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Abstract— This paper focuses on modeling and simulation 

of HVDC and HVAC transmission system. The planning, 

design and operation of power system requires the detailed 

study of various options and prediction of the system 

performance. The analysis of HVDC and HVAC system 

requires the development of appropriate system models. In 

general, the system models are nonlinear and time varying 

with power electronics controllers, the control action is at 

discrete times and sampled data models have been 

suggested. HVDC simulators have been used for studies in 

real time involving actual converter controls. Recent 

advances in digital signal processing technology and 

applications of parallel processing techniques have resulted 

in speeding up computations and carrying out simulation in 

real time. This has led to the development of Real Time 

Digital Simulators which are expected to replace physical 

simulators. The system models are constructed from 

assembling the component models and identifying the 

interfaces between the various components. In this paper, 

we will primarily concentrate on the modelling and 

simulation of HVDC and HVAC system and hence will be 

discussed briefly. This entire system and control 

mechanisms are modelled in MATLAB/SIMULINK 

environment. 
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I. INTRODUCTION 

HVDC and HVAC transmission systems are planned, 

designed and installed to give ensure performance low 

losses, high availability, specified control characteristics etc. 

System studies are essential part of the project schedule. 

Modeling and simulation are used to system studies. System 

studies are performed for analysis, preliminary design, 

improvements in design, finalising the design, finalising 

equipment specifications, control criteria. System studies 

also include simulating the various conditions to compare 

the anticipated performance vis-à-vis actual performance 

etc. Modeling and simulation are essential with respect to 

dynamic performance characteristics. Modling and 

simulation is the first and most important part in the project 

time schedule. Before the start of design of the equipments 

and plants, the details about stresses occurring during 

normal, dynamic and abnormal conditions are to be known 

accurately. The specifications are finalised on the basis of 

predicted stresses. The control characteristics are also to be 

determined and verified. Modeling and simulation are the 

only tool for predicting accurately the system performance 

under various operating conditions or when subjected to 

certain disturbances. For large systems a great number of 

various case studies have to be carried out and there is a 

strong incentive to keep the costs and time required to carry 

out these studies minimum. 

This paper is organized as section I gives 

introduction of the paper. Section II of this paper gives a 

brief introduction about the HVDC system model. Section 

III gives description of how the HVDC system is modeled in 

the simulation software. Section IV of this paper gives a 

brief introduction about the HVAC system model. Section V 

gives description of how the HVAC system is modeled in 

the simulation software. Section VI shows the simulation 

results of the model and it is followed by conclusion. 

II. HVDC TRANSMISSION SYSTEM 

The HVDC system is generally used to interconnect two 

asynchronous AC systems. Sending end AC system, AC is 

converted to DC using rectifier and this DC is given to 

inverter and again converted to AC such that it meets the 

rating of the receiving end AC system. In transmission 

system, the converted DC power is send through cables in 

any DC link configuration. HVDC links may be broadly 

classified such as monopolar, bipolar and homopolar. 

Rectifier and inverter are the converters they perform ac/dc 

and dc/ac conversion which are designed by using devices 

like IGBT’s, thyristors, GTO’s etc. and they require pulses 

for operation. In this paper, a monopolar HVDC system is 

modeled along with transmission line of certain distance 

which is of over head type. For the transmission line, 

smoothing reactors are placed between the converter and 

cable in order to arrest the sudden changes in DC current. 

The AC systems are  asynchronous and are altered to a 

common AC voltage using transformers at both AC systems. 

These AC voltages are converted to DC at one end, by the 

rectifier which is designed using thyristors. Similarly at 

other end, DC is converted to AC using inverter. For 

operation of these thyristors, firing pulses should be given at 

proper time intervals which require computations and 

measurements. The values required are measured and sent to 

the controllers which produce firing pulses. These 

controllers are designed based on the characteristics of the 

converters. The control schemes of the converters are 

explained in detail in further sections. This entire model is 

modeled and simulated in the MATLAB/SIMULINK 

software.  

The HVDC system [2] schematic diagram modeled 

in this paper is shown in Fig.1. 

A. AC side 

The ac sides of the system consist of AC supply network, 

filters and transformers. The AC supply network is designed 

as a Thevenin’s equivalent voltage source along with 

equivalent source impedance. AC filters are used to absorb 

harmonics in the system and also to supply reactive power 

compensation. In order to supply power to two converters, 

transformers having two different configurations are used. 

They are one with grounded Wye – Wye 

connection and the other with grounded Wye – Delta 

connection at both AC systems. 
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B. DC side 

The dc side of the system consists of smoothing reactors and 

transmission line of certain distance. These smoothing 

reactors are used to avoid sudden changes in DC current. 

C. Converter 

The converter stations are three phase, 12   pulse bridge 

circuits, which is formed by connecting two 6 – pulse 

bridges in series at both sides. The bridge configuration is 

Voltage Source Converters (VSC) type and it is constructed 

using thyristors which have (di/dt) limiting inductor. This 

each thyristor has a series RC snubber circuit in parallel 

with it. 

 
Fig. 1: Schematic model of HVDC system 

III. MODELING OF HVDC SYSTEM 

The system used in this model is a monopolar HVDC link of 

rating 500KV, 1000MW as shown in Fig.2 

MATLAB/SIMULINK software is used for the 

modeling of this model. It is one of the simulation tool used 

for the study, analysis and application development which 

uses both functional commands and block sets for designing. 

SimPowerSystems is one its designing tool used for 

modeling and simulating electric power systems in 

SIMULINK software. This tool has common blocks of the 

both electrical and electronic devices that are pre-designed 

satisfying the related equations. Also this software has the 

flexibility in modifying the block sets according to the user. 

 
Fig. 2: HVDC simulated model 

The complete modeling of the power circuit along 

with controllers and their mechanisms are explained in 

detail as follows. 

1) Three Phase Source:  

A three – phase AC voltage source is modeled in series with 

an impedance of RL combination. The weak AC systems are 

used in this model which are having short circuit ratio 2.5 at 

a rated frequency 50 Hz. 

The circuit parameters which are taken for 

modeling of the system is presented and explained as 

follows in Table I: 

Parameters Rectifier Inverter 

AC base voltage 345 kv 230 kv 

Base MVA 1000 MVA 1000 MVA 

Nominal DC voltage 500 kv 500 kv 

Nominal DC current 2 ka 2 ka 

Source Impedance 
R=3.737 ohm 

L=0 H 

R=0.7406 ohm 

L=0.0365 

Table 1: Circuit Parameters 

2) Converter Transformer Model:  

At each converter, two three phase, two – winding 

transformers are modelled – one with grounded Wye – Wye 

connection and the other with grounded Wye – Delta 

connection. The variation in the windings is taken such that 

the voltage given to the converters will have phase 

difference of 300 which is required for pulse generation in 

converter. The parameters taken for this system are 

modelled under mask parameters. The transformer ratings 

are as follows in Table II: 

Parameters At rectifier At inverter 

Power rating 1196 MVA 1196 MVA 

Voltage rating 345/422 KV 230/422 KV 

Transf. tap (HV side) 1.01 pu 0.989 pu 

Table 2: Parameters 

3) DC Transmission Line:  

The DC transmission line consists of smoothing reactors on 

both ends of the line which is of length 300 KM. The DC 

line parameters taken are as show in Table III. 

Parameters Values 

Distance 300 KM 

Resistance 0.015 ohm/km 

Inductance 0.792 mH/km 

Capacitance 14.4 nF/km 

Table 3: Parameters 

4) Filters and Reactive Support:  

The tuned filters and reactive support are provided at both 

the rectifier and inverter ac sides. 

5) Converter Model:  

The rectifier and inverter used are 12 pulse converters 

constructed by connecting two universal bridge blocks in 

series. The universal bridge block represents a three – phase 

power converter which has 6 power switches connected as a 

bridge. The configuration of the universal bridge can be 

selected through dialog box. Series RC snubber circuits are 

connected in parallel with each power switch and these 

values are also simulated. The gate signals for these 

switches are 6 – pulse firing trains corresponding to the 

natural commutation which have phase difference between 

each bridge circuit in the 12 – pulse converter. 

The controllers which are designed are based on 

the converter control characteristics and illustrated in Fig.3 

as follows in Table IV. The intersection of two 
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characteristics determines the mode of operation of each 

converter. In general, there are three modes of operation of 

DC link. These three modes are defined as 

 Constant Current Control (CCC) at rectifier 

(operating point A) and Constant Extinction Angle 

at inverter which is normal mode of operation. 

 With slight dip in AC voltage, the operating mode 

(point C) changes as minimum α at rectifier and 

minimum γ at inverter. 

 With lower AC voltage, mode of operation shifts as 

 Constant Current Control (CCC) at inverter and 

minimum α at rectifier. 

 
Fig. 3 Converter Control Characteristics 

Rectifier Inverter Mode of operation 

AB HG Minimum   

BC GF Constant current 

CD FE Minimum   

Table 4: Parameter 

These modes of operation are used in the model are 

to be controlled for the stability of the system. The control 

system modelling consists of α and γ angles measurements 

at rectifier and inverter respectively. These values are 

continuously monitored for producing corresponding firing 

pulses to both inverter and rectifier. 

The control schemes used in this system are as 

follows: 

 Constant Extinction Angle (γ) controller 

 DC current controller 

 Voltage Dependent Current Order Limiter 

(VDCOL) 

6) Rectifier Control:  

The rectifier controller uses Constant Current Controller 

(CCC) scheme. The current is adjusted to constant by 

modifying  the α i.e., firing angle of the rectifier. 

The DC current equation of the rectifier is taken as 

   
               

          
 

From the above equation, it is observed that the DC 

current can be maintained constant, only by changing the 

voltage from the respective converter where the remaining 

parameters such as dc line resistance and rectifier and 

inverter resistances are constant. By considering these 

parameters, rectifier controller is designed. The DC current 

is passed through certain filters before comparing with the 

reference DC current. The error signal thus obtained passed 

through PI controller to obtain firing angle α value This α 

order is passed through firing circuit to obtain the 

equidistant pulses for the valves. This rectifier model is 

shown in Fig.5. 

7) Inverter Control:  

Extinction Angle Control (EAC) or γ control and constant 

current control is used on the inverter side. For this EAC, 

first the γ value is measured. The extinction angle control is 

of predictive type which uses the feedback for proper 

control. This uses AC voltage of inverter side and pulses 

given to the inverter are taken as reference. The average and 

minimum γ angles thus obtained are used for γ control and α 

angle computation. 

The VDCOL is used for the γ control. With the 

reduced AC voltages, the DC voltage slightly dips, but the 

current is intained constant. If there is sudden drop in 

voltage then the DC current is also reduced such that the 

converter control characteristics are altered. For this, the 

measured DC current and DC voltage are passed through 

certain filters before they are applied to VDCOL. From this 

the limit for DC current reference is obtained. Similar to 

current control in rectifier controller, the modelling of 

current control in inverter is done. 

The γ is measured through proper transducers and 

the average value is used for the control. This γ control uses 

error signal of DC and mean γ value by restricting the firing 

angle order within the limits. The minimum angle of the 

angles are taken and passed through another PI controller for 

α order. These obtained angles are again compared and the 

minimum of the two is used for obtaining firing pulses. The 

complete model of inverter controller is shown in Fig. 4. 

 
Fig. 4: Inverter controller model 

 
Fig. 5: Rectifier controller model 
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IV. HVAC TRANSMISSION SYSTEM 

The modern electrical power system is in the form of a large 

interconnected 3 phase HVAC network. The generating 

stations, transmission and distribution systems are 

interconnected to form a 3 phase HVAC system operating 

synchronously at the common single frequency of 50 hz. 

Generating stations, transmission lines and distribution 

systems are the main components of an electric power 

system. Generating stations and distribution system are 

connected through transmission lines.  HVAC transmission 

system is generally used to interconnect two synchronous 

AC systems. At generating station, generated at a voltage of 

11 to 25 kv which then is stepped up to the transmission 

levels in the range of 66 to 765 kv. As the transmission 

capability of a line is proportional to the square of its 

voltage. HVAC using power transformer to step up voltage 

and this high voltage AC transmit to give substation. This 

substation stepdown the voltage with the help stepdown 

transformer and supply to load. In transmission case, the 

transmitted power is send through overhead line in any 

transmission link configuration such as 3 phase transmission 

line. In HVAC transmission line needs compensation of 

reactive power. This is provided by svs, shunt reactors, 

shunt capacitors etc, installed in substations. Intermediate 

substations are necessary at interval of 250 km to 400 km. 

Power transfer ability of HVAC lines may be increased by 

using series capacitors or adding a parallel line. The HVAC 

transmission line design is based on limits of corona, radio 

interference, TV interference, electrical field at ground level 

etc.  

The HVAC system schematic diagram modeled in 

this paper is shown in fig.5 

A. The sending end side of the system consist of 

AC supply network, transformer, circuit breaker etc. AC 

generator generate 13.8 kv which is then step up to 735 kv 

and transmitting power from a power plant consisting of six 

350 MVA generators to an equivalent system trough a 600 

km transmission line. The transmission line is split into two 

300 km lines connected between buses B1, B2, and B3 

shown in fig. 6. 

A. Transformer 

Transformer is another major component of a HVAC 

transmission system. It transfer power with very high 

efficiency from one level of voltage to another level. In 

order to supply power to transmission line transformer 

having delta (D1)    star configuration are used. A Three 

phase transformer (two winding) block and a three phase 

transformer (three windings) block are used to model the 

two transformers. Saturation is implemented on the 

transformer connected at bus B2. 

B. Series Shunt Compensator 

To increase the transmission capacity, each line is series 

compensated by capacitors representing 40% of the line 

reactance. Both lines are also shunt compensated by a 330 

MVAR shunt reactance. The shunt and series compensation 

equipment is located at the B2 substation where 300 MVA-

735/230 KV transformers feed a 230 kv-250 MW load. 

C. Circuit Breaker 

Each series compensation bank is protected by metal-oxide 

varistors (MOV1 and MOV2).The two circuit breakers of 

line 1 are shown as CB1 and CB2.The function of a circuit 

breaker is to isolate the faulty part of the power system in 

case of abnormal conditions. 

 
Fig. 6: Schematic model of HVAC system 

V. MODELING OF HVAC SYSTEM 

The system used in this model is a Series-compensated 

transmission system of rating 753KV, 1500MW as shown in 

Fig.7.MATLAB/SIMULIgNK software is used for the 

modelling of this model. It is one of the simulation tool used 

for the study, analysis and application development which 

uses both functional commands and block sets for designing. 

SimPowerSystems is one its designing tool used for 

modelling and simulating electric power systems in 

SIMULINK environment. This tool has common blocks of 

the both electrical and electronic devices that are pre-

designed satisfying the related equations. Also this software 

has the flexibility in modifying the block sets according to 

the user. 

 
Fig. 7: HVAC simulated model 

Three phase source table V 

Parameters Values 

Base voltage 735 KV 

Base MVA 2100 MVA 

Nominal voltage 13.8 KV 

Base power 100 MW 

Frequency 50 Hz 

Source Impedance 
   =0.22/15 

   =0.22 
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Table 5: Parameters 

Parameters Winding 1 Winding 2 

Power Rating 2100 MVA 2100 MVA 

Voltage Rating 13.8 KV 735 KV 

Frequency 50 Hz 50 Hz 

Configuration Delta Star 

Table 6: Tansformer table 

Parameters Values 

Distance 300 KM 

Frequency 50 Hz 

Resistance 0.0127 ohm/km 

Inductance 0.933 mH/km 

Capacitance 12.74 nF/km 

Table 7: AC Transmission line 

VI. SIMULATION RESULTS 

MATLAB (Simulink) simulation software is used to 

simulate both HVDC and HVAC transmission systems. 

From the comparision of the simulation output better 

performance and higher reliability is demonstrated for 

HVDC transmission system. Study the behaviour of asystem 

without building it. Results are accurate in general, 

compared to analytical model. Help to find un-expected 

phenomenon, behaviour of the system. Easy to perform 

―what-if‖ analysis.  In HVDC system, the system has been 

simulated for a period of 1s and at a sampling rate of 5μs. 

From the obtained results, it can be observed that the firing 

angle and extinction angle of the inverter are improved by 

including transmission line.  It can be observed that the 

transmission systems are planned, designed and installed to 

give guaranteed performance low losses, high availability, 

specified control characteristics etc. 

VII. CONCLUSION 

One of the primary advantage of modling and simulation of 

HVDC and HVAC transmission is that they are able to 

provide users with practical feedback when designing real 

world systems. This allows to determine the correctness and 

efficiency of a design before the system is actually 

constructed. Another benefit of modelling and simulation of 

HVDC and HVAC transmission sytems they permit system 

to study a problem at several different levels of abstraction. 

With  the help of modelling and simulation of HVDC and 

HVAC transmission systems we analysis overall system. 

The execution time in the simulation of the model for time 

duration of 2s with a time step of 50μs is 26 which are 

obtained by cpu time command. For large and complex 

HVAC systems are usually describe by nonlinear models 

and thus are not tractable for analytical approaches except in 

special cases. Simulation is the only tool for predicting 

accurately the system performance under various operating 

conditions or when subjected to certain disturbances. This 

modeling and simulation of HVDC and HVAC transmission 

line are used to compare power losses in HVDC and HVAC 

transmission line. Power loss is one of main factors that 

affect project cost, so the transmission line models are 

implemented to calculate the power loss. Parameters of the 

model include impedance of transmission line, power 

frequency, transmission line voltage and amount of power to 

be transmitted.  This model can be applied for long distance 

transmission lines where the performance observed is better. 

The scope for further work is to find fault location in 

transmission, comparison of power losses in HVDC and 

HVAC transmission systems. 
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