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Abstract: In response to the difficulty and time-consuming
problem of tuning the parameters of the current inner loop and
speed outer loop proportional integral (PT) controller in field
oriented control, a parameter self-tuning model for a
permanent magnet vernier motor magnetic field orientation
control dual closed-loop speed regulation system is
constructed based on the field oriented control autotuner
(FOCA) module in Matlab/Simulink. This module injects a
sinusoidal disturbance signal into the output of the PI
controller, calculates the frequency response based on the
system input and output data, automatically adjusts the PI
parameters based on the frequency response, and achieves the
specified target bandwidth and phase margin. Finally, the
control performance of each loop before and after tuning are
analyzed and compared by simulation, and the simulation
results show that using the FOCA module can quickly and
automatically adjust the PI controller parameters and has good
control performance.
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Fig.1 Surface-mounted PMVM structure
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Fig.2 FOCA module and connection block diagram
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Fig.3 Simulink simulation model for parameter self-tuning of surface-mounted PMVM
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Fig.4 i, waveforms before and after tuning
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Fig.7 i, waveforms under different target bandwidths
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Tab.2 i, performance indicators under different

target bandwidths
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Fig.8 i, waveforms under different target bandwidths
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Tab.3 i, performance indicators under different

target bandwidths

o/ (rad-s™)  y/(°) t,/ms /% P I
2 900 80 0.61 3.9 2.954 574.1
2 500 80 0.708 2.5 2.506  408.3
2 000 80 0.865 0.9 2.002 269.9
1 500 80 1.213 0.18 1.489 174.2

B9 FREB#HREET niEE
Fig.9 n waveforms under different target bandwidths
x4 AREBIREET n EBEIER
Tab.4 n performance indicators under different
target bandwidths
w./(rad-s™")  y/(°)  t/ms  o/% P I

290 80 0.1604 79.3 13.81 271.4
100 80 0.160 4  50.4 4.569 30.2
40 80 0.1604  23.4 1.811 4.837
30 80 0.160 4 17 1.355 2.716
20 80 0.1605 11.6 0.902 1.207
10 80 0.213 6 6.4 0.449  0.301
7.5 80 0.224 4 5.5 0.337  0.169

w(,/(md-s_l ) y/(°) t,/ms a/% P I
2 900 80 0.534 3.5 2.855  569.8
2 500 80 0.635 3 2.477  430.7
2 000 80 0.831 2.5 1.99 281.3
1 500 80 1.17 2.4 1.483 184.5

B B 12 FE 13 5350 7E d Sl iR
q TR R FR A RN A B 1) H AR T o, AR
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B 10 REBFHEET i, K
Fig. 10 i, waveforms under increasing target bandwidth
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Tab.5 i, performance indicators under increasing
target bandwidth
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Fig. 13 n waveforms under different phase margins
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Tab. 6 i, performance indicators under different

phase margins

w“/(rad-sfl ) y/(°) t./ms a/% P 1
5 000 80 0.503 10.1 4.661 1417
4500 80 0.512 8.7 4.137 1218
4 000 80 0.518 7 3.771 976
3 500 80 0.564 5.7 3.269 754.2
2 900 80 0.61 3.9 2.954 574.1
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Fig. 11 i, waveforms under different phase margins
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Fig. 12 i waveforms under different phase margins
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o,/(rad-s™")  y/(°)  t/ms  o/% P I
2 500 80 0.926 3 2477 430.7
2 500 60 2403 6.1 2.525  785.9
2 500 40 2.855 14 2.467 1800
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Tab.7 i, performance indicators under different

phase margins

w/(rad>s™")  y/(°)  t/ms  o/% P I
2 500 80 0.926 25 2506  408.3
2500 60 2532 63 2555 735.1
2 500 40 3.132 16 2.498 1724

*8 AEHEMBET n taeiEHR
Tab.8 n performance indicators under different

phase margins

o./(rad-s™")  y/(°)  t/ms  o/% P I
30 80 0.918 17 1355  2.716
30 70 0.781 28 1.325  4.468
30 60 0.658  41.5 1.278  6.894
30 50 0.564 52 1.215  9.585
30 40 0.514 635 1.144 128
30 30 0.657 72.1  1.061  17.36
30 20 0.873 822 09416 24.11
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Permanent magnet synchronous motor ( PMSM)
is a commonly used type of motor in electric vehicles
(EVs), which has high efficiency, high power
density, and high control performance, providing a
reliable and high-performance power system for EVs.
However, currently, most EV manufacturers achieve
low-speed and high torque output through the
combination of the driving motor and reducer. This
combination is not only inefficient, but also difficult
to maintain the system. Permanent magnet vernier
motor (PMVM) belongs to the category of PMSMs,
which not only has the excellent characteristics of
PMSM, but also can use the principle of magnetic
field modulation to achieve low-speed and high-
torque characteristics, which has a better application
prospect in the field of EVs.

As one of the core technologies of new EVs, the
of motor control

development and application

technology directly affects the performance and
efficiency of new EVs. In recent years, despite many
intelligent control algorithms have been applied to
motor control, proportional integral derivative (PID)
controller is still widely used in industrial control due
to its simple structure, robustness to model errors,
PID controller parameters

In the field

oriented control ( FOC) of motors, proportional

and ease of operation.

directly determine its performance.

integral ( PI) controllers are often used for the
current inner loop and speed outer loop, so it is

necessary to efficiently adjust the parameters of the

PI controller.

In response to the difficulty and time-consuming
problem of tuning the parameters of the current inner
loop and speed outer loop Pl controller in FOC, a
parameter self-tuning model for the PMVM FOC dual
closed-loop speed regulation system is constructed
based on the FOC autotuner ( FOCA) module in
Matlab/Simulink. This module injects a sinusoidal
disturbance signal into the output of the PI
controller, calculates the frequency response based
on the system input and output data, automatically
adjusts the Pl parameters based on the frequency
response, and achieves the specified target
bandwidth and phase margin.

The control performance of each loop before and
after tuning are analyzed and compared by
simulation, and the results show that using the FOCA
module can quickly and automatically adjust the PI
controller and has control

parameters good

performance. Compared with traditional manual
parameter tuning, this module automatically adjusts

the PI
bandwidth and phase margin, which helps to simplify

controller parameters based on target

and accelerate the controller parameter tuning
process. Rise time, tuning time, and overshoot are
incorporated into performance indicators, and the
impact of target bandwidth and phase margin on each
loop are summarized, by changing the target
bandwidth and phase margin to meet the required

performance indicators.
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