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Abstract
A benchmark system provides a good common base for trying 
out the new concepts and to make comparisons between the 
simulation results and published results. This benchmark system 
has a rather simple, but operationally difficult configuration. It is a 
two terminal DC scheme where the main circuit values proposed 
are arbitrary and do not represent any particular HVDC scheme. 
The main purpose of this benchmark model proposed by CIGRE is 
to encourage comparison of performance of different DC control 
equipment and strategies of various manufacturers and institutes 
by means of HVDC simulator or digital computer studies made 
on this model
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I. Introduction
High Voltage Direct Current Technology is a most attractive 
transmission technology when power has to be transmitted over 
long distances. The first commercial HVDC transmission project 
has been installed in Sweden in 1954. In last half century, its 
application has widely increased. A total of around 70000MW of 
transmission capacity is transmitted around the world through 95 
HVDC projects [1]. Due to the burgeoning demand for electrical 
power in one area and concentration of electrical generation in 
another area, a number of high capacity long distance HVDC 
systems are planned where bulk power from one region to another 
region is being transmitted.

II. CIGRE HVDC Benchmark System
The first CIGRE HVDC benchmark system shown in fig. 1 was 
proposed in 1985. The system is a mono-polar 500-kV, 1000-MW 
HVDC link with 12-pulse converters on both rectifier and inverter 
sides, and connected to weak AC systems (short circuit ratio of 2.5 
at a rated frequency of 50Hz) that provide a considerable degree 
of difficulty for DC controls. 
AC filters are added to absorb the harmonics generated by the 
converter as well as to supply reactive power to the converter. 
The simulation of CIGRE HVDC Benchmark System is carried 
out in MATLAB/SIMULINK.

Fig. 1: First CIGRE HVDC Benchmark System

Table 1: Details of First CIGRE HVDC Benchmark System

Parameters Rectifier side Inverter side

Base AC voltage 345kV (Line 
–Line)

230kV (Line 
–Line)

Base Power 1000 MW 1000 MW
Base Impedance 119.03 Ω 52.9 Ω

III. Modeling of CIGRE HVDC Benchmark System

A. Modeling of AC System at Rectifier and Inverter
AC system at Rectifier and Inverter in MATLAB is modeled 
as balanced sinusoidal three phase infinite bus voltage behind 
impedance. The source impedance at rectifier is modeled as R, 
RL parallel type and at inverter is modeled as impedance type. At 
the inverter there is an additional series RL branch (0.7406 Ω and 
0.0365 H) in the CIGRE benchmark model is also modeled.

Table 2: Parameters Entered in the MATLAB for AC System at 
Rectifier and Inverter
Parameters Rectifier side Inverter side

System Frequency 50Hz 50Hz

Source Voltage 
(L-L, RMS) 345kV 230kV

R,RL parallel  
Impedance 
Rs + ( Rp // Lp )

Rs = 3.737 Ω
Rp =2160.633 Ω
Lp =0.151 H

Z1=10.177Ω, Φ1= 
62.140, Additional 
RL Branch
Rs = 0.7406 Ω
Ls =  0.0365 H

B. Modeling of Converter Transformer & Valve 
Parameters
The converters along with the converter transformers are modeled 
using six pulse share valve group present in MATLAB. This 
valve group has the facility to model firing and valve blocking 
controls, current and extinction angle measurements, optional 
dc reactor, built-in RC Snubber circuits for each thyristor etc. 
Thyristor valves are modeled as ideal devices and therefore, 
negative turn-off and firing due to large (dv/dt) or (di/dt) are not 
considered. Transformers are modeled by three phase two winding 
transformer; one with grounded Y- Y connection and the other 
with grounded Y- Δ connection.

C. Modeling of DC System
DC system parameters are given below, these are taken as the 
base values while modeling the control circuit. The DC line is 
modeled using an equivalent T network with smoothing reactors 
inserted on both sides. The R, L, C values of DC line including 
the smoothing reactor is given below.
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Table 3: DC System Parameters
Parameters DC side
Base  Voltage 500 kV
Base Current 2000 A
Base Impedance 250 Ω
Base Power 1000 MW

Table 4: R, L, C Parameters for DC line
Parameters DC side
Reactance on each side 0.5968 H
Resistance on each side 2.5Ω
Capacitance 26.0μF

D. Modeling of AC Filters at Rectifier

 
Fig. 2: CIGRE HVDC Benchmark System

The AC filters modeled in rectifier side as MVAR, Quality factor 
and tuning frequency are calculated by using R, L, C values.
With all the input parameters explained above, the schematic 
of CIGRE HVDC benchmark system modeled in MATLAB is 
shown in fig. 2.

IV. Steady State Characteristics of CIGRE HVDC 
Benchmark System

A. Rectifier Operating Characteristics
The Initial rectifier voltage at R1 in the characteristic is given 
by 

    (1)
Rectifier is operated in minimum α mode from R1 to R2 governed 
by the equation  

   (2)
Rectifier is operated in constant current controller mode from R2 
to R3 governed by the equation 

  (3)

B. Inverter Operating Characteristics
Inverter is operated in constant extinction angle mode from I1 to 
I2 governed by equation  

   (4)
Inverter controller is operated in constant current control mode 
from I1 to I3 governed by the equation 

   (5)
Where  𝜷=𝜫-α  is called the conduction angle.

Fig. 3: Modified Rectifier & Inverter Characteristics

From the above values derived at rectifier and inverter the steady 
state HVDC characteristic are shown in fig. 3.

V. Modeling of HVDC Controllers

A. Master Control
Master control generates the reference currents for the Rectifier 
as well as Inverter. To avoid loss of margin these rectifier and 
inverter reference currents should be equal. The converter starting 
and stopping is ignited by the master controller and the current 
reference can be ramped up or down. A current step can be added 
to the current reference for testing purpose. At start up both 
converters are de blocked and ramped up to minimum current 
allowed in steady-state with an adjustable time in the “Start/Stop 
&ramping unit” subsystem. After the system stabilization the 
current is ramped up to its final value with an adjustable rate 
and execution time. Before stopping the converters the current is 
ramped down to the minimum reference.
In the Master control, pulse generators are de-blocked and the 
power transmission started by ramping the reference current at 
t=20 msec. The reference reaches the minimum value of 0.1pu in 
0.3 sec.  At t=0.4 sec, the reference current is ramped from 0.1 to 
1pu (2kA) in 0.18s (5pu/s).The DC current reaches to steady state, 
at the end of the starting sequence at approximately 0.58s. The 
rectifier controls the current and the inverter controls the voltage. 
Master control circuit modeled as shown in fig. 4.

Fig. 4: SIMULINK Diagram of Master Control
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B. Voltage Dependent Current Order Limiter (VDCOL)
Another important control function VDCOL is implemented to 
change the reference current according to the value of the DC 
voltage. This control automatically reduces the reference current 
(Id-ref) set point when Vdl decreases. Reducing the Id reference 
currents also reduces the reactive power demand on the AC system, 
helping to recover from fault. The Id-ref valve starts to decrease 
when the Vd line voltage falls below a threshold valve Vd-thresh 
(0.6).

Fig. 5: Characteristic of VDCOL

Fig. 6: Voltage Dependent Current Order Limiter

The actual reference current used by the controllers is available at 
the second Controllers output, named Idref-lim. Id minabs is the absolute 
minimum Id-ref valve, set at 0.08 pu. When the DC line voltage falls 
below the Vd thresh value, the VDCOL drops instantaneously to 
Id-ref. However, when the DC voltage recovers, VDCOL limits 
the Id-ref rise time with a time constant defined by parameter Tup 
(Ex: 80 ms). VDCOL circuit is modeled as shown in fig. 6.

C. Commutation Failure Prevention Control (CFPREV)
The protective function, used in the inverter mitigates commutation 
failures due to AC voltages dips.  After fault detection (3-φ or 1-φ) a 
value (γmin-CFPREV) is sent to the converter in order to be deducted 
from the maximum delay angle limit (alpha-max). Practically the 
commutation margin is consequently enlarged reducing the risk 
of commutation failure. The Clark’s transformation is used for 
3-φ fault detection and the zero-sequence voltage evaluation. The 
detection is based on instantaneous values, which ensure fast 
reaction of the control system when AC faults occur. Commutation 
failure prevention control is modeled as shown in fig. 7. 

Fig. 7: Commutation Failure Prevention Controller

VI. Simulation Results
The simulation of first CIGRE HVDC Benchmark system modeled 
in MATLAB/SIMULINK. To study the simulation result, AC fault 
at inverter side is created [9]. The fault component is modeled 
as 3 phase line to ground fault at inverter bus and the controls 
are build to apply the fault at a specific point on wave and for 
required duration. The fault is initiated at the positive zero crossing 
of the phase. A voltage for a duration of 5 cycles is observed. 
Inverter Phase voltages, phase voltage of the rectifier, DC Current 
of the Inverter as well as Rectifier, Midpoint DC voltage for this 
particular fault are plotted in fig. 8. From the results it is observed 
that the HVDC controls response is as per the requirement.

Fig. 8:Simulation Results for a 5-cycle 3-phase Inverter Fault
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VII. Conclusion
This paper presents Simulation of CIGRE HVDC Benchmark 
System carried out in MATLAB/SIMULINK. The HVDC controls 
are modeled in detail in MATLAB to test the performance of 
HVDC BENCH MARK system. Simulation results are verified 
for 3Phase to ground fault at inverter and found that obtained 
results are satisfactory.
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