Modeling and Investigation of a Position Control
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Abstract — The performance of a permanent magnet synchro-
nous motor drive system with position control is discussed in
this paper. Detailed study and analysis have been carried out for
different loads at respective dynamic and static regimes. The
developed computer simulation models and the results obtained
can be used in optimizing and tuning of such types of position
drive systems.
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I. INTRODUCTION

In recent years permanent magnet synchronous motors
(PMSM) have been used in many high performance applica-
tions such as numerically controlled machine tools, robotics,
electric vehicles, aerospace, and many more [1], [4], [6], [7].

The increasing interest can be explained by their following
advantages:

- low power loss and high efficiency;

- high power-mass ratio;

- good heat dissipation characteristics;

- low rotor inertia and good dynamics;

- high speed capabilities.

Generally, according to the phase current waveforms,
PMSM electric drives can be classified as brushless DC
motor drives (with rectangular current control) and brushless
AC motor drives (with sinusoidal current control) [2].

This paper describes the performance of a brushless DC
motor drive system with position control in which a parabolic
position controller has been applied. Detailed analysis and
study by means of modeling and computer simulation have
been carried out for the respective transient and steady state
regimes. Some investigation results are presented and dis-
cussed.

Il. MODELING OF THE DRIVE SYSTEM

The simplified block diagram of the position control drive
system under consideration is shown in Fig.1. MS is a three-
phase PMSM controlled in brushless DC motor mode [5]. The
corresponding notations are as follows: PC - position
controller; SC - speed controller; RC - reference current
block; CC - current controllers block; IC - inverter control
block; VI - six-step voltage source inverter; RF — rectifier; PS
- position sensor; PF - position feedback block; SF - speed
feedback block; L - load of the electric drive; V. - position

reference signal; Vg, - speed reference signal; V., - current
reference signals for the phases a, b and ¢ respectively; 2Ai,
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- reference hysteresis band; V¢ - position feedback signal;
Vg - speed feedback signal; Vs - current feedback signals;

Vy - DC link voltage; C - filter capacitor; o - angular motor
speed; @ - angular position; T, - load torque applied to the
motor shaft.

The simplifying assumptions in the analysis of the electric
drive are as follows:

- the motor is unsaturated;

- eddy-current and hysteresis effects in the electric motor’s
magnetic materials have negligible influence on the stator
winding current;

- the motor is a symmetrical three-phase machine;

- there is no saliency and therefore self and mutual
inductances are constant and independent of rotor position;

- the devices in the power-electronic circuits are ideal.

The PMSM model and the respective power-electronic
circuits are represented in Fig. 2, where S1+S6 are power
electronic switches and D1 + D6 are diodes.

The circuit equation in phase variables is:

Va Rs 0 0 [ia La Lpa Lca Ia €a
Vb =10 RS 0 ib + Lba Lb ch a ib + eb ,(1)
Ve 0 0 Rslic Lea Lop Lc ic €c

where v,, vy, V, are the voltages applied in stator phases a, b
and c respectively; iy, iy, i - the phase currents; e,, ey, ec -
the back electromotive forces (EMFs); R =R, =Ry =R; -
the stator phase resistance; Ly, Ly, L - the phase self
inductances; Ly,, Ly, Loy - the mutual inductances.

The back EMF shape waveforms are expressed by the fol-
lowing equation
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where @,, @, @, are the stator magnetic fluxes of phases a,

b, and c respectively.
Assuming there is no change in the rotor reluctance with
angular position, then

La=Ly=L,=L 3)
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Fig. 1. Block diagram of the drive system under consideration

and
Lpa = Lea = Lep =M. 4)
Since the motor windings are star connected, the next
relations can be obtained:
ig +ip +ic =0, (5)
and
Miy, + Mi. =—Mij . (6)
Thus, the electric dynamic equations for each motor phase
are arranged as follow:

di 1 .
d_,?=L_S(Va_Rs'a_ea); )
diy, 1 .
—=—I(Vyp —Rgip —€p); 8
it L (vp —Rgip —€p) 8
di 1 .
d_tC=L_S(VC_Rs'c_ec)l ©9)
where Ly =L —M is the stator phase inductance.
The motor electromagnetic torque can be expressed as
T =eaia+ebib +€clg (10)
a) i
and the mechanical dynamics equations are as follows:;
199 11 _po: (12)
dt
de
— = , 12
o (12)

where J is the total inertia referred to the motor shaft; D -
the viscous damping coefficient.

The current controllers have programmable hysteresis band
2Ai, which determines the modulation frequency of the in-
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verter fp,.
The transfer function of the speed controller is
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Fig. 2. Model of the motor and respective power-electronic circuits

Gsc(S)ZKsc(‘@ L ,
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(13)

where K is the respective coefficient and 74 is the con-

troller time-constant.
A parabolic position contré?l)er is used in the investigated

system [3]:
/ €p
2A6

where K¢ is the coefficient of the speed feedback block;

st

Gpc(s) =K pc(Ae) K
pf

(14)

Koyt - the coefficient of the position feedback block; &, - the



reference deceleration.

The position controller performance is illustrated in Fig. 3,
where the following notations are used: A6pmax - Maximum
braking angle; A8y - braking distance at which the control-
ler coefficient value is switched over; Vg max -

speed reference signal.
The motor speed reference signal is determined by the ex-

maximum

-
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Fig. 3. llustration of the position controller performance
pression

Vor =K pe (46)K f 46 (15)

After substitution of Eq. 14 in Eq. 15, the following is ob-
tained (Fig. 3, curve a):

SbAQ
2

Vr = Kgt (16)

Reduction of A6 brings about to increase of K. up to a
value equal to K s, calculated according to the admissible

overshoot. At A8 < Afy, the Vg, (A8) ratio coincides with

the b straight line.

Using MATLAB/SIMULINK software package a number
of computer simulation models of electric drives have been
developed. A detailed study of the drive system under consid-
eration has been carried out for different loads at transient and
steady state regimes.

I1l. SIMULATION RESULTS

Fig. 4 shows the phase current waveform i, and the re-
spective trapezoidal back electromotive force e, obtained at

steady state regime for rated load.

Fig 5 illustrates dynamic maintenance of zero phase cur-
rent.

The programmable hysteresis band influence is shown in
Fig. 6 where are represented current waveforms for two refer-
ence hysteresis bands.

Fig. 7 represents motor speed stabilization when the load
changes. Transient and steady state regimes are represented,
as well as the drive system reaction to disturbances expressed
in load changes. The load torque acting upon the motor shaft
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is equal to the rated value T, , while the disturbances
applied sequentially on the drive are £AT; =+0.5T|,4 . The

reference speed is w, = 157rad/«and the starting current is
limited to the maximum admissible value 1%, Which pro-
vides maximum starting motor torque.
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Fig. 4. Phase current and back electromotive force waveforms

Some time-diagrams obtained at reverse speed control with
electrical braking are shown in Fig 8. The braking torque of
the motor is notated as Ty, . The reference speed values in this

case are o, =%100rad/s .
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Fig. 5 Dynamic maintenance of zero phase current

Fig. 9 represents simulation results from the investigation
of the electric drive system at position control. The motor
speed is limited to the maximum value of @,y , Which

ensures good dynamics of the drive system.
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Fig. 6. Influence of the current controllers hysteresis band



IV. CONCLUSION

The used motor rated power is P, =0.6kW , and the
rated speed is w4 =157 rad/s.
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Fig. 7. Motor speed stabilization at load changes

Some specified appropriate setting parameters of the stud-
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Fig. 8. Diagrams at reverse speed control with electrical braking
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ied electric drive system are as follows: maximum modulation
frequency frmax =8000Hz ; hysteresis band 24i, =1A ;

maximum phase current I, =20A.
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Fig. 9. Time-diagrams at position control of the electric drive

The analysis of the investigated dynamic and steady state
regimes shows that the represented electric drive system
provides good performance, which makes it suitable for a
variety of industrial applications. The developed models and
the respective simulation results can be used in optimizing
and final tuning of such types of position control drive
systems.
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