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Topics:
➢ Necessity of HVDC systems
➢ Economics of HVDC transmission systems, 
➢ Terminal equipment of HVDC transmission systems/ Apparatus required for 

HVDC Systems
➢ Types of HVDC Links
➢ Comparison of AC and DC Transmission
➢ Application of DC Transmission System
➢ Planning and Modern trends in D.C. Transmission
➢ Analysis of HVDC Converters
➢ Choice of Converter Configuration
➢ Analysis of Graetz circuit
➢ Characteristics of 6 Pulse converter
➢ 12 Pulse converters



Necessity of HVDC Systems

Why DC for Long Distance Bulk Power?

Alternating Current (AC) encounters structural transmission barriers over long distances that limit both capacity and

performance. HVDC systematically bypasses these limits.

➢ . Elimination of Parasitic Losses: Completely avoids skin effect, charging currents, and continuous dielectric 

heating.

➢ . Pure Active Power Delivery: AC lines convey both active and reactive power. HVDC carries 100% active 

power, maximizing system utilization.

➢ . Submarine Capability: High capacitance renders long underwater AC transmission impossible due to huge 

charging currents. DC cables charge only once.



Economics of HVDC transmission systems

The Break-Even Distance Mechanism

Evaluating HVDC vs. HVAC involves balancing fixed initial terminal costs against ongoing per-kilometer line structural 
savings.

. High Terminal Investment: Converter substations require

substantial initial layout costs for electronic valves, filters, and

reactors.

. Lower Linear Infrastructure Cost: DC transmission uses fewer

conductors (2 instead of 3), reducing tower sizing, insulation

volume, and right-of-way width.

. Critical Thresholds: The capital expenditure curves cross at a

designated break-even distance.

Standard Break-Even Values:

Overhead Overhead Lines: 500 - 800 km | Submarine Cables:~50 km



Apparatus required for HVDC Systems/ Terminal equipment of HVDC 
transmission systems

The HVDC system has the following main components. 
➢ Converter Stations/ unit 
➢ Converter valves
➢ Converter Transformers 
➢ Filters 

○ AC filter 
○ DC filter 
○ High-frequency filter 

➢ Reactive Power compensation equipment  
➢ Smoothing Reactor  

For better understanding watch the below link

https://www.youtube.com/watch?v=UVtRG07ibj4



Converter Stations : 

The core transformation between Alternating Current (AC) and Direct Current (DC) occurs within the Converter Station.
● The Graetz Bridge: Conversion relies on three-phase bridge circuits.
● 12-Pulse Configuration: Modern HVDC systems standardly link two 6-pulse bridges in series. This specific 

configuration is paired with phase-shifting transformers to inherently eliminate lower-order harmonics (5th and 7th) 
significantly optimizing power quality.

Converter Valves: 

Often called the "heart" of the HVDC terminal, these consist of high-power semiconductor assemblies (Thyristors or IGBTs) 
stacked to withstand massive operating voltages.

● Installation: Housed inside a heavily shielded Valve Hall to manage high-voltage clearances and electromagnetic 
interference.

● Cooling Media: High-load operations generate intense heat, necessitating advanced cooling systems utilizing air, oil, 
or deionized water.

● Core Functions: * High-speed switching and precise control of current.
○ Direct bidirectional power conversion (Rectification/Inversion).
○ Regulation of the overall DC output voltage.



Converter Transformers 



Filters:

Converters generate substantial harmonic distortions that can lead to control instability, extreme 
overvoltages via resonance, and localized heating in nearby machinery. Terminal stations deploy three 
distinct filter systems to neutralize these risks: 



Smoothing Reactors: 



Reactive Power Compensation Equipment: 

LCC (Line Commutated Converter) stations draw substantial reactive power proportional to their active 
power load. While AC filters supply a baseline portion of this demand, supplemental systems are 
integrated to ensure dynamic stability:

● Shunt Capacitors: Provide fixed or stepped reactive blocks.
● Synchronous Condensers: Supply spinning reactive reserves and boost short-circuit ratios.
● Static VAR Systems (SVC/STATCOM): Deliver ultra-fast, continuously variable reactive 

compensation.



Circuit Breakers: These are used to interrupt DC fault currents.

● Protect the HVDC system during faults
● Isolate faulty sections

Breaking DC current is difficult because DC has no natural current zero.

Surge Arresters: These protect equipment from overvoltages caused by Lightning, Switching surges and also 

● Divert surge energy safely to ground
● Protect converter valves and insulation

Ground Electrodes: Used in monopolar and homopolar HVDC systems

● Provide return current path through earth
● Maintain system continuity



Types of HVDC Links



Comparison of AC and DC Transmission



Applications of HVDC transmission: 

 

❖ Long distance bulk power transmission: Used for transmitting large power over long distances 
with low losses 

❖ Underground or underwater cables: Suitable for submarine and underground cable transmission, 
especially across seas, oceans, and densely populated cities where overhead lines are not 
possible. 

❖ Asynchronous interconnection of AC systems operating at different frequencies or  where 
independent control of systems is desired

❖ Control and stabilization of power flows in AC ties in an integrated power system.



Planning HVDC Transmission



COST DYNAMICS & BREAK-EVEN POINT: 





 Technical Performance





Planning summary



Modern trends in D.C. Transmission :

The recent developments are expected to improve reliability and reduce the cost of HVDC valves. 
These are mainly :

● Development in high power semiconductor devices - these include direct light triggered 
thyristors (LTT) and metal- oxide semiconductor controlled thyristors(MCT)

● Better cooling techniques such as forced vaporization (two phase flow) as a means of reducing 
thermal resistance between the heat sink and the ambient.

● Suspension of quadrivalve assembly from ceiling to withstand seismic forces.



Analysis of HVDC Converters



12-Pulse Converter
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