
HAIFENG WEI et al: A STUDY ON GRID SIDE CONVERTER CONTROL FOR DIRECT DRIVE WIND POWER ... 

DOI 10.5013/IJSSST.a.17.44.17                                            17.1                       ISSN: 1473-804x online, 1473-8031 print 

A Study on Grid Side Converter Control for Direct Drive Wind Power System 

Haifeng WEI, Yang DAI, Yi ZHANG  
 

School of Electrical and Information, Jiangsu University of Science and Technology, Zhenjiang, 212003, China 
 

Abstract — Direct Drive Wind Power Systems have become an important research area in recent years. In the Direct Drive Wind 

Power System, the grid side converter is the only way by which to transmit the power from the generator to the power grid. It is a 
device that can turn the power, which is changing in voltage and frequency, into a constant voltage and frequency power. It also 
emphasizes the difficult point in Direct Drive Wind Power Systems. The system cannot work in stable and efficient state without it. 
As a result, research related to grid side converter is an important area and forms the basis of forecasting the current control 
principles and proving the correctness of the sample grid side current. The result of the experiment achieved the goal that the 
converter can make the voltage of the direct current stable. We have verified the practicability of the forecast current control 
tactics in practical engineering terms. 
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I. INTRODUCTION 

In recent years, with the rapid development of Direct Drive 
Wind Power System, the generator in this system has been 
violated from the power grid. By the full power converter, and 
it can work in whole speed range, It’s capacity of being 
compatible with the power grid has been enhanced. As a result, 
the effect of the full power converter decides the quality of the 
power from the wind power system [1-2]. With more Direct 
Drive Wind Power Systems been applied to practical project, 
the demands for the converter are becoming higher and higher. 
As a result, it has been one of the key technologies in the wind 
power system [3]. The grid side converter is used to maintain 
the voltage on the DC-bus and transmit the active power to 
power grid and relieve the reactive power consumption. So it’s 
important to make research about controlling the grid side 
converter. 

II.  PREDICTIVE CURRENT CONTROL PRINCIPLE 

Predictive Control in the wind power converter control 
strategy has got a lot of attention. Several causes lead to the 
result[4-6]: (1) Diversity prediction model, predictive algorithm 
focus on the function of the predictive model. We do not have 
to rely on the accuracy of the model, we can establish a 
different model by the easiest way, according to functional 
requirements; (2) Rolling Optimization time variability, 
predictive control uses a rolling finite horizon optimization 
strategy; 3.The robustness of on-line calibration, the dynamic 
prediction of the system output has been divided into output 
forecasting model and based on the forecast error correction in 
the control process. 

The presence of PWM control delay and sampling period 
result [7-8]. PWM converter lag so that the current which tracks 
control dynamic performance is affected. 

 

The lag of the current control is at least one PWM 
switching cycle. Predictive current control principle means to 
combine the actual current detected at k s time switching cycle 
and mathematical models with other parameters of the system 
to Obtain desired current at k + 1 switching cycle time[9]. So we 

can calculate the optimal control voltage and the voltage 
space vector and get the minimum error of the current. 
It’s necessary to control the actual value of k + 1 
sampling period of time to track k time calculation to 
current reference to the best characteristic. At last we 
can achieve the purpose of tracking the current[10-11]. 

III. GRID SIDE CONVERTER MODEL 

The grid side converter referred in this paper is 
three-phase voltage type PWM converter, the main 
circuit topology is shown in Figure 1. The Grid-side 
converter’s mathematical model can be divided into 
high-frequency and low-frequency mathematical model 
by the way we describe it, these two models are used for 
different theory. Feature derived from using a high-
frequency switching function to describe the 
mathematical model is that it can accurately express the 
switching process of the grid side converter, and get a 
precise description of the system, the simulation 
analysis require this feature, due to the switching 
process contains high frequency components, so that 
model is not suitable for designing controllers. The use 
of low-duty cycle described mathematical model, which 
coincided with the complementary strengths and 
weaknesses of the advantages and disadvantages of a 
high-frequency model, the reason is that when the 
converter switching frequency is much greater than the 
fundamental frequency of the power grid, the model 
ignores the high-frequency component described in 
switching function, only consider low-frequency 
components. So the low-frequency model is applicable 
to the system controller design, the paper establish a low 
frequency mathematical model of the grid side converter 
according to the demand one. 
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Figure 1.  Grid-side converter topology. 

Three phase stationary coordinate system (A-B-C) low 
frequency mathematical model. 

The following formula is assumed that the grid-side 
converter is used to control the duty cycle of the voltage [12-13]. 
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In this formula, m is called duty cycle, 0<m<1, each phase 
is equal. δ is the initial phase angle of the switching function. 

This paper uses the SVPWM modulation, and therefore the 
grid-side converter in the phase relationship between the 
voltage and the modulation signal voltage is: 
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We can construct Mathematical Model of low frequency 
grid-side converter according to Kirchhoff current law. The 
assumption is the premise that a variety of factors are ideal. the 
network-side converter DC side and AC side power are equal 
power. 

AC side power:  

a a b b c cp e i e i e i                                  (3) 

DC-side power: 

dc dc dcp U i                                       (4) 

So we can see: 
=dc a a b b c c dc dcp p e i e i e i U i                       (5) 

From what we have known above, we can see: 
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AC side of equation: 
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The low frequency mathematical model in two-
phase rotating coordinate system.  

In order to simplify the design of the control system, 
we need to change the exchange amount straight into 
DC-amount which is easy to control, we still need 
coordinate transformation principle to turn the network-
side converter mathematical model of low frequency 
under three-phase coordinate system (ABC) to the 
network-side converter mathematical model of low-
frequency under two-phase rotating coordinate system 
(d-q) [14-15]: 
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 Figure 2.  Grid-side converter control policy schematic. 

IV.  CONTROL SCHEME 

This paper uses a predictive current control strategy. 
We can get three-phase current ia, ib, ic and three-phase 
voltage Ea, Eb, Ec outputted from grid-side converter 
from voltage and current sampling module, then turn the 
three-phase current ia, ib, ic into a two-phase rotating 
coordinate transform active current and reactive current 
under coordinate system (d-q), the one is called id, the 
other is called iq, We can use Phase-locked loop control 
to calculate the phase angle θ of the electronic grid 
according to the three-phase voltage outputted. Through 
the actual value of the DC voltage and the given value 
of the DC voltage udc*, we can get active current 
reference value idref by PI regulator. According to the 
demand of reactive power control and being compatible 
with the electronic grid. We can set the reactive power’s 
given current iq*, the grid-side converter usually require 
operation at unity power factor, therefore iq* is 
normally set to zero. If we combine the reactive current 
iq and the given amount of the reactive current, we can 
get the reactive current compensation value of the 
deviation from the reactive current through PI regulator. 
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Reactive current reference value iqref derives from the 
compensation value and given amount of the reactive current. 
Then the active current reference value idref and reactive 
current reference value iqref produce the three-phase current 
reference value iaref, ibref, icref under anti coordinate 
transformation principle, here angle θ + φ is used to coordinate 
transformation, θ is the phase angle of the grid, φ is the 
modulation phase angle, therefore the three-phase current 
reference value obtained here is the three-phase current 
modulated in the next time, take the same approach to get the 
three-phase voltage grid Earef, Ebref, Ecref in the next period 
of time. Based on the output line voltage reference value, we 
can calculate the time of the switching action of the network 
side converter power device, enabling the network side 
converter predictive control. This control strategy gets the 
three-phase current reference value under three-phase static 
coordinate system through transforming reactive current active 
current and active current under two-phase rotating coordinate 
system, bias current which is obtained by comparing with 
three-phase current actual value is compared obtained to 
achieve net side converter control through current forecast. 

V.  EXPERIMENTAL ANALYSIS 

To verify that the predictive current control strategy has 
practical engineering practicality, we have made experimental 
verification on a 2MW direct-drive full-power converter 
prototype. Part of the technical parameters on the experimental 
prototype DC side and network-side are shown in Table 1, the 
results obtained in the experiments are expressed in per unit.  

TABLE I. Network Side Parameter 

Rated voltage 690V±10% 
Rated current 2280A 
Rated Capacity 2390KW 
Frequency 50HZ±2HZ 
DC voltage 1000V 

 

Figure 3 is the DC voltage waveforms, from the waveform 
we can be see that the maximum voltage is about 1.07 times the 
rated voltage, according to the design standard, DC voltage 
side allowed 1200V which is within a reasonable range. Grid-
side converter achieves the goal to maintain a stable DC 
voltage and to get a good control effect. 
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Figure 3.  DC-voltage. 
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Figure4.  Grid-side idref. 
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Figure 5.  Three-phase current outputted from grid-side. 
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Figure 6.  Line voltage outputted from grid-side. 

Figure 4 is a waveform of the network side dq-axis 
current component reference value, From the figure we 
can see that the value of iqref is about -0.03, close to 
zero, at the same time the converter is running at about 
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half the power of the state, the  idref value measured is about -
0.4, When the three-phase current waveform produced from the 
grid-side converter in Figure 5 is taken into consideration, we 
can see that the current amplitude of about 0.4 rating, the two 
amounts are in coincide. Figure 6 is the waveform of the 
voltage outputted from the grid-side converter. Take the effect 
of the waveform, phase sequence and amplitude have meet the 
design requirements, the frequency can be stabilized at 50Hz, it 
showed that the use of predictive control strategy to control is 
suitable. 

Figure 7 is the waveform of the network side dq-axis 
current component reference value, From the figure, we can see 
that the value of iqref is about -0.01, close to zero, then the 
converter running at full power state, the value of idref 
remained close to -1, When the three-phase current waveform 
produced from the grid-side converter in Figure 8 is taken into 
consideration, you can see that the current amplitude reaches 
ratings, three graphs are in coincide with each other. Figure 9 is 
the waveform of the voltage outputted from the grid-side 
converter, in view of the effect of the waveform, compared 
with the wave form at half load state , the system remained 
stable. 
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Figure 7.  grid-side idref, iqref. 
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Figure 8.  Three-phase current outputted from grid-side. 
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Figure 9.  Line voltage outputted from grid-side 

VI. CONCLUSIONS 

This paper proposes a control strategy based on 
predictive current control. The main control idea of the 
strategy could be stated as follows. The active current is 
given by PI controller under the two-phase rotating 
coordinate system. Then, we can figure out three-phase 
current given by the active current given and reactive 
current given. At the same time, the strategy has been 
applied on a converter which is 2MW full power. While 
the strategy is put into model test, the results show great 
control effect. 
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