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Abstract 
In a MW-level and high-power wind power system, the level of current and voltage is easy to 

exceed the capacity of one switch device, so single boost converter has already can't meet the 
requirements of system. To solve this problem, for 1.2MW direct drive VSCF wind power system this paper 
designed a improved and multiplex boost converter, the over-voltage protection circuit branch is inserted 
into the circuit. The system state equation and control strategy are given, and the input current ripple is 
analyzed. Finally, in the Matlab environment, build the model of direct-drive wind power generation system 
to verify the feasibility of this circuit. The results show that: the system can run stably, has high efficiency, 
low ripple and has a good practical value. 
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1. Introduction 
Wind energy has become one of the renewable energy that has a very high prospect for 

development [1], its future is very promising, and the construction of large-scale, high-capacity 
wind power generation system is imperative [2]. In the direct-drive wind power system, through 
the generator wind energy is converted into the alternating current (AC) which amplitude and 
frequency change with the wind speed. This kind of alternating current will be changed into DC 
which amplitude still change after the three-phase uncontrolled rectifier bridge, and then the DC 
through the inverter will be transformed into the current that meet the requirements of power 
grid. But the output DC voltage of rectifier always wave in a certain range according to the 
generator speed [3], so it can't meet the requirements of the inverter input voltage. Therefore, 
we need to adopt the Boost converter in front of the inverter to increase the amplitude of the 
rectifier output voltage, ensure that wind power generation system can run in a wide range of 
wind speed. 

In MW level and high-power wind power system, the current and voltage level is easy to 
more than the processing capacity of one switch device, so the single channel of the boost 
converter has already can't meet the needs of the system, in order to solve this problem, many 
scholars have done a lot of research at home and abroad, reference [4] using high-frequency 
soft-switching technology and the introduction of the current feedback, proposed an improved 
Boost chopper circuit. Reference [5] and [6] proposed multiple boost converter circuit on the 
basis of single booster converter circuit. Reference [7] discussed the multiple boost converters 
which is used in the 1.2MW variable speed constant frequency wind power system. Reference 
[8] studied the key issues of staggered and parallel chopper for direct-drive wind turbines. On 
the basis of many scholars’ studies, in this paper, designed a multiple parallel booster converter 
for 1.2MW direct-drive wind power system, the main circuit adopts the three-channel parallel 
interlaced Boost circuit, and joined the over-voltage protection circuit in the Boost circuit, the 
stability of the chopper output voltage is improved. Three-channel parallel converter circuit 
adopts parallel method can improve the capacity of wind power system, the structure is simple, 
and the control is convenient and flexible, has small ripple and a good application prospect. 
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2. Design of Boost Converter  
DC/DC Boost converter commonly used in the direct-drive wind power generation 

system based on PMSG, as shown in Figure 1. The boost converter has two main functions [9]: 
one is tracking the maximum power of the wind energy, the other is upgraded the dc voltage to 
a specific value to meet the need for inverter. In a few to hundreds Kw-level of small and 
medium scale wind power system, the single-channel boost converter often is used. In Mw-level 
wind power generation systems that with low voltage (eg 690V), commonly use multiplex and 
parallel boost converter to solve the problems of large current [10]. 

 
 

  
 

Figure 1. Non-controlled rectifier + boost converter + PWM inverter topology 
 
 

In this paper, the design of boost converter circuit as shown in Figure 2, it is a three-way 
moral Boost converter, phase difference was 360° / N = 120° between each channel, where N is 
3. The circuit actually consists of three single-channel converter in parallel, work on multiple 
parallel way. Each converter control signal is the same, just have Ts / 3 time delay. IGBT4 
where the branch is a voltage clamping circuit, the design of this branch is mainly protect IGBT 
switch tube. The slip where IGBT3 in is a voltage clamp circuit, the design of this branch is 
mainly to protect the IGBT switches. 

 
 

 
 

Figure 2. Multiple Parallel Boost Converter Circuit 
 
 

2.1. State Equation of Boost Converter Circuit  
Take single boost converter for example when analyze its state equation and made the 

following assumptions: 1) the switch is ideal; 2) the state transition is instantaneous; 3) Boost 
converter works on continuous current mode; Suppose D for inverter duty ratio, defined as 
D=ton/Ts; Ts was the switch cycle, ton and toff respectively, for the IGBT turn-on and turn-off 
time. D is changing in a dynamic process and can use lower-case d instead in the equation. Set 
the equivalent internal resistance of the inductor L to r in Figure 2. Corresponds with the two 
kinds of switch state in Boost converter circuit of IGBT, using state space average method can 
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draw the boost converter circuit state average equation: 
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When disturbance applied to the state average equations, The instantaneous value of 

the state quantity in formula (1) is:  
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In formula (3) ˆinu , d̂ , L̂i , ˆcu , 0û  respectively are the disturbance quantity of inU , D , LI , 

cU , 0U . 

Take formula (3) into Equation (1) and (2), and assumes that the static volume is much 
larger than the dynamic component, then separated the disturbance component and the steady-
state component into two groups of equations can obtain the following steady-state equation 
and perturbation equation: 

 
 


 0

0in

T

AX BU

U F X
                                                                                            (4) 

 
   

  0

ˆ ˆˆ ˆ

ˆ ˆ

in

T

dx
Ax Bu Exd

dt

u F x

                                                                                   (5) 

 

In formula (5)
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Low frequency small signal dynamic state average equation of Boost converter circuit is 
Equation (5), from Equation (5) we can see that it is a time-invariant linear equation, 
transformed Equation (5) into the s domain, we can obtain the following equations: 
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Considering the input voltage Uin is relatively stable, its disturbance can be ignored, 

according to the Equation (4) can calculate the solution of Uc, IL and D when the system is in a 
steady state. According to formula (6) we can calculate the open loop transfer function that the 

system to d̂  is: 
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 By the formula (7) can be seen that the boost converter is a second-order system, 

according to the derivation above can optimize the PI regulator in the Boost converter control 
system.  

 
2.2. Boost Converter Control System Design 

Triplicate and parallel boost converter circuit is composed of three identical single-boost 
converter circuit connected in parallel and connected to a load. Each boost converter circuits 
are adopt current-voltage double closed loop control mode. Make the triangular carrier phase 
shifting 2π / 3 can be obtained three times no phase shift switch frequency [11]. The outer loop 
control system is the boost converter circuit output voltage loop; the inner ring is the current loop 
that flowing through the boost choke, shown in Figure 3. Figure 4 is a voltage-limiting slip 
control system. 

 

 
 

Figure 3. Control System of Boost Converter Circuit 
 
 

 
 

Figure 4. Control System of Voltage Limiting Branch 
 
 

2.3. Optimization Design for PI Controller 
 ( ) /P IH S K K S in PI regulator, according to the type (7) can be calculated G (S), the 

closed-loop transfer function of system is deduced as follows: 
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According to the steady state conditions can be calculated: r=0.5Ω；L=10mH；C=7500

μF ; R=1Ω; D=0.25. The system Prior transfer function is: ( ) ( ) ( )F S H S G S . Using the lawes 

criterion to determine PI controller parameters KP, KI that make the system stability. Based on 
the 1.2 MW direct drive wind power system parameters and according to the requirements of 
the system overshoot and adjustment time, eventually determine: KP=1000, KI=1.  

 
2.4. Analysis of Current Ripple 

Waveform of inductor current iL1, iL2, iL3 and total input current ii is shown in Figure 6. As 
can be seen from the figure, the frequency of the triple Boost converter input current ii is three 
times of single Boost converter. 
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Figure 6. Current Waveform of Three-channel Multiplexed Parallel Boost Converter 
 
 
First analysis 0≦D<1/3, in t0 ~ t1 period: 
 

         i 1 2 3 0
1 2

( )L L L in inI I I I U D T U U D T
L L

                                              (9) 

 

Take  0(1 )inU U D  in formula (9) can obtain:    0(1 3 ) S
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Similarly when 1/3<D<2/3 can work out the converter input current ripple is: 
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Summing up, the input current ripple of triple boost converter is: 
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The triple Boost converter circuit input current ripple Compared with single Boost 

converter circuit, can get the following equation: 
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Where K= current ripple of triple Boost converter/ current ripple of single Boost converter, as 
shown in Figure 7. 
 

 
Figure 7. The Input Current Ripple Relationship between Three-channel Multiplexed Parallel 

Boost Converter and Single-channel Boost Converter 
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According to the Figure 7, we can see that the input current ripple of three-channel 
Boost converter was much lower than the single channel Boost converter. When duty ratio D 
within a certain range, can largely reduce the input current ripple, thereby using three-channel 
Boost converter can further reduce input/output filter sizes and costs and has a good market 
application value. 

 
 

3. Simulation Results 
In order to verify the rationality of the design, this article carried simulation experiment in 

the Matlab environment. Wind power system is the 1.2WM, 690V wind power system that based 
on PMSG, under a given wind speed, the generator runs in 0.7 times of rated speed, the input 
voltage Uin of Boost converter is 680V, the inductance value of three-channel converter are: 
L=L1=L2=L3=0.6mH, R=2Ω in clamping bar, capacitance of output filter capacitor is: C=300μF . 

Boost converter operating in a 2 KHz switching frequency. 
Figure 8 is the output dc voltage waveform after the rectifier circuit rectifying in direct 

drive wind power system. Figure 9 is the output waveform after the Boost converter, from the 
diagram can be seen the DC voltage amplitude is 1200V and is stable, volatile small. This 
voltage level is necessary to inject electrical energy to 690V power grid. Figure 10 is the output 
waveform for the boost converter circuit that without voltage-limit branch. Figure 11 is the 
inverter output voltage and current waveforms. From these graphics in this paper can see that 
the design of multiple Boost converter can meet the requirements of the direct-drive wind power 
system. 

 
 

 
 

 

Figure 8. The Output Voltage of Rectifier Figure 9. The Output Voltage of Boost 
Converter 

 
 

Figure 10. The Output Voltage of Unmodified 
Boost Converter 

Figure 11. The Output Voltage and Current of 
Inverter 

                      
 
4. Conclusion 

Based on the conventional Boost converter this paper proposed a modified Boost 
converter which is suitable for MW level direct-drive wind power system, the experimental 
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results verified the theoretical analysis, also proved that the design of multiple Boost converter 
has advantages of small ripple, high dynamic response ability, Output voltage stability , basically 
can meet the requirements of direct drive wind power system, can continuously output stable 
voltage that inverter needs, the whole wind power system can work normally, running stably. 
The problem of rectifier output voltage volatile, low amplitude are effectively solved. In MW level 
wind power generation system will has great value in practical application. 
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