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RESEARCH ON THE SUPPRESSION OF TORQUE RIPPLE IN
PERMANENT MAGNET MOTOR AC GENERATOR SYSTEM
UNDER UNBALANCED LOAD

ABSTRACT

With the continuous development of technology, the stability of the power
supply is vital in people's daily lives and work. Emergency power generation units
can prevent interruptions in power supply caused by natural disasters, equipment
failures, or human errors, which become indispensable backup power supply
equipment. The new type of emergency power generation system combines
permanent magnet motors and back-to-back converters, possessing the advantages
of both permanent magnet motors and back-to-back converters, and can control the
rotational speed of the generator, output voltage, output frequency, etc., reducing the
fuel consumption of emergency power generation units, reducing noise and
improving power density. It has broad application prospects. Due to the increasing
types of loads, especially in three-phase systems with unbalanced loads, emergency
power generation units have problems such as asymmetric output voltage and
current and increased electromagnetic torque ripple of the motor. To address a series
of issues brought about by unbalanced loads, this paper researches aspects such as
torque ripple suppression of the AC power generation system of permanent magnet
motors and balancing output voltage.

Firstly, the mathematical models of permanent magnet motors under different
coordinate systems and the principles of coordinate transformation are analyzed.
Based on the topological structure of the AC power generation system of the

permanent magnet motor, the mathematical models of the permanent magnet motor
1
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and the Pulse Width Modulation (PWM) rectifier in the dg-axis coordinate system
are established, and the basic principles of vector control strategy and Space Vector
Pulse Width Modulation (SVPWM) technology are expounded. The mathematical
model of the three-phase four-bridge arm inverter circuit is established, and the
Sinusoidal Pulse Width Modulation (SPWM) technology based on injecting
alternate zero-sequence components is introduced in detail. The AC-side double
closed-loop control strategy is proposed, the influence of the load current and
voltage feedforward on the dynamic performance of the AC output is analyzed, and
the effectiveness of the double closed-loop control strategy is verified through
simulation.

Secondly, based on the power system's classification of load types, the base
load voltage characteristics and current for inductive loads, capacitive loads, and
resistive loads were compared through simulation. Moreover, the voltage and current
characteristics of non-linear loads and unbalanced loads, which are special types of
loads, were also compared. Among them, inductive loads, capacitive loads, and non-
linear loads have significant current surges at the moment of power-on, which affect
the service life of the AC power generation system. Non-linear loads distort both
voltage and current during stable operation, which affects the power quality of the
system. However, by simply adding a pre-charge circuit and a filtering stage, the
current surges and voltage-current distortion can be solved. On the other hand,
unbalanced loads have a double-frequency component in the load power, causing a
double-frequency fluctuation in the DC-Bus voltage and intensifying the
electromagnetic torque ripple of the permanent magnet motor, thereby reducing the
service life of the permanent magnet motor. Regarding the problem of torque ripple
of the permanent magnet motor under unbalanced loads, the relationship between
the motor's electromagnetic torque and the DC-Bus voltage was derived. Therefore,
this paper proposes a DC-Bus voltage control strategy based on a three-parameter

notch filter. The basic principle of the notch filter is analyzed, and the mathematical
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model of the rectifier side of the three-parameter notch filter is established. Through
simulation, the suppression effects of general notch filters, three-parameter notch
filters, and the self-adaptive disturbance controller on the motor electromagnetic
torque ripple are compared, and it is verified that the three-parameter notch filter has
the best effect in suppressing torque ripple.

Finally, an experimental platform for the AC power generation system of
permanent magnet motors was established. According to the regulations on
unbalanced load stipulated in the general standards of military power stations of the
state, the suppression effect of the three-parameter notch filter on the torque ripple
under different unbalanced degrees was verified. Compared with the three-phase
load of 7.5 kW, when adding 2 kW, 3 kW, and 4 kW single-phase loads respectively,
the torque ripple was suppressed by 55%, 62.5%, and 59%. It was verified that when
the control parameters of the notch filter were increased or decreased by 10 times,
the torque ripple was suppressed by 55% and 60% respectively. The results
demonstrated the reliability of the DC-Bus voltage control strategy of the three-
parameter notch filter.

Cheng Long(Electronic Information)

Supervised by Huang Jian

KEY WORDS: emergency power generation, permanent magnet motor AC power

generation system load characteristics, unbalanced load, notch filter, torque ripple
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W 5 1EALRR R o- R B =M E LR R A-B-C MIALFR RO R Clark B4, R
[fA fo fe ]T :TZS/SS[fa fﬂ fo]T (2-10)
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2
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Toss =T = 5 5 @-11)
1 B2
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Hort, T, NARKRASHIERE, ATRIRA:
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I . .
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;H\:':F" ch\ chy\j dq $E|3|\ﬂ%’ﬁzbj$glﬁ, kcpd\ kczd?‘j%?)ﬁ% di—FEEHzW]J\ *Eﬁj\%%iﬁ’ kcpq\
keig JYHLILIA g HILLG. B SH, AR AGHIR, WE PLIAT &S H09:

kcid = Rs/ Ld
{kdq R L, (2-33)
¥R @2-33)RABIRQ2-3D)M(2-32)F, 152 105 B BRI — B & 18 RO -
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(3) SVPWM tLiuE T Her b iz R4

¥
11

U(010) Us(110)
Y N\
Ug, _Ug

U(1)\[/<5 ; | Uy(100)
Ug(000) Ua a

W\ /o

U,(001) Us(101)
—
v

K 2-6 HETRR=ER
Kl 2-6 9 I 2 E] O I, Hop AR R O R E P 358 2 Ua/3 , FHAR I < & RIR% 60°
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P 2-7 = AR ACRR U A4 1] FL R P AT A

Ugcref > kvp 1_'_&\ qre=f Geq =y M |dc= 1 Wac g
X S ) Cs
Udctan

K 2-8 HL HFR R B I AE 1
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T
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232 ETFEFSEFNH SPWM LI 5%
= AR DUME AR 2SR H SRS IR SPWM T SVPWM PRSI k0. BT i2s g

VUMY, 3907 — A E B, ik SVPWM MJEUAR 1) Z4E 6138y =4, 4 6ei 2T
AIFTRRE . BRRERET o bR R T, AR RTE GERIR R aBIEINT y LI =
YETEAT A bR R, [FIB 4k 2K — 4k SVPWM LI BFZk f R R F 28 I Re A, IR XUR B T abe
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