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Abstract: The voltage source converters (VSCs) are the 
circuits, which convert the power from one form to the other. The 
application of voltage source converter is vital in HVDC systems. 
The voltage source converter technology is employed for the 
smooth operation of any HVDC system. Hence, the HVDC 
systems based on VSC are gaining importance compared to the 
other HVDC systems. The starting up process of HVDC system is 
associated with large value of current, so a proper method of 
starting is required for the safe operation of the HVDC system.  
In this paper, a new and novel method is proposed for the smooth 
starting of the VSC based HVDC system, which will limit the 
current successfully with high speed operation. Index Terms: 
Nine level MLI, Control of inverter, Modular Inverter. 
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I. INTRODUCTION 

All the developing and developed countries in the 
world are moving towards the electricity that is generated by 
the nonconventional energy sources. Various sources of 
energy are photovoltaic, wind, gas based, and tidal energy. 
As on today India is in third position in the electrical energy 
consumption. To collect the energy produced in the plants, 
EHVAC, and the HVDC can be used. Due to the less losses 
in HVDC transmission, it is preferable in electric power 
transmission. The investment required for HVDC is also less 
compared to EHVAC. There are several HDC projects that 
are already in use for the transmission of electric power in 
India. The amount of power that is transmitted varies from 
1000 MW to 3000 MW. The break even distance in HVDC 
is high compared to the EHVAC, which is the attracting 
feature of HVDC transmission system. HVDC systems can 
be implemented using two links or multiple links. There are 
several challenges in implementation of multiple link 
HVDC system compared to two link systems. 

The HVDC systems are initiated first time in the year of 
1897 by inventing the low voltage DC supply for very short 
distance. The development of mercury arc rectifier 
technology in power electronics made the easy conversion 
of power from AC to DC.   
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The advancements in power conversion are made 
simpler due to the advanced technologies. The HVDC 
consists of two ends, the sending end and the receiving end. 
The sending end converter requires AC to DC conversion 
and the receiving end require DC to AC conversion. The 
power conversion process at each end requires converter to 
be installed. After conversion of power from AC to DC, the 
transmission will takes place. The transmission requires 
only two conductors using HVDC transmission. 

 

 
Figure 1 HVDC System. 

 
The continuous monitoring of the various voltages and 

the various power flows are very vital in the performance 
analysis of HVDC systems. Especially with the inclusion of 
voltage source converter, the changes that occur in power 
flows and voltages needs to be examined carefully. In order 
to analyze the system, it requires the modeling of the system 
and related converters. The modeling process involved the 
mathematical equations relating to the system under study 
and various constraints to be imposed during the control of 
the power. 

Any system suffers from many operation and control 
issues. We have various issues related to the VSC HVDC 
system. The aspects related to the system under study are 
related to operation, control, power flow, stability, and 
converter topology, control strategy of converter, and power 
and voltages at various ends. The following are the various 
possible works related to the HVDC systems. 
 

 
Figure 2 HVDC Block diagram. 
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• The modelling of two terminals system. 
• Analysis of HVDC system in SIMULINK. 
• Starting current issues. 
• Study of voltages at various ends. 
• Study of real and reactive power flows. 
 
In this paper, the attentions is shown towards the 

limiting the magnitude of starting current during the starting 
of the VSC HVDC systems. The new starting control circuit 
is proposed to limit the starting current and the simulation 
related to the same are presented.  

II. OVER CURRENT IN HVDC SYSTEM 

Electrical power is generated in remote areas. Usually 
they are located very far from the load centers. Due the 
longer distance between the generating centers and the load 
centers, the transmission of the electrical power becomes 
complex, and it requires very large, costly power 
transmission system. So, the transmission of power in bulk 
amount for the longer distances is the challenging task for 
the electrical transmission engineers. The most important 
technologies that are used for this purpose are EHVAC and 
HVDC transmission systems.  

The power transmission system should be simple in 
construction, cost effective, and more importantly it should 
provide better control of power. The HVDC power 
transmission technology fulfilling all the requirements of the 
effective transmission system.  The main advantage of 
HVDC is the power flow direction depends on the 
magnitude of the voltage, where as in case of EHVAC phase 
angle also required. To provide flexibility in control HVDC 
is used with a power electronic converter. Usually voltage 
source converters are most prominent and suitable with the 
HVDC applications. 

One of the most severe issues related to the operation of 
the system is the control of over currents that are produced 
during the starting of the system. 

2.1 Overcurrent in HVDC 

A two level inverter based HVDC system is considered 
in this analysis. It consists of all the equipment like 
converter stations, power factor arrangement systems, and 
filters etc. 

The structure of two level HVDC is shown in Figure 3. 
If x is the reactance between two ends, and the f is the 
frequency of the system, then from the HVDC link we can 
get 

 
 

 
Figure 3 HVDC With two level Inverter. 

The above system variables can be expressed in Matrix 
form as 
 

 
 

The figure below shows the equivalent circuit of the 
HVDC system for the system under study. 
 

 
Figure 4 Equivalent circuit. 

 
From the analysis of the above system and its 

equivalent circuit we get following expressions, which will 
give the magnitude of the currents that are produced during 
the starting. 

 

 

 

 

 
 

The above equations give the magnitudes of currents 
that occur during the starting of HVDC system shown in 
figure 3. It is difficult to control those currents without any 
auxiliary circuit. 

In order to test these currents, a practical system is 
considered for the analysis, the specifications of which are 
shown in the table below. 
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Table I Operating parameters. 

 
 

The mono polar link utilizes only one conductor, where 
as ground will act like a second conductor for it. The 
unidirectional power flow is possible with mono polar link.  
In case of bi polar link power can be transmitted in both the 
direction, which is not possible with mono polar link.  The 
multi terminal links, more number of links are available, 
which is used for the interconnection of various sub system. 
The complexity of control increases with increase in number 
of links in case of homo polar link. 
 

 
Figure 5 wave forms during starting. 

 
Hence, from the above wave forms it is clear that the 

current limiting circuit is necessary for the successful 
operation of the HVDC system.  

III. STARTING CIRCUIT DESIGN 

In this section, the design of the newly proposed 
starting circuit for the two level inverter based HVDC 
system presented in previous section. The current expression 
is derived and the plots are also shown. 

 

 
Figure 6 Starting circuit of HVDC 

 

. 
Figure 6 Equivalent Circuit of Starting Circuit. 

 
Following is the method to derive the current 

expression after adding the control circuit in the existing 
system. 

 

 
Where, 

 

 
Where, 
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Where, 

 
 
The maximum value of the current is obtained using 
following equations. 
 

 

 
 
And the condition to achieve the minimum current is 
 

 
The power expressions are given by 

 
 

From the equation (10), and (12), it is sure that the 
current is minimum with usage of the control circuit in 
HVDC system. The initial current magnitude decreased 
drastically by employing the proposed control circuit at the 
beginning of the circuit. 

The following are the control circuits that are required 
for the control of those variables. 

 

 

 
 

 
 

 
Figure 7 various control circuits. 

 
By using the above control circuits, it is possible to 

achieve the low starting current, which is effective in 
achieving the smooth control of the entire system. 

 

 
Figure 8 various parameters of the circuits. 
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The change or variation in the current and power and 
other parameter values is expressed in previous equations. 
Through the equations, the variation can be calculated. 

IV. SIMULATION RESULTS 

To verify the fast starting with the limited current, the 
simulations are carried out for the test system and the values 
and graphs for various parameters is obtained and shown in 
this section.  All the simulations of the test system are 
carryout in PSCAD software, which is exclusively for the 
study and analysis of the power system related domains. 

 

 
Figure 9 Voltage, power, and Current. 

 

 
FIGURE 10 Changes In Current And Voltage. 

 

 
Figure 11 Load Voltage for various Resistance. 

 
From the simulation results, it is clear that the current 

during starting of the system is reduced with the starting 
circuit when compared the system without ant starting 
circuit. 
 

Table II Values of various parameters. 

 

V. CONCLUSION 

The performance of the auxiliary starting circuit is 
proposed and analyzed. The new starting circuit which is 
more suitable for the VSC HVDC system is operated and 
simulation results are obtained using PSCAD software. The 
results clarifies that the usage of the new circuit limits the 
starting current to a very low value which is well below the 
rated value. Hence , this work suggests for the usage of the 
starting circuit for good operation of the HVDC system with 
voltage source converters. 
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