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Abstract: It is extraordinary that standard line-

commutated converter (LCC) based high voltage arrange 

current (HVDC) structure is not prepared to control its 

responsive power and terminal AC voltages. This paper 

looks into the responsive power and AC voltage control 

at the inverter side of the LCC HVDC structure with 

controllable capacitors. The structure's ability of working 

under negative annihilation edge is utilized to finish a 

broad assortment of open power control and, particularly, 

the limit of conveying responsive power. Concerning 

inverter AC terminal voltage or responsive power 

control, among different control potential results at the 

rectifier side, dynamic power control is alluring since 

broad assortments of dynamic power trade is greatly 

negative. 

          Definite hypothetical investigation is completed 

first to demonstrate the receptive power controllability, 

and the capacitor voltage level is chosen in light of the 

coveted control extend. What's more, another eradication 

edge estimation approach is proposed for negative 

elimination edge estimations. The adequacy of the 

receptive power/voltage control capacity for the proposed 

framework is approved through recreation comes about 

utilizing Real-Time Digital Simulator (RTDS). To check 

the viability of the receptive power and voltage control, 

CCC HVDC and LCC HVDC with SVC are additionally 

set up in RTDS, and reproduction correlations are made. 

Besides, commitment to AC voltage control in control 

framework utilizing the proposed technique is shown 

through reenactment consequences of the altered two-

territory four-machine AC control.  

 

Index Terms: AC voltage control, HVDC with 

controllable capacitor, HVDC transmission, LCC HVDC, 

reactive power control. 

 

1. Introduction 

 
Customary Line-Commutated Converter (LCC) based 

High Voltage Direct Current (HVDC) innovation has 

assumed a vital part in long separation mass power 

transmission around the globe since its first application 

60 years back. However some outstanding impediments 

related with regardless it exist today which to a specific 

degree restrain assist utilizations of such an innovation. 

One of the constraints is huge responsive power necessity 

at the two sides of the HVDC framework.  

The responsive power necessity begins from the 

terminating of thyristors after compensation voltage 

winds up noticeably positive, which as a result postponed 

the present waveforms as for the voltage waveforms [1-

5]. So both rectifier and inverter sides of the framework 

assimilate receptive power. In any case it ought to be 

noticed that to the sending end AC framework, the 

rectifier speaks to a heap and it is regular that it draws 

some responsive power from the system much the same 

as different burdens. Then again, from the perspective of 

the less than desirable end AC framework, the inverter 

goes about as a power maker and in that capacity should 

take its offer of responsive load. However actually as 

opposed to creating, the inverter expends receptive power 

consequently its utilization level of responsive power 

ought to be limited. 

             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[6-9], and FACTS devices such as 

STATCOM and static var compensator (SVC), etc. may 

be needed to mitigate the problem. 

 

2. System Configuration and Operational Concepts 

 
 Fig.1. Configuration of LCC HVDC system with 

controllable capacitors. 

(a) Inverter and connected AC system. 

(b) Capacitor module configuration. 

               System is based on the CIGRE HVDC 

Benchmark model with all the system parameters got 

from [10-15]. An induction machine is added to the 
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inverter AC bus to test the AC voltage controller 

performance. Capacitor modules are connected in series 

between the secondary side of converter transformers and 

thyristor valves. Each capacitor module can be realized 

by a single module (as that for 2-level VSC) or by a 

number of series connected sub-modules to achieve 

higher insertion voltage.  

                 Each module consists of four IGBT switches 

with anti-parallel diode across each one of them. The 

reference polarity of the capacitor is shown in Fig. 1(b). 

Each capacitor module will be inserted as a positive 

voltage when S1 and S4 are switched on and S2 and S3 

are switched off, and will be inserted as a negative 

voltage when S2 and S3 are switched on and S1 and S4 

are switched off. Bypass is achieved by switching S1 and 

S3 on or S2 and S4 on at the same time. 

 
 

Figure 1. configuration model 

 

3. Theoretical Analysis Of Reactive Power 

Controllability 

 
This section is to examine the reactive power 

controllability by capacitor insertion and firing angle 

control. The capacitor insertion strategy and capacitor 

voltage balancing actions affect the system from three 

different aspects. Firstly the overlap angle is smaller due 

to additional commutation voltage from capacitors. 

Secondly the average voltage across the 6-pulse bridge is 

increased due to the difference of capacitor voltage 

change during commutation. Thirdly the pre-insertion of 

capacitors for charging purpose also increases the 

average bridge voltage[16-19]. 

                 In the following, analytical derivations will be 

presented for all three aspects and then variation of 

power factor (interchangeably variation of reactive 

power) as a function of firing angle and extinction angle 

will be shown. In addition, selection of capacitor voltage 

level for the desired operating range is also presented. 

 

Output waveforms: 

 

 
 

Figure 2. Required capacitor voltage 

 

This section presents the simulation results of reactive 

power control and inverter AC voltage control of the 

LCC HVDC system with controllable capacitors. The 

nominal operating point for both cases is designed so that 

the inverter side is absorbing zero reactive power and 

sending rated active power at rated DC and AC voltages. 

The capacitor banks are removed and transformer turns 

ratio is modified to meet the rated working condition. 

The values of capacitors are 585 µF and its voltage level 

is chosen to be 110 kV[20-21]. The rectifier side is 

controlling the active power transfer by controlling the 

DC current. The AC systems at both sides are kept the 

same as the CIGRE HVDC benchmark model. The whole 

system is modelled in RTDS with a small simulation 

time-step of 3.6 µs[22-27]. 
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3.1 Reactive Power Control 

 

Fig. 12 shows the system responses following changes of 

reactive power reference. In this simulation, the reactive 

power reference is initially set to zero and changes to –

150 MVar at 3.1 s, then increases to 150 MVar at 4.6 s 

and finally changes back to zero at 6.1 s. Negative 

reactive power indicates that the inverter is exporting 

reactive power to the AC system. It can be seen from Fig. 

12(a) that measured reactive power successfully tracks 

the reference and is able to achieve zero steady-state 

reactive power consumption. It can also be observed that 

inverter can export reactive power if needed. 

At the same time, active power transfer on the 

DC link is controlled at the rated value which is shown in 

Fig. 12(b).  

              The response of the DC active power at the 

instants of step changes of the reactive power can be 

explained by considering controller actions. For example 

when the reactive power reference is increased, the 

inverter firing angle is decreased according to the 

controller shown in Fig. 9. This decrease of inverter 

firing angle leads to a decrease of the DC voltage[28-30]. 

           Therefore the DC power drops transiently as the 

DC current cannot be changed instantly. 

Similarly when the reactive power reference is decreased, 

there is a transient increase of the DC active power 

 

 
 

 

 

 

 
 

Figure 3. Reactive power control 

 

4. AC Voltage Control 
 

This case study is used to demonstrate the inverter AC 

voltage controllability following large inductive load 

changes. The inverter side is using the proposed AC 

voltage controller. The load being considered in this case 

study is an induction machine with a rating of 98.5 MVA 

and a power factor of 0.94. It is connected to the inverter 

AC bus and is switched in and out by controlling the 

connected circuit breakers. 

         Figure shows the simulation results when an 

induction machine is switched in at 0.4 s. 
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Figure 4. AC Voltage Control 

 

5. Conclusion 

 

This paper has explored and shown the receptive power 

and voltage control ability of LCC HVDC framework 

with controllable capacitors. The receptive power control 

and voltage control at the inverter side of the LCC 

HVDC framework with controllable capacitors have been 

proposed and related controllers have been actualized. 

Regarding the receptive power control or voltage control, 

dynamic power control at the rectifier side is attractive 

and such a control has been embraced in this paper. 

              Numerical examination has been completed and 

it demonstrated that if the capacitor voltage level is 

fittingly picked,  the framework can accomplish zero 

enduring state responsive power utilization. 

Consequently the extent of capacitor banks can be 

essentially lessened, which prompts impressive cost 

reserve funds.  

            To additionally abuse the responsive power 

controllability, the AC voltage controller is intended to 

control the inverter AC voltage by the converter itself. 

Reenactment studies and correlations with CCC HVDC 

and LCC HVDC with SVC have been done utilizing 

RTDS, and confirmed the HVDC framework's successful 

receptive power and voltage control capacity utilizing the 

approach proposed. The framework's capacity of working 

under negative termination edge has been used to 

accomplish an extensive variety of responsive power 

control and, specifically, the capacity of trading receptive 

energy to the AC framework. 
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