a2 EIMW
980 202242 HS5H

Gi SR A N = 4
Proceedings of the CSEE

Vol.42 No.3 Feb. 5,2022
©2022 Chin.Soc.for Elec.Eng.

DOI: 10.13334/.0258-8013.pcsee.211062  TEZRS: 0258-8013 (2022) 03-0980-12 HESHS: TM 71 CEAFIRAG: A

T R EIRH HON PWM SR B R G R B

=AY K B8 iR 57

AR5

Wubsg ', ZRE T, &R

(1. BHEREHETRERHFTRETEERT(LEEREF), BT KTR 200240;
2. EER A ARRNE, LT HAIHE 200122)

Harmonic Impedance Model of Dual-PWM Adjustable Speed Drives Under
Torque Oscillation and the Mechanism of Low-frequency Oscillation in Distribution Grid
YANG Dirui!, JIANG Jianguo!, QIAN Kan?

(1. Key Laboratory of Control of Power Transmission and Conversion, Ministry of Education (Shanghai Jiao Tong University),

Minhang District, Shanghai 200240, China;

2. Tongsheng Electricity Power Company Ltd., Pudong District, Shanghai 200122, China)

ABSTRACT: The dual-pulse width modulation (PWM)
adjustable speed drives (ASDs) couple the power system and
the mechanical system. Through its modulation, the energy of
the mechanical oscillation is injected into the grid. This article
first analyzed the mechanism of common-modulation of
harmonics and fundamental. On this basis, a 2-D Fourier series
switching function derived from the Bessel function was
obtained. After that, the switching function was used to derive
the harmonic impedance models of DC link and grid side of the
dual PWM ASD, including the motor and the inverter. In
particular, the model considered the change of the steady-state
impedance of the dual PWM ASDs due to the motor torque
oscillation, and quantitatively expressed the mechanical
oscillation as the harmonic nonlinear impedance. The accuracy
of the harmonic impedance model was verified by the
developed dual PWM ASD, motor and mechanical load.
Finally, the application of the model and developed theoretical
analysis, combined with the measured data in the distribution
grid of the Shanghai Yangshan deep-water port area, analyzed
the characteristics and mechanism of the low-frequency
oscillation events, and proved the accuracy and validity of the

model and the conclusions.

KEY WORDS: dual-pulse width modulation (PWM)
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The dual-PWM adjustable speed drives (ASDs)
couple the power system and the mechanical system.
Through its modulation, the energy of the mechanical
oscillation is injected into the grid. This article first
analyzes the mechanism of common-modulation of
harmonics and fundamental. On this basis, a 2-D Fourier
series switching function derived from the Bessel
function is obtained. After that, the switching function is
used to derive the harmonic impedance models of DC
link and grid side of the dual PWM ASD, including the
motor and the inverter. In particular, the model considers
the change of the steady-state impedance of the dual
PWM ASDs due to the motor torque oscillation, and
quantitatively expresses the mechanical oscillation as the
harmonic nonlinear impedance. The accuracy of the
harmonic impedance model is verified by the developed
dual PWM ASD, motor and mechanical load. Finally, the
application of the model and developed theoretical
analysis, combined with the measured data in the
distribution grid of the Shanghai Yangshan deep-water
port area, analyzes the characteristics and mechanism of
the low-frequency oscillation events, and proves the
accuracy and validity of the model and the conclusions.

The dual-PWM ASDs are based on a grid side
PWM rectifier, dc link and a load side PWM inverter, as
shown in Fig. 1. The calculation steps of the harmonic
impedance model are as follows: 1) Consider the actual
operating conditions of the asynchronous motor, the
mechanical system oscillation is simplified to the
time-varying admittance, and the harmonic admittance of
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Fig.1 Schematic diagram of the calculation steps of

the harmonic impedance model
the inverter is calculated. 2) Express the dc-link
harmonic impedance as a harmonic frequency mixer. 3)
Calculate the grid-side harmonic impedance of dual
PWM ASDs.

Combined with the
experimental data, the following conclusions are
obtained: 1) When the converter adopts the SPWM
strategy, the carrier common-modulates the reference

model analysis and

and harmonics, and can be expressed by a switching
function with linear additivity. 2) The dc link of the
dual-PWM ASDs has a frequency mixing effect, which
can be expressed as a steady-state impedance and a
3) The
nonlinear term of the grid-side impedance of the
dual-PWM ASDs
wotnwiro where the fundamental frequency and the

series of harmonic nonlinear impedances.
located at the frequency with

torque oscillation frequency are aliased, and the grid-side
impedance is related to the dc-link capacitance and the
motor power. 4) The low-frequency oscillation of the
distribution grid can be analyzed quantitatively using the
impedance model proposed in this paper.



