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Abstract—The back-to-back (BTB) converter is used in power 

conversion applications such as machine drives, wind energy 

conversion systems (WECS), uninterruptible power supplies, and 

HVDC transmission systems. Various topologies have evolved 

around voltage source converters and current source converters 

(CSC) in an attempt to meet various design and reliability 

constraints. This paper proposes a new CSC based BTB 

converter suitable for WECS application. The proposed 

configuration addresses the main drawbacks of the conventional 

BTB current source converters, such as the over-voltage 

frequently experience by switches during commutation. The 

inverter side converter has zero switching losses. The proposed 

WECS offers the following advantages: simple and easy control; 

reduced switching frequency, and maximum power-point 

tracking with controllable grid active and reactive power. 

Avoltage ride through (LVRT) solution is also provided in the 

proposed WECS. PSCAD/EMTDC simulation is used to assess 

the steady-state and dynamic behaviours of the proposed system 

under different operating conditions and during LVRT.  

Experimental results allow steady-state and dynamic behaviour 

assessment of the proposed system under different operating 

conditions. 

. 

 
Index Terms— wind energy conversion system, current source 

inverter and maximum power tracking.  

 

I. INTRODUCTION 

Wind energy is a growing and promising renewable energy 

source for small and large-scale energy harvesting. Wind 

energy conversion systems (WECS) can be classified into two 

types: 1) fixed-speed where a squirrel-cage induction 

generator is used and 2) variable-speed where a doubly fed 

induction generator (DFIG) or variable-speed permanent 

magnate synchronous generator (PMSG) with a full scale 

back-to-back (BTB) convert is employed. Variable speed 

WECS is attractive due to increasing the kilowatt-hour 

production of wind farms, higher overall efficiency, and lower 

mechanical stress [1, 2]. 

Both of the aforementioned variable speed WECS use BTB 

converters. A PMSG-based wind turbine-generator consists of 

a generator and grid side converters, and must be connected 

and decoupled through an energy storage element such as a 

capacitor for a voltage source converter (VSC) or inductance 

for a CSC[3]. For small-scale power, a diode rectifier followed 

by a dc chopper is used to achieve variable speed operation 

and maximum power point tracking (MPPT), while the grid 

side VSC is used to inject the generated power into the grid 

[4-6]. The application of the two-level BTB VSC is studied in 

[7, 8] and adopted in earlier WECS generations. The authors 

 
 

in [1] proposed a reduced switch count BTB VSC to improve 

reliably and overall performance, and this BTB consists of a 

three-phase three-switch PWM buck-type rectifier in series 

with a Z-source inverter. The configuration provides high 

reliability and harmonic-free characteristics in both the 

generator and grid sides. However, the Z-source inverter in [1] 

uses four passive elements in the dc-link, which increase the 

overall system size, weight and cost. In [9, 10], energy-storage 

is eliminated from the dc-link using a matrix converter. In 

multi megawatt wind turbine-generators that require a higher 

dc link voltage, a multilevel neutral-point-clamped converter 

is proposed in [11, 12] as means to avoid the series connected 

of power electronics devices, and decrease the voltage stress 

on the machine and interfacing transformer insulation. A BTB 

CSC configuration for a high power wind turbine is shown in 

[13]. 

With increased penetration of the wind power into the 

utility, its disconnection hence voltage dip during a grid ac 

fault, has become unacceptable in terms of system stability. As 

a result, grid codes have become much stricter for grid 

connected WECS, and demand that they remain connected to 

the grid and supply reactive power with a given voltage dip 

profile [14-16].  

During a grid fault, the grid side converter of a VSC based 

WECS will not be able to deliver the active power produced 

by the wind turbine-generator to the grid. This power will 

over-charge the dc-link capacitor, producing an overvoltage 

dc-link condition, thus exposing power electronics converters 

to increased risk of overvoltage failure [17]. This problem is 

solved in VSC based WECSs by installing an energy dumping 

resistor in series with a power electronics switch across the dc-

link capacitor, to dissipate the power that cannot be delivered 

to the grid [15, 18]. An alternative solution is to store the 

active power surplus in the inertia of the turbine generator to 

achieve the LVRT requirement [16]. A similar solution is 

adopted for the CSC in [19] 

This paper proposes a medium speed drive train WECS that 

uses a new CSC based BTB converter configuration, as shown 

in Fig.1. This configuration addresses the main drawbacks of 

conventional BTB current source converters such as the over-

voltage frequently experience by switches during 

commutation. Additionally, it offers the following advantages: 

simple and easy control; sinusoidal ac currents with high 

power factor at both ac sides with reduced switching 

frequency; inverter side zero switching losses; and the rectifier 

side soft start-up and soft shutdown. The viability of the 

proposed WECS is demonstrated using simulations and 

experimentation, during normal operation and ac network  
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II. CIRCUIT ANALYSIS AND MODELING 

A. Proposal WECS description 

Fig.1 shows the proposed variable speed wind energy 

conversion system based on BTB current fed converters. It 

consists of a three-phase permanent magnet synchronous 

generator (PSMG), buck-boost converter, and a pulse width 

modulated current source inverter at the grid side. In the wind 

side converter (buck-boost stage), the series switch Sr in Fig.1 

is used to adjust the power flow by controlling the average dc 

current in the link inductor Ldc. 

The proposal BTB converter has two operating modes. The 

first mode charges the dc-link inductor Ldc when the switch Sr 

is ‘ON’. In this mode, the dc-link inductance charging current 

is equal to the switch Sr current, which is set by the input 

power from the PMSG through the three-phase bridge 

rectifier. During this mode the CSI input dc current Ii=0. The 

second mode is when switch Sr is ‘OFF’. The dc-link 

inductance Ldc discharges, where the dc-link inductor current 

IL=Ii and the current in the switch Sr is Is=0. During the 

second mode no current enters the BTB converter, hence the 

C-filter (Cr) makes the current seen by the generator 

continuous. The C-filter also performs the general filtering 

role as in any current fed converter. Similarly, during the first 

mode, the CSI input dc-link current Ii=0, so the grid side C-

filter makes the grid current continuoues in addition to its 

general harmonic filtering role. 

B. Current source inverter 

For minimum switching losses, the grid side CSI in the 

proposed BTB converter is controlled using selective 

harmonic elimination (SHE), with three notches per quarter 

cycle to eliminate the 5th harmonics order; and from[20] the 

notch angle is Ɵ=18°. The switching frequency (fsr) of the 

switch Sr is 2.4kHz and grid frequency (fg) is 50Hz. The 

rectifier chop pulse resolution (SR) represents the relative 

width in degrees of one switching cycle of Sr (𝑆𝑅 =
360𝑓𝑔

𝑓𝑠𝑟
) in 

one fundamental period. For fsr= 2.4 kHz and fg=50Hz, SR = 

7.3°. To ensure zero switching losses at the CSI, the switching 

instants of the CSI devices must coincide with zero input dc-

link Ii, which is determined by the modulation of the switch 

Sr. This requirement imposes the restriction on the ratio of the 

switching frequency of the switch Sr to grid frequency must 

be an integer multiple of 3 (in other words, integer number of 

pulses per 120o).  Increasing the switching frequency of 

switch Sr improves the ability of SHE to eliminate more low-

order harmonics, and decreases the dc-link inductance Ldc and 

C-filters at both ac sides. But it increases switching losses of 

switch Sr. Fig. 4 shows the inverter output current with one 

angle to eliminate a single harmonic order. 

C. PMSG model. 

The PMSG model is based in the dq-axis reference frame, 

where the q-axis is 90◦ ahead of the d-axis. The PMSG is 

assumed to have uniformly distributed stator windings and the 

d-axis and q-axis synchronous inductances are equal, 

Ld≈Lq≈Lg. Saturation, eddy currents and core losses are 

neglected, and the resistances of the three-phase windings are 

equal. The steady-state voltage and equations are [1, 21, 22]: 

 - -  dg g dg d e qv R i p   
            

(1) 

 - - -q g g q g q e dv R i p  
            

(2) 
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The stator flux components are: 

 
d d d g P ML i                  (4) 

 
q q q gL i                   (5) 

 Where vdg, vqg, idg and iqg are the d-q components of the 

stator voltage and current,p is the differential operator, Rs is 

the stator resistance, ωe is the generator electrical angular 

speed, Te is the electromagnetic torque, ѱPM is permanent 

magnet flux, and P is the number of pole pairs.  

D. Wind turbine modeling 

The wind turbine model, based on steady-state power 

characteristics, is described in [23, 24], where the output 

aerodynamic power of the wind turbine is: 
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where ρ is the air density (1.225 kg/m2), A is the rotor 

swept area (m2), Cp is the power coefficient, v is the wind 

speed (m/s) and β is the blade pitch angle (°), ωt is the turbine 

rotor angular velocity (rad/s), Ct is the torque coefficient of the 

turbine, Rt is the rotor radius (m), and λ is the tip speed ratio. 

The power coefficient Cp is a nonlinear function of tip 

speed ratio λ and blade pitch angle β for a constant wind 

speed. The power coefficient Cp is maximum at λopt and is 

calculated using a generic equation as shown in (9)where λi is 

defined by:  
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By solving equations (9) and (10) when β=0, Cpmax (the 

maximum value of Cp) is found to be 0.48 and λopt=8.1. 

Equation (8) can be used to determine the optimal turbine 

speed (ωt(opt)) at each wind speed. 
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The optimal generator speed (ωopt) can be determined by 

multiplying the optimal turbine speed (ωt(opt)) by the gear box 

ratio (GBR). 
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Fig.1 Proposal wind energy conversion system and maximum power point tracing control loop.  

 

Fig.2 Inverter wave form of half cycle with one angle 

 

III. CONTROL STRATEGY 

There are two main control loops in the proposal WECS 

first MPPT controller and grid reactive power controller.  

A. Maximum power point tracking controller  

The proposed MPPT control loop consists of two control 

loops, namely inner and outer loops as shown in Fig.1. The 

outer control loop detects the wind speed and used equation 

(12) to calculate the corresponding optimal generator speed 

ωopt. The speed regulator based on proportional-integral (PI) 

control estimates the reference average dc-link inductance 

current 𝐼𝐿_𝑟𝑒𝑓̅̅ ̅̅ ̅̅ ̅ for the inner control loop. The inner controller, 

which regulates 𝐼𝐿̅ , estimates the modulation index δ of the 

switch Sr, necessary to control the power flow from the wind 

generator into the grid, as will be illustrated in the subsequent 

analysis.  

To establish the relationship between the powers delivered 

to the grid and the dc-link inductance current𝐼𝐿̅ , and the 

relation between the dc-link inductance current IL and 

generator current, the active and reactive powers (Pg) and (Qg) 

are expressed as: 

 3

2g d s d sP i v                 (13) 

 3

2g q s d sQ i v


                 (14) 

where vds is the d component of the grid voltage (Vs), 

assuming the grid voltage vector is aligned with the d-axis 

(vqs=0); and ids, iqs are d and q current components that the 

current grid side converter injects into grid.  

Based on Fig.3 the steady state equations that describe the 

ac side of the grid side converter are:  

 ( ) ( ) ( ) ( )c i d s s d s s s q s dv R i L i v            (15) 

 
( ) ( ) ( )ci q s s q s s s dv R i L i              (16) 

where Ls and Rs are the transformer leakage inductance and 

resistance, and vci(d) and vci(q) are the d and q components of the 

grid side filter capacitor voltage. Similarly, the filter capacitor 

current ici can be expressed as: 

 
( ) ( )ci d s i c i qi C v                

 (17) 

 ( ) ( )ci q s i c i di C v
               

(18) 

The current provided by the CSI ii is the sum of the grid 

current is and the capacitor Ci current ici. The CSI output 

current ii can be express as: 

  2

( ) ( )1d i s i s s d s i s s qi C L i C R i   

        
(19) 

    
2

( ) ( ) ( )1q i s i s s q s i s d s s di C L i C v R i          (20) 

For modulation index m=1, as being considered in this 

paper, the average current at the CSI input 𝐼𝑖̅ equals the peak 

fundament current of Imi (recall 𝐼𝑚𝑖 = 𝑚𝐼𝑖̅ ). The following 

equations are obtained: 
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Assuming that the grid reactive power controller operates at 

unity power factor, iqs=0, equation (22) reduces to:  

    
2

22 2 2 2
1

s i
i s s i d s d s s d sI L C i C v R i          (23) 
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Fig.3 Single line diagram representation of the proposal WECS 

 

Since the current entering the CSI Ii is equals to the dc-link 

inductance current IL when the switch Sr is off, the average dc-

link inductance current 𝐼𝐿̅  can be of obtained from (24): 
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Substitute (22) into (24) gives: 

 
 

   
2 2

2 2 2 2

( ) ( ) ( )

1
1

1 s i
L s s i s d s d s s dI L C i C v R i 


   


 

                      

 (25) 

Combining equation (13) ( 𝑖𝑑𝑠 =
𝑃𝑔

1.5𝑣𝑑𝑐
) and (25) gives: 
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Equation (26) describes the relationship between 𝐼𝐿̅ , and δ 

(duty cycle of the switch Sr) and active power Pg delivered to 

the grid. On this basis, this paper chooses to regulate the 

power flow between the two ac sides by controlling δ. 

Furthermore, the effect of varying δ (the modulation index 

of the switch Sr) on the average dc-link inductance current 𝐼𝐿̅ 

and generator current ig will be established. 

The generator side C-filter current can be derived as: 

 ( ) ( ) ( )( )cg d g g d e g qi C pv v             (27) 

 ( ) ( ) ( )( )cg d g g q e g di C pv v 
           

(28) 

The rectifier input current can be obtained by subtracting 

the capacitor current from the generator current. The steady 

state rectifier input current is shown in equations (29) and (30)

. 

 ( ) ( ) ( )r d g d e g g qi i C v 
             

(29) 

 ( ) ( ) ( )r q g q e g g di i C v 
             

(30) 

The peak fundamental rectifier input current can calculated 

as follows:  

  2 2

( ) ( ) ( )r p r d r qI i i 

             
(31) 

To facilitate analysis of the rectifier input current, the dc-

link inductance Ldc is assumed sufficiently large so that the dc-

link inductor current is constant (ripple free) and equals 𝐼𝐿̅ . 

Fig.4 shows rectifier input current during one fundamental 

cycle, and during one carrier cycle, where the switch Sr 

operates with a constant duty cycle. The spectrum of the 

rectifier input current iR can be obtained using the double 

Fourier series in complex form [25]: 
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where y=ω0t, x=ωct, ω0 and ωc respectively represent 

fundamental and carrier frequencies in rad/s, and n and m are 

the orders of the baseband and carrier component harmonics.  

The baseband harmonics of the rectifier input ir are 

computed by setting m=0 in (32), yielding: 
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Equation (33) is valid for all n that represent odd and non-

triplen harmonics; otherwise ir(0n)=0. A0n=0 and 𝐵𝑜𝑛 =
2√3𝐼𝐿̅

𝑛𝜋
. 

The peak value of the rectifier input fundamental component 

Ir(p) is obtained when n=1. 
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Fig.4: Rectifier input current within one carrier cycle. 

After combining (29), (30), (31), and (34), the following 

expression results: 

    
2 2

( ) ( ) ( ) ( )
2 3

L g d e g g q g q e g g dI i w c v i w C v



     (35) 

From this analysis, the average dc-link inductance current 𝐼𝐿̅  

is controlled by changing the modulation index (δ) of switch 

Sr,. Increasing the modulation index δ will increase 𝐼𝐿̅ , hence 

according to equations (31) and (34) the current generator will 

increase which will tends to increase the electromagnetic 

torque and decrease the turbine speed. Also according to 

equation (26) the active power delivered to the grid will 

increase. Decreasing the modulation index δ has the vice versa 

effect. 

B. Grid reactive power controller  

The reactive power controller in Fig.1 is used to adjust the 

phase angle (α) between the grid voltage and current vector. 

The CSI injects into the grid based on the reactive power 

demand set point (Qref). Therefore, the required phase angle 

(α) for arbitrary reactive power is estimated using PI control 
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as: 

( ) ( )
p Q re f iQ re f

k Q Q k Q Q d t               
(36) 

where kpQ and kiQ are the proportional and integral gains of 

the reactive power controller. The estimated phase angle (α) 

from (36) is added to angle ωt, which is obtained from the 

phase locked loop (PLL), and the resultant angle ωt+ α is used 

to provide the time base for the SHE algorithm. Calculation of 

α based on (36) is not the same as the CSI load angle (), 

which is given by (37). The load angle  is set indirectly by 

the amount of active power CSI exchange with the grid. 
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IV. SIMULATIONS 

Table 1 summarises parameters used in simulations and 

experimental test rig of the proposal WECS, Fig.1. 

 
Table 1 simulation and the excrement system parameters system parameter. 

 Simulation Experiment 

Wind turbine parameters 

Rated power 0.52MW 2kW 

Rated wind 
speed 

12.5m/s 12.5m/s 

Cut-in wind 
speed 

4m/s 4m/s 

Cut-out wind 
speed  

25m/s 25m/s 

Rotor diameter 1.8m 1.8m 

Rotor area  10178m2 10.2m2
 

Gearbox ratio  1:5.7 1:2.8 

Grid parameters 

Voltage 3.3kV L-L 140V L_L 

Frequency 50 50 

Grid connected transformer 

Power 0.5MW 2.0kW 

Voltage 3.3/1.65 kV  L-L 400/200V L-L 

Generator parameters 

Rated power 0.51Mw 6.0kW 

Synchronous 
inductance  

20mH 35mH 

Number of 
Poles 

20 4 

Converter parameters 

Generator side 
Capacitor  

200µF Y 
connected 

150µFf Y 
connected 

dc-link 
inductance  

10mH 12.5mH 

Grid side 
capacitor 

250 µF Y 
connected  

100 ∆ 
connected 

A. Normal operation 

To assess the dynamic performance of the proposed WECS, 

its illustrative version in Fig.1 is simulated using 

PSCAD/EMTDC. The wind speed is varied from 6m/s to 

10m/s through intermediate steps of (8m/s and 12.5m/s), and 

the results obtained are shown in Fig.5 and Fig. 6. Fig.5(a) 

shows wind PMSG generator speed follows the optimal speed 

provided by the MPPT as the wind speed varies. Fig.5(b) is 

presented to show a detailed viewed of the generator speed 

during transition from wind speed 8m/s to 12.5ms, where the 

generator speed is able track its optimal values precisely, with 

minimal transient and time lag. Fig.5(c) shows the power the 

CSI inverter exchanges with the grid as the wind speed varies 

according to the profile given. Fig.5(d) shows a detailed view 

of the power plot in Fig. 5(c) focused around the wind speed 

transition from 8m/s to 12.5ms. The proposal WECS 

controller decreases the grid power to decrease the mechanical 

torque provided by the generator during the wind speed 

change from 8m/s to 12.5m/s.  Decreasing the generator 

torque allows the wind turbine to build up speed faster and 

decreases the transient time during the speed change. 

Fig. 6 shows a detailed view of the grid currents and phase 

‘a’ voltage during the wind speeds equals to (10 m/s and 12.5 

m/s), where the proposed WECS produces sinusoidal currents 

at grid with nearly unity power factor.  

 
(a) Generator speed and optimal generator speed 

 
(b) A detailed view of the generator speed and optimal speed during 

changing in the wind speed from 8m/s to 12.5m/s 

 
(c) Grid output power. 

 
(d) A detailed view of grid output power during changing in the wind 

speed from 8m/s to 12.5m/s. 

Fig.5 Waveforms shows simulation results of the generator speed and the grid 

output power at different cases.  

 

B. Low voltage ride-through (LVRT) illustration 

This subsection investigates the fault ride-through 

capability of the proposed WECS during an ac network fault 

(The worst case fault is considered, namely a three-phase 
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symmetrical fault in close proximity to the point of common 

coupling (PCC)). During the short-circuit fault, the grid 

voltage collapses to zero. As a result, the CSI cannot deliver to 

the grid, active power produced by the wind turbine. This will 

create significant power imbalance between the CSI ac and dc 

sides that may cause a massive increase in the dc-link inductor 

current IL. Such over-current may pose damage risk to the CSI. 

In an attempt to improve the resiliency of the proposed WECS 

to such extreme faults, the power dissipation mechanism 

consists of a resistance with a power electronics shunting 

switch, as shown in Fig. 3. (A shunt dumping circuit parallel 

to Ldc is an alternative.) During normal operation switch 

(Sdamp) is used to bypass the damping resistance (Rdamp). 

During grid short circuit, the proposal WECS temporary stores 

the active power surplus in the turbine-generator mechanical 

system inertia, while the dc-link inductances current IL is 

restrained by the LVRT mechanism as follow:  

In the charging mode, if the dc-link inductance current IL 

reaches its maximum limit, the switch Sr is turned off until the 

current IL reaches the lower band of the charging current. This 

will protect the generator side convert from over current, and 

provide the first part of protecting the dc-link inductor Ldc 

from over current. 

In the discharging mode, if the dc-link inductance IL reaches 

its upper limit, the switch Sdamp is turned off to insert the 

resistance Rdamp into the conduction path, preventing IL from 

increasing, thus protecting the CSI from over current. Whence 

the entire system is protected.  

Although the proposed LVRT technique is simple, easy to 

implement, high reliability and durability, but the following 

drawbacks: extra hardware and continuous conduction loses 

on the switch Sdamp under normal operation. Another solution 

is to control the dc-link current by controlling the grid side 

converter as shown in[20], which can discussed in further 

researches. 

In this simulation section, the proposed LVRT technique is 

tested during a three-phase grid short circuit close to the PCC, 

with a 150ms fault duration. The switch Sr is controlled with 

lower and higher bands of 0.43kA and 0.45kA respectively. 

The LVRT upper and lower current limits of 0.5kA and 

0.45kA are adopted for Sdamp. Fig.7 (a) shows the temporary 

generator over-speed as the three-phase ac fault creates power 

imbalance between the ac and dc sides. The active power that 

cannot be transferred into ac side is absorbed by the 

mechanical inertia of the wind-turbine generator. As the grid 

voltage is recovered when the fault is cleared, the controller 

slows down the generator speed to the optimal speed.  Fig.7 

(b) shows that the proposal WECS supplies the grid with 

reactive current during the LVRT period and is able to 

redeliver controlled active power in a short time. The current 

during the grid fault is controlled deepening on the settings of 

the current limiter. Fig.7 (c) shows that the wind turbine 

torque decreased when the generator speed increased and 

during the grid fault. Fig.7 (d) shows that the grid power 

dropped to zero during the grid short circuit, and also Fig.7 (c) 

shows that when the grid voltage recovered the extra energy 

stored in the wind turbine inertia is transferred to electrical 

power and delivered to the grid. Fig .8 shows waveforms that 

summarize the performance of the proposed current limiter 

used in the LVRT technique. From Fig .8(a), the proposal 

LVRT technique succeeds in limiting the dc-link inductance 

current IL during the grid fault. Fig .8(b) shows the current in 

the LVRT resistance. 

 
(a) The three phase grid current and phase ‘a’ voltage at 10m/s wind speed. 

 
(b)The three phase grid current and phase ‘a’ voltage at 12.5m/s wind speed. 
Fig. 6 simulation results of grid current and phase ‘a’ voltage during different 

wind speed. 

 
(a) Generator speed during grid fault and recovering 

 
(b) Grid phases ‘a’ voltage and current during grid fault and recovering. 

 
(c) Turbine tourque the grid fault and recovering in pu 

 
(d) Grid active power during grid fault and recovering. 
Fig.7 waveforms show the overall performance of the proposal WECS during 

LVRT condition. 
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(a) dc-link inductance current during the grid fault 

 
(b) LVRT resistance current during the grid fault. 

Fig .8 Waveforms showing the dc-link current during a LVRT condition. 

V. EXPERIMENTAL RESULTS 

This section presents experimentally evaluation of the 

proposed WECS, with emphasis on its steady state and 

dynamic performance.  The ability of the proposed WECS to 

track the MPPT is assessed by varying wind speed in four 

steps (6m/s, 10m/s, 8m/s and 9m/s); each step is maintained 

for 40s. The corresponding results are displayed in Fig. 9 and 

Fig .10. Fig. 9(a) shows the optimal speed and the generator 

speed, and active power the CSI delivers into the grid.  The 

proposal controller tracks the optimal speed at different wind 

speeds, with minimum over/ under shoot, and with smooth 

active power changes delivered to the grid as the wind speed 

varies.  Fig. 9(b) shows dc-link inductance current IL, switch 

current IS and CSI dc input current Ii at 8m/s wind speed. The 

dc-link inductance current IL equals the switch current when 

the switch Sr in on and equals the CSI input current Ii when the 

switch Sr in off, as described in Section II. Fig. 9(c) shows the 

experimental waveform of the CSI output current ii is similar 

to the current waveform previously shown in Fig.2 (section 

II). Fig .10(a) and (b) show snapshots of the current the CSI 

injects into the grid and phase ‘a’ voltage, at 9m/s and 10m/s 

wind speed. Fig .10(a) and (b) show that the proposed WECS 

supplies power to the grid, with high quality sinusoidal 

current, and the proposed reactive power controller is able to 

regulate reactive power injection into the grid at zero. Fig 

.10(c) and (d) show that the generator currents at 9m/s and 

10m/s wind speed have different magnitudes and frequencies, 

as anticipated. 

The simulation and experimental results presented in 

section III and IV show that the proposed BTB topology is 

suitable for wind energy conversion systems, as it allows 

proper system operation with a fixed frequency at the grid side 

and variable frequency at the generator side. 

 

 
(a) Generator speed, optimal generator speed and grid output power during 

one full run of the proposed scenario. 

 
(b) dc-link inductance current IL, switch current IS and CSI input current Ii 

at 8m/s wind speed. 

 
(c) CSI phase output current 

Fig. 9 Waveforms showing the overall performance of the proposed wind 

energy conversion system. 

 
Three phase grid current and phase ‘a’ voltage, at 9m/s wind speed 

 
Three phase grid current and phase ‘a’ voltgae, at 10m/s wind speed. 

Fig .10 Detailed view of the gird side currents at 9m/s and 10m/s. 
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(c) Generator current at 9m/sec wind speed. 

 
(d) Generator current at 10m/sec wind speed. 
Fig.11 Detailed view of the generator currents at 9m/s and 

10m/s. 

 

VI. CONCLUSION 

A new BTB current source converter topology and its 

application on variable speed WECS was presented. It has 

been shown that although the wind side converter supplies 

discontinues current to the input of the CSI bridge, the 

proposed arrangement is able to overcome the main 

drawbacks of the conventional CSI and offers several benefits. 

Some of the distinct features of the proposed BTB converter 

are the CSI switching devices are no longer exposed to 

frequent over-voltages during commutation as in a 

conventional CSI, and zero switching loss is achieved at the 

CSI side. Additionally, this paper presented a LVRT technique 

to enable WECS to ride-through severe ac network fault cases, 

with minimum impact on the wind generator drive train. The 

validity of the proposed WECS has been confirmed using 

EMTDC/PSCAD simulations, and experimental results from a 

scaled prototype. 
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