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Review of Key Technologies of High-speed Motor Drive
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ABSTRACT: Due to the obvious advantages of high power
density, small volume and weight, and high working efficiency,
high-speed motors have been paid more and more attention. An
efficient and stable driving system is the key to give full play to
the excellent performance of a high-speed motor. This paper
mainly analyzed the difficulties of the high-speed motor
driving technology from the aspects of control strategy, angle
estimation and power topology design, and summarized the
current research results at home and abroad. Then, the
high-speed motor drive technology and its development trend

were summarized and prospected.
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Fig.1 Development status of high speed motor at home and abroad
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high speed motor drive system design



6858 ST £ N =< 1 R B =3

42 %

2 SRR R G R

i LR R G R s AT R L, RSt
BAMLLAC, WAL E 5SS R ) @ A R
o ARTPREER X BRI K @, XA R TT Rk
ITRENDH.

2.1 SRBAIEFIRGEE

A LIRS R G i i AT FE A0 IR LL (1)
o FEALE S#EE LSRG R G 1520 CAN 0] 2
W&o WEE TS FIRWIRRIZ AR T, A s ALK
BN ARG EN R, Rt — BT = ALK
PERE )

2T 3 AT RS B 5 A IR ALK B 2R Gt 1) 5 R
R Te I FELMLEE ) R GRS TR A B 0. STk [32)
TEZ L E S ARG DR IR K 25 T
X 32T i3% 7€ m14% il (field oriented control, FOC)3
W P 7 B[R] 20 BB ) R Ge AT B A AR AR, 45t &
GRRANE 3 R .

iy YNGR TR ai . 1 id
e - +\ SLHR,
e 7 3% PIA 77 2% FRr KRG
F@@ A CERZIpIN Xt
i A, KpstKil g | 1 iq
Iy 3 sLR| [T
PTifi i 4 Eé_'

El3 EEiBESERENKHELS BN RgRE
Fig. 3 Permanent magnet synchronous motor control

system model considering coupling and delay
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Fig. 4 Block diagram of current deviation decoupling

control based on current sliding mode observer
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Fig. 5 Complex vector model of high-speed synchronous

motor current inner loop under low switching frequency
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Due to its obvious advantages of high power
density, small volume and weight and high working
efficiency, high speed motor has been paid more and
more attention. An efficient and stable driving system is
the key to give full play to the excellent performance of
high-speed motor. This paper mainly analyzed the
difficulties of high-speed motor driving technology from
the aspects of control strategy, angle estimation and
power topology, and summarized the current research
results domestic and overseas. Finally, the high speed
motor drive technology and its development trend are
summarized and prospected.

The design of high-speed motor drive system
requires comprehensive consideration of many factors,
mainly including current loop coupling, system delay,
parameter error, current ripple suppression and other
difficulties. It is a highly complex process, which puts
forward high requirements on control strategy, angle
estimation accuracy and power topology design, as

shown in Fig. 1.

| High speed motor drive system |
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| Small inductance

\4 / l Design
difficulties
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Fig. 1 Difficulties and schemes of

high speed motor drive system design
This paper summarized the current research results
of key technologies of high-speed motors from three
aspects: control strategy, angle estimation and power

topology. The conclusions are as follows:

S29

1) Due to the characteristics of high fundamental
frequency and low carrier frequency ratio, the coupling
and delay of high speed motor drive system are
particularly prominent. In order to solve the coupling
problem, the decoupling control technology based on
disturbance compensation and complex vector regulator
Model-based and model-

is the research hotspot.

independent delay compensation strategies are
commonly used for delay problems.

2) Angle estimation scheme based on sensorless is
usually adopted in high-speed motor drive system,
inverse electro- motive force

mainly including

estimation method in @f coordinate system and
sensorless angle estimation method in dg coordinate
system. In order to further improve the rotor position
estimation accuracy of high-speed motors, relevant
scholars have analyzed the error generation mechanism
in the position estimation process in detail and put
forward compensation strategies. At present, the research
focuses on the position error compensation strategy
based on extended Kalman filter and the position error
compensation strategy based on phase-locked loop.

3) The characteristics of low inductance and high
fundamental frequency of high-speed motor lead to large
current ripple of its drive system, which will cause
problems such as high system loss and high operating
noise. To solve the above problems, improving the
switching frequency and external filtering are the most
direct solutions, but the application scope is limited by
problems such as extra loss and huge system volume. At
present, the current ripple suppression of high-speed
motor drive system is mainly realized from the
perspective of power topology optimization combined

with the improved control algorithm.



