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Abstract 

Compared with traditional reactive compensation equipment, STATCOM 
features complicated structure and numerous components. And STATCOM 
utilizes multiple redundancy technologies to meet long-term stable operation 
requirements of power system for the equipments in the substation. This paper 
introduces the principles of redundancy technologies currently in STATCOM 
control system and power system, and analyzes its practical application effect.  
Keywords: chain STATCOM, redundancy technologies, H bridge power unit 

Introduction  

Now, STATCOM is ready for large-scale application in domestic LV and MV 
power transmission and distribution networks. STATCOM is often used in load 
center substation with fairly higher requirements on stability of the equipment in 
the substation. Therefore, the designers adopt multiple redundancy technologies 
to guarantee its long-term stable operation according to the features of 
STATCOM.  

Redundancy design of STATCOM control system  

Two master control enclosures A and B are connetced with the switching 
enclosure in order to ensure that the system can be switched to B in case A fails 
for stable operation under the control of B.  
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Fig. 1 Redundancy Design Diagram of STATCOM Control System 

This design mainly guarantees the reliability of STATCOM control system. 
Since STATCOM also includes power unit part, specific redundancy design is 
also required.  

Basic features of STATCOM power unit  
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Fig. 2 Structure Diagram of Chain STATCOM Main Circuit 

Fig. 2 shows 35kV chain STATCOM device, which adopts angle connection, 
each phase includes 9 H bridge power units, and each unit requires 2 phase 
modules.  

During operation of STATCOM, phase voltages VA/VB/VC of the converter 
chain in each phase are the voltage sum of 9 power units in corresponding 
converter chain respectivel.Assume the conduction angle of each bridge to be 

i - , i=1-9 respectively. Due to odd symmetry of voltage waveform, the 

voltage of each bridge is:  
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Fundamental wave amplitude of phase voltage is:  
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Define the modulation ratio M as the ratio of fundamental wave amplitude of 
line voltage to the voltage on DC side:  

Ed

V

Ed

U
M AAB 11 3

                           

(3)
 

2634



Theoretically, nine βs can be calculated from the following system of 
equations in the principle of preferential elimination, and the 5th, 7th, 11th, 13th, 
17th, 19th, 23rd and 25th harmonics can be eliminated.  
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Take 1 ＝5°, and reduce the last limit equation, i.e. give up the restricted 

conditions of eliminating the 25th harmonic. Use Newton iteration to calculate 
Mmax=16.67, thus voltage harmonic distortion factor THD=2.85%. 
When M=16.67, and each angle selects the above-mentioned value, effective 
line voltage value of the device:  
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Then device utilization rate:  
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It can be seen that, the device utilization rate is very high when chain structure 

STATCOM is used. Advantages of such structure include low cost and low loss 
of the device, and its disadvantage is that once one of the H bridge power units is 
damaged, and the entire device will stop work. While a high capacity high 
voltage STATCOM device might contain over one hundred H bridge power units, 
failure is inevitable. In order to enhance fault resistance of STATCOM, 
combined redundancy design of H bridge power unit fault bypass device and 
backup H bridge power is adopted according to the features of STATCOM.  

Redundancy design of STATCOM power unit  

The power units in STATCOM generally adopt H bridge structure. Fault 
bypass device is designed according to the features of such structure. The entire 
bypass device includes contactor KM and thyristors SCR1/SCR2. Contactor KM 
and two thyristors SCR1/SCR2 are connected in reverse parallel mode, and 
connected parallelly between two phase module output terminals OUT1 and 
OUT2 of H bridge power unit, see Fig.3.  
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Fig. 3. Electrical Diagram of Single H Bridge Power Unit and Bypass Module  
During normal work of H bridge power unit, as shown in Fig.4-a, the electric 

control contactor corresponding to bypass module is disconnected; in case H 
bridge power unit fails, the electric control contactor corresponding to bypass 
module is OFF to cut off the trouble unit from the whole chain.  
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(a) Direct Bypass Design of Trouble Unit 
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(b) Design of trouble unit bypass and put-in-operation of standby unit 
Fig. 4 Redundancy Design Diagram of STATCOM Power Unit  
If the design shown in 4-a is adopted, during normal operation of the 

equipment, each power unit works as per n/n+1 rated capacity. Once failure 
occurs, certain trouble unit is bypassed, remaining n units run at rated capacity 
automatically. Since the capacity of each H bridge power unit is designed 
according to full capacity of n H bridge units, capacitor voltage on DC side is 
unchanged before and after the fault. During normal operation of the equipment, 
utilization rate of DC voltage is not high, yet equipment loss is high. In order to 
avoid the above-mentioned problems, the design shown in Fig. 4-b can also be 
adopted, in which a bypass module is connected with each H bridge power unit, 
and some H bridge power units are provided in each phase for backup purpose. If 
a normally working H bridge power unit fails, its corresponding bypass module 
can be used to stop it, while corresponding bypass module can be used to 
activate the backup H bridge power units.  

Conclusion  

The use of dual controller redundancy design and power unit redundancy 
design basically meets basic requirements of power system for long-term 
continuous operation of STATCOM. The key of dual controller redundancy 
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design is to ensure reliability of the control cycle synchronizing signal, otherwise, 
it might cause system oscillation in case of switching. Additionally, 
MAN/AUTO/REMOTE switchover modes should also be available. While direct 
bypass design of faulty power unit features simple operation and DC voltage 
utilization rate is not high, the design with trouble unit bypass and standby unit 
put-in-operation features high DC voltage utilization rate. In this case, the 
operation is relatively complicated and high reliability of actuator is required.  

References 

[1] Hirofumi Akagi. Instantneous Power Theory and Applications to Power 

Conditioning [M]. Wiley-IEEE Press,2007. 

[2] Ma Youjie, Gong Jinxia, Zhou Xuesong.“STATCOM Parameter Selection 

and Impact on Voltage Stability”, journal of Tianjin University of 

Technology,2007,23(5):46-48; 

[3] S Sirisukprasert, A Q Huang, J S Lai.Modelling Analysis and Control of 

Cascaded-multilevel Converter-based STATCOM[C]. IEEE-PES General 

Meeting. 2003,4(7):18-17. 

[4] M.Li,Chiasson,J.N.,Tolver,L.M.Capacitor Voltage Control in a Cascaded 

Multilevel Inverter as a Static Var Generator[J]. IEEE.2007,17(3):1709-1713 

 

2639



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




