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Abstract 
 
A new management approach for the reactive-power injections of Voltage supply Converters in High Voltage DC (VSC-HVDC) multi-
terminal Systems to enhance grid transient stability. A reactive-power supplementary signal is provided for each convertor. Its worth is 
proportional to the frequency deviation of its consequent AC bus with admiration to the weighed-average frequency of the multiterminal 
system stations. The hope is to extend (decrease) the magnetism torsion of generators close to those terminals during which the frequency 
is superior to (below) the weighed-average frequency used. The AC frequency for all VSC stations is ever more accessible regionally for 

synchronization functions and will be utilized by a central controller. Simulations are allotted victimization PSS/E and therefore the 
outcome have revealed that transient stability is enlarged victimization this approach. Since this approach uses world capability of all 
VSC stations, the collision of the communication delays has been analyzed, concluding that the depressing consequence is modest, for 
realistic latency values. 
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1. Introduction 

Development of High Voltage Direct Current (HVDC) technology 
has brought to considering a meshed Multi-terminal Direct 

Current (MTDC) network into prospect power system planning. 
As the power systems are becoming more consistent and power 
production more decentralized, MTDC seems as a solution for 
power transfer over large distances and increasing security of 
supply. On the other hand, they require scaling up power systems, 
and higher in feed of power impending from renewable energy 
sources, resulted in a higher require for control reserve. Control 
reserve is defined as methods for maintenance the balance 

connecting shaped and consumed electrical power, even in the 
case of rigorous disturbances. The goal of this master’s opinion 
was to find a solution for negligible power reserve activation, in 
systems that contain MTDC networks. The development of high 
voltage direct current (HVDC) links offer an option solution for 
the capable and flexible transmission of electrical energy that can 
maintain the future power system beside recurrent dimensions. 
These assumptions revise the control of HVDC injections in 

power systems during energetic scenarios. Coordinated HVDC 
control has a outsized potential for the energetic performance of 
power systems, for occasion by growing the damp of power 
oscillations, but is at present not conquered in a systematic way. 
The aim is to expand a framework for power system organizes 
through HVDC transmission links. Starting with results for 
conformist AC networks, the argument presents power system 
models, procedure approaches and network development methods 
in the situation of dynamically controlled HVDC links. The 

modeling of power systems with HVDC links has to incorporate 
quite a few physical and operational constraints compulsory by the 
HVDC links and the surrounding AC network. A description of 
the resulting constraints on the HVDC injections is meticulous 

significant if the HVDC links are to be worn for energetic power 
system control. 

2. Related Works 

In [1] Jef Beerten, Stijn Cole, and Ronnie Belmans et al presents 
the calculation of electromechanical permanence models of 
voltage source converter towering voltage direct current (VSC 
HVDC) to multi-terminal (MTDC) systems. The document initiate 
a categorize reproduction with a cascaded DC voltage control at 
each converter that tolerate a two-terminal VSC HVDC format to 
handle with converter outages. When widespread to an MTDC 
system, the models obviously evolve into a master-slave set-up 

with converters captivating over the DC voltage control in case 
the DC voltage controlling converter fails. It is shown that the 
replica can be used to comprise a voltage droop control to share 
the power disparity after a contingency in the DC system 
surrounded by the converters in the system. Finally, the 
commentaries discuss two credible model reductions, in line with 
the supposition made in transient stability modeling. 
In [2] Stijn Cole, Jef Beerten, and Ronnie Belmans et al present a 

novel general voltage source converter high voltage direct current 
(VSC MTDC) model is ensuing precisely. The full system model 
consists of the converter and its controllers, DC circuit equations, 
and coupling equations. The main donation of the new model is 
it’s valid for every possible topology of the DC circuit. 
Practical implementation of the model in power system stability 
software is discussed in feature. The generalized DC equations 
can all be articulated in terms of matrices that are byproducts of 
the construction of the DC bus admittance matrix. Initialization, 

switching actions resulting in dissimilar topologies and 
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reproduction of the loss of DC lines quantity to a simple 
calculation or recalculation of the DC bus admittance matrix. 

In [3] Javier Renedo, Aurelio Garc´ıa-Cerrada, Luis Rouco et al 
presents Multi-terminal High Voltage electricity (HVDC) 
exploitation Voltage supply Converters (VSC-HVDC) could be a 
proficient technology that provides versatile management of active 
and reactive power and facilitates remote renewable energy 
integration, in particular exploitation long cables. This paper 
analysis a vigorous power management approach for multi-
terminal VSC-HVDC systems tailored to boost transient stability 
of hybrid AC/DC grids. The planned strategy controls every VSC 

exploitation frequency measurements of all terminals. Its 
performance is compare to a technique during which every VSC is 
controlled exploitation solely native frequency measurements of 
the AC side; prove that the planned strategy shows higher 
performance, even taking under consideration wise announcement 
delays. 
In [4] Robert Eriksson et al presents the stability of an 
interconnected ac/dc system is affected by disturbances occurring 

in the system. Disturbances, such as three-phase faults, may 
endanger the rotor-angle constancy and, thus, the generator fall 
out of synchronism. The possibility of fast change of the injected 
powers by the multi terminal dc grid can, by proper control action, 
enhance this stability. This paper proposes a novel time best 
control approach for the injected power of multi terminal dc grids 
to enhance the rotor-angle stability. The controller is time optimal, 
since it reduces the impact of a disturbance as fast as possible, and 

is based on Lyapunov theory considering the nonlinear behavior. 
In [5] Alexander Fuchs, Markus Imhof, Manfred Morari et al 
presents The stabilization of bulky power systems using voltage-
source-converter-based elevated voltage direct current (HVDC) 
links. Based on global power system measurements, a model 
predictive control (MPC) scheme control the power injections of 
the HVDC links to damp oscillations in the ac system. Different 
scenarios like the defeat of production, the loss of consumption 

and changes to the network topology are purposeful in the 
continental European Network of Transmission System Operators 
for Electricity (ENTSO-E) system. The simulations show the 
presentation increase get with a worldwide MPC-based grid 
controller; compare to a limited damping controller and HVDC 
links with constant direction values. 

3. Proposed System 

A coordinated management move toward for the reactive-power 
injections of the converters of associate degree MTDC system 
victimization, only, the frequencies measured at the VSC stations 
(already accessible for synchronization). The results can show 
that, with this approach, the crucial Clearing Times (CCTs) will 
be augmented extensively. World approach was given with 
superior leads to once scheming active power in an MTDC theme. 

Block diagram 

 
Fig. 1: Block diagram 

HVDC Technology 

Even though there is an vast integer of applications in dissimilar 
countries LCC knowledge have show significant weakness. The 
commutation of the converter valves is closely associated to the 
stiffness of the ac voltage at the grid connection point. For that 
reason, the converter does operate properly at connection points 
with low short circuit power. The reason is that the LCC cannot 

create ac voltage itself. It is always necessary for the operation of 
the LCC that the system provides the necessary voltage. Another 
difficulty for the case of LCC-HVDC system is that reactive 
power compensation is needed. Significant amount of shunt 
reactive power compensation and harmonic filters are required for 
operation. This makes the substations large, occupying big area 
making LCC impractical for very compact sites. In addition, the 
application of LCC is incomplete to one direction current flow 

through each converter. Hence, in order to reverse the power flow 
of any individual terminal the dc voltage polarity must be 
upturned as well. This is the major reason why LCC based HVDC 
technology cannot be used in applications such as multiterminal 
offshore HVDC networks. In a multi-terminal dc system which 
applies LCC technology, changing the division of the dc voltage 
for one dc line will modify the power flows in the network. 

VSC Terminal Model 

 
Fig. 2: VSC terminal 

 

The physical classification of a VSC-HVDC consists of a 
transformer on the AC side of the converter, filter, a complex 

inductance, VSC, a HVDC cable and an inverter on the other side 
of the cable. By remove the filter the calculation of converter-side 
voltage and power flows is simplified. Filter is important if the 
VSC is using reactive power for its operation. In the case of Line-
Commutated HVDC the commutation is possible only with 
lagging current and therefore it requirements reactive power. At 
high powers they require for unthinking power grows as well. 
Therefore the AC side filter is used not only for filtering purposes 

but also as a reactive power compensator. 

VSC-HVDC Components 

In order to value the in commission opinion of VSC-HVDC it is 
significant to appreciate the components that such a system 
consists of. Figure demonstrates a typical VSC-HVDC system 
with converters, phase reactors, transformers, DC capacitors, AC 
filters and DC cables. These components will be describe in more 

detail in the subsequent sections 
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Fig. 3: VSC-HVDC components 

 

The converter is the most important component of the VSC-
HVDC system and it is used to transfer power from the AC side to 
the DC side when operating as a rectifier, or to inject power into 

the AC side operating as an inverter. It uses Pulse Width 
Modulation (PWM) to generate the desired voltage waveform. In 
this thesis, Sinusoidal Pulse Width Modulation (SPWM) is 
considered where the basic principle is to compare a sinusoidal 
control voltage to a triangular wave, also called a carrier wave. 

VSC-HVDC Technology 

The solution to the above problem is given by the operation of the 

more recent version of HVDC technology known as the voltage 
source converter based high voltage direct current technology 
(VSC-HVDC). The development of VSC technology is based both 
on the improved performance and the increasing rating of the 
insulated gate bipolar transistors (IGBT). Also important role 
plays the controllability that IGBTs illustrate by means of 
capability to turn on and off and thus becoming a self commutated 
rather than line commutated converter. Furthermore, sinusoidal 

pulse width modulation technique (SPWM) gives flexibility and 
improves the performance of operation generating less harmonic 
distortion with the introduction of the VSC-HVDC, there's no got 
to modification the dc voltage polarity so as to vary the dc power 
flows, because it is that the case of LCC technology. The last 
characteristic is extremely enticing for implementation of the 
VSC-HVDC at offshore dc networks. What is more, there's no 
would like for reactive power compensation and no got to install 

giant filters to suppress harmonic distortion. As a result, the 
convertor station of VSC-HVDC is additional compact compared 
to the LCC technology with useful effects on the development of 
compact and versatile offshore station. Last however not least, 
with VSC-HVDC it's potential to bear stage development of 
meshed ac-dc networks, with quick and price economical 
designing, construction and authorization 

Principle of VSC-HVDC 

In principle, each VSC-HVDC converter is talented to manage 
active and reactive power separately by simultaneously modifiable 
the amplitude and phase approach of the fundamental component 
of the converter output voltage. The general control scheme of one 
VSC-HVDC converter station is shown in the Fig 
The control functions of VSC-HVDC system can be classified by 
three control layers: system control layer, application control 
layer, and converter control layer as shown in Table I. The system 

layer controller establishes the functions for achieving bulk 
electric grid objectives such as power flow control, congestion 
management and voltage support. 

Active-Power Control Strategies 

The active-power (P) injections of the converters in MTDC 
systems should be coordinated so as to realize the required in 
operation purpose and (b) to regulate the DC voltage of the HVDC 

grid. The DC-voltage of Associate in Nursing MTDC system will 
be controlled by just one device, the “DC slack”, or this roll will 

be distributed between collections of converters, employing a 
“DC-voltage droop” strategy. [16] The latter choice appears to be 
additional applicable in massive HVDC grids. The active-power 
point of every device i, with the DC-voltage droop controller and 
an extra supplementary reference will be written as: 
 

 

Reactive-Power Control Strategies 

In MTDC systems, the reactive-power (Q) injections of the 
converters will be controlled severally. The converters will 
organization their Q injections or AC-voltages to constant values 
or, equally to the active-power management, supplementary set 
points will be enclosed within the outer management loop to 
produce accessory services. During this work, Q supplementary 
controllers for transient stability improvement are studied. The Q 
point of device i, together with its supplement, will be written as: 

 

 

VSC-MTDC System 

Depending on the aim of the study, DC cables is shapely with 
distributed model or with π-circuit model. The distributed 

model is appropriate for transient analysis, whereas the π-

circuit model is employed for slower dynamics. For applying the 
projected management methodologies during this thesis, the π-
circuit model is chosen and also the quick active because of the 
inductances of the DC cables and also the switching’s of the 
converters don't seem to be thought-about during this study. The 
shunt DC condenser put in every DC bus is additionally enclosed 
within the condenser of the π-circuit model. Converters area unit 
to blame for injecting active power to MTDC system or extracting 

power from it. Completely different modeling approaches area 
unit bestowed within the literature. 2 models are used for the aim 
of this thesis. Within the initial model, solely the dynamic of the 
DC grid is taken into account and also the power exchange 
between AC and DC area unit depicted by DC current sources. 

4. Output Result 

HVDC-VSC Input 
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Model 1 

 

Transient Stability Model and Filter Output 

 

5. Conclusion 

A reactive-power management strategy of a VSCHVDC multi-

terminal system for transient stability improvement in power 
systems has been projected and analyzed. It consists in a very 
proportional management theme that uses the weighted-average 
frequency at the MTDC system converters because the frequency 
set-point worth. Every VSC station would inject (absorb) reactive 
power if the frequency at its terminals is higher than (below) the 
reference worth. The paper includes full description of the 
proposal, a simplified theoretical analysis employing a Lyapunov 

equation operate and detail simulation, victimization PSS/E, with 
many situations supported the Nordic 32A system with a 3-
terminal MTDC system inbuilt. All told cases the soundness limit 
has been measured victimization the CCT. 1st of all, different-
severity faults are investigated. Secondly, the result of the outage 
of 1 of the converters within the system has been analyzed. 
Thirdly, the performance of the system in AN N-2 case of the first 
grid has been studied. The projected management strategy has 
been compared with (a) no action from the MTDC system and (b) 

modulation primarily based solely on native frequency 
measurements, wherever communication between the device 
stations isn't necessary. All told cases, the projected strategy will 
increase CCTs (transient stability is improved) and outperforms 
the opposite ways. 
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