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Fig.1 Diagram of permanent magnet
synchronous motor vectors
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Fig.2 Motor transient evolution process
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Table 1 Permanent magnet synchronous
motor parameters
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different voltage sag amplitudes
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Table 2 Comparison of safety and stability critical
voltage obtained by theory and simulation

WA/ % BRI/ pu. T/ pu. HIRHRZE/ %
10 0.38 0.39 2.56
20 0.39 0.40 2.50
30 0.40 0.40 0
40 0.40 0.41 2.43
50 0.43 0.45 4.44
60 0.48 0.51 5.88
70 0.56 0.58 3.92
80 0.60 0.61 1.64
90 0.62 0.62 0
100 0.63 0.63 0
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Fig.7 Comparison curve of safety and stability critical
voltage obtained by theory and simulation
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Table 3 Comparison of critical fault removal
time for different voltage sags

WU BRI pou. BIERT/s  O5ETRIED/s  AXFIRIE/ %

0.1 0.15 0.15 0
0.15 0.16 0.16 0
0.2 0.17 0.16 6.25
0.25 0.18 0.17 5.88
0.3 0.19 0.18 5.56
0.35 0.20 0.19 5.26
0.4 0.22 0.21 4.76
0.45 0.24 0.24 0
0.5 0.26 0.26 0
0.55 0.29 0.29 0
0.6 0.34 0.37 8.10
0.62 0.36 0.38 5.26
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Fig.8 Comparison of theoretical and simulation
critical time for different voltage sags
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Table 4 Comparison of critical fault removal
time for different motor load rates

WEE/ % BIBHTE/ s PiEmfEl/s  AEXTRZE/ %
10 1.08 1.13 4.42
20 0.87 0.91 4.40
30 0.66 0.69 4.35
40 0.50 0.52 3.85
50 0.40 0.41 2.44
60 0.32 0.32 0
70 0.28 0.29 3.45
80 0.23 0.23 0
90 0.19 0.20 5.00
100 0.15 0.15 0

12¢

— A
— BT

S =
o O
T

Il ST 1] /s

S 2
> o
T T

et

Fy
fﬂ<0.2-

010 20 30 40 50 60 70 80 90 100
AL /%
B9 AEENEHETERILSHEIRTRE L
Fig.9 Comparison of theoretical and simulation
critical time for different motor load rates
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Low voltage ride through capability evaluation method for permanent magnet

synchronous motor with variable frequency convertor based softly starting
ZHANG Zhihua', DONG Haodong', ZHANG Hao', LI Wei*, SUN Zeyue®
(1. College of New Energy,China University of Petroleum ( East China) ,Qingdao 266580, China;
2. SINOPEC Shengli Oilfield Company, Dongying 257002, China;

3. School of Electrical and Communications, University of New South Wales, Sydney 2052, Australia)
Abstract : Permanent magnet synchronous motor is widely used in industrial sites. In some cases, it is started softly by variable
frequency converter and then switched to operate normally with power frequency. In order to analyze such motor operating
characteristic with voltage sag,a method for evaluating the low voltage ride through capability of permanent magnet synchronous
motors is presented in this article. Based on the dg coordinate system, the analytical formula among electromagnetic torque,
power angle and terminal voltage is established. With the relationship between slip and motor stability in the transient process,
the slip based motor transient stability analysis criterion is established. It can be used to determine the safety and stability
critical voltage of the permanent magnet synchronous motor. The analytical formula of critical cutting power angle is deduced by
area law. Then, the critical cut-off time of fault can be got. Critical voltage and fault removal time is selected as the
characteristic value to evaluate the motor’s low voltage ride through capability. The transient stability can be judged by the
negative slip value in the transient process. The smaller the motor load rate, the stronger the low voltage ride through capability.
Simulation results verify the effectiveness of the evaluation method.

Keywords : voltage sag;permanent magnet synchronous motor;transient stability ;critical stable voltage; critical resection time;
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