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Abstract:  It is notable that conventional LCC HVDC system is not ready to control its 

responsive power and terminal AC voltages. This paper researches the reactive power and AC 

voltage control at the inverter side of the LCC HVDC system with controllable capacitors. The 

system's capacity of working under negative annihilation angle is used to accomplish an 

extensive variety of responsive power control and, specifically, the capacity of sending out 

reactive power. The adequacy of the reactive power/voltage control ability for the proposed 

system is approved through simulation results utilizing Real Time Digital Simulator (RTDS). To 

check the viability of the responsive power and voltage control, CCC HVDC and LCC HVDC 

with SVC are likewise set up in RTDS. The proposed idea makes a combination of Fuzzy Logic 

which aids precise control of capacitors and makes the system productive by decreasing the 

utilization of Reactive Power. Every one of the outcomes is procured from the MATLAB 

simulations and different graphs are plotted. 
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1. Introduction 

Most HVDC plots in business operation 

today utilize line commutated thyristor valve 

converters.  

Line Commutated Converter In a line 

commutated converter, the recompense is 

completed by the ac system voltage. This 

gets inborn trouble proceeding with solid 

compensation at exceptionally powerless ac 

system voltages, e.g., amid ac system issues. 

An ac system is thought to be exceptionally 

frail if the proportion of [short-circuit 

control at the purpose of connection] to the 

[rating of the HVDC scheme] is under 2. 

Some HVDC plans without dc lines work 

effectively with a proportion of less than 

1.5. As of late converter topologies utilizing 

arrangement capacitors in the HVDC 

converter have likewise been used to defeat 

some of these issues. Moreover, the 

expansion in reactive power utilization with 

the increment of dc control exchanged must 
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be considered in the plan of the plan and its 

control system. The line commutated 

converter based HVDC (LCC HVDC) will 

keep on being utilized for mass power 

HVDC transmission more than a few 

hundred MW, in light of the fact that this 

develop innovation gives proficient, solid 

and practical power transmission for some 

applications. The reactive power 

prerequisite starts from the terminating of 

thyristors after recompense voltage ends up 

noticeably positive, which basically 

postponed the present waveforms regarding 

the voltage waveforms. So both rectifier and 

inverter sides of the system assimilate 

reactive power. In any case it ought to be 

noticed that to the sending end AC system, 

the rectifier speaks to a heap and it is regular 

that it draws some responsive power from 

the system simply like different burdens. 

Then again, from the perspective of the less 

than desirable end AC system, the inverter 

goes about as a power maker and all things 

considered should take its offer of reactive 

load. In any case, actually as opposed to 

delivering, the inverter expends reactive 

power consequently its utilization level of 

responsive power ought to be limited. 

Besides, with inactive reactive power 

remuneration at the inverter side, the level of 

responsive power being created tends to 

diminish under transient AC voltage drops 

where responsive power bolster is required 

most. In the meantime, the base termination 

angle controller will propel its terminating 

angle which prompts higher reactive power 

utilization and creates additional AC voltage 

drops. These operational qualities are 

obviously horrible, and FACTS gadgets, for 

example, STATCOM and SVC, and so forth 

might be expected to alleviate the issue. As 

opposed to what has been portrayed over, 

the coveted inverter exhibitions are Very 

low or zero reactive power utilization level 

at relentless state and AC voltage control by 

inverter itself particularly under vast AC 

aggravations. It ought to be brought up that 

the responsive power or voltage 

controllability at the inverter side ought not 

be accomplished to the detriment of 

diminished dynamic power exchange level, 

as the essential part of a HVDC connect is to 

give a steady dynamic power exchange.  

 

Figure 1. LCC HVDC 
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Figure 2. Simulation 1 

  

Figure 3.Controller design using 

conventional method. 

2. LCC -HVDC 

LCC HVDC was presented in the USSR in 

1950 (Kashira-Moscow) and in Sweden in 

1954 (Gotland). The two systems utilized 

mercury circular segment valves. The 

primary use of thyristor valves was to the 

Eel River plot in Canada in 1972. The 

utilization of thyristors started a fast 

increment in the introduced limit of HVDC 

systems due to the prevalent unwavering 

quality of thyristor innovation. As of late 

further dependability upgrades and smaller 

plans with vast limit thyristors (up to 8.5 kV, 

4 kA) have added to the huge advance of 

HVDC applications. LCC HVDC has been 

connected to the accompanying sorts of 

energy transmission:  

• Submarine and underground cable 

transmission  

• Asynchronous connection between ac 

systems  

• Long separation bulk power transmission 

utilizing overhead lines Its specialized 

capacity, consolidated with its monetary 

preference and low working misfortunes, 

make LCC HVDC a functional answer for 

augmenting or upgrading influence system 

interconnections. This informative 

supplement gives a review of LCC HVDC 

systems, including the general circuit 

design, control plans, and operational 

attributes. A rundown of LCC HVDC plots 

in operation shows up toward the finish of 

the index.  

3. System Architecture  

HVDC transmission systems can be 

designed from various perspectives to suit 

operational prerequisites:  

• The least difficult setup is the consecutive 

interconnection in which two converters are 

on a similar site without a transmission line.  

• Monopolar HVDC is a connection utilizing 

a solitary high-voltage conduit line and the 

earth (or the ocean) or a metallic low-

voltage conveyor as an arrival channel. In 
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late plans the utilization of earth return is 

winding up less regular in view of 

ecological resistance.  

• The most widely recognized setup is the 

bipolar connection. Figure 3 delineates an 

improved single-line outline of a two-

terminal bipolar HVDC transmission 

system. With a metallic restore, the earth 

establishing is made at just a single terminal. 

A couple of existing plans have a multi-

terminal setup in which dc transmission 

lines interface at least three terminals at 

various destinations. Some LCC HVDC 

plans have additionally been furnished with 

the ability of working parallel converters at 

the finishes of a dc transmission line. 

 

Fig 4: One-line diagram of a two-terminal 

HVDC system 

3.1 Converters The converter performs the 

vitality change amongst ac and dc. It more 

often than not has a 12-beat plan, in which 

two 6-beat spans are associated in 

arrangement on the dc side, as delineated in 

Figure 5. The exchanging of the valves is 

requested by the converter control. The 

rectifier is the converter in which control 

streams from ac to dc, and the inverter is the 

converter in which control streams from dc 

to ac. The rule of change and the waveforms 

related with these transformations are point 

by point in references 4 and 5. 

 

Fig 5: Configuration of a 12-pulse bridge 

3.2 Converter Transformers The converter 

transformers alter the provided ac voltage to 

the valve scaffolds to suit the appraised dc 

voltage. The transformer for a 12-beat 

connect has a star-star-delta three-winding 

design, or a mix of transformers in star-star 

and star-delta associations. The converter 

transformers might be given as single-phase 

or three-stage units. The converter 

transformer ordinarily has a spillage 

reactance of around 10-18% to restrain the 

current amid a short out blame of the 

scaffold arm.  

3.3 Harmonic Filters Converter operation 

produces symphonious streams and voltages 

on the ac and dc sides, separately. On the ac 

side, a converter with a heartbeat number of 
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p produces trademark sounds having the 

request of np±1 (n=1,2,3,… ). Ac channels 

are introduced to retain those symphonious 

parts and to diminish voltage contortion 

beneath a required limit. Tuned channels 

and high pass channels are utilized as ac 

channels. On the dc side, the request of 

sounds is np. DC channels, alongside dc 

reactors, decrease the sounds streaming out 

into the dc line. DC channels are not 

required in cable transmission or 

consecutive plans.  

3.4 Shunt Capacitors A line commutated 

converter in enduring state operation 

devours reactive energy of around 60% of 

the dynamic, or dc, control exchanged. The 

shunt capacitors introduced at the converter 

ac transport supply the reactive power 

required to keep up the converter ac 

transport voltage. To accomplish attractive 

power factor for the LCC HVDC converter, 

the shunt capacitors are regularly subdivided 

and exchanged by circuit breakers as the dc 

control changes. A few or the majority of 

the shunt capacitors are typically arranged as 

ac consonant channels.  

3.5 DC Reactors The dc reactor adds to the 

smoothing of the dc current and gives 

symphonious voltage diminishment in the dc 

line. The dc reactor likewise adds to the 

impediment of the peak current amid a short 

out blame on the dc line. It ought to be 

noticed that the inductance of the converter 

transformer additionally contributes 

altogether to these capacities.  

3.6 DC Connections Cables or overhead 

lines are constantly present on the shaft 

associations, with the exception of in 

consecutive systems. On the terminal 

associations, many existing systems utilize 

the ground return in typical working 

conditions (monopolar systems) or in crisis 

conditions (bipolar systems). 

Notwithstanding, on account of natural 

resistance, the usage of ground return is 

winding up progressively tricky and the 

utilization of metallic return (as 

demonstrated in Figure 4), albeit more 

costly, is getting to be noticeably normal, 

particularly for monopolar systems. 

4. Theoretical Analysis of Reactive Power 

Controllability  

This segment is to look at the responsive 

power controllability by capacitor inclusion 

and terminating point control. The capacitor 

inclusion methodology and capacitor voltage 

adjusting activities influence the system 

from three unique viewpoints. Right off the 

bat the cover angle is littler because of extra 

substitution voltage from capacitors. Besides 

the normal voltage over the 6-beat connect 

is expanded because of the distinction of 
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capacitor voltage change amid replacement. 

Thirdly the pre-inclusion of capacitors for 

charging reason likewise builds the normal 

extension voltage. In the accompanying, 

diagnostic determinations will be displayed 

for every one of the three viewpoints and 

after that variety of energy factor 

(reciprocally variety of responsive power) as 

a component of terminating point and 

eradication angle will be appeared. 

Moreover, choice of capacitor voltage level 

for the coveted working reach is additionally 

exhibited.  

5. Fuzzy Logic Controller in HVDC  

Light transmission systems, dynamic and 

reactive power is controlled by utilizing 

distinctive sorts of controllers. By and large, 

customary PI controllers are utilized for this 

application. The chosen values utilized as a 

part of customary PI controlled system are: 

KP = 3; KI = 20 (For P and Q control modes 

at station 1) KP = 2; KI = 40 (For DC 

voltage control mode at station 2) KP = 3; 

KI = 25 (For Q control mode at station 2) 

But, these controllers are intended to work at 

a specific working point; any aggravation 

may cause disintegration of the controller 

execution. To evade such a circumstance, 

fuzzy PI controllers are acquainted with 

control above parameters in the HVDC 

Light transmission systems. It demonstrates 

the general structure of the proposed 

controller. In this exploration work, four PI 

controllers are utilized to get quicker 

reaction and littler overshoot. Inward 

structure of the fuzzy PI controller. The 

fundamental fuzzy rationale controller is 

made out of four capacity blocks. 

 

Fig6: Controller design using proposed 

method 

These are fuzzifier block, learning base, 

deduction motor and defuzzifier piece. 

There are two contributions for each of the 

fuzzy rationale controller, to be specific, 

blunder (e), change of mistake (de) and the 

yield known as gain(Kp and Ki). Here, the 

information of two sources of info i.e. 

blunders and change of mistake is changed 

into phonetic factors by fuzzifier. At that 

point, the etymological factors are prepared 

by the fuzzy standards in the administer base 

as "If – Then" through fuzzy ramifications. 

To fuzzify both information and yield, 

triangular participation work set is utilized 
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as a part of this paper with five phonetic 

factors viz, Negative huge (NL), Negative 

small(NS), zero (Z), positive little (PS) and 

positive huge (PL). The participation 

capacities utilized for the information and 

yield factors in the fuzzy rationale tool kit 

are appeared in Fig.6. The information base 

unit has two segments, the information base 

and the lead base.  

6. Experimental Results  

This segment introduces the reenactment 

consequences of reactive power control and 

inverter AC voltage control of the LCC 

HVDC system with controllable capacitors. 

The ostensible working point for the two 

cases is composed so the inverter side is 

engrossing zero reactive power and sending 

appraised dynamic power at evaluated DC 

and AC voltages. The capacitor banks are 

evacuated and transformer turns proportion 

is changed to meet the appraised working 

condition. The estimations of capacitors are 

585uf and its voltage level is been 110 kV. 

The rectifier side is controlling the dynamic 

power exchange by controlling the DC 

current. The AC systems at the two sides are 

kept the same as the CIGRE HVDC 

benchmark show. The entire system is 

displayed in RTDS with a little reproduction 

time-step of 3.6us.  

A. Responsive Power Control Fig. 7 

demonstrates the system reactions following 

changes of responsive power reference. In 

this reproduction, the reactive power 

reference is at first set to zero and changes 

to - 150 MVar at 3.1s, at that point 

increments to 150 MVar at 4.6s lastly 

changes back to zero at 6.1s. Negative 

responsive power shows that the inverter is 

sending out reactive energy to the AC 

system. 

 

(a), (b) 
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(c), (d), (d) 

Fig.7. System responses with reactive power 

reference step changes. (a) Reactive power 

consumption at inverter; (b) Active power 

transfer; (c) DC voltage; (d) DC current; (e) 

Inverter firing angle. 

Simulation response 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

 

(g) 

Fig (a), (b), (c), (d), (e), (f), (g) output 

values before Fuzzy and after fuzzy logic in 

the entire system 

7. Conclusion  

This paper has explored and shown the 

reactive power and voltage control ability of 

LCC HVDC system with controllable 

capacitors. The reactive power control and 

voltage control at the inverter side of the 

LCC HVDC system with controllable 

capacitors have been proposed and related 

controllers have been executed. Regarding 

the reactive power control or voltage 

control, dynamic power control at the 

rectifier side is attractive and such a control 

has been embraced in this paper. The 
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viability of the reactive power/voltage 

control capacity for the proposed system is 

approved through recreation comes about 

utilizing Real Time Digital Simulator 

(RTDS). The proposed idea makes a joining 

of Fuzzy Logic which aids exact control of 

capacitors and makes the system effective 

by diminishing the utilization of Reactive 

Power. Going to the proposed hypothesis of 

substrate coupled inductors. Here the 

mistake with respect to stack current and the 

reference esteem will be headed to PI 

controller which guides them in to the beat 

generator. As the outcome twists and 

harmonics will be moderated 
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