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ABSTRACT 
This paper presents an adapted full-bridge three level dc/dc converter for a wind turbine in a dc grid by inserting a passive filter 

into the dc/dc converter to improve the performance of the converter. The passive filter can effectively minimize the voltage stress 

of the medium frequency transformer in the modified full bridge three level dc/dc converter. And to improve the performance of 

the dc/dc converter, which can effectively overcome the problem that the nonlinear characteristics of semiconductor devices 

result in distorted waveforms associated with harmonics and reduce the voltage stress of the medium frequency transformer, 

which is very significant for the power converter in the high-power application. Then, fuzzy and PI controllers are compared and 

proposed for the modified full bridge three level dc/dc converter. 

 

KEYWORDS:  DC/DC  converter,  DC  grid,  full-bridge  three- level, permanent magnet synchronous generator, 

windturbines, fuzzy controllers. 
 

INTRODUCTION 
 

The DC grid, with the advantages such as reactive power, harmonics, and so on, seems to be a promising 
solution of power  collection  system  for  the  growing  demand  in  the offshore wind power development. The 
offshore wind turbines may be directly connected into a dc grid to deliver DC power to a medium- or high-dc 
voltage network. To realize the DC connection and  power  delivery,  a  high-efficient  dc/dc converter is 
required. 

The basic full-bridge three-level converter, with the advantage of the reduced voltage stress of the switches, 
reduced filter size, and improved dynamic response, is becoming highly suitable for medium-voltage and high-
power conversion and it has a simpler circuit structure and less number of switch devices than the SMs-based 
FBTL configuration, which leads to a small footprint and high reliability for the basic FBTL converter. A fuzzy 
controller can include empirical rules, and that is especially useful in operator controlled plants. 

 
Objective: 

The FB converter has been evaluated to be a suitable choice for wind farm application from an energy 
efficiency point of view. Hence, the isolated FBTL DC/DC converter is to be studied for high-power wind 
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turbine systems in this project. But they have a high-voltage change rate dv/dt, and thus may not be applicable 
for the medium-voltage and high power systems. So far, the application of the isolated FBTL dc/dc converter for 
offshore wind turbines within a dc grid has not been addressed. In this project, an improved FBTL dc/dc 
converter is presented for an offshore wind turbine based on permanent magnet synchronous generators in a DC 
grid, where the IFBTL dc/dc converter is applied to boost the dc voltage from a diode rectifier to a high voltage 
for the dc grid integration. 
 
Ifbtl Dc/Dc Converter: 

Fig. 1 shows the configuration of the IFBTL dc/dc converter, which is composed of eight switches (S1–S8), 
eight freewheeling diodes (D1–D8), four clamping diodes (D9– D12), an MFT, four rectifier diodes (Dr 1–Dr 
4), a passive filter (Ls and Cs ), an output filter inductor Ld , an output capacitor Co, and two voltage divided 
capacitors (Ci 1 and Ci 2 ), which are used to split the dc bus voltage Vi into two equal voltages Vc 1 and Vc 2 . 

Different from the FBTL dc/dc converter, a passive filter is inserted into the IFBTL dc/dc converter as 
shown in Fig.3.1 to improve the performance of the dc/dc converter, which can effectively overcome the 
problem that the nonlinear characteristics of semiconductor devices result in distorted waveforms associated 
with harmonics and reduce the voltage stress of the MFT, which is very significant for the power converter in 
the high-power application. 

 
 
 
 
 
 
 
 
 
 

Fig. 1: Circuit diagram of the IFBTL dc/dc Converter 
 
Filters (absorptive or reflective) are used to pass signals or currents at certain frequencies to the intended 

load, while shunting unwanted frequencies to ground or sending them back to their source. Passive filters use 
inductive impedance and a capacitive impedance to achieve filtering capabilities, while active filters rely on 
resistive capacitive networks. 

Common passive filters are normally constructed in three network configurations, L, T, and Pi. The L 
network is the simplest, with the impedances connected as single components. The T network splits the series 
impedance in half, with half placed before and half after the shunt impedance. The Pi network splits the shunt 
impedance in half, with half placed before and half after the series impedance. 

Passive or active filters are used to reduce conducted emissions on power lines, signal lines, and control 
lines, as well as for decoupling protection between noisy circuit components. Therefore, depending on 
application, filters can be considered as containment or as source suppression components. 

 
 
 
 
 
 
 
 
 

Fig. 2: Block diagram of the wind turbine connected to a dc grid 
 
Wind turbines interact with the grid. Due to the quickly increased rated power of wind turbines, the turbines 

affect the grid and the consumers, who are connected to the grid. Flicker, i.e. short lived voltage variations in the 
electrical grid may cause light bulbs to flicker. This phenomenon may be relevant if a wind turbine is connected 
to a weak grid, since short-lived wind variations will cause variations in power output and, therefore, voltage 
variations. There are various ways of dealing with this issue in the design of the turbine, mechanically, 
electrically, and by using power electronics. 

Power electronics may introduce harmonic distortion into the alternating current in the electrical grid, thus, 
reducing power quality. The problem of harmonic distortion arises because the filtering process is not perfect, 
and it may leave some tones, which are multiples of the grid frequency, in the output current. 
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Proposed Modulation Strategy: 

The switches S1–S8 are switched complementarily in pairs with a pulse width modulation (PWM), i.e., 
pairs S1–S3, S4–S2, S5–S7, and S8–S6, respectively. The duty cycle for S1 is D. The way of phase shifting the 
PWM for other switch pairs results in the different operation modes as follows. 

 
Operation Mode I: 

The PWM waveform for the pairs S8–S6, S5–S7, and S4–S2 lags behind that for pair S1–S3 by (D – Dc )Ts 
/2, Ts /2, and (D – Dc + 1)Ts /2 respectivelyas shown in Fig. 4(a). Ts is the switching cycle. The overlap time 
between S1–S3 and S8– S6 is Dc Ts /2, which is also for S4–S2 and S5–S7. Dc is defined as the overlap duty 
ratio. 
 
Operation Mode II: 

The PWM waveform for pair S8– S6 leads before that for pair S1–S3 by (D – Dc )Ts /2, and the PWM 
waveform for pairs S4–S2 and S5-S7 lags behind that for the pair S1–S3 by (1 − D + Dc )Ts /2 and Ts /2, 
respectively, as shown in Fig. 4(b). The overlap time between S1–S3 and S8– S6, and between S4 S2 and S5–S7 
is also both Dc Ts/2. 

The main difference between the two operation modes is the capacitor charge and discharge situations in 
each half cycle as shown in Fig. 4. In operation mode I, capacitor Ci2 discharges more energy than capacitor 
Ci1 in each half cycle as shown in Fig. 3.4(a), while capacitors Ci1 and the Ci2 exchange their situations in 
operation mode II as shown in Fig. 3.4(b). In operation mode II, capacitor Ci1 discharges more energy than 
capacitor Ci2 in each half cycle. The two operation modes can be alternatively used for the adaptive voltage 
balancing control. 

The steady-state operations of the converter under the proposed modulation strategy are explained with the 
assumption that Ci1 = Ci2 . Fig. 3 shows the simulation waveforms of the IFBTL dc/dc converter in one cycle 
Ts under operation modes I and II, respectively. 

In Fig. 3 voltages Vab, Vt1 , Vt2 and currents iLs, it1 , it2 are all periodic waveforms with period Ts . 
Currents ic1, ic2 , and iLd are with the period Ts /2. Owing to the passive filter in the IFBTL dc/dc converter, 
the performance of voltages Vt1 , Vt2 and current it1 , it2 associated with the MFT is effectively improved, 
which is significant for the IFBTL dc/dc converter in the applications of the medium-voltage and high-power 
system. From Fig.3 it is easy to see that the charge and discharge situations (ic1 and ic2 ) of capacitors Ci1 and 
Ci2 are the main difference between the operation modes I and II, which would affect the capacitor voltages 
Vc1 and Vc2. The other performances of the converter are nearly the same. 

The permanent magnets are made of NdFeB and have the following characteristics: 
The coercivity Hc  = 9000 A/m; 
The relative permeability μr   = 1.049; 
The maximum magnetic energy 
B×Hmax   =  40 MGOe; 
The electrical conductivity 
s  = 0,667 MS/m; 
The generator’s stainless steel shaft has the following properties: 
The relative permeability μ r  = 1 
The electrical conductivity s  = 1,35 MS/m 
 
A voltage balancing control strategy is proposed for the IFBTL dc/dc converter in this section, which can be 

realized by alternating the operation modes I and II. 
 

A) In Operation Mode I: 
In Fig. 3(a), both the capacitor currents ic1 and icc2 are with the period of Ts /2. In the first half cycle, the 

charge or discharge situations for capacitors Ci1 and Ci2 in stages A, C, and E are the same. In stage B, current 
ic 2 is more than ic 1 , while ic 2 is far less than ic 1 in stage D as shown in Fig. Owing to that, the periods of 
stages B and D are (D − Dc )Ts/2. Suppose Vc 1 = Vc 2 =Vi /2; Ci 2 would provide more energy to the load 

than Ci1 in the first half cycle under the operation mode I. The situation in the second half cycle is similar to 
that in the first half cycle. Consequently, voltage Vc1 would be increased and voltage Vc2 would be reduced in 
operation mode I as shown in Fig. 3(a), which would result in the trend that voltage Vc1 would be more than 
Vc2 in operation mode I. 

 
B) In Operation Mode II: 

The same to operation mode I, the charge and discharge situations for capacitors Ci1 and Ci2 in stages A, 
C, and E are the same as in the first half cycle. The only difference is that current ic2 is less than ic1 in stage D, 
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while ic2 is far more than ic1 in stage B in operation mode II as shown in Fig. 3(b), which is contrary to that in 
operation mode I. The periods for stages B and D are both (D – Dc )Ts /2. Suppose Vc1 = Vc2 = Vi /2; Ci1 
would provide more energy to the load than Ci2 in the first half cycle under the operation mode II. The situation 
in the second half cycle is similar to the first half cycle. Therefore, voltage Vc1 would be reduced and voltage 
Vc2 would be increased in operation mode II as shown in Fig 3(b), which would result in the trend that voltage 
Vc1 would be less than Vc2 in operation mode II. 

 

 
 

Fig. 3: Waveforms of the IFBTL DC/DC converter. (a) In operation mode I. (b) In operation mode II. 
 
Based on the aforesaid analysis, Vc1 would be more than Vc2 in operation mode I, and Vc1 would be less 

than Vc2 in operation mode II. Consequently, a control strategy is proposed for the capacitor voltage balancing 
as shown in Fig.4 where a comparator is used here with two input voltages Vc1 and Vc2 . If Vc1 is more than 
Vc2, the operation mode in the next half cycle is selected as II. On the contrary, the operation mode I is selected 
in the next half cycle when Vc1 is less than Vc2. 

 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Block diagram of the proposed voltage balancing control for IFBTL   converter 
 

Control Of An Ifbtl Converter Using Fuzzy Controllers: 
Fuzzy control has emerged one of the most active and fruitful  areas  of  research  especially  in  
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industrial processes which do not rely upon the conventional methods because of lack of quantitative data 
regarding the input and output relations. Fuzzy control is based on fuzzy logic, a logical system which is much 
closer to human thinking and natural language than traditional logical systems. Fuzzy logic controller (FLC) 
based on fuzzy logic provides a means of converting a linguistic control strategy based on expert knowledge 
into an automatic control strategy. Fuzzification, defuzzification strategies and fuzzy control rules are used in 
fuzzy reasoning mechanism. Fuzzy logic control has been successfully used in various application areas ranging 
from automatic train operation to flight systems. Fuzzy   logic enables   control   engineers   to efficiently   
develop control strategies in application areas marked by low order dynamics with weak non linearities. 

 
 

Fig. 5: Block diagram of Structure of the proposed FLC 
 
Simulation Results And Analysis: 
A.Simulation Block: 

To verify the proposed function of the IFBTL dc/dc converter, a 1-kW converter prototype was built as 
shown in Fig 1. The switching frequency is 5 kHz. The eight primary switches and diodes S1/D1–S8/D8 are the 
standard power MOSFET of IXTH30N25. The clamping diodes D9–D12 are STTH3006. The rectifier diodes 
Dr1–Dr4 are STTH3010. A transformer with a turn ratio of 1:2.6 is used. The transformer core is a PM87/70 
ferrite core, and the leakage inductance is 10 μH. The filter inductor Ls and capacitor Cs are 0.44 mH and 3 μF, 
respectively Inductor Ld is 0.8 mH and Capacitor C0 is 1mF. The input capacitors, both Ci1 and Ci2 , are 400 
V/330 μF. The dead time is set as 1.5 μs. A three-phase autotransformer followed by a three-phase diode 
rectifier is employed at the input side to produce the input voltage Vi . A dc power supply (SM300-10D) parallel 
with a resistor load of 50 Ω at the output side to emulate the DC grid and support the constant output voltage 
VO as 250 V. An inductor with the value of 0.4 mH is inserted between the output of the converter and the dc 
power supply. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Symmetrical membership function of the FLC: (a) e(n), (b) e′(n), and (c) d(n) 
 
The overall control scheme of the proposed system is shown in Fig.6.3. In fuzzy logic controller design, one 

should identify the main control variables and determine the sets that describe the values of each linguistic 
variable. 
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Fig. 6: Simulation diagram for full bridge three level converter 
 

B.Optimal Power, Dc-Link Voltage Versus Optimal Wind Speed Curves: 
In order to verify the feasibility of the IFBTL DC/DC converter for wind turbines, the two curves of the 

optimal power versus wind turbine speed and the optimal dc-link voltage versus wind turbine speed as shown in 
Fig. are used in the following experiments, where the power base is 1 kW and the voltage base is 180 V. Fig. 
7(a) and (b) shows Vab, Vt1 , and iLs, where voltage Vab has symmetrical positive and negative segments. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 8: Measured converter waveforms including Vab (100 V/div), Vt1 (250 V/div), and iLs (10 A/div). (a) Dc 
/D = 65%. (b) Dc /D = 85%. Time base is 40 μs/div. 

 
C.Efficiency Curves: 

Figure.[7] shows the efficiency curves of the IFBTL dc/dc converter under the power variations, where one 
is with Dc /D = 85%, and the other one is with DC /D = 65%. The averaging deviation between the two 
efficiency curves is approximately 0.29%. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 7: Converter efficiency with Dc /D = 85% and Dc /D = 65% under the power variations. 
 

D.Simulation Waveform: 
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Fig. 9: three level simulation waveform for IFBTL DC/DC converter(voltage versus time) 
 
For high-efficiency operation of the VSWT, the wind turbine speed should be varied in proportion to the 

wind speed. Vc 1 would be more than Vc 2 in operation mode I, and Vc 1 would be less than Vc 2 in operation 
mode II. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 10: waveform for performance of fuzzy,adaptive fuzzy and PID controllers 
 

Vii Conclusion And Future Work: 
This paper has presented the control of the IFBTL DC/DC converter for the wind turbine system to 

facilitate the integration of wind turbines into a DC grid. The corresponding modulation strategy, including 
operation modes I and II, is proposed for the IFBTL dc/dc converter. A voltage balancing control strategy is 
proposed for the IFBTL dc/dc converter, where the alternation of the proposed two operation modes can keep 
the capacitor voltage balanced. With the passive filter and the modulation strategy, the voltage stress of the 
transformer in the IFBTL dc/dc converter can be effectively reduced, which is very significant in the medium-
voltage and high-power application. The control of the wind turbine system based on the IFBTL DC/DC 
converter is presented as well. The performance of the DC grid under collection system faults and wind turbine 
faults may be studied and analyzed. And then, the corresponding protection, redundancy, and control strategy 
will be designed in neural networks so as to improve the system performance, it is very important and worth 
researching in future. 
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