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ABSTRACT: Here proposed a novel 

technology of MMC based HVDC 

converter to control the reactive power and 

ac voltage control. It is well known that 

conventional line-commutated converter 

(LCC) based high voltage direct current 

(HVDC) structure is not able to organize 

its reactive power and terminal AC 

voltages. This thesis explores the reactive 

power and AC voltage control at the 

inverter side of the LCC HVDC structure 

with controllable capacitors. The system’s 

capability of operating under negative 

extinction angle is utilized to achieve a 

wide range of reactive power control and, 

in particular, the ability of exporting 

reactive power. In connection with the 

inverter AC terminal voltage or reactive 

power control, among different control 

possibilities at the rectifier side, active 

power control is desirable since large 

variations of active power transfer is very 

unfavorable. Detailed theoretical analysis 

is carried out first to show the reactive 

power controllability, and the capacitor 

voltage level is selected based on the 

desired control range. Previously 

controlling of reactive power or providing 

the reactive power  The effectiveness of 

the reactive power by adding some delay 

time to switches but default that will 

causes the commutation failures in the 

system so here I propose novel control 

technique for controlling the reactive and  

Voltage control capability for the proposed 

system is validated through simulation 

results using matlab/ simulink. 
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I.INTRODUCTION: Conventional Line-

Commutated Converter (LCC) based High 

Voltage Direct Current (HVDC) 

innovation has assumed an imperative job 

in long separation bulk power transmission 

around the globe since its first application 

60 years back. Anyway some notable 

restrictions related with regardless it exist 

today which to a specific degree limit 

further utilizations of such an innovation. 

One of the restrictions is noteworthy 

responsive power necessity at the two 

sides of the HVDC framework. The 

receptive power prerequisite starts from 

the terminating of thyristors after 

substitution voltage winds up positive, 

which in actuality postponed the present 

waveforms as for the voltage waveforms. 

So both rectifier and inverter sides of the 

framework retain responsive power. Any 

way it ought to be noticed that to the 

sending end AC framework, the rectifier 

speaks to a heap and it is normal that it 

draws some receptive power from the 

system simply like different burdens. 

 [1]. So both rectifier and inverter sides of 

the system absorb reactive power. 

However it should be noted that to the 

sending end AC system, the rectifier 

represents a load and it is natural that it 

draws some reactive power from the 

network just like other loads. On the other 

hand, from the point of view of the 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE VIII, August/2019

ISSN NO: 2394-8442

PAGE NO:18



receiving end AC system, the inverter acts 

as a power producer and as such should 

take its share of reactive load. But the 

reality is that instead of producing, the 

inverter consumes reactive power thus its 

consumption level of reactive power 

should be minimized. Furthermore, with 

passive reactive power compensation at 

the inverter side, the level of reactive 

power being produced tends to decrease 

under transient AC voltage drops when 

reactive power support is needed most. At 

the same time, the minimum extinction 

angle controller will advance its firing 

angle which leads to a higher reactive 

power consumption and causes further AC 

voltage drops. These operational 

characteristics are clearly unfavorable, and 

FACTS devices such as STATCOM and 

static var compensator (SVC), etc. may be 

needed to mitigate the problem. 

In contrast to what has been described 

above, the desired inverter performances 

can be listed as follows:  

 Very low or zero reactive power 

consumption level at steady-state.  

 AC voltage control by inverter 

itself especially under large AC 

disturbances. 

It should be pointed out that the 

reactive power or voltage 

controllability at the inverter side 

should not be achieved at the expense 

of reduced active power transfer level, 

as the primary role of an HVDC link is 

to provide a stable active power 

transfer. In this way, the advantage of 

the inverter reactive power control can 

be maximized. 

II. Literature Survey: 

1) Elimination of Commutation 

Failures of LCC HVDC System 

with Controllable Capacitors: 

This paper presents a novel hybrid 

converter configuration for 

conventional Line-Commutated 

Converter (LCC) HVDC technology 

aiming to eliminate commutation 

failures under serious faults. Dynamic 

series insertion of capacitors during 

commutation is utilized to increase the 

effective commutation voltage. The 

operating principles are presented 

followed by detailed mathematical 

analysis for both zero impedance 

single-phase and three-phase faults in 

order to select the required capacitor 

size and its voltage level. The 

performance of the proposed method is 

validated by simulation results in Real 

Time Digital Simulator (RTDS) and 

the results show that the proposed 

converter configuration is able to 

eliminate commutation failures under 

both fault cases. Consequently partial 

power transferring capability during 

single-phase fault and fast fault 

recovery from three-phase fault can be 

achieved. Further simulation results 

show that the harmonic content of 

inverter AC voltage and current are not 

significantly increased and the voltage 

stress of the thyristor valve is 

comparable to that of the original 

benchmark system. 

Commutation failures are frequent 

dynamic events which are recorded in 

several practical systems such as the 

concurrent commutation failures and 

forced blocking of converter stations in 

East China Power Grid resulting from 

single-phase fault at inverter side in 

2013 [2]. This accident caused a 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE VIII, August/2019

ISSN NO: 2394-8442

PAGE NO:19



reduction of 4530 MW power 

transmitted by HVDC links, which led 

to a significant reduction of inverter 

side AC system frequency and an 

increase of power in the adjacent 

HVAC lines. Also the generators at 

rectifier side were tripped and spinning 

reserves were activated at inverter side 

to compensate for the loss of active 

power transfer. Efforts have been made 

to reduce the risk of commutation 

failures and the proposed approaches 

can be broadly classified into two 

categories: one is through modification 

of controllers and the other is by 

adding additional capacitive 

components/power electronic devices. 

For the controller modification 

methods, it has been identified in 

literature that commutation failures 

cannot be completely avoided if the 

fault is electrically close to the inverter 

[1], [7]. So the objectives of these 

modifications are either to reduce the 

probability of commutation failure or 

to increase the recovery speed of DC 

system after commutation failure [4]–

[6], [15]. The most commonly used 

method is to advance the firing angle at 

inverter side immediately after 

detection of AC voltage disturbance in 

order to give a larger commutation 

margin [3]. Another possibility is to 

reduce the commutated DC current by 

lowering the current order at rectifier 

side upon detection of AC voltage 

disturbance [4]. However the 

advancement of firing angle will lead 

to increased reactive power 

consumption, which will further 

depress the inverter AC bus voltage 

particularly for weak AC systems. 

Also the change of current order at 

rectifier side might not be fast enough 

given the normally long distance of the 

DC link. 

This paper is organized as follows. 

In Section II, the proposed circuit 

configuration will be described. In 

Section III, the principles of operation 

and capacitor voltage balancing issue 

of the proposed method will be 

explained. In Section IV, simulation 

results are inserted capacitors will be 

presented. Hence guidelines for the 

selection of capacitor size and its 

voltage level will then be given based 

on the derived mathematical 

relationships. In Section V, the 

effectiveness of the proposed method 

will be validated by various 

simulations in RTDS. Additionally the 

AC voltage and current harmonic 

content and thyristor valve voltage 

stress in the proposed system are 

compared with the original benchmark 

system. 
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Fig. 1. Proposed inverter topology 

and connected AC system. (a) System 

configuration; (b) Capacitor module 

configuration 

III. Proposed Method: 

The Modular Multilevel Converter 

(MMC) represents an emerging topology 

with a scalable technology making high 

voltage and power capability possible. 

The MMC is built up by identical, but 

individually controllable submodules. 

Therefore the converter can act as a 

controllable voltage source, with a large 

number of available discrete voltage 

steps. This characteristic complicates the 

modelling both mathematically and 

computational. A mathematical model of 

the MMC is presented with the aim to 

develop a converter control system and 

the model is converted into the dq 

reference frame. Block diagrams for 

control of active power and AC voltage 

magnitude are shown. 

 

 

Fig.2. Structure of MMC controller 

Operating principle of MMC: 

 

In a three phase MMC, each of the 

phase units consists of two multivalves, 

and each multivalve consists of N sub 

modules connected in series (Fig. 2) [9]. 

With a DC voltage of} 320 kV N=38 is 

typically required [4]. The half-bridge sub 

module consists of two valves (T1 and T2) 

and a capacitor (Fig. 2). The valves are 

made up of an IGBT and a freewheeling 

diode in antiparallel. In normal operation, 

only one of the valves is switched on at a 

given instant in time. Depending on the 

current direction the capacitor can charge 

or discharge [9]. When only one IBGT is 

switched on, either that IGBT or the 

freewheeling diode in the same valve will 

conduct, depending on the current 

direction, and for this reason it makes 

sense to define a valve as on, indicating 

that either the IGBT or the diode is 

conducting 
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IV. SIMULATION RESULTS Case 1: System responses with reactive 

power reference step changes. 

       Proposed simulink circuit 

 

(a)Active power transfer and (b) 

Reactive power consumption at inverter 

and 

 

(a) DC voltage and DC current 

 

 
 

(b) Inverter firing angle and 

Extinction angle 

 

(c)  

 

(d) Capacitor voltages (CapYYa, 

CapYYb, CapYYc). 

 
(e) Capacitor currents for CapYYa, 

CapYYband CapYYc. 

 

Case 2: System responses with 

large inductive load switching. 

 
 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME VI, ISSUE VIII, August/2019

ISSN NO: 2394-8442

PAGE NO:22



 
AC voltage 

 

 
Inverter Active and reactive powers 

 
DC current and firing angle 

 
Capacitor voltages 

 
Capacitor currents 

 
Induction motor reactive power 

 

Case 3: System responses of CCC 

HVDC with large inductive load 

switching 
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Firing angle, DC voltage and DC 

current 

 

 
AC voltage 

 
Reactive power 

 

Extended by using MMC: 

 

Proposed simulink circuit with MMC 

Five level cascaded H-Bridge 

MMC representation: 

 

 

 

Dc voltage an dc currents 

 

Capacitor currents 
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Active and reactive powers at inverter 

side 

 

 

Firing angle and extinction 

angle  

 

Capacitor voltages  

V. Conclusion: 

This thesis has examined and verified the 

reactive power and voltage control 

capability of LCC HVDC structure with 

controllable MMC controllers. The 

reactive power control and voltage control 

at the inverter side of the LCC HVDC 

system with controllable MMC have been 

projected and allied controllers have been 

executed. In association with the reactive 

power control or voltage control, active 

power control at the rectifier side is 

desirable and such a control has been 

adopted in this paper. Here verified the 

simulation results with controllable 

capacitor and MMC based controller for 

controlling the reactive power and ac 

voltage at inverter side by measuring the 

extinction angle for reactive suppliers to 

the grid side or load and our inverter is 

consumption of reactive power is as low as 

compared to all conventional methods. 
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