
IOP Conference Series: Earth and
Environmental Science

     

PAPER • OPEN ACCESS

Fast Equivalent Modeling of Cascaded Static
Synchronous Compensator Under Higher Voltage
To cite this article: Yi Xiong et al 2019 IOP Conf. Ser.: Earth Environ. Sci. 237 032123

 

View the article online for updates and enhancements.

You may also like
Voltage Analysis Improvement of 150 kV
Transmission Subsystem Using Static
Synchronous Compensator (STATCOM)
P A Akbar, D L Hakim and T Sucita

-

Performance Analysis of a Static
Synchronous Compensator (STATCOM)
M M Kambey and J D Ticoh

-

Power Quality Enhancement by minimizing
the effect of Voltage Sag in Non-linear
Load Using D-STATCOM
Vivek Sharma and Vinod Kumar
Chandrakar

-

This content was downloaded from IP address 18.118.161.220 on 15/05/2024 at 09:14

https://doi.org/10.1088/1755-1315/237/3/032123
https://iopscience.iop.org/article/10.1088/1757-899X/306/1/012100
https://iopscience.iop.org/article/10.1088/1757-899X/306/1/012100
https://iopscience.iop.org/article/10.1088/1757-899X/306/1/012100
https://iopscience.iop.org/article/10.1088/1757-899X/306/1/012081
https://iopscience.iop.org/article/10.1088/1757-899X/306/1/012081
https://iopscience.iop.org/article/10.1088/1742-6596/2325/1/012019
https://iopscience.iop.org/article/10.1088/1742-6596/2325/1/012019
https://iopscience.iop.org/article/10.1088/1742-6596/2325/1/012019
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsvvsrA6py9apLB2SSNZfBj7vxM0M7K2KyQMBlSYOrz0NUF48pO_miP_XIVBlEw9W9pzwa2UqNzbHp3N2ip10wlVy5xj2JyvXIEg812o7gJmzTrzRnS6nttf5cxCUBAQuXoeE_cjXRNk5tR9kpxjPq93K13dik7RpFEQxcWW5tqMqavg8Q0OlT7ptajy56trGnKf5LzMVwcQUKz6asr11CMnHp2l6YFxZYi7tOJj5go8S6I_OZXlczubgZr-gibwdralUj80VVhJzktE0zn80XkqR0nm5MxT6BHb-aej-fh_kueU0GNYx58tTPmQoQpL1W5KliPhJi97_DR47BKaLt5kDxNWbbsD&sig=Cg0ArKJSzE4ZjYSCmYn-&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

ICAESEE 2018

IOP Conf. Series: Earth and Environmental Science 237 (2019) 032123

IOP Publishing

doi:10.1088/1755-1315/237/3/032123

1

Fast Equivalent Modeling of Cascaded Static Synchronous 

Compensator Under Higher Voltage 

Xiong Yi1,  Tang Xuejun1, Zhang Yang2, Yang xiaopin2, Wen Wu3, Xie Dong1, 

Sun Lipin1, Zhou Qiupeng1,Liao Xiaohong1, Ming Yue1, Guo Ting1, Zou Yuxin1, 

Liao Shuang1, Ma Li1, Li Lupin4, Jin Fenghua4, Chen Xiangming4 

1State Grid Hubei Electric Power Company Economic Technology Research 

Institute,Wuhan , Hubei Province, China 

2Nanchang Institute of Technology, Nanchang, Jiangxi Province, China 

3Wuhan University, Wuhan , Hubei Province, China 

4Changsha University of Technology, Changsha, Hunan Province, China 

Abstract: Cascaded STATCOM including huge number of sub-modules under higher voltage 

needs rapid modeling to analyze efficiently. This paper presents a discrete iterative algorithm 

based on equivalent modeling method, which can greatly simplify mathematical model of 

STATCOM under higher voltage. According to the mathematical properties of the sub-module 

DC capacitor, it is equivalent to a historical series branch voltage source with an equivalent 

resistance. By simplifying IGBT to equivalent variable resistor, H-bridge is simplified to an 

equivalent branch with PWMs. Control system can calculate each IGBT PWM pulse signal by 

embedding to the equivalent electric circuit. Created an iterative calculation algorithm for the 

equivalent circuit, and evaluated the two basic errors that are algorithm error and parameter 

error. By comparing ±100MVar STATCOM’s waves between field data and simulation data, it 

is proved correct that the rapid equivalent modeling method. In-depth comparison of the key 

parameters of the theory and simulation instructions, it is very close between the theory and the 

practice, and methods can greatly simplify the analysis and simulation calculations. 

1. Introduction 
The cascaded STATCOM contains a large number of power modules, so the mathematical model is 
very complex and the simulation speed is extremely slow [1]-[3]. Therefore, for the characteristics of 
cascaded STATCOM with large-capacity, fast equivalent modeling is needed. A series of studies have 
been carried out in terms of equivalent modeling at home and abroad. As in the literatures [4]-[6], the 
matrix simplification method is used to study the rapid modeling of the H-bridge sub-module, the half-
bridge sub-module and the clamped double sub-module of the flexible HVDC transmission system. The 
traditional module experiment is testing modules one by one. Obviously, that test is insufficient, 
especially in the distributed new energy field including thousands of photovoltaic converters and wind 
power converters consisting of H-bridges.  

In this paper, the high-speed equivalent model of high-voltage STATCOM is constructed by 
discretization iterative method for the actual characteristics and requirements of  cascaded STATCOM, 
and the comparison of the original model and equivalent model is present. Through the comparison of 
experimental and simulation data, the modeling method of this paper is in line with engineering practice. 
The comparison between the calculation error and the calculation time before and after the equivalent is 
used to illustrate the rapidity and accuracy of the modeling method. 



ICAESEE 2018

IOP Conf. Series: Earth and Environmental Science 237 (2019) 032123

IOP Publishing

doi:10.1088/1755-1315/237/3/032123

2

2. PRINCIPLE OF ELECTROMAGNETIC TRANSIENT QUICK EQUIVALENT MODELING.  

Take AB converter chain as an example to illustrate the algorithm in the electromagnetic transient 

simulation tool. First of all, the converter chain is equivalent to the chain circuit of switches, 

capacitors, resistors, etc. The preliminary calculation circuit is shown in figure 1 (a)and(b). 
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(a) the preliminary calculation circuit in the electromagnetic transient simulation tool 

 
(b) Standard circuit in electromagnetic transient simulation tool 
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(c) A standard circuit with three nodes as an example 

Fig.1 Calculation Method of EMTP Simulation Tools 

FIG. 1(c) illustrates the principle by taking the three-node point network as an example. If the 

injection current of each node is,, and, and the resistance between nodes is and, it is easy to write the 

voltage equation of its nodes as 
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The method proposed in this paper is to treat the converter chain as a cascade circuit as shown in 

figure 2. The voltage of each node is related to the resistance, current, current and independent voltage 

source voltage, and the calculation process of each power module is independent of each other. 
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Fig.2 Equivalent circuit of the Proposal Fast Modeling Method 

Since the calculation of each module is independent, if the expression of,,, and for the JTH module 

is used, then the voltage at each node of the converter chain can be solved without the whole network 

inverse. For a single module, the computational complexity of the above 5 expressions is O(5), and the 

computational complexity of N modules is O(5N). Therefore, when the number of power modules is 

large, the fast model can realize simulation acceleration. 

The iterative formula of the capacitor voltage is 
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Among them 
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Therefore the circuit can be equivalent to Figure 3, and the operating status of CASCADED 

STATCOM is shown in table 1. 
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(a) PRELIMINARY SIMPLIFICATION OF THE MODEL 
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(b) AND FINALLY SIMPLIFY THE MODEL 

Fig.3 Equivalent Circuit of H-bridge Module 

TAB1 MODULE PARAMETERS OF CASCADED STATCOM 

Status T1 T2 T3 T4 usm 

Normal 1 0 0 1 uc 

1 0 1 0 0 

0 1 0 1 0 

0 1 1 0 -uc 

Fault - - - - 0 

Here, 
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According to literature [13], the control block diagram of high-power chain STATCOM is shown in 

FIG. 4. The current instruction of the converter chain is *

abqi , *

bcqi , *

caqi , and the dc voltage instruction of 

the converter chain is. *

dcu , cabu 、 cbcu 、 ccau  is the average value of each power module of the three-

phase converter chain. 
im ( 1,2, ,3i N= ) is the modulation wave of each module calculated by the  

controller. 
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Fig.4 Control Graph of cascaded STATCOM r 

3. THE SIMULATION VERIFICATION 

Compare with Simulink simulation. The basic parameters of the device in this paper are shown in 

Table 2, which is the appendix for the simulation model. 

TAB2 MAIN PARAMETERS IN THIS PAPER 

Parameters Sign Value/Unit 

Simulation Time T 0.5s 

Module Number N 40 

Inductance  L 7mH 

Angle Frequency   100  

Rated Voltage(RMS) Vrate 35000V 

Rated Capacity S 100MVar 

Rated Current Irate 952A 

Rated DC Voltage Vdc 1900V 

Capacitor C0 10000uF 

Carrier Wave Frequency fc 250Hz 

The results are shown in Fig5. Fig.5 (a) and fig.5 (b) are the dc capacitance voltage of the power 

module of the accurate model and the equivalent model. It can be seen that the error is approximately 

within 2.2v, and the relative error is 0.11%. In fig.5 (c) and fig.5 (d), the current waveform and its 

error of the two models of commutation chain are within 11A, and the relative error is 1.15%. Figure 

5(e) and figure 5(f) are respectively the waveform and error of power. The error of active power is 

about 500kW, and the error of reactive power is 600kVar, respectively. Therefore, the total error of the 

model is less than 1.2%. 
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(a) DC voltage comparison between the accurate model and the equivalent model 
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(b)Comparison of commutative chain current between the accurate model and the equivalent model 
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(c) Power comparison between the exact model and the equivalent model 

Fig5 Simulation results of the Accurate Model and Equivalent Model 

The simulation execution time pairs for the three models are shown in Table 3. 

TAB3 SIMULATION EXECUTED TIME STATISTICS 

Simulation 

Step 

Original 

Model/s 

Equivalent 

Model/s 
410− s 183 38 
510− s 1598 331 
610− s 15567 3452 

Comparing the simulation execution time with simulation steps of 410− s, 510− s and 610− s in three 

different cases, it can be seen that the equivalent model is reduced by about 80% of execution time. 

4. CONCLUSION 

In order to solve the problem of slow off-line simulation speed of high-power chain STATCOM 

electromagnetic transient, this paper USES the circuit characteristics of h-bridge power module to 
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model the equivalent converter chain and improve the simulation speed.In this paper, the simulation 

comparison of 35kV high pressure chain STATCOM is carried out. The results show that the 

simulation error of the proposed equivalent model is less than 1.2%, and the simulation execution time 

is reduced by 80%. 
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