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UNIT – 4 HVDC Conrol Unit-04/Lecture-01 Control of EHV D.C. System and desired feature of control EHV DC System Control [RGPV/Dec 2010/ 10] To control the firing angle of a converter, it is necessary to synchronize the firing pulses emanating from the trigger unit to the ac line commutation voltage which has a frequency of (60 or) 50 Hz in steady state. In the early 1950s, when the first HVDC converter installations were implemented with mercury arc valves, the relative size of the terminals was small compared to the MVA capacity of the ac systems coupled to these converters. This essentially meant that the grid firing system, which was synchronized directly to the sinusoidal ac system waveform, could generate the firing pulses in a relatively stable manner. However, since the threephase sinusoidal ac waveforms of the ac systems were used as the synchronizing elements, the firing pulses were individually generated for each of the valves of the converter.



Desired feature of HVDC control In a typical two-terminal dc link connecting two ac systems (Figure 1), the primary functions of the dc controls are to: 1. Control power flow between the terminals, 2. Protect the equipment against the current/voltage stresses caused by faults, and 3. Stabilize the attached ac systems against any operational mode of the dc link.



Figure 1 Typical HVDC System
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The two dc terminals each have their own local controllers. A centralized dispatch centre will communicate a power order to one of the terminals which will act as a Master Controller and has the responsibility to coordinate the control functions of the dc link. Besides the primary functions, it is desirable that the dc controls have the following features: 



Limit the maximum dc current



Due to a limited thermal inertia of the thyristor valves to sustain over currents, the maximum dc current is usually limited to less than 1.2 pu for a limited period of time. 



Maintain a maximum dc voltage for transmission.



This reduces the transmission losses, and permits optimization of the valve rating and insulation. 



Minimize reactive power consumption.



This implies that the converters must operate at a low firing angle. A typical converter will consume reactive power between 50-60% of its MW rating. This amount of reactive power supply can cost about 15% of the station cost, and consume about 10% of the power loss. 



Other features



Such as the control of frequency in an isolated ac system or enhance power system stability. S.NO RGPV QUESTIONS Q.1 Discuss the desired feature of control of HVDC System.



Year Dec 2010



Marks 10
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UNIT 04/ LECTURE 02 Control Characteristics of HVDC System



Control Characteristics [RGPV/ Dec 2007/ 10] A two terminal dc link is shown in Figure below with a rectifier and an inverter. The dc system is represented by an inductance L and a line resistance R; the value of the inductance L comprises the smoothing reactor(s), dc line inductance whereas the value of R includes the resistances of the smoothing reactor(s) and the resistance of the dc line etc.



Typical HVDC System Using Ohm’s law, the dc current in the dc link depicted in the figure is given as:



The power flow transmission of the dc link is therefore given by



From converter theory, in the case of a CSC the Vd-Id relationship for a rectifier is given by



From converter theory, in the case of a CSC the Vd-Id relationship for an inverter is given by either



or, depending on choice of control variable



Using equations describing Vdr and Vdi for the case of a CSC, the dc line current is given by either one of two options depending upon the choice of the control mode at the inverter:
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These equations provide the equivalent circuits for the dc link, as shown in Figure below.



Figure 3: Equivalent circuit of dc link with inverter (a) Equivalent circuit of dc link with inverter with beta control mode (b) Equivalent circuit of dc link with inverter in gamma control mode



Changes in can therefore occur by: 1- Varying 𝛼 at the rectifier. Due to electronic control, this is quite fast and will occur within one-half cycle (or about 8-10 milli-seconds). 2- Varying β or γ at the inverter. This is quite fast and will occur within milli-seconds. 3- Varying AC voltage at rectifier by means of the converter transformer tap changer. This is a slow process and usually takes the order of several hundreds of seconds. 4- Varying AC voltage at inverter by means of the transformer tap changer. This is a slow process and usually takes the order of several hundreds of seconds.



The choice of control strategy is selected to enable a fast and stable operation of the dc link whilst minimizing the generation of harmonics, reactive power consumption and power
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transmission losses. The three characteristics represent straight lines on the Vd-Id plane, as shown in Figure 4. Notice that eq. (4-4), i.e. the beta characteristic, has a positive slope while the eq. (4-5), i.e. the gamma characteristic, has a negative slope.



Figure 4: Representation of control strategy



S.NO Q.1



RGPV QUESTIONS Year Discuss converter control characteristics of HVDC Dec 2007 system.



Marks 10
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UNIT 4/ LECTURE 03 Constant Current Control Constant Current control [RGPV/ Dec 2009/ 10] This is also called “Current Margin Method” of control for two terminal HVDC system is the most widely accepted method in use at present. The method relies on a defined zone of operation of the dc system, with clear functions for both terminals. It also incorporates protection features to protect the dc link. Rectifier mode of operation The rectifier mode of operation is defined by a number of characteristics as shown in the Figure 5



Figure 5 Static Vd-Id Characteristics Constant Id characteristic The converter valves have limited thermal inertia, and therefore cannot carry a large current over their rated value for any extended period of time. Typically, a maximum limit of Imax = 1.2 pu is specified as the upper limit for the current carrying capacity of the valves. The current Id= constant characteristic is a straight line BC, as shown in the figure. The zone of operation is also indicated. Inverter Mode of operation: Constant current characteristic The line ST defines the Constant Current characteristic of operation at the inverter. In order to maintain a unique operating point of the dc link, defined by the cross-over point P of the



7 characteristics of the rectifier and inverter, a current margin of ∆𝐼 = 0.1 is normal for the current orders given to the rectifier ∆𝐼



and inverter ∆𝐼



i.e. ∆𝐼



− ∆𝐼



= ∆𝐼 .



However, the current demanded by the inverter is usually less than the current demanded by the rectifier by the current margin which is typically about 0.1 pu; its magnitude is selected to be large enough so that the rectifier and inverter constant current modes do not interact due to any current harmonics which may be superimposed on the dc current. This control strategy is termed the current margin method.



S.NO Q.1



RGPV QUESTIONS Year Explain the desired feature of constant current control Dec 2009 of EHV DC system.



Marks 10
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UNIT 4/ LECTURE 04 Constant Extinction Angle Control Constant Extinction Angle Control [RGPV/ June 2010, June 2008, Dec 2010/10] Gamma-min characteristic: Equation (4-9) defines the characteristic at the inverter; although there are two possibilities, the minimum extinction angle (gamma) option is utilized generally. The line SR (Figure 5) defines this mode of operation and is referred to as the Constant Extinction Angle (CEA) control mode. The slope of this line is usually more pronounced than the corresponding one for the rectifier due to the relative strength of the inverter-end ac system.



Figure 6 Complete static Vd-Id characteristics for a two terminal HVDC system



For the extinction angle control for the inverter, a technique similar to the current controller at the rectifier is employed. However, the approach is complicated due to the measurement of gamma. For the measurement of the gamma, a direct method would be to measure the valve voltage VV, and the gamma value would correspond to the period that the VV is negative. However, direct measurement of the V V is not always practically nor economically feasible, and alternative or indirect techniques to either measure or predict gamma are used. Furthermore, since there are 6 (or 12) valves in a converter, it is necessary to obtain the minimum value of the gamma of all the valves.
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S.NO Q.1



RGPV QUESTIONS Explain the constant extinction control.



Year June 2010



Q.2



Explain constant extinction angle control technique used June 2008 for EHV DC system. Dec 2010



Marks 10 10
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UNIT 04/ LECTURE 05 Ignition Angle Control



Ignition Angle Control [RGPV/ Dec 2009/ 5] This method of control is also known as “Alpha-min Control”. The rectifier mode of operation is defined by a number of characteristics as shown in the Figure 5



Alpha-min characteristic at rectifier From converter theory, it can be shown that



Equation (4-8) describes a straight line AB when plotted as a Vd-Id characteristic in steady state, as shown in Figure 5. The slope of this characteristic is the value -Rcr which is defined as the equivalent commutation resistance; a low value Rcr of would imply a strong ac system, and the characteristic would be almost horizontal. The intercept of this characteristic on the Vd axis is equal to the value Vdr cos 𝛼 when the value of Id=0. The maximum limit of the voltage Vd will be defined by the value of 𝛼 = 0 deg., i.e. when the rectifier is a theoretical diode converter with firing angle equal to zero. In reality, a minimum value of about 𝛼 = 2 − 5 deg. is normally required to ensure that the converter valves have a minimum positive voltage for turning on. This zone is bounded by the hatched area in Figure 5.



Alpha-min in inverter mode The line TU defines the alpha-min-in-inverter mode characteristic. This value is typically about 100-110 degrees, and is required to limit any excursions (even transiently) of the inverter into the rectifier mode of operation. Furthermore, the value of 100-110 degrees ensures a minimum dc voltage at the inverter during a fast start-up of the dc link with Id = 0.
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Figure 5 Static Vd-Id Characteristics



S.NO Q.1



RGPV QUESTIONS Write a short note on “Ignition Angle Control”



Year Dec 2009



Marks 5
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UNIT 04/ LECTURE 06 Parallel Operation of HVAC and HVDC System



Parallel Operation of HVAC and HVDC System Figure 8 shows a system of two convertors, connected by a hvdc link. Both convertors are provided with CEA and CC control so that either can work as a rectifier or an invertor. The compounded characteristics are shown in figure 9.



Figure 8 AC-DC System Interconnection



AC transmission lines can interconnect only synchronized AC networks with the same frequency with limits on the allowable phase difference between the two ends of the line. Many areas that wish to share power have unsynchronized networks.



The power grids of the UK, Northern Europe and continental Europe are not united into a single synchronized network. Japan has 50 Hz and 60 Hz networks. Continental North America, while operating at 60 Hz throughout, is divided into regions which are unsynchronised: East, West, Texas, Quebec, and Alaska. Brazil and Paraguay, which share the enormous Itaipu Dam hydroelectric plant, operate on 60 Hz and 50 Hz respectively. However, HVDC systems make it possible to interconnect unsynchronized AC networks, and also add the possibility of controlling AC voltage and reactive power flow.



A generator connected to a long AC transmission line may become unstable and fall out of synchronization with a distant AC power system. An HVDC transmission link may make it economically feasible to use remote generation sites. Wind farms located off-shore may use
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HVDC systems to collect power from multiple unsynchronized generators for transmission to the shore by an underwater cable.



In general, however, an HVDC power line will interconnect two AC regions of the powerdistribution grid. Machinery to convert between AC and DC power adds a considerable cost in power transmission. The conversion from AC to DC is known as “rectification”, and from DC to AC as inversion. Above a certain break-even distance (about 50 km for submarine cables, and perhaps 600–800 km for overhead cables), the lower cost of the HVDC electrical conductors outweighs the cost of the electronics. The conversion electronics also present an opportunity to effectively manage the power grid by means of controlling the magnitude and direction of power flow. An additional advantage of the existence of HVDC links, therefore, is potential increased stability in the transmission grid .
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UNIT 04/ LECTURE 07 Advantages of HVAC – HVDC Interconnected System Advantages of HVAC – HVDC Interconnected System There are number of technical rationales for HVDC - HVAC interconnections, many of which have economic components as well as Technical rationales for grid interconnection include the following: • Improving reliability and pooling reserves: The amount of reserve capacity that must be built by individual networks to ensure reliable operation when supplies are short can be reduced by sharing reserves within an interconnected network. • Reduced investment in generating capacity: Individual systems can reduce their generating capacity requirement, or postpone the need to add new capacity, if they are able to share the generating resources of an interconnected system. • Improving load factor and increasing load diversity: Systems operate most economically when the level of power demand is steady over time, as opposed to having high peaks. Poor load factors (the ratio of average to peak power demand) mean that utilities must construct generation capacity to meet peak requirements, but that this capacity sits idle much of the time. Systems can improve poor load factors by interconnecting to other systems with different types of loads, or loads with different daily or seasonal patterns that complement their own. • Economies of scale in new construction: Unit costs of new generation and transmission capacity generally decline with increasing scale, up to a point. Sharing resources in an interconnected system can allow the construction of larger facilities with lower unit costs. • Diversity of generation mix and supply security: Interconnections between systems that use different technologies and/or fuels to generate electricity provide greater security in the event that one kind of generation becomes limited (e.g., hydroelectricity in a year with little rainfall). Historically, this complementarily has been a strong incentive for interconnection between hydro-dominated systems and thermal-dominated systems. A larger and more diverse generation mix also implies more diversity in the types of forced outages that occur, improving reliability. • Economic exchange: Interconnection allows the dispatch of the least costly generating units within the interconnected area, providing an overall cost savings that can be divided among the component systems. Alternatively, it allows inexpensive power from one system to be sold to
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systems with more expensive power. • Environmental dispatch and new plant sitting: Interconnections can allow generating units with lower environmental impacts to be used more, and units with higher impacts to be used less. In areas where environmental and land use constraints limit the sitting of power plants, interconnections can allow new plant construction in less sensitive areas. • Coordination of maintenance schedules: Interconnections permit planned outages of generating and transmission facilities for maintenance to be coordinated so that overall cost and reliability for the interconnected network is optimized.
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