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Abstract. The traditional direct torque control belong bang-bang control[1], has a relatively large
torque ripple and flux ripple, The space vector pulse width modulation (SVPWM) with direct
torque combined[2], can effectively suppress torque ripple and flux, This paper will apply to the
feasibility of SVPWM technical in direct torque control[3] system for verification.

Introduction

In recent years, permanent magnet synchronous motor[4] (hereinafter referred to as the PMSM)
has aroused more and more attention due to small size, simple structure, light weight, high
efficiency, large torque inertia and other advantages. Compared with DC motors, PMSM no
commutator and brushes, so low noise and will not produce sparks. Compared with induction
motors, PMSM do not need excitation, loss of the stator and rotor parameters can be measured, and
therefore power factor is high controllability is good. Compared with the electrically excited
synchronous motors, PMSM eliminating the excitation device, simplifying the system so that the
volume is reduced, efficiency is improved significantly.And since the advent of direct torque
technology, it has been a simple structure, fast dynamic response known, so that the permanent
magnet synchronous motor system can achieve a wide range of high-precision positioning control
or speed, and good dynamic performance, the permanent magnet synchronous motor applications
more widely.

Mathematical Model of PMSM

PMSM rotor structure by permanent magnets installed in the form of classified into
surface-mounted, plug-in and built-in three, this paper will not discussion.

Before creating a mathematical model, first assume that

1) Ignore the stator and rotor reluctance intimate, excluding eddy current loss and reluctance; 2)
Ignore core saturation; 3) The permanent magnet material conductivity is zero, the permeability is
permeability of vacuum; 4) no damper winding rotor; 5) Excitation magnetic field and the stator
field generated by the permanent magnets are sinusoidal not considered harmonics.

In this paper adopt surface-mounted structure, three-phase voltage equation of ABC
coordinates.
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Where WA, ¥B, WYC for the whole flux A, B, C phase windings, p is the differential operator.
Flux-linkage equation in coordinate of ABC

© 2016. The authors - Published by Atlantis Press 768



Ya Ly Lae Lac|ia Y
Ve |=|Lea Le Lec|ls|+|¥e (1-2)
Ve Lea Lee  Le e Vi

Equation rightmost three were PMG field chain over A, flux B, C windings, and

1

I-A = LB = Lc = Lso’ +L LAB = LBA = LAC = LCA = LBC = LCB :_ELml (1-3)
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Wherein, Lm and Lm1, respectively leakage inductance and magnetizing inductance winding.
Torque equation

3 . .
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yo, yp and ia, if is afy coordinate system for the stator flux and current, p0 for the number of

pole pairs, Te is the electromagnetic torque, the transformation relations that ABC system into

ofline as following:
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Direct Torque system modeling using the SVPWM

The main idea of the space vector modulation strategy is in a control period to choose adjacent
nonzero-voltage vectors and the zero vector, calculate action time of each vector to synthesize any
desired magnitude and phase of voltage vector.Its main task is to: 1) determine the spatial voltage
vector where the sector; the role of time 2) calculation of the basic voltage vector control; 3)
calculate the inverter switching action time; 4) to generate PWM wave.

Sector judgment:

V, =V
V, =43V, -V, 2-1)
V, =3V, -V,

Order: a=1 (A> 0, opposite a=0); b=1 (Vb> 0, contrary b = 0); c = 1 (Vc> 0, contrary c = 0).

Reference voltage vector sector where S = a + 2b + 4c.
Time:

X :\/_3\/sﬁ-|-s / VDC
Now define:{Y :3(\/_ N I3V )T N (2-2)
Z=3(3,y 13-V, Vo

Difterent sectors T1, T2 values by the following table

Table2.1 Relationships of S and T1, T2's

S 1 2 3 4 5 6
T, Z Y Z X X Y
T, Y X X Z Y Z

Switching time: Sector S and cm1, the relationship between cm2, cm3 in the following table
Table 2.2 relationship of S and cm1, cm2, cm3

S 1 2 3 4 5 6
Cml Ty Ta T, T. T. Ty
Cm2 T, T. Ty Ty T, T.
Cm3 T. Ty T, Ta Ty T,
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Tables Ta, Tb, Tc aret =t -1, -7T,)/4T, =T, +T, /2T, =T, +T, /2

Simulation results and analysis

Simulation model modules established according to the formulas and tables above, then get
integrated permanent magnet synchronous motor using SVPWM direct torque control simulation
diagram, as Figure 1.Set sampling period T=0.0001s and supply voltage Udc=110V. Motor
parameters: inductance 8.5mH, Rs=1.132Q, p0=2, J = 8x10°kgem2,given flux as 0.3wb,given
speed n=900r/min. Give load torque initial to be 2N+M, at 0.4s to be SNeM.following figures are
simulation result .
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Figure 1 Motor control system simulation diagram
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Figure 5 rotate speed

Summary

According to the results,torque’s and speed’s response are very fast, there waveforms are smooth
and stable. so using SVPWM direct torque control for permanent magnet synchronous motor is
viable.
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