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Abstract-- This work proposes the evaluation of the multilevel 

topology based on three-phase cells with a Single DC-link 

Cascaded H Bridge converter (SDC-CHB) with Model Predictive 

Control (MPC) as Static Synchronous Compensator (STATCOM) 

used to support DFIG wind farm operation. The well-known 

Hydro-Quebec system containing a 9 MW DFIG-based wind farm 

was chosen as a test bench to evaluate the proposed SDC-CHB 

steady and transient dynamic response to contribute to the DFIG 

fault ride-through. Simulation results demonstrate that the 

proposed topology enhances the power system stability and power 

quality, improving the voltage profile, on average, by 10% during 

symmetrical and asymmetrical faults. Furthermore, the SDC-

CHB and MMC-CHB parametric study is presented proving the 

proposed topology robustness. Both topologies present similar 

steady and transient dynamic responses, corroborating that the 

proposed multilevel converter contributes to the DFIG fault ride-

through with an enhanced topology when compared with classical 

multilevel converters. 

 

Keywords: Power Systems Dynamics; Integration of Renewable 

Energy Sources; Power Electronics; DFIG-based wind farm; 
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I.  INTRODUCTION 

HE wind energy conversion systems based on Doubly-Fed 

Induction Generator (DFIG) are consolidating as a relevant 

source on power systems around the world. This configuration 

is the most widely used for high-power wind turbines, above 

1MW [1]. 

However, the direct connection between the DFIG stator and 

the grid may cause some issues to this system. The major 

problem is that DFIG-based turbines are very sensitive to grid 

voltage disturbances and faulty situations caused by lightning, 

hurricanes, or equipment tripping, for instance [2]. These 

sudden variations on terminal voltage create an imbalance 

between the machine fluxes before and during the fault. In these 

situations, rotor electromotive force (EMF) increases 

significantly, leading to overvoltage and overcurrent on the 

rotor circuit, which could be hazardous to the power converter 

[3]. 

Due to the major importance of wind power on the electric grid, 

its disconnection during fault situations may lead to instabilities 

and worsening of the voltage surge. For this reason, the new 

grid codes have established strict requirements concerning wind 
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generator's behavior during these situations. The requirements 

for fault ride-thought are related to uninterrupted connection, 

power delivery, and contribution to the grid stability during a 

certain time interval, according to the fault severity [4]. 

There are several solutions proposed in the literature to 

accomplish grid code demands and at the same time ensure 

DFIG's reliable and safe operation [5]. 

Among the solutions to contribute to fault supportability and 

grid stability the Flexible AC Transmission Systems (FACTS), 

in particular Static Synchronous Compensator (STATCOM), 

are widely employed. The STATCOM contributes to voltage 

regulation at the point of common coupling (PCC) despite 

power generation oscillation due to wind conditions and load 

variations. Also, the use of STATCOM has been reported in 

fault conditions, the device capability to inject reactive power 

assists to PCC voltage reestablish and to the mitigation of the 

harmful effects on DFIG power converter [6]-[8]. 

Recent works show the application of STATCOM to 

enhance DFIG low voltage ride-through (LVRT) capability for 

symmetrical and asymmetrical faults [9] demonstrating that 

STATCOM can be effective to mitigate power oscillations and 

suppress current harmonics in DFIG-based systems [10]. The 

study of power systems with the presence of DFIG-based wind 

farms and STATCOM is well established in literature with its 

positive results corroborated by several current works [11],[12]. 

These works ensure that the STATCOM can increase the 

transient stability in several grid configurations during grid 

faults, voltage sag, and voltage swell. 

Thus, different multilevel STATCOM topologies have been 

studied to improve the STATCOM dynamics, reliability, 

voltage stress, and other features. It is well established that 

multilevel converters have a superior steady and transient state 

response over conventional converters [13], [14]. Thus, several 

works discuss the benefits and harms of multilevel converters 

topologies such as the number of components, modularity, 

voltage DC-link control, and other features [15]. The best-

known multilevel converter topologies are diode-clamped 

multilevel converter (DCMC) [16], capacitor-clamped 

multilevel converter (CCMC) [15], modular multilevel 

converter (MMC) [16], cascaded H bridge converter (MMC-

CHB) [15], [16], mixed-level hybrid multilevel cells (MHMC) 

[15] and asymmetric hybrid multilevel cells (AHMC) [15]. 
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The DCMC and CCMC have a limitation due to the use of 

many components for converters with three or more output 

voltage levels. To overcome this limitation, some authors 

proposed a mixed-level hybrid based on DCMC (MHMC-

DCMC) and CCMC (MHMC-CCMC). However, these 

topologies are based on single-phase cells, which have higher 

DC voltage oscillation at a low-frequency range with twice the 

fundamental grid frequency (2 𝜔 ) jeopardizing the DC-link 

voltage control. The same issue can be extended to the MMC 

and CHB topologies. Despite having an excellent ratio between 

the number of components and voltage levels, these converters 

also present problems related to the DC-link voltage control 

because of the single-phase power flow. Lastly, although the 

AHMC displays an excellent number of components, this 

topology does not have a modular structure and has different 

DC voltage values making the DC-link control more complex. 

To overcome the disadvantages, aggregating only the 

advantages of each topology, the authors proposed a novel 

cascaded multilevel topology based on three-phase cells with a 

single DC-link cascaded H bridge converter (SDC-CHB) with 

a reduced number of components, modular structure, and 

simpler DC-link voltage control where the topology conception 

and preliminary results were presented in [17]. 

This work demonstrates the effectiveness of the novel 

SDC-CHB converter for STATCOM application, presented in 

[14], to enhance the DFIG-based wind farms stability and, 

concomitantly, highlighting the advantages of the proposed 

multilevel converter. The SDC-CHB STATCOM is evaluated 

in the well-known Hydro-Quebec system with a 9 MW wind 

farm of six 1.5 MW wind turbines connected to a 120 kV grid 

through a 25 kV with 30-kilometer distribution system [18]. 

Furthermore, SDC-CHB STATCOM behavior is compared to a 

similar device based on MMC-CHB topology with the same 

operational characteristics. 

The paper is organized as follows: Section II presents the 

applied DFIG control and basic concepts. Section III presents 

the SDC-CHB topology, control strategy, and a discussion of 

the novel topology advantages over the classical multilevel 

topologies. Section IV presents the simulation results proving 

that the SDC-CHB improves the system stability and, 

concomitantly, highlighting the advantages of the proposed 

multilevel converter. Lastly, Section V presents the paper's 

conclusion. 

II.  MODELLING OF DFIG-BASED WIND FARM 

This work considers a DFIG-based wind farm according to 

[18]. This farm consists of six 1.5 MW DFIG-based wind 

energy conversion systems formed by the wind turbine with 

pitch control, the gearbox, the wound rotor induction generator, 

the back-to-back power converter, and the passive filters. 

A.  Power converter control 

The DFIG technology enables the operation in variable 

speed to extract maximum power from the wind using a partial 

converter, around 30% of DFIG rated power. The stator 

winding is directly connected to the grid, while the back-to-

back converter feeds the rotor winding. This converter consists 

of two PWM Voltage Source Converters (VSC) connected 

through a DC-link, forming a bidirectional AC/DC/AC 

converter. The 60 Hz grid connects to the Grid Side Converter 

(GSC), which controls the DC-link voltage and the reactive 

power flow between the grid and the converter. The Rotor Side 

Converter (RSC) provides the currents to the rotor circuit 

according to the wind speed to ensure maximum power 

extraction. This converter can control stator active and reactive 

power independently ensuring unity power factor both in the 

sub and in the super synchronous operation. 

The GSC references are the predetermined DC-link voltage 

and null reactive power. Using a cascade control loop, the 

output voltage, and thus the converter PWM signals are 

determined. The RSC control works similarly, also using 

cascade control loops. The stator active power reference is set 

according to measured wind speed and turbine model, while the 

reactive power reference is adjusted to zero to achieve unity 

power factor. These power references determine the PWM 

signals for the RSC. 

B.  Behavior during faults 

To understand DFIG behavior during transients, specifically 

for the study of voltages dips, the modeling proposed by [3] is 

used. Based on the machine model, the rotor voltage is given as 

a function of rotor flux: 
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𝑟 = 𝑅𝑟𝑖𝑟

𝑟 +
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𝑟
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where �⃗�𝑟
𝑟 is the rotor voltage, 𝑅𝑟 is the rotor resistance, 𝑖𝑟

𝑟 is 

the rotor current, and �⃗⃗�𝑟
𝑟 is the rotor flux. 

However, the rotor flux is the result of stator flux and rotor 

current interaction: 
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where �⃗⃗�𝑟
𝑟  is rotor flux, 𝐿𝑚, 𝐿𝑟and 𝐿𝑠 are inductances, and 

𝜎 =  1 − 𝐿𝑚
2 /(𝐿𝑠. 𝐿𝑟) . The superscript 𝑟  indicates variables 

are referred to the rotor. 

By substituting equation (2) in equation (1): 
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The first term of this equation relates to rotor EMF and the 

other terms represent the voltage drop on rotor resistance and 

inductance due to rotor current. This equation shows that the 

rotor voltage is dependent on stator flux. Therefore, a variation 

on this flux due to voltage dips will produce overvoltage on the 

machine rotor, since: 
𝑑

𝑑𝑡
�⃗⃗�𝑠

𝑠 = �⃗�𝑠
𝑠 − 𝑅𝑠𝑖𝑠

𝑠 (4) 

where �⃗�𝑠
𝑠 is the stator voltage and 𝑅𝑠 is the stator resistance. 

The superscript 𝑠 indicates variables are referred to the stator. 

In [19] its demonstrated that the rotor voltage can reach 

values far beyond converter capacity in fault situations due to 

the high induced EMF. Hence, if no countermeasure is taken, 

high currents circulate on the rotor circuit and may cause 

damage to the power converter switches. 

To avoid converter harm, as soon as the fault is detected, 

some actions are taken by DFIG control. The first action is to 

set the RSC power reference to zero, to disable the switches, 



[20]. Besides that, some protection device is activated to 

mitigate or diverge rotor currents [19] or also to minimize the 

voltage drop seen on PCC [7], [11]. In addition to this, many 

grid codes demand reactive power injection during the voltage 

sag. To comply with the requirement a STATCOM can be 

employed to produce the reactive power demanded by grid 

codes and support PCC voltage. 

III.  SDC-CHB AND MULTILEVEL TOPOLOGIES’ COMPARISON 

The five-level SDC-CHB topology, presented in Fig. 1, is 

composed of six H bridge structures, two for each phase, with 

a single DC-link per module in a cascaded connection. Thus, 

the three-phase structure provides a 2 3⁄  reduction in the 

number of capacitors used compared to single-phase structures, 

such as the classical CHB. Besides, three-phase structures 

require less capacitance to provide adequate ripple values in 

capacitor voltages compared with single-phase structures. The 

reduction in the capacitance can achieve values ten times lower, 

as presented by equations (5) and (6), contributing to the 

reduction of construction costs [21], [22]. 

𝐶1𝜃 =
𝑃

𝜔. 𝑈𝐷𝐶 . Δ𝑉

 (5) 

𝐶3𝜃 = (
1

10
)

𝑃

𝜔. 𝑈𝐷𝐶 . Δ𝑉

 (6) 

where 𝑃 is the converter active power, 𝜔  is the grid 

frequency, 𝑈𝐷𝐶  is the DC-link voltage, Δ𝑉  is the DC-link 

voltage ripple, 𝐶1𝜃  and 𝐶3𝜃  are the capacitance of single-

phase and three-phase converters, respectively.  

Another advantage of the SDC-CHB topology is a lower 

number of components by output voltage levels ratio. As 

presented in Fig. 2, the SDC-CHB compared with other 

multilevel topologies, has the lowest number of components to 

achieve the same voltage levels without losing the modularity 

structure. 

Lastly, the proposed topology is based on a full-bridge 

converter ensuring a unitary ratio between the single-phase 

peak voltage and the DC-link voltage. Most converters, except 

CHB, consist of a half-bridge converter, maintaining only a 

50% ratio between the output voltage and the DC-link voltage. 

Table I summarizes the comparison of the multilevel 

converters. 

 
Fig. 1.  CHB-SDC topology 

 
Fig. 2.  Number of components by output voltage levels ratio  

TABLE I 
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NUMBER OF 

COMPONENTS 
VH H H H L L VL 

MODULARITY N N Y Y Y Y Y 

2𝜔 DC-LINK 

OSCILLATION 
N N Y Y Y Y N 

FULL-BRIDGE N N N N N Y Y 

where VH, H, L, VL, N, and Y means very high, high, low, very 

low, no, and yes, respectively. 

Despite the several advantages inherent to the SDC-CHB 

topology, this structure presents problems when a PWM 

strategy is applied, causing severe short circuits in its capacitors 

depending on the state of each semiconductor. Thus, some kind 

of insulation stage, for example, coupling transformers, 

between its modules is necessary, which would result in a 

substantial increase in costs. 

Thus, to solve this problem without insulation stages, the 

SDC-CHB switching states were carried out and analyzed. 

Since each of the 24 semiconductor switches has only two 

states (ON and OFF), a five-level CHB-SDC has 224 different 

possible combinations, that is, 16,777,216  different 

switching states. However, these combinations are reduced to 

212 (4096) because each leg of the converter has interlocking 

signals, known as unipolar modulation. Studies carried out with 

graph theory found that only 640  of the 4096  switching 

states do not have internal short circuits, which corresponds to 

16% of possible states. After analyzing the permissible 

switching states, it was observed that it would be possible to 

synthesize all five voltage levels of the converter with only 640 

states, making its implementation possible as long as each 

position of the semiconductor was observed and controlled 

individually [23]. This characteristic is essential to produce a 

three-phase sine wave with low total harmonic distortion 

(THD) required for a STATCOM application.  

Thus, instead of applying a conventional current loop with a 

PWM switching strategy, which would inevitably generate 

internal short circuits in the proposed multilevel converter, a 

model predictive control (MPC) is applied to the SDC-CHB. 

The MPC is capable of synthesizing the calculated currents by 

the STATCOM controller and, at the same time, avoid the 

prohibitive states of the SDC-CHB. 

Fig. 3 presents an overview of the Hydro-Quebec system 

[18], used as a test bench scenario, with the proposed SDC-

CHB STATCOM with the MPC. The Hydro-Quebec system, 

highlighted in blue, contains a 9 MW wind farm of six 1.5 MW 

wind turbines (DFIG wind turbine subsystem) with the DFIG 

controller discussed in Section II. The DFIG wind turbine 

system is connected to a 120 kV grid bus with a 2500MVA 

short circuit characteristic (SCC) with a 3:1 zero to positive 

ratio (𝑋0 𝑋1 = 3⁄ ) through a 25 kV distribution system with a 

30 km length (distribution subsystem). Tgrid and TDFIG1-6 are grid 

and DFIG transformers, while Tground is the zig-zag grounding 

transformer. The SDC-CHB MPC STATCOM, highlighted in 

green, is composed of two three-phase single DC-link H bridge 

phase a phase b phase c



modules connected in the DFIG wind turbine subsystem bus 

through a three-phase transformer (TSTAT) with an open wind 

configuration on the secondary side. 

Fig. 4 shows an overview of the model predictive control and 

power circuit of the SDC-CHB STATCOM, where 𝑒𝑆𝑛  and 

𝑖𝑆𝑛  are the voltages and currents at the point of common 

coupling (PCC), 𝑈𝐷𝐶𝑥  and 𝑈𝐷𝐶
∗  are the SDC-CHB DC-link 

voltages, and DC-link reference voltage, 𝑈𝑆𝑛  are the output 

STATCOM voltages,  𝑟,  and 𝑙  are the resistance and 

inductance filter, and 𝑙𝑑 is the damping inductance, 𝑄∗(𝑘 +
2) is the reference reactive power, 𝑃𝐿𝑜𝑠𝑠

∗ (𝑘 + 2)  is the 

reference active power calculated by the MPC to regulate the 

DC-link capacitor voltages [24], k is the measured value and 

k+2 is the predicted state after two time steps (𝑇𝑠)  to 

compensate for the processing delay signals which have values 

close to one 𝑇𝑠 , 𝑁 is the total prediction states, 𝑆𝑜𝑝𝑡  is the 

optimal switching state, 𝑛 is the phase index (𝑎, 𝑏, 𝑐) and 𝑥 is 

the module index (1,2). The SDC-CHB STATCOM parameters 

are presented in Table II. 

Firstly, an outer loop control (STATCOM controller) 

calculates dynamically the reference reactive power in steady-

state and in transient conditions to maintain the PCC voltage on 

1.0 pu. During faults, the reactive injection is limited to 

STATCOM's current capacity. Then, the calculated reference 

reactive power, the measured DC-link voltages, and the 

measured voltages and currents at PCC are used in the MPC. 

The SDC-CHB STATCOM is demonstrated as follows. 

Assuming that the capacitor voltages 𝐶𝐷𝐶1  and 𝐶𝐷𝐶2  are 

regulated (𝑈𝐷𝐶),  the converter can synthesize five voltage 

levels 𝑈𝑆𝑛
𝑁 = [−2𝑈𝐷𝐶, − 𝑈𝐷𝐶 , 0, +𝑈𝐷𝐶 , +2𝑈𝐷𝐶] . Thus, the 

predicted current 𝑖𝑆𝑛(𝑘 + 1) , obtained by Kirchhoff voltage 

law and Euler numerical integration, is defined in equation (7). 

𝑖𝑆𝑛
𝑁 (𝑘 + 1) =

𝑇𝑠

2𝑙 + 𝑙𝑑

(𝑒𝑆𝑛(𝑘) + 𝑖𝑆𝑛(𝑘) (
2𝑙

𝑇𝑠

+
𝑙𝑑

𝑇𝑠

− 2𝑟) − 𝑈𝑛
𝑁(𝑘)) (7) 

The predicted voltage (𝑈𝑆𝑛) is calculated by the measured 

DC-link voltages (𝑈𝐷𝐶𝑥) and the switching function 𝑆𝑛𝑥(𝑘), 

which represents each module's possible switching states 

𝑆𝑛𝑥(𝑘) = [−1, 0, +1], as defined in equation (8). 

𝑈𝑛
𝑁(𝑘) =  𝑆𝑛1(𝑘) ∙ 𝑈𝐷𝐶1(𝑘) + 𝑆𝑛2(𝑘) ∙ 𝑈𝐷𝐶2(𝑘) (8) 

The predictive capacitor voltages 𝑈𝐷𝐶𝑥(𝑘 + 1) is 

calculated by the measured currents (𝑖𝑆𝑛) and the switching 

states function 𝑆𝑛𝑥(𝑘). 

𝑈𝐷𝐶𝑥
𝑁 (𝑘 + 1) = 𝑈𝐷𝐶𝑥(𝑘) + 

𝑇𝑠

𝐶𝐷𝐶𝑥

(𝑆𝑎𝑥𝑖𝑆𝑎(𝑘) + 𝑆𝑏𝑥𝑖𝑆𝑏(𝑘) + 𝑆𝑐𝑥𝑖𝑆𝑐(𝑘)) (9) 

where 𝐶𝐷𝐶𝑥 are the DC-link capacitor voltage modules. 

To compensate for the processing delay signals, it is not 

enough to predict variables for just one time step, thus requiring 

the calculation of references for two time steps, that is, 

(𝑘 + 2)𝑡ℎ  predicted values. The results for (𝑘 + 1)𝑡ℎ , 

obtained by (7) to (9), are applied in (10) to (14). The cost 

function is calculated only in the (𝑘 + 2)𝑡ℎ instant. 

𝑖𝑆𝑛
𝑁 (𝑘 + 2) =

𝑇𝑠

2𝑙 + 𝑙𝑑

(𝑒𝑆𝑛 + 𝑖𝑆𝑛(𝑘 + 1) (
2𝑙 + 𝑙𝑑

𝑇𝑠

− 2𝑟) − 𝑈𝑛
𝑁(𝑘 + 1)) (10) 

𝑈𝑛
𝑁(𝑘 + 1) =  𝑆𝑛1(𝑘 + 1)𝑈𝐷𝐶1(𝑘 + 1) + 𝑆𝑛2(𝑘 + 1)𝑈𝐷𝐶2(𝑘 + 1) (11) 

𝑈𝐷𝐶𝑥
𝑁 (𝑘 + 2) = 𝑈𝐷𝐶𝑥(𝑘 + 1) + 

𝑇𝑠

𝐶
(∑ 𝑆𝑛𝑥𝑖𝑆𝑛(𝑘 + 1)

𝑎,𝑏,𝑐

𝑛

) (12) 

 
Fig. 3.  Hydro-Quebec system with the proposed SDC-CHB MPC 

STATCOM overview 

 
Fig. 4.  MPC STATCOM CHB-SDC control overview. 

 

TABLE II 

SDC-CHB STATCOM PARAMETERS 

PARAMETERS SYMBOL VALUE 

NOMINAL POWER (SSTAT) 1 MVA 

NOMINAL VOLTAGE (VSTAT) 575 V 

FILTER INDUCTANCE (L) 100 µH 

FILTER RESISTANCE (R) 25 µΩ 

DC-LINK VOLTAGES (UDC) 500 V 

DC-LINK CAPACITANCES (CDC) 30 MF 

MPC TIME STEP (TS) 50 µS 
 

To regulate the SDC-CHB DC-link voltages, the active 

predictive powers 𝑝𝐷𝐶𝑥(𝑘 + 2)  are calculated to each 

capacitor, as presented in equation (13). Then, the total 

switching losses can be defined, as presented in equation (14). 

𝑝𝐷𝐶𝑥(𝑘 + 2) =
𝐶

𝑇𝑠

[(𝑈𝐷𝐶𝑥
∗ (𝑘 + 2))2 − (𝑈𝐷𝐶𝑥(𝑘 + 1))

2
] (13) 

𝑃𝐿𝑜𝑠𝑠
∗ (𝑘 + 2) =  ∑ 𝑝𝐷𝐶𝑥(𝑘 + 2)

2

𝑥=1

 (14) 

Thus, the reference currents 𝑖𝑠𝑛
∗ (𝑘 + 2) is calculated using 

the active 𝑃𝐿𝑜𝑠𝑠
∗ (k + 2) and reactive 𝑄∗(k + 2) references by 

a Clark transformation. 

Finally, the MPC cost function scan all possible switching 

combinations and choose which state has the smallest error 

between the reference and predicted signals. However, since the 

prohibitive states mapped by the graph theory must be avoided, 

a penalty is added in the cost function. The cost function 

120 kV 
bus

T1

25 kV 
bus

Tgnd

SCC
2500 MVA
X0/X1 = 3

distribution 
subsystem

30 km

TDFIG1

TDFIG6

...
TSTAT

STATCOM

PCC

CDC1

CDC2

UDC1

UDC2

ldUSn
eSn

iSn r l

eSn

2

iSn

2

Cost 

Function

Model

Predictive

Control

3

24

Sopt

UDCn

3

UDCn(k)

UDCn(k+2)
2

Clark

Transformation
is  (k+2)

3
*

2

PLoss (k+2)

*UDCn

3

UDCn(k)

*

Eq (10)

is(k+2)

Eq (12)

Eq (15)

Eq (14)

STATCOM 

Controller

Q(k+2)
*

*

es(k)

is(k)

TSTAT



adopted in this work is shown on (15), where 𝑔𝑁 is the cost for 

all the switching states, 𝑊𝑖   and  𝑊𝑈𝐷𝐶  are the weight factors 

and 𝑃𝑒𝑛 is the described penalty. 

𝑔𝑁 =  𝑊𝑖 [∑(𝑖𝑠𝑛
∗ (𝑘 + 2) − 𝑖𝑠𝑛

𝑁 (𝑘 + 2))
2

𝑎,𝑏,𝑐

𝑛

] 

(15) 

                      +𝑊𝑈𝐷𝐶 [∑(𝑈𝐷𝐶𝑥
∗ (𝑘 + 2) − 𝑈𝐷𝐶𝑥

𝑁 (𝑘 + 2))
2

1,2

𝑥

] + 𝑃𝑒𝑛 

IV.  SIMULATION RESULTS 

The proposed SDC-CHB MPC STATCOM is evaluated in 

the Hydro-Quebec wind farm system using Simulink Matlab 

environment. The system is simulated for 10 seconds, where the 

first 8 seconds are used to the wind turbine electromechanical 

model reaches the steady-state condition. At 8.25 s the 

positive-sequence 120 kV bus voltage suddenly drops to 0.5 p.u 

for 200 ms, causing a voltage dip in the PCC. To evaluate the 

SDC-CHB MPC STATCOM power system enhancement, two 

scenarios are simulated, with and without the STATCOM. 

Fig. 5 presents the rotor currents during the LVRT event. As 

expected, the DFIG control countermeasures, discussed in 

Section II, takes action limiting the rotor currents up to 1.3 pu, 

without and with the SDC-CHB STATCOM, proving that the 

STATCOM does not interfere with DFIG control. A similar 

analysis can be inferred in Fig. 6, where the STATCOM does 

not interfere with DFIG power flow. 

Fig. 7 (a) presents the SDC-CHB STATCOM instantaneous 

active and reactive power and Fig. 7 (b) presents PCC voltage 

and the STATCOM current. In a steady-state, the STATCOM 

injects an inductive 1.0 MVAr reactive power to regulate the 

PCC voltage to 1.0 pu, improving the power system quality. In 

the transient state, during the LVRT, the STATCOM injects a 

capacitive 1.0 MVAr, limited to STATCOM current capacity, 

to enhance the grid stability, as required by the grid codes. 

Fig. 8 presents the voltage profile in the steady and transient 

state without and with SDC-CHB and MMC-CHB STATCOM. 

In both STATCOM scenarios, the voltage profile is increased 

from 0.52 to 0.57pu, an improvement of 9.6%, proving that the 

proposed SDC-CHB STATCOM contribution to the system 

stability is similar to the MMC-CHB STATCOM. 

Fig. 9 shows the SDC-CHB and MMC-CHB DC-link 

voltages. It's important to highlight that the same individual 

capacitance was used in both topologies (𝐶𝐷𝐶 = 30𝑚𝐹). So, 

due to the single-phase topology, the MMC-CHB has a total 

capacitance three times higher (6𝑥30𝑚𝐹 = 180𝑚𝐹) than the 

SDC-CHB structure (2𝑥30𝑚𝐹 = 60𝑚𝐹). As presented in Fig. 

9(a), the MPC is capable of dynamically regulate the DC-link 

voltages at 500 V without the low-frequency oscillation (2𝜔), 

even during the LVRT. In contrast, even with higher total 

capacitance, the MMC-CHB DC-link voltages present a greater 

DC-link voltage oscillation compared to SDC-CHB. 

The SDC-CHB modules and total output voltage are 

presented in Fig. 10. As expected, each module voltage presents 

a three-level output voltage, Fig. 10 (a) and (b), while the total 

output voltage presents a five-level voltage, Fig. 10 (c), proving 

that even with only 16% possible states all the levels can be 

synthesized. 

  
(a) (b) 

Fig. 5.  Rotor currents (a) without and (b) with SDC-CHB STATCOM. 

  
(a) (b) 

Fig. 6.  DFIG powers (a) without and (b) with SDC-CHB STATCOM. 

 
(a) 

 
(b) 

Fig. 7.  SDC-CHB STATCOM (a) instantaneous powers and (b) 

voltage/current. 

 
Fig. 8.  Voltage profile without and with SDC-CHB and MMC-CHB 

STATCOM. 

 

 
(a) 

 

 
(b) 

Fig. 9. DC-link voltages (a) with SDC-CHB and (b) MMC-CHB. 

 
(a) 

 
(b) 

 
(c) 

Fig. 10.  Upper (a) and lower (a) and total (c) SDC-CHB output voltages. 
 

Table III presents a parametric comparison between the 

STATCOM based on SDC-CHB and MMC-CHB topologies. 

The original system benchmark has a 15m/s wind speed, 

2500MVA SCC with a symmetrical fault with 50% voltage sag 

(SC1). Thus, several simulation scenarios were presented using 

both STATCOM topologies, as follows: symmetrical fault with 

80% voltage sag (SC2); asymmetrical fault with 50% voltage 

sag (SC3); asymmetrical fault with 80% voltage sag (SC4); 

1250 MVA SCC (SC5), and 10m/s wind speed (SC6). Table III 

presents the voltage profile at PCC (p.u.) and the percentual 

contribution during LVRT for each scenario. The simulation 

results show that the SDC-CHB has similar behavior with the 

classical MMC-CHB structure. 



TABLE III 

PARAMETRIC COMPARISON – VOLTAGE BUS (P.U.) 

SC WITHOUT 

STATCOM 

SDC-CHB 

STATCOM 

𝐶𝐷𝐶𝑥 = 30𝑚𝐹 

∑ 𝐶𝐷𝐶𝑥 = 60𝑚𝐹 

MMC-CHB 

STATCOM 

𝐶𝐷𝐶𝑛𝑥 = 30𝑚𝐹 

∑ 𝐶𝐷𝐶𝑛𝑥 = 180𝑚𝐹 

1 0.52 0.57 (9.6%) 0.57 (9.6%) 

2 0.25 0.28 (12%) 0.28 (12%) 

3 0.82 0.90 (9.8%) 0.90 (9.8%) 

4 0.72 0.81 (12.5%) 0.81 (12.5%) 

5 0.53 0.58 (9.4%) 0.57 (7.5%) 

6 0.53 0.58 (9.4%) 0.57 (7.5%) 

V.  CONCLUSION 

This work proposes a novel STATCOM multilevel converter 

capable to enhance the power system stability and power 

quality. Furthermore, the proposed topology presents several 

advantages when compared with classical multilevel 

converters. The major advantages are the lower number of 

components and lower capacitance values, simpler voltage DC-

link control with lower DC-link voltages without losing the 

modularity. The short circuit stages are avoided by the 

developed MPC. The SDC-CHB STATCOM, which has only 

1/9 of the wind farm rated power, increases the voltage profile 

on average, by 10% without interference with the DFIG control. 

The proposed SDC-CHB topology applied to STATCOM 

presented satisfactory and consistent performance, compared 

with devices based on classical structures, such as MMC-CHB, 

showing similar behaviors. It stands out according to (5) and (6) 

that the total capacitance used in the SDC-CHB, consisting of 

two 30mF capacitors, is 3 times smaller than the total 

capacitance used in the MMC-CHB, composed of six 30mF 

capacitors, presenting, thus, significant constructive advantage, 

demonstrating the applicability of this topology and enabling 

the study and development of new devices based on power 

semiconductors. 
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