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The aim of this project is to achieve a high performance position sensorless

speed control of permanent magnet synchronous motor using modular multilevel inverter (MMLI).

For the start-up of the motor, the estimation method using an induced voltage is proposed. To solve
the nonlinear torque equation, the estimated position can be calculated directly and the selection
method of the excitation phase which rotates the correct rotation direction is combined with the
proposed method. To obtain high speed sensorless control, an extended induced observer is modified
to reduce the calculation time. And driving the motor using MMLI which have the different amplitude
of source voltage, high speed low torque ripple motor control system is achieved.

For the switching method, a digital hysteresis current controller suitable for the MMLI is
proposed. The proposed method 1s implemented in the hardware device called FPGA and the
effectiveness is confirmed the prototype experimental system.

FPGA



PMSM

PMSM)

PMSM

(IPMSM) SPMSM

( MMLI)

MMLI

(1) SPMSM
SPMSM

SPMSM

(2) MMLI SPMSM

MMLI

24
MMLI MMLI

SPMSM

(1) SPMSM
SPMSM
SPMSM

IPMSM

MMLI

SPMSM
(15,000 r/min

(SPMSM)

MMLI

MMLI

SPMSM

THD( )

60



SPMSM

SPMSM
1
2
€, €
€, €
[9e1 Qe Ges] "
d is — 4 0 L. gel .
e =] 0 0 e 0 |vs+ | ge2 | (ipg —1ip)
a -, 0 0 9c3
ip=[10 0][i5 e e ]
(2) MMLI SPMSM
MMLI MMLI
AC/DC
FPGA FPGA PWM
MATLAB/Simulink XILINX System Generator(XSG)
SPMSM PE Expert4
DSP FPGA
(3) MMLI
MMLI 2
1:1 1:2 1:3
1:3
THD
(DSTATCOM)
MMLI FPGA
(010) 110
(1) SPMSM
SPMSM
SPMSM E) ‘ 0.602 ‘ 0.604 ‘ 0.606
(200ps)
1
SPMSM
Tl TMS320F28035

1 PMSM




DRV8302-HC-C2-KIT

60MHz

2

—Estimated e alpha
—Estimated ¢ beta
T T 3

Yoltage[ V]
(= W

[

— Estimated speed
—— q axis current
T T T

3
S

. o
q axis current[A]

<o

[

(=]

0 0.60] 0.602 0.603 0.604 0.605 .
Time[s] Timel[s]
(15000min-1) (15000min-1)
46%(11.2us
6.0us) 2
15%)%%“_”'11 RS BT TR (1:3:9)
min- g z
p 3] 3 VI NN ) \ n
El'l: il | | |
SPMSM g ,J“I JI; ,ll ‘L \ /\/\
) st L JEIEE A0, AP, S
Gl | 1 L Al v it bl
15000min-1 il 1msec/di - : : lmsfc/div
3 LT e B
(2) MMLI SPMSM 4 I B
< [y |
< L
M M L I - i lmsec/dfv 1msec/div
MMLI
4
6000
P 20
£ 4000 g
PE = 08
Expert4 g >
P Ic % 2000 2
TLE5206-2 -4
% 001 002 time [50.03
3 1:1 MMLI+t > 4+ 2 REE #H
1:3
SPMSM 6000 min-t 3 MMLI
(3) MMLI
MMLI MPU
FPGA FPGA
1MHz « )
(HCC)

s 20V /dliv)

1, (207 /dliv)
-

nu
ferren(40m A/l

Al o ot
" PP R |

w(10V/div)
Fé

5.000ms

50.000ms 5.000ms 0.000ms




Ravikant Pandey , Ravi Nath Tripathi and Tsuyoshi Hanamoto, Comprehensive
Analysis of LCL Filter Interfaced Cascaded H-Bridge Multilevel Inverter-Based
DSTATCOM,Energies 2017, 10, 346; doi:10.3390/en10030346

30
2018 9 27

PMSM 30
2018 9 27
Ravikant Pandey, Ravi Nath Tripathi and Tsuyoshi Hanamoto, “FPGA

Hardware-in-loop Co-simulation for THIPWM Controlled Multilevel Inverter” 2017
IEEE Conference on Energy Conversion(CENCON2017) 2017 10 30

29 2017 9 27

29
2017 9 27

29 2017 9 27
Kento Yoshino, Ravi Nath Tripathi and Tsuyoshi Hanamoto, Stability Analysis of
Extended Induce Voltage Observer Used for High Speed Position Sensorless Control of
Surface Permanent Magnet Synchronous Motor, SICE International Symposium on
Control Systems 2017,2017 3 7 -9

18 IEEE 2016 11 19 2016 11
20

28 2016 9 29



