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Abstract: Control algorithm is the core of AC servo control system. In order to improve the performances of system, on
the basis of vector control system and space vector pulse width modulation (SVPWM), inverse matrix and projection of
U, on plane rectangular coordinate system were used to calculate the nonzero vector movement time ¢1,¢2 . Then, a

method for calculating vector switch points 7, .7 ,.T,

ml> " em2° " em3

was given. Finally, a judgment method for sectors of the vec-

tor was given based on the relationship between index number and sectors. Simulations were carried out and results show

that the system exhibits better performances.
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1. INTRODUCTION

Good dynamic and steady-state performance are very
important in industrial fields, for example, high positioning
accuracy fields, rapid response speed fields, wide speed
range (above 1:10000) fields, high torque output fields,
etc.[1,2]. The key technology of realizing the space vector
pulse width modulation (SVPWM) algorithm plays an im-
portant role in improving the performances. Therefore, the
SVPWM algorithm is widely studied by domestic and for-
eign scholars.

Nowadays most scholars focus on the intelligent control
strategy, the adaptive control strategy, the sliding mode vari-
able structure control strategy, the direct torque control strat-
egy and the vector control strategy. Some achievements have
been made in the research of these control strategies, and the
vector control strategy among them has many advantages,
like linear characteristics of torque output, high utilization
rate of current and easy realization of regulator [3]. Therefore,
the vector control strategy is widely applied in most fields.

In this article, a method for calculating sectors of the vec-
tor is proposed and a judging method for the vector switch
points 7.7 . T _ is given. The nonzero vector movement

cml®*em2° " em3

time ¢1,¢2 is calculated. And a method for calculating sec-
tors of voltage vector V,,, is also proposed. The key tech-
nology of realizing SVPWM algorithm will improve the dy-
namic response and steady-state accuracy performance of
AC servo control system [4].

2. PRINCIPLE AND REALIZATION OF SVPWM AL-
GORITHM

The ideal output of SVPWM is a three-phase symmet-
rical voltage source. The frequency and voltage can be
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adjusted. The SVPWM algorithm is used to reduce the har-
monic component of the voltage source. A three-phase static
coordinate system named ABC coordinate system, which
was defined by motor’s three-phase stator winding, has three
shafts. The radian of these shafts is 120°. The stator phase
voltages U, ,U, and U, were added on the motor’s three-
phase stator winding and turned into three-phase voltage
vectors. Directions of the three-phase voltage vectors are
always stayed in its own axis. The sizes of the three-phase
voltage vectors are changed according to the sine law. The
three-phase voltage vectors are added up and turned into a
voltage space vector named U . The rotation speed of the
voltage space vector is an angular frequency of voltage
source named @ [5,6]. The calculation formula of U is
shown as follows.

U=U,+U,+U, (1)

In the ABC coordinate system, there is a one to one cor-
respondence relationship between voltage vector and phase
voltage. Therefore, there is a one to one correspondence rela-
tionship between coordinate and the nonzero voltage vector
in the two-phase rotating coordinate system named oqf3

coordinate system. Sectors of the vector and the waveform of
SVPWM are given in Fig. (1). Starting from 0°, which is the
first sector, the value of sector is added to the last one by
each 60° interval according to the counterclockwise direc-
tion. The regulation of the sector is not the only one. The
value of sector is defined as 0~5 according to the counter-
clockwise direction in some documents. The order of tube
angle of conduction and the best vector approximation group
of SVPWM are given in each sector [7]. The calculation
method of the time of the nonzero vectors needs to be con-
sidered as soon as the sector and the best vector approxima-
tion group are confirmed. In this study, the calculation meth-

od of seven-phase voltage space vec-
tors v a2 0 2 410 is adopted. Therefore,
4 2 2 2 2 2 4

the important work in this study is calculating 10, #1, 2.
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Fig. (1). Sectors of the vector and the waveform of SVPWM.
3. CALCULATION METHOD OF NONZERO VEC- Usa U
TOR MOVEMENT TIME 11, 2 six sectors, and the values of U UXiﬁoa are given re-
X
Calculation of the nonzero vector movement time 1, ¢2 ) 460
is the key to the vector control algorithm. The following ex- spectively as follows:
pression can be obtained when the projection of U _ , U,
and U, were projected onto the O3 coordinate system i 5 1 1 1 1 5
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If the inverse matrix and the projection 1 1 1 1
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{—"‘:l of U, are known, we can calculate the nonzero
B
vector movement time1,¢2. Therefore, we can obtain the

Uxaa U

-1
x1600 and
UxB U . 5

calculation method of inverse matrix

a

V
projection {V_} of U, by the following steps. The equa-

B
Uxo U, 1] 1 124
tion o0 [Z—}—z —% | corresponds to the
Uxp Uxi60ﬂ 2 1T, VB

Therefore, we can calculate the inverse matrix

[Uxa Uy, |
- . By observing the product of the inverse
_Uxﬁ Ly
-1
Uxax U 14
matrix %1 and the projection | =% |, twelve
Uxf U, 4608 Vs

vectors are obtained. In these vectors, only six vectors are
independent [9]. The calculation equations are given as fol-
lows:
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Table 1. Relational table between index number, sector and nonzero vector movement time.

Index Number P 1 2 3 4 5 6
Sector N 2 6 1 4 3 5
tl Z Y —Z —X X =Y
2 Y —X X Z —-Y —Z
-1
U, U 2 “
an U60a {%:lz 3 6 %1: U U300a _O, _ _a
g Yeop L % L8 3) Upg Usoop | | Vs o _ [t Vs
5 2 (3)
3 1
X _ 2| -z
NI 2{1/—“})( ﬁ_ﬁlﬁy
0 1L 2 20yl o«
(RS
-1
\/T \/T Three variables named XY and Z were defined in this
Uinoa Usou | | Vs 6 \6 Vo | study. X,Y and Z can be calculated by the following equa-
Uinog Ueop Vs 1 1 Vs tions [10].
2 2 “4)
NER X= \/E*T PWM )
- 5 d
L2002 Vo ;
NER Y N L[+3
2 21 Y= Z*TPWM*U—d TV‘Z sz (10)
-1
. 1 2 f
Ui Uison I:V } Vo V3 |:V :| 1 [ 3 1 ]
= 2= z=~2x1, +—|-Xp 1y (11)
U U v, V PwM o B
|: 1208 1808 | B % 0 B (5) Ud 2 2
0 1 The variables X,Y,Z and —X,—Y,—Z are shown in
\/5 Vul 2 above equations, therefore, we can calculate the value of the
3 N . .
-5 5 | nonzero vector movement time ¢1,s2 by multi-channel se-
lector. In order to express the number of variables X,Y,Z,
1 2 -1 clearly, the relational table between index number, sector
-1 —|= == and nonzero vector movement time is shown in Table 1.
Urnoa Yisoa | |V, _| Ve 3 ||
U240/3 UlSOﬁ Vﬂ 1 Vﬂ
=\ 0 6) 4. CALCULATION OF VECTOR SWITCH POINTS
Tcml ’ Tcm2 ’ Tcm3
0 -1
N 5o Vo | —x Some definitions are given as
-5 3 5] =(Tpyp, —T,-T,)/2,T, =T, +1t1 ,T =T,+12 . The val-
ues Ta,]b,Tc are transferred to 7,,, and the assignment
-1
O ot table of vector switch points 7, T, T . is shown in
Ursoa  Usooa Ve _ 6 6 Ve _ Table 2
U24oﬁ USOOB Vﬁ 1 Vﬂ
2 N2 (7) 5. CALCULATION METHOD OF SECTOR OF
NE) 1 VOLTAGE VECTOR V_ |
V2 2 2 [ﬁl "Z We can calculate the sector of voltage vector V. by the
V3 LILYs following method [11]. Definitions are shown as follows:
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Table 2. Relational table between index number, sector and timer time.

Index Number P 1 2 3 4 5 6
Sector N 2 6 1 4 3 5
T b Ta Ta Tc Tc b
cm
T Ta Tc Tb b Ta Tc
T3 Tc b Tc Ta b Ta
Vp=-1.732Va VB=1.732Va
The second P=3
pP=5 sector
The third The first
sector sector
- » V=0
The fourth The sixth
sector sector
P=4 The fifth

sector
P=6

Fig. (2), Calculation diagram of sectors.

BO=V, (12)
B
BlZTVa—EVB (13)
B
BzZ—TVa—EVB (14)

Thus, we can calculate the index number P by the fol-
lowing formula:

P=4Sign (B2) + 2Sign (Bl) + Sign (B0)  (15)

Va,Vﬁ are located in the rectangular coordinate sys-

tem[12]. There are three lines in the rectangular coordinate
system which are defined as follows:

V,=0 (16)
V=3V, (17)
V=37, (18)

pP=2

Therefore, the calculation method for sectors can be ob-
tained, as is shown in Fig. (2)

From Fig. (2), it can be seen that the Qa8 plane is divid-
ed into six regions, also known as sectors. Define that Sign
(B0) =1 in the plane above the line Vs >=0, on the contra-

ry, Sign (B0) =0. Define that 2Sign (Bl) =2 in the plane
under the line Ve <= ‘/EVIZ, on the contrary, 2Sign (Bl)
=0. Define that 4Sign (B2)=4 in the plane under the line
V<= —\/gVa , on the contrary, 4Sign (B2) =0. Therefore,
we can calculate the index number by the values of VVs

on the basis of the above definitions. Fig. (2) shows that
there is a one-to-one relationship between the index number
and the sector, so we can calculate the sector of voltage vec-
tor V,,, easily.

6. SIMULATION

Simulation was carried out on the system and motor pa-
rameters were selected as follows:

R =4Q,Ls =34mH,y =0.51Wb,J =0.05N -m’,
R,=4N-s,T,=20N -m,k, =86,k =5T7.
J J g
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Fig. (4). Response curve of oblique wave signal.

We choose step signal and oblique wave signal as system
input. The output of system is shown in Fig. (3) and Fig. (4).
Curve A is the reference line and curve C is the response
curve of conventional system. When adopting our proposed
realization of SVPWM algorithm’s key technology on the
system, the reference line is shown as curve B. The simula-
tion results demonstrate that the response time of curve B is
about 0.054 s and the response time of curve C is about
0.063 s. It also can be concluded that the recovery time of
curve B is about 0.053 s and the recovery time of curve C is
about 0.067 s. Therefore, the anti-interference ability of
curve B is better than curve C.

CONCLUSION

In this study, a calculation method of sectors of the vec-
tor is given. Using projection source and matrix as tools,
judging method of vector switch points 7,7 ,,7, . and

cm2 2> “em3
calculation method of nonzero vector movement times ¢1, 2
is proposed. This study proposed a calculation method for
sector of voltage vector v, . Simulation was carried out and

results show that the dynamic response time of system is
improved by 16.7% and the precision of steady state re-
sponse of system is improved by 20.7%. The realization of
SVPWM algorithm’s key technology will provide a refer-
ence for future research. For this article, the future research
work is to study the optimized algorithm and improve the
control performances of system.
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