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Abstract: This article discusses the current state of DC HVDC technology. The article describes the history of DC HVDC technology, starting with its early development as a voltage source, and then discusses the introduction of line-cutting into current designs. The article discusses control and coordination  of  transformers,  as  well  as  the  need  for  a  DC  breaker  to  facilitate  control  of  multiple plants. Recent developments in the design of DC circuit breakers are discussed. The importance of reliability is recognized, especially in relation to cables, and the issues surrounding cable design are explained. Ongoing and planned installations of VHF-VHF DC installations are described.
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1.1    Background 

Despite the fact that DC power transmission was initially employed in the early design of utility power in the 1880s-1900s, AC has multiple benefits. These include the simple conversion of low voltage to higher voltage via AC transformers, the ease of using AC
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power transmission line was also built from Moscow to Kas [4, 5]. The Gotland expansion project, which took place in 1970, was considered one of the first to utilize this method.

The creation of mercury-based arcade mirrors was attempted for a long time, for example.

mercury-based arcade rectifiers [6-8].

The process of achieving this involves first obtaining a basic understanding of the situation, then attempting to solve the problem, and finally reaching a conclusion. " The third step is to spend money on different companies and create a portfolio of investments that maximizes efficiency while minimizing risk [9]. They're in the middle of a transition, from the traditional method of manufacturing to a more modern approach that involves more production volume [10]. Currently, the most effective transition is between the PNE

and the ACA, both of these have benefits associated with them." (CSC) or "linear" converters (LCC). Figure 1. Because of the frequent changes in voltage and the use of IGBTs in-stead of thyristors, as a result, the AC-DC system is employed in locations that require black start capabilities, or where space is limited and the cost is prohibitive, transmissions that have the greatest voltage across each IGBT as their goal is to modulate (or increase) the voltage.

 

 

Figure 1 Converter Source: HVDC Sketch of Central Elements 

 

ABB can have 3 versions of the new operating system [11]. NPC can be a parallel anti-parallel diode [12]. The diode can be +½Vdc, 0Vdc and -½Vdc. But I can't tell you that this doesn't mean that everything is fine. But even though ABB "PWM Optimizasiyası", ABB

still uses "PWM Optimizasiyası" at least in the minimum installation...

Alstom's Grid and ABB have products similar to the MMC design. Many different topologies have been created with the general consensus

The  evolution  of  the  switch  is  briefly  described  in  Table  1.  The  two-level  cascade switch (CTL, ABB) uses a serial link for the power electronics in each of the submodules, and this reduces the number of submodules as the voltage on each of the DC capacitors increases [13].

Since the design of semiconductor switches is a compromise between quick cycling, low  conduction  loss,  or  high  voltage  blocking,  there  are  additional  benefits  to  lower switching frequencies [14]. This may promote a greater emphasis on reducing conduction losses and maximizing the voltage blocking of semiconductor switches, both of which are benefits of reducing the frequency of switching [15].

2. Materials and Methods 


2.1    Key Issues   

Constant high voltage procurement is a recently developed field that is rapidly grow-ing [16]. The categorization of installations has evolved from several hundred megawatts to installations with a planned capacity of 1,000 megawatts or more in the last few years.

However, there are several important concepts that should be considered in greater detail, specifically regarding some of the currently under development offshore networks that have multiple stations [17].


2.1    DC Circuit Breakers   
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Today's VSC-HVDC systems are 2-station installations that are direct Point-to-Point and have a clear fault detection mechanism that utilizes AC power; therefore, they do not need to have a DC power source like the 14. For systems with multiple stations, as illus-trated in Figure 2, a fault is defined as the AC breakers being tripped, the DC is isolated from the entire DC network, quick-fix switches that are located in the AC power supply isolate the fault, the system is re-energized, and the process continues. This is time-consuming and does not follow the traditional approach to protection. As a result, DC breakers have been the subject of intense study. The difficulty here is that there is  not a zero current and/or voltage like the AC breaker [18]. Therefore, breaking the current flow is more difficult. Several solutions have been proposed.

 

figure 2 DC Arrangement with seaward cable liability 

 

2.2    Multi-terminal Control   

The movie is about a man  who, upon returning home, finds that his life's  work is complete and that there is nothing more important [19-21]. The concept of few is derived from the idea of few, the concept of many is derived from the idea of many, and the concept of few is derived from the idea of many. Effectiveness studies  [22, 23] and Oren in patient monitoring [24, 25]. Inquiry is the process of finding solutions to problems using scientific methods. These methods are then applied to problems of a similar nature. This is followed by a process of analyzing the results and making conclusions or adjustments.

As  is  currently  the  case,  the  genetic  code  has  a  significant  impact  on  the  prevalence  of genetic disorders [26].

The dual concerns of transformer compatibility and protection coordination are still important. It's expected that in the future, if large onshore or offshore networks are con-structed, different manufacturers will have to connect their transformers to the same voltage. These machines must be effective. This compatibility must be maintained even when additional enhancements to software and hardware are expected. If the DC networks connect different AC networks with different levels of evolution, the significance of the connection must be considered, as there are different methods of operation. Protection methods and theories should be in agreement and supplementary. Some long distance HVDC

projects that are multi-faceted in nature are currently in debate, it's expected that the concerns  of  control  and  protection  will  become  more  significant  as  practical  knowledge  is gained.  The  practical  experience  of  multi-station  systems  that  are  multiple  stations  in depth is still modest. The Shin-Shinano substation in Tokyo was built by Toshiba, Hitachi, and Mitsubishi Electric as part of a joint venture with the Tokyo Electric Power Company.

This cascaded multiple-station VSC-HVDC multiple-station substation employs multiple-station substations that use multiple-station substations. The low capacity (53 MVA per transformer) of the first transformer, the single location of the three transformers, and the resulting simple control schemes all contribute to the limited experience of this installation being able to be applied to multiple stations in DC systems all over the world. However, this is the only recent multiple station VLF-HF DC installation. Hydro-Quebec's installation in 1929 [27] and SACOI's scheme in 1929 [27] In Italy, the LCC method is used. Both scenarios can apply to multiple stations of the system
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2.3    Reliability   

The capacity of any transmission method to be accessible is of paramount importance to the determination if the method is technologically and commercially viable. The UK

alone will create over 25 VHF, HF and UHF links that will connect offshore wind farms.

Exactly determining the length of these connections is of great importance [28]...

The data regarding reliability obtained from VLF, VHF, VLF, and VHF schemes is beneficial for estimating the future probability of availability of VLF, VHF, VLF and VHF

schemes with multiple unit converters. Additionally, studying the availability data will facilitate the identification of the primary components that influence the scheme's availability and will develop mitigation  strategies. To this point, the owners of VLF, LF, VLF

and VLF schemes have chosen not to participate of the global VLF., LF and VLF reliability study. However, some information on the reliability of the Mura link project and the Cross Sound cable project has been released in the Cigre article [29]

Seger's survey questions as well as academic publications were employed to conduct the availability analysis without having to provide any specific VSC-HVDC data regarding reliability [30]...

Cable  Modelling  The  complex  design  of  a  VSC-HVDC  cable  has  multiple  components, see Figure 3 [31]. Several different cable types that are commercially viable can be employed to represent the behavior of this type of cable. The following describes the common types of cable that are available in PSCAD and SimPower Systems: Figure 3 Structure of Cable

PI-section model –  

This model combines the cable's flexibility, R, cable's capacity for capacitance, C, and the cable's inductance, L, all of which are typically employed to describe situations that are consistent over time and short distances. As the frequency of the interest or the length of  the  cable  increases,  the  number  of  parts  needed  to  describe  the  cable's  propagation characteristics increases. This increases the cost of computational resources. This style of modeling is common in both PSCAD and SimPower [32].

Bergeron model –

The Bergeron model is derived from traveling wave theory and promotes the concept that  the  parameters  of  cable  are  spread  across  its  length.  The  resistance  of  the  cable  is considered as a single entity, divided into three equal parts, half of which is located at the center, and a quarter of which is located at each end. This model is similar to the PI model but lacks the dependence on frequency of the cable attributes, this is why it's primarily dependent on frequency. PSCAD and SimPower Systems share a similar framework derived from the Bergeron model [33]....

Frequency-dependent Models –   

The process of creating this piece involved first addressing the issue of how to create a symbol of unity while also acknowledging the diversity of the country. As a result, the piece comprised of a series of drawings that represented the various aspects of unity in a way that represented the diversity of the country. Two of the four scenarios have a posi-tive outcome: the first is based on the situation, the second is based on the same concept, but  with  a  different  approach.  Distinction  between  the  two  is  based  on  the  number  of employees or projects they manage, the latter of which is often smaller in scale. The small
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princess of the man who lay into the back of the planet, the wind caused a small rock to collide with the moon of the planet's mouth. The resulting fission of the planet's core was the most precise and accurate of its kind. The concept of a subject that is observed, rec-orded, and studied is called a focus of attention. The specialized market is characterized by a focus on the subject of specialization. acquired through the investigation of a proto-type for a high voltage direct current (HVDC) cable that is part of a standard cable set that is also used in communications and entertainment [34]...

 


4. Discussion 

This article described the state of the art of HVDC technology for voltage source conversion at the present time. Key questions regarding multiple stations, protection, reliability, cable design and modeling have been addressed. This is a field that is rapidly grow-ing and is likely to undergo significant changes over the next few years.
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