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Abstract: The combination of line commutated 
converter and voltage source converter in the 
STATCOM are proposed in this paper for the 
network. The system proposed robust performance of 
the low cost and power losses in the line commutated 
converter with fast performance of the voltage source 
converter. The conventional converter when acted as 
a inverter and connected to the weak AC system it 
face the problem of the commutation failure but using 
the capacitor commutated converter it improves the 
immunity of inverter towards the commutation 
failure. The dynamic performance of the STATCOM 
is to be studied in this paper. The advantages and 
application of the hybrid system are to be evaluated. 
 
Keywords: Line Commutated Converter, Capacitor 
Commutated Converter, Voltage Source Converter 
based STATCOM 
 
I. INTRODUCTION 
 
For the long distance transmission line we use the 
HVDC and HVAC transmission line. But because of 
the some advantages of the HVDC over the HVAC 
we prefer to use HVDC. The advantages of the 
HVDC system are reduced conductor cost, reduced 
losses. HVDC also allows transfer of power between 
grid systems running at different frequencies, such as 
50 Hz and 60 Hz. This improves the stability and 
economy of each grid, by allowing exchange of 
power between incompatible networks. High Voltage 
Direct Current (HVDC) transmission system continue 
to be an excellent asset in modern power system, 
mainly for their ability to overcome the problems of 
AC transmission, such as the interconnection of 
asynchronous grids, stability of the long transmission 
line, use of long cables, power losses in transmission 
line .The conventional Graetz bridge converter in 
HVDC transmission realize on the AC us voltage for 
the commutation process. At the inverter side, the 
incoming valve must be triggered sufficiently in 
advance of the line-to-line voltage zero crossing in 
order to provide sufficient commutation margin after 
the end of the overlap period. 
These converters need ac voltage to commutate and, 
therefore, they cannot supply power to networks 
without synchronous machines (e.g., island loads or 
wind farms using asynchronous generators). Voltage-
source-converter (VSC)-based transmission schemes, 
using voltage-sourced converters with self- 

 
commutated devices such as insulated gate bipolar 
transistors (IGBTs) and gate turn-off thyristors 
(GTOs) provide a technical solution to this problem. 
However, a VSC transmission solution has higher 
capital cost and higher power loss than a thyristor 
based line-commutated HVDC solution. Synchronous 
or static compensators have been proposed to enable 
line commutated HVDC converters to be connected 
to very weak ac networks .It is proposed to supply a 
passive system using HVDC and synchronous and 
static compensator including static VAR compensator 
(STATCOM). However, little information was given 
regarding the coordination of HVDC and 
STATCOM. 
A new Hybrid HVDC interconnector which combines 
the best features of the Line commutated Converter 
and the VSC technology. The system consist of 
capacitor commutated converter and the VSC based 
STATCOM. The propose system is as shown in Fig.1 
 

 
Fig.1 Proposed HVDC system 

 
 
II. LINE COMMUTATED CONVERTER 
 
When the source voltage of the thyristor circuit  
is AC, the alternating current flowing through the 
thyristor goes to natural zero and natural reversal of 
supply line voltage causes reverse voltage to appear 
across thyristor. Thus due to these two natural 
conditions, the thyristor is automatically turned off. 
This is known as line commutation or the Natural 
Commutation. The line commutation is simple, 
reliable and employed in applications where AC 
source is available such as AC and DC converter, AC 
regulators, Cycloconverters. The total installed rating 
of the high voltage direct current using the line 
commutated thyristor converter is often the most 
economic means for the transmission power over the 
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long distance and/or the interconnection of two 
asynchronous ac network. In a line-commutated 
converter, the DC current (usually) cannot change 
direction; it flows through a large inductance and can 
be considered almost constant. On the AC side, the 
converter behaves approximately as a current source, 
injecting both grid-frequency and harmonic currents 
into the AC network. For this reason, a line 
commutated converter for HVDC is also considered 
as current-source inverter.  
 
III. CAPACITOR COMMUTATED 
CONVERTER 
 
The capacitor commutated (CCC) has the similar 
topology to the onventional line commutated 
converter which is consist of thyristor bridge. The 
difference between them is whether the converter has 
and/or long DC cable The advantages of the capacitor 
commutated converter are it improves the stability 
when operating at weak Ac system, reduce risk of 
commutation failure, less load rejection overvoltage, 
reactive power requirement. 
The AC line-to-line voltage waveform and phase 
valve voltage waveform for the CCC is as shown in 
figure.The extinction angle in fifure is defined as the 
angle between the end of the commutation interval 
and the AC bus line-to-line voltge positive zero 
crossing. The extinction angle is given by the formula 

 
Where α is the inverter firing angle, and μ is the 
overlap angle. However, after adding a series 
capacitor, the extinction angle becomes: 

 
The commutation margin-angle ′in the CCC inverter 
is the angle between the end of commutation and the 
valve voltage positive zero crossing. Where δ is the 
phase-lag angle Between the AC bus voltage and 
thyristor valve voltage fig 2 (b). The increased 
commutation margin angle provides insensitivity to 
series capacitor per phase,which named as the 
commutating capacitor(CC) which is inserted in 
between the converter transformer and the thyristor 
valve or thyristor bridge. These capacitor give a 
voltage contribution to the valves allowing the use of 
small firing angle. This contribution makes it 
possible to operate the CCC with much lower 
reactive power consumption compared to the 
conventional converter. CCC gives more robust and 
stable dynamic performance of the inverter station, 

 especially when the inverter are connected to the 
weak AC system commutation failure. 
 

 
Fig 2:Capacitor Commtated Converter 

 
Fig 3:Waveform of Capacitor Commtated 
Converter 
 
IV.  PARAMETER COMPARISON 
BETWEEN LCC AND CCC(EXTINCTION 
ANGLE) 
 
When the conventional LCC inverter is adopted and 
the extinction angle is kept 18º, the peak valve 
voltage is calculated as Ev_LCC=288.5464kV. So the 
capacitor size C of the CCC-inverter should be 
selected satisfying Ev_CCC=317.4kV. Then the 
corresponding capacitance C=50µF is solved. The 
variables comparison of between LCC and CCC 
under the same condition is listed in Table 1. It can be 
seen from Table. 1 that for the CCC-inverter, when 
the apparent extinction angle is very small (γapp=3º), 
the real extinction angle is 29º, and the possibility of 
commutation failure is greatly reduced. While the DC 
reactive power is reduced by about 2/3 compared to 
LCC, only 18% of rated DC power. 
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V. VSC-STATCOM  
 
HVDC systems based on voltage sourced converters 
normally use the six-pulse connection because the 
converter produces much less harmonic distortion 
than a comparable LCC and the twelve-pulse 
connection is unnecessary. Voltage source converter 
based transmission schemes with the self-
commutated device such as insulated gate thyristor 
(IGBTs) and gate turn-off thyristor (GTOs) provide a 
technical solution to the problem. The voltage source 
converter (VSC) transmission has a higher capital 
cost and the higher power loss which is the major 
drawback over the thyristor based line commutated 
HVDC system. The advantages of the VSC are create 
any phase angle and or voltage magnitude, No 
change of voltage polarity when power direction is 
change, compact filters, It permits the independent 
control over both active and reactive power output. 
The application of the VSC are it enhance the 
transient stability, Increase of the power oscillation 
damping, Emergency power control and for power 
quality. 
 
The STATCOM (or SSC) is a shunt-connected 
reactive-power compensation device that is capable 
of generating and or absorbing reactive power and 
in which the output can be varied to control the 
specific parameters of an electric Power system. It is 
in general a solid-state switching converter capable 
of generating or absorbing independently controllable 
real and reactive power at its output terminals when it 
is fed from an energy source or energy-storage device 
at its input terminals. 
The STATCOM provides the necessary commutation 
voltage to the HVDC system and the reactive power 
compensation to the network during the steady-state 
condition, Dynamic condition and during the 
transient condition. The STATCOM also provides 
the limited active power support to the network 
during the transient condition. The STATCOM could 
also provide active filtering at low-order harmonics 
to help meet the harmonic requirement. Additional 
capacitor banks may be used to provide 
compensation for slow load cycle variation of 
reactive power and can be placed anywhere in the 
network. 
 

 
Fig 4: STATCOM 
 
CONCLUSION 
 
A hybrid scheme, which comprises a CCC and a 

STATCOM is used for supplying power, has been 
presented in this paper. The review of the all 
converter used in the system is presented here. The 
advantage of using CCC over the LCC is that it can 
operate at the weak AC system, the chances of the 
commutation failure is less as compared to the line 
commutated converter. 
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