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Abstract

Space Vector Pulse Width Modulation (SVPWM) can use the
power supply with high efficiency. However, the traditional
SVPWM algorithm has the disadvantage of complex
calculation. At the same time, the low frequency causes the
motor to generate pulsating torque, which has high switching
frequency, large power loss and other shortcomings. Aiming at
the deficiencies of traditional SVPWM modulation, a new
SVPWM algorithm for insertion of zero vector is designed in
this review. Under the condition that the waveform quality is
guaranteed, the power loss of the switch is reduced and the low
frequency is enhanced. And MATLAB simulation is used to
simulate and verify the correctness of this method.
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1. Introduction

The SVPWM modulation technology is highly valued by
people. Its unique vector modulation takes the motor and
the PWM inverter as a whole, focusing on how to make
the motor to obtain constant amplitude of the circular
magnetic field. It is based on the ideal flux circle in AC
moter when three-phase symmetrical sinusoidal voltage
is supplied, and approximating the circle by using
effective vectors of flux linkage generated by different
switching modes of the inverter. That is, approximating
the circle by polygons. Both theoretical analysis and
experiments show that SVPWM modulation has the
advantages of low torque ripple, low noise and high dc
voltage utilization [1]. It has been widely used in
production.

In the high frequency modulation of SVPWM, the
introduction of zero vector can make the waiting time
become more uniform. Thus it can reduce the high
harmonic of the current and make the motor's pulsation
torque smaller. And it can reduce the power loss of the
switch and finally improve the utilization rate of the
power supply.

However, the traditional SPWM algorithm is complicated.

The pulsating torque is large at low frequencies. And the
control effect is not satisfactory . In this review, the
pulsation torque and switching power loss are reduced
and the effective vector insertion is selected to enhance
the quality of the output signal and improve the

utilization rate of the power supply.

2. Space vector PWM inverter

2.1 Analysis of torque ripple in space vector
modulation

The magnetic chain generated by a pure fundamental
wave cosine three-phase voltage is:

v, =Re™ (1)

The flux vector generated by the space vector is
y=Re ™ )

As shown in Figure 2-1, in the same time, the angle of
walking is different.

Fig 1. Magnetic chain trajectory.

AR=R-R,
AD =D — ot

©)

The torque ripple is a function of AR and AD :
AT, =Ky —AR+Kk,AD  (4)

Among them
A_Te — Te _TeO
TeO
R - R-R,
R0
AD = O — wt

Both k, andk- are constant, and at any time there is

k, >> k. It can be seen that there are only two ways to
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reduce AT , reducing AR orA® B4,
2.2 New vector space allocation table

As mentioned above, the traditional SVPWM modulation
is linearly approximated by the two effective vectors of
60 degrees adjacent to each other. When the two effective
vectors go too fast, zero vector is inserted as waiting. The
new modulation method is a combination of two
effective vectors adjacent to 120 degrees 571, The new
vector allocation table can be obtained by rotating thel!
start point in the illustrated direction of rotation as shown
in table 1:

Rearrange the space vector allocation tables
corresponding to the six kinds of effective vectors, in
which two vectors are separated by 120°. Rotate the start
point as shown in the figure to get the new space vector
allocation table as shown below.

Table 1 : The space allocation table of new effective vector

-30°~30° | 30°-90° 90°~150°
V(101) V/(100) V(110)
V(110) V(010) V(011)
150°~210° | 210°~270° | 270°~330°
V(010) V(011) V(001)
V(001) V(101) V(100)

2.3 Formulas Derivation

As shown in the figure 2, 1 vector V (101) and m vector
V (110) are taken within the range of 0 ° to 30 °,

Fig 2. Anew vector composition diagram.

By the triangle sine theory there

A8 __BC AT
sin ZACB  sinZBAC  sin(7/3)
Among them
/BAC=Z 0
3
4ACB=%—<I>
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®=0+A0/2=wt+wAT/2

AB = \EU T,
BC = \EU T

AC =¥, AO =Y, AT
(6) and (7) can be deduced

Tl=kATsin(%—cDj (6)

T, =kATsin(%+<Dj )

Where k :\/Eul/udC , at this time, there is T, + T, less
than or equal to the establishment of AT , That is
T, +T, =k3AT cos® < AT (8)
So
To=AT-T,-T, (P
In the next period of time, the order of vectors is the
opposite. When @ equals 0, T, +T,_ is the largest,

which is equal to k+/3AT . Because K+/3AT <AT s
established at any time, so the maximum line voltage
u,:udc/\/g can be derived. Considering variable
voltage and variable frequency control, the output
frequency f is proportional to the line voltage 9, that
is:

f=g*uy 1O®

Where g is the proportional coefficient, and the highest
frequency of the 120° space vector combination can

reach the 1/\/5 of traditional SVPWM modulation,
which means that when the output frequency is low, the
zero vector waiting time T, of the 120 degree space
vector combination is much less than that of traditional
SVPWM modulation. The time of 1 or m vector action in
the range of -30 ° to 0 ° can be obtained by translating
the AR range of 0 ° to 30 ° 1011,

2.4 The selection of zero vector

The principle of zero vectors selection should also
minimize the change of the switch. The role of the point
is different from the traditional SVPWM modulation,
which inserts the zero vector as shown in Figure 2. It is
easy to conclude that the switch moves 4 times in total
when a period of 2AT is completed 12131, As shown
below:
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However, the traditional SVPWM modulation takes 6
times to complete a cycle. Therefore, the same switching
frequency, 120 degree space vector combination can
make circular space magnetic field more fine, and at this
time the switching frequency is

2.5 Comparison and analysis with traditional
SVPWM

1. Choosing the combination of 120 degree space
vector, T, of the traditional SVPWM modulation is

reduced, which also means A® is reduced. But AR is
increased. Because the torque ripple formula:

fe =k, - R+ K,.A®d is standardized, AR needs to

divide by R,, and the corresponding weight kd® of

A® is much larger than that of AR [14]. When the
partitioning of the flux space is small, which means the
switching frequency of components is very large, the
effect of decreasing A® and increasing AR will be offset
much when both AR and A® are very small.

2. As mentioned above, at the same switching
frequency, the 120 degree space vector combination can
divide the flux chain space than the traditional SVPWM
modulation better, and makes the flux linkage track
closer to the circle.

3. When the output frequency is low and the
switching frequency is high, it can be deduced that the
minimum duration of the effective vector of traditional

SVPWM modulation is KAT sin (%‘9) , and the influence

of the combination of 120 degree space vector is smaller
than that of traditional SVPWM &3],
The output frequency is proportional to the line voltage,

which is kATsin(ATH). If f =10 H, , g=756, the
comparison table with different switching frequency f,
can be selected as follows:
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Table 2:  Comparison of the minimum effect time of effective vector

Switching | The minimum effect of the effective vector
frequency 'R
fs Traditional SVPWM | New space vector
(H,»
1K 1.6 50
2K 0.4 25
3K 0.2 16

From IGBT’s dead zone are a few g in use, it can be
seen that in the traditional SVPWM modulation of 2
KH, , some valid vectors will be ignored due to the

short acting time (shorter than the dead time). The new
space vector combination will not be lost, which means
that the impact of the dead zone is much smaller.

3. Simulation model diagram of SVPWM
control circuit
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Fig 3. MATLAB /SIMULINK simulation model.

The calculation formula of sector number is:
N=A+2B+4C, and the sector selection is shown in figure
4-3:

Fig 4-a.  Sector number selection circuit waveform.
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Fig 4-b. XYZ output waveform.

Fig4-c. T

i Taa T cCircuitoutput waveform.
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Fig 5. Magnetic chain simulation diagram of motor.

4. Conclusion

SVPWM control technology is an advanced PWM
control technology. It has high voltage utilization rate.
Besides, the asynchronous motor's flux linkage tracking
is a circular track. And it has small torque ripple, stable
speed and low noise. However, at low frequency, the
torque ripple needs to be further reduced. In the new
space vector selection mode, the effective vector
selection can improve the torque ripple of the
asynchronous motor at low frequency output and
improve the low speed performance. The new space
vector selection mode control system has high control
accuracy, good real-time performance and fast dynamic
response. It is the best choice for asynchronous motor's
AC speed regulation at present.

Acknowledgement

This work was supported by “Human machine dynamic
characteristics of multi degree of freedom rehabilitation

i . displacement device” (172102310542), “Multi-DOF
Fig 4-d. Inverter control signal waveform. Rehabilitation  patient  transfer device dynamics
The output waveform is "steamed bread” wave, and its characteristic and human-machine safety comfort

voltage utilization ratio is higher than that of sine wave.
Therefore, the utilization ratio of DC voltage is improved,
and the operation of asynchronous motor is more
favorable. The control signal of the inverter is a
three-phase complementary signal. The output voltage is
similar to the sinusoidal voltage, so the rotating magnetic
chain of the asynchronous motor is close to the circle.
Control circuit parameters: IGBT switch on T=0.0001s,

V, =590V , input sinusoidal voltage of 311V. The

rotation of the magnetic chain of the motor is close to the
circle, which is shown in Figure 5.

2018 International Journal of Computer Science Issues

research” (505140), “Human comfort study by elevator
transportation  based on  multi-body  dynamics”
(N0.2015KYJH33) and the Natural Science Foundation
of He Nan province (152102310357).

References

[1] Carlos Henrique Illa Front, Ivo Barbi. A New High Power
Factor Bidirectional Hybrid Three-Phase Rectifier[J].IEEE
Trans on Power Electronics, 2006:1300-1306.

[2] Ooi B T, Salmon J C, Dixon J W, Kulkarni A B.A three
phase controlled current PWM converter with leading
power factor[J]. IEEE Trans Ind Appl, 1987, (23):78-84.

[3] Zhongchao Zhang, Bon-Teck Ooi. Multi-modulator current
source PWM converter for superconducting a magnetic
energy  storage system[J]. IEEE Trans Power
Delivery .1993,8(3):250-255.

[4] Ohnuki T, Miyashita O. High Power Factor PWM Rectifier
with an Analog Pulse Width Prediction Controllers[J] .
IEEE Trans on Power Electronics, 1996, 11 (3): 460 - 465.

[5] Yetal M.New PWM Method for Fully Digitized
Invert2ers[J]. IEEE Trans 1onlA,1987,23(5):536-545.

[6] Michael J, Cosgrove R, Bahcivan H.Estimating the vector

1JCSI

www.lJCSl.org



IJCSI International Journal of Computer Science Issues, Volume 15, Issue 3, May 2018
ISSN (Print): 1694-0814 | ISSN (Online): 1694-0784
www.lJCSl.org https://doi.org/10.5281/zenodo.1292402 21

electric field using monostatic,multibeam incoherent
scatter radar measurements[J].Radio
Science.2014,49(11):1124-1137.

[71 Ambrozic V, Fiser R, Nedeljkovic D.Direct Current
Control--A New Current Regulation Principle[J]. IEEE
Transactions on Power Electronics.2003,18(1):495-503.

[8] Hajibandeh N, Aminnejad S.Resemblance measurement of
electricity market behavior based on a data distribution
model[J].International Journal of Electrical Power &
Energy Systems.2016,78(10):547-554.

[9] Kaytez F, Hardalac F. Forecasting electricity consumption:A
comparision of regression analysis,neural networks and
least squares support vector machines[J].International
Journal of Electrical Power &Energy
Systems.2015,67(10):431-437

[10] John W, Kelly, Elias G, John M. Miller. Multiphase Space
Vector Pulse Width Modulation[J].IEEE Transactions on
Energy Conversion.2003,18(2):259-264.

[11] Grandi G, Serra G, Tani A. Space vector modulation of
a nine-phase voltage source inverter[C].//IEEE
International Sympo-sium on Industrial
Electronics.Spain,2007.

[12] Levi E, Bojoi R,Profumo F,et al.Multiphase induction
motor drives-A technology status review[J]. IET
Electric Power Applications.2007,1(4):489-516.

[13] Tranberg B, Thomsen R A, Rodriguez GB.Power flow
tracing in a simplified highly renewable European
electricity network[J].Bo Tranberg at
al.2015,17(10):2-8

Yong Liu He received his mechanical bachelor degree certificate
from Yanshan Univeisity in 2007 and master’s degree in 2013. He
works in Xinxiang Medical University from 2014. He mainly
researches in biomedical electronics.

Yidong Wang She is an undergraduate of biomedical engineering
college of Xinxiang Medical University.

Fang Zhao She is an undergraduate of biomedical engineering
college of Xinxiang Medical University.

Chenging Zhang She is an undergraduate of biomedical
engineering college of Xinxiang Medical University.

Tingting Yu She is an undergraduate of biomedical engineering
college of Xinxiang Medical University.

Wanyue Lei She is an undergraduate of biomedical engineering
college of Xinxiang Medical University.

Wu Ren* He received his mechanical engineering degree in 2007
and PhD degree from Central South University in 2015. He works
in Xinxiang Medical University from 2015. His research interests
are biomedical engineering and mechanical engineering.

1JCSI

.IJCSl.or
2018 International Journal of Computer Science Issues www.IJCSl.org





