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Power Fluctuations Smoothing Control Based on
PCH Model of D-PMSG Wind Power System

Xujie Fu
Polytechnic Institute
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Abstract—To effectively mitigate power fluctuations in a wind
power system, the self-capability of the Direct-drive Permanent
Magnet Synchronous Generator (D-PMSG) is harnessed for
power smoothing support through the Port-Controlled
Hamiltonian (PCH) model. By combining rotor speed control and
PCH passive control, the PMSG can quickly track the reference
speed and DC-link voltage control can support power smoothly
within the rated operating range of the wind turbine. To validate
the effectiveness of the proposed method, a simulation was
conducted by comparing it with traditional maximum power point
tracking control.

Keywords—D-PMSG, power smoothing, PCH passive control,
rotor speed control, DC-link control

1. INTRODUCTION

With the increase of wind power penetration and the trend of
large-scale application of wind turbines, it has become a
research hotspot to smooth fluctuations of output wind power.
To improve economic efficiency, wind turbines are generally
operated at the maximum power point tracking (MPPT).

However, due to random fluctuations of wind speed, the
output power of wind power fluctuates sharply with the
operation of MPPT control, causing frequency variation, thus
leading to detriment of power quality [1-3]. To ensure the safety
and reliability of system operation, some scholars have proposed
a variety of methods to smooth wind power fluctuations and
improve the performance of the control model.

On the grounds of interconnection and damping assignment
(IDA) theory, the Port-Controlled Hamiltonian (PCH) controller
has become more and more popular for nonlinear system,
moreover, PCH controller has the advantages of fast response
and strong stability [4-6]. The characteristic of this controller is
to treat the wind power system as a passive system, leaving aside
the conventional signal processing point of view, and to control
the permanent magnet synchronous generator (PMSG) from the
point of view of energy. In [7], the PCH controller is applied to
improve the robustness of the wind power system.

On the one hand, by means of the utilization of Energy
Storage System (ESS), indirect power smooth control [8-10] can
realize the on-demand accumulation and subsequent release of
surplus energy. Energy storage systems include batteries,
supercapacitors, superconducting magnets, flywheels, hybrid

Xingxi Yang
School of Electrical Engineering
Zhejiang University
Hangzhou, China
1270290575@qq.com

Ji Xiang*

School of Electrical Engineering
Zhejiang University
Hangzhou, China
jxiang@zju.edu.cn

energy storage devices, etc., which are mainly used to smooth
the power of large-scale wind power grid-connected systems
over a longtime scale, and such approaches need to be built on
additional investment in energy storage systems. On the other
hand, direct power control [11-14] aims to use D-PMSG wind
power system’s own resources for power smoothing, which has
advantages in terms of less investment cost and maximum
utilization of the existing resources of the wind turbine system.

Reference [11-12] proposed different rotor speed control
architectures, but did not clarify the relationship between actual
output power and reference output power; Reference [13]
proposed a coordinated smoothing control method including
rotor kinetic energy, and clearly distinguished the reference
output power from actual output power, but the actual output
power did not effectively track the power command. Reference
[14] proposed a fuzzy logic piich angle controller, which is
robust and easy to implement, but frequent activation of the
pitch angle control will lead to over-adjustment, resulting in
increased output power fluctuations and a reduced service life of
the variable pitch mechanism. Moreover, it will also impact the
output power of the generator and hamper power generation.

In summary, there are several difficulties in the current
research on the power fluctuations smoothing control: 1) How
to balance the contradiction between the output power
smoothing effectiveness and the generating efficiency of wind
power system; 2) How to set a reasonable reference rotor speed
on the premise of ensuring the stability of wind power system;
3) How to ensure the stationarity of power output on a short time
scale.

To solve these problems, a new method for a D-PMSG wind
power system is proposed in this paper. By combining rotor
speed control, PCH passive control and DC-link voltage control,
the PCH controller ensures the fast tracking of the wind power
system under the given reference rotor speed, reduces the
activation frequency of pitch angle control, and realizes the
demand for power smoothing on a short time scale. Compared
with the traditional wind power generation mode of maximum
power point tracking control combined with PI control, the
results of the simulation show that the power fluctuations can be
effectively restrained by the control method proposed.






AP H R AR A

B3A:
310013
HIT A GO ATPHIEC S5 B 1 55908 B HE 501 % BUAREL R4
REA R

TER(0571-87755911) 2024& 10 H 21 H

HIES: 202411469395.X BYFS: 2024102101558000

TR AXEERMN Y

R4 £ F) i 08 28 4 RCHI AR o 43 45 O 44 RAUME, Hl AR AL R H 2 thlR 5 AmR = AUR
. BUSRGER RS, BN H S EREM T

IS 202411469395X

HEH : 2024 410 21 H

B BT A, B st Bt PR S AT PR A =]

KOGl 2R 4 e R AT (L e b 0 DO L2 7 B s il 7 i
L8k, R RUSRGABCE SRR

AUHEZRAS 1 45 3 DLACR SR TGEL « 9 T

BAE 1437 00

BAUA-BEFEE 1 61 ol

BUAIE 1 63 1 T

RIS 1fy2 |

BRI 1 4y 5 1T

PIRHE AR L 1 7B

HI T E S 24124F1851

Ho5:
LHEHABCH LR Bl ZPA A 2 5, WM a5 i AR Z AR N EA— B, WA E SRR AR
PREIE,

2 AR R A S RS 2 5 . RSO AR S AT RN AR . RS S

WA R e HEWI\ i
EAHLTE: 010-62356655

200000 HRAE, [ 100088 ACSURTAECCHTT INEIGL B 6 5 [FISOIEL AR & IS
22509: M f‘;;wﬁ i3t % 5T S ST F SR A B AR . BRI ALESh, ELARAF LY i3y





