
= o]
. j% <ii',; % <i:\:‘,LZI
POSITION AND — // ™
SPEED CALC "/\\\J \\ PMSM //'>
Fig. 2. Basic scheme of the FOC. o
R, : Stator winding resistance [Q]
(N : d and q axes currents [A]
VasVy : d and q axes voltages [V]

$s.9, : d and q axes stator flux linkage [WD]



5. Simulation Results of MTPA Using Vector
Control

FOC scheme shown in figure 2 has been
implemented using MATLAB. Step-up speed set-
point has been applied to the motor, and then the
rated torque has been applied after 2 seconds. Figure
3 shows the simulation results. It can be seen that the
rated speed has been achieved quickly and when the
load has been applied the controller has changed the
iq set-point as shown to develop the required torque.
The change in the applied torque and how it has
been achieved is shown also. The change in the
stator current from the no load value to the rated
value once the torque has been requested can be
seen. ig still zero in all cases that achieving the
MTPA for the SPMSM.

6. Hardware Implementation of MTPA Using
Vector Control

Figure 2 shows the basic scheme of the field
oriented control. As equation 3 shows that the
delivered torque by the PMSM is based on the
quadrature current only the MTPA can be achieved
by forcing the direct current to be zero. Using the
basic sheme shown in figure 2, i, reference will be
deduced from the speed controller while i, reference
will be set to zero. FOC block diagram shown in
figure 2 have been implemented using the
MATLAB Target Support Package software to
execute the applications on Texas F28335 eZdsp.
Figure 3 shows the block diagram of the FOC as
implemented in MATLAB and deployed to the DSP.
The DSP serial communication cababilities have
been used for sending the speed setpint from the PC
and for collecting the reference and actual reading of
the speed, reference and actual reading of i and
finally thereference and actual reading of i4. Figure 4
shows the complete hardware setup as it has been
used.
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Fig. 4. FOC block diagram in MATLAB .

Table 1 Motor parameters

Motor rated power Rated (P,) 3-phase, 300watt

Rated current 2.5A
Rated speed 1000 rpm
Pole pair number (P) 5

Stator inductance, Ly Lq=Ls=L;) | 14.29 mH

Stator resistance, R 1.06Q)

Magnetic flux constant, g, 42.5V/1000 rpm

ACIDC
converter 7

=

Fig. 5. Complete Hardware setup.

7. EXPERIMENTAL RESULTS

PMSM with those parameters listed in table 1 has
been coupled with a DC generator as shown in
figure 4. This setup has been deriven using the DSP
where the MATLAB program has been deployed.
Figure 5 shows a step-up change in the speed and
the effect on 14 and ig. it can be noticed that there is
no change in iy however i, increased slightly. Figure
6 shows a step-down change in the speed and the
effect on 14 and i,. it can be noticed that there is no
change in iq however iy decreased slightly. Figure 7

| Diesired speed

shows the motor speed at two instants, as the load
has been added and as it has removed. As it can be
seen that the speed decreased as the motor increased,
however the controller increased the iq reference as
to return the motor to the requered speed. It is
important to note that i still equalls to zero and the
motor delivered the required torque which means
that the MTPA concept is verified. Motor loading
has been doubled and the instant of adding the load
is shown in Figure 8, however the instant of
removing the load is shown in Figure 9. Same
response as figure 7 can be noticed in both figure 8
and figure 9.

8. Conclusions

A complete hardware implementation has been
constructed to verify the MTPA on a surface
permananet magnet synchronous motor bsed on the
FOC. Theory of the FOC has been verified at
different speeds and at both loading and no-loading
cases. Doftware has been implemented using
MATLAB Target Support Package and deployed on
the Texas F28335 DSP. DSP Serial port has been
used to send the speed setpoint and to collect the
reading which is saving time. Readings have shown
that; controller has succeed to achieve the required
speed by changing i, to develop the required torque,
however iy has been kept at zero level for all
conditions to keep motor running with the MTPA.
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