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ABSTRACT 

The purpose of this study to detail the modelling of a high-voltage direct-current (HVDC) system, that is used to 

transmit large amounts of electricity between 2 converter stations. Getting the power loss in the HVDC system 

down is the primary focus of this article. Power flow regulation is implemented to lessen these power losses. By 

manipulating the rectifier & inverter stations with an ANN, it is possible to regulate power flow. In this study, we 

present a simulation of a high-voltage direct-current (HVDC) system that relies on the CIGRE HVDC Benchmark. 

DC current Idref is measured on the inverter side, and the difference between this value and the observed DC 

current Id is the error signal e. An ANN controller is then utilised to transform this error into an alpha-order signal 

that is then used to regulate the width of the firing pulses applied to the converter's thyristors.   
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I. INTRODUCTION 

The mercury arc valve was used in all of the earliest 
HVDC schemes. In 1972, the first back-to-back 

asynchronous interconnection took place along the 

Eel River between Quebec and New Brunswick, 

demonstrating the effectiveness of thyristor valves. 
Since then, thyristor valves have entirely phased out 

their mercury arc predecessors. More than a quarter 

of a million kilowatts (MW) of HVDC transmission 
capacity will have been built in over a hundred 

projects throughout the world by 2008, and another 

twelve-and-a-half million MW of HVDC transmission 
capacity will be planned for fifty projects5. Since DC 

transmission and technology are expanding at such 

a rapid rate, HVDC transmission should be a 
required course for incoming freshmen studying 

power systems. Most universities only offer one 

course in power systems at the undergraduate level, 

and that one is usually focused on alternating 
current transmission. York College of Pennsylvania 

offers a Bachelor of Science in Electrical and 

Computer Engineering with four different areas of 
emphasis: power systems/energy conversion, 

embedded systems, signal  

processing/communication, & control systems. 

HVDC transmission systems can be broken down 

into two distinct categories: those with two terminals, 
and those with multiple terminals, each with their 

own set of advantages and disadvantages in terms of 

operational needs, adaptability, and financial outlay. 
Submarine HVDC cables, such as the Konti-Skan, 

Fenno-Skan, Baltic cable, and Kontek HVDC links, 

often use a monopolar link with ground return. A 
monopolar link with metallic return (low insulation) 

may be utilised in place of a connection to the earth 

or the sea. Due to the lack of direct current passing 

via earth throughout operations, transformer 
magnetism saturation & electrochemistry corrosion 

can be avoided by using a monopolar link with a 

metallic return, despite the greater DC-line 
investment and operational expense associated with 

this configuration. At first, the Sweden-Poland The 

link was supposed to be a single-pole connection with 
a ground return.  

An HVDC transmission system consists of three 

basic parts:  
1) A rectifier station to convert AC to DC 
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2) A DC transmission line and 
3) An inverter station to convert DC back to AC. 

 

 
Figure 1. Schematic diagram of an HVDC 

transmission system 

II. HVDC SYSTEM MODEL 

 

High-performance numerical calculation, system 

simulation, & application development are all 
possible with MATLAB/SIMULINK. One of its design 

tools, Power System Blockset (PSB), is used for 

modelling and simulating electrical power systems in 
the SIMULINK environment. The electromagnetic and 

electromechanical equations form the basis of a block 

library containing typical components and 
equipment encountered in electrical power networks. 

Both power and control systems can be modelled and 

simulated with PSB/SIMULINK. By analysing the 

system's state variables, PSB can find solutions to 
the system's equations at a constant or varying 

integration time step. State-space equations in the 

discrete or continuous time-domain describe the 
system's linear dynamics. A selection of other 

integration algorithms is also available. HVDC 

system, as depicted in Fig. The system is a mono-
polar 500 kilovolt (kV) 1000 megawatt (MW) HVDC 

connection with 12-pulse converters on both the 

rectifier and inverter sides, coupled to weak ac 
systems (short circuit ratio of 2.5 at rated frequency 

of 50 Hz) that present significant challenges for dc 

controls. On both ends, you will find filtering and 

reactive compensation systems that use capacitance. 
Specifically, the following subcircuits make up the 

power circuit of the converter.  

A. AC SIDE 

On either side of the converter are a supply network, 

filters, & transformers that make up the ac sides of 

HVDC system. Thevenin equivalent voltage source 
having equivalent source impedance stands in for the 

ac supply network. Harmonics from the converter are 

absorbed by the AC filters, and reactive power is 
supplied to the converter through the AC filters. 

B. DC SIDE  

Both the rectifier as well as the inverter sides of the 

converter use smoothing reactors on the dc side. An 
equivalent T network is used to represent the dc 

transmission line, which can be adjusted to the 

fundamental frequency to create a challenging 
resonant state for the modelled system.  

C. CONVERTER 

To symbolise the converter stations, a 12-pulse 
arrangement is shown here, with two 6-pulse valves 

in series. Each valve in the real converter is made 

up of numerous thyristors connected in series. A 

parallel RC snubber is connected to each thyristor, 
so each valve does have a (di/dt) limiting inductor. 

D. Power Circuit Modeling 

Twelve-pulse converters, including the rectifier and 
inverter, are built from a pair of universal bridge 

blocks wired in series. Two grounded three-phase 

transformers, one with a Wye-Wye connection and 
the other with a Wye-Delta connection, represent the 

converter transformers. In a T-network 

configuration, the converters are linked together. 

1) UNIVERSAL BRIDGE BLOCK:  

The universal bridge block is an implementation of a 

global three-phase power converter using a bridge of 

six power switches. From this menu, you can choose 
the power switch & converter setup that best suits 

your needs. Each switch has an RC snubber circuit 

wired in parallel with it. All vector gating signals 
follow the natural order of commutation and consist 

of six pulse trains. In this model, and plenty 

measurements are not realised. 

2) THREE PHASE SOURCE:  

The source is represented by a three-phase 

alternating current voltage source with an R-L 

combination in series.  

3) CONVERTER TRANSFORMER MODEL:  

The three-phase, two-winding transformer types 

have been employed, with winding connection & 
winding parameters set using mask parameters. Tap 

position is set according to a multiplier applied to the 

converter transformers' principal nominal voltage 
(1.01 on rectifier side; 0.989 on inverter side). 

Saturation has been modelled to be reached. 

Saturation has been defined as a sequence of 
current/flux pairings (in p.u.), commencing with the 

pair (0,0). 

 

 

III. CONTROL VARIABLES FOR CONSTANT 

POWER FLOW CONTROL 

 
Measurements of (/) and the creation of firing pulses 

for the rectifier & inverter make up the bulk of the 

control model. To construct the firing signals, the 
PLO is employed. The PLO generates a ramp at its 

output that is timed to the phase. It's a commuting. 

Id = ((Ar *Er/ Tr) cos αr – (Ai*Ei/ Ti) cos γi) / (Rcr + Rd- 
Rci)                   (3.1)    

Edr= (Ar *Er/ Tr) cos αr                               

(3.2)    

Edi= (Ai*Ei/ Ti) cos γi)                      (3.3)    

Following are the controllers used in the control 

schemes: 

1. Extinction Angle (γ) Controller 
2. dc Current Controller; 

3. Voltage Dependent Current Limiter 

(VDCOL). 
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1) RECTIFIER CONTROL:  

Constant Current Control (CCC) is utilised by the 

rectifier control system. The maximum allowable 

current is measured using the inverter as a reference. 
To protect the converter when the inverter side is 

lacking adequate dc voltage support (due to a defect) 

or load, this is done (load rejection). The dc voltage 
available on the inverter side is what determines the 

reference current utilised for rectifier control. An 

error signal is generated by comparing the measured 

and actual dc current on the rectifier side, which is 
accomplished by passing the measured and actual 

values via the appropriate transducers and filters. A 

PI controller is then used to generate the proper firing 
angle order based on the error signal. Using this data, 

the firing circuit employs the previously described 

technique to create equidistant pulses for the valves.  

2) Inverter Control: 

On the inverter side, we have created Extinction 

Angle Control, also known as control and current 
control. Here, PI controllers have been used to 

implement a CCC equipped with a Voltage Dependent 

Current Order Limiter (VDCOL). VDCOL 

(implemented via lookup table) output is compared to 
an external reference (chosen by the operator or load 

need) to determine the present control's reference 

limit. Subtracting the actual current from the set 
reference limit generates an error signal which is 

transmitted to the proportional-integral (PI) 

controller in order to generate the desired angle 
order. The gamma control generates the inverter's 

gamma angle order using a second PI controller. The 

firing moment is found by comparing the two angle 
orders and taking the smaller of the two as the 

starting point for the calculation. 

IV. ARTIFICIAL NEURAL NETWORKS 

 
There have been many successes in creating 

intelligent systems, some of which were motivated by 

biological neural networks. Artificial neural networks 
are being designed by scientists from a wide range of 

fields to address issues in pattern recognition, 

prediction, optimization, associative memory, and 
control. For these issues, conventional methods have 

been presented as potential answers. Though there 

are applications that work effectively within narrow 
parameters, none of them can adapt to and thrive in 

uncharted territory. Exciting new options are 

provided by ANNs, and their use could be beneficial 
in many different contexts. If you're new to artificial 

neural networks and want to read the other papers 

in this issue of Computer, this article is for you. 

Through millions of years of development, the human 
brain has acquired numerous useful properties that 

were not present in either Invon Neumann's original 

model or the most advanced parallel computers of 
today. The ability to learn and generalise, as well as 

the capacity for huge parallelism and distributed 

representation and processing, are examples of such 
features. 

 

V. SIMULATION RESULTS 

 

 
Figure 2. Schematic diagram of an HVDC 

transmission system 

 

 
 

Figure 3.  Rectifier control with PI. 

 
 

Figure 4. Inverter control with PI. 
 

 
Figure 5. Simulink model of HVDC System 
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Figure 6. Rectifier side AC Voltage ad AC Current 

 

In the preceding graph, the Rectifier AC side's three-
phase voltage and current are shown in per units, 

indicating that they follow a sinusoidal pattern (p.u). 

 

 
Figure 7. Inverter side AC Voltage ad AC Current  

 

The preceding graph shows that the Inverter AC side's 

three-phase voltage and current are sinusoidal and 

expressed in pf (p.u). 
 

 
Figure 8. Rectifier side DC Voltage, DC Current and 

firing angle order with PI 

 
The firing angle order (=15.5 deg) is obtained by 

comparing the values of Id R and Id Ref in the above 

graph via an error signal. 
 

 
Figure 9. Inverter side DC Voltage, DC Current and 

firing angle order with PI 
 

The firing angle order (=15.5 deg) is obtained by 
comparing the values of Id R and Id Ref in the above 

graph via an error signal. 

 
Table 1. Effect due to change in Rectifier Firing 

Angle Using PI 

 
 

You can see from the table above that when the firing 

angle of the rectifier increases, the DC currents & DC 
voltages of the rectifier and inverter drop. 

 

 
Figure 10. Effect due to change in Rectifier firing 

angle (chart representation) using PI 

 
Figure 11. Simple Artificial Neuron 

 

 

 
Figure 12. Rectifier control with Artificial Neural 

Network 

 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG 

IJNRD2302285 International Journal of Novel Research and Development (www.ijnrd.org)  
 

c758 

 

 
Figure 13. Inverter control with Artificial Neural 

Network 

 
Figure 14. Rectifier side DC Voltage, DC Current and 

firing angle order with Artificial Neural Network 

 

The firing angle order (=15.5 deg) is obtained by 

comparing the values of Id R and Id Ref in the above 
graph via an error signal. 

 

 
Figure 15. Inverter side DC Voltage, DC Current and 

firing angle order with Artificial Neural Network 
 

The firing angle order (inv=142 deg) can be derived 

from the preceding graph by comparing Id I and Id 

Ref to generate an error signal. 
 

Table 2. Effect due to change in Rectifier Firing 

Angle Using Artificial Neural Network 

 
 

From the above table as the rectifier firing angle α 
increases, the DC currents and DC voltages of both 

rectifier and inverter are decreases. 

 

 
Figure 16. Effect due to change in Rectifier firing 

angle (chart representation) using ANN 
 

TABLE 3. Comparison between PI and Artificial 

Neural Network for different Firing Angles 

 
 
From the above table, the DC currents and voltages of 

both rectifier and inverter with Artificial Neural 

Network shows better values when compared with PI 
controller for different firing angles. 

 

 
VI. CONCLUSION 

 

In this research, we present an HVDC system that 

uses both a traditional controller and an Artificial 
Neural Network to regulate the current flowing 

between two converter stations. Control over current 

is employed in the rectifier, while current & 
extinction angle control are used in the inverter. 

When using a DC link, keeping the alpha to a 

minimum ensures the most power is sent. An error 
signal is fed into a controller comprised of PI & 

artificial neural networks, which then generates the 

appropriate firing angle order. This data is used by 
the firing circuit to provide evenly spaced pulses for 

the converter station's valves. This study compares 

the efficiency of a traditional controller with that of 
an Artificial Neural Network intended to control a 

rectifier and an inverter. As can be seen from the 

simulation results, the HVDC controlled by a neural 

network is far more adaptable than the conventional 
PI controller.   
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