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Abstract: A TCSC basically increases capacity of transmission lines and also limits subsynchronous
resonances (SSR). In this paper TCSC damps SSR in a way that is called NGH. The team working
on subsynchronous resonances for studying SSR and its simulation has represented a model that has
been used in most researches of SSR. This model is known as The IEEE first benchmark model. The
PSCAD software is used for simulating and observing the effects of NGH scheme. Results of
simulation show that NGH scheme has proper damping features.
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INTRODUCTION

Series capacitive compensation in long and medium transmission lines is introduced as a useful technique
for optimal and economic use of transmission lines and also it is effective in improving the stability of power
system and power flow in transmission system. This technique has been used widely in the west of America
and many of the other countries. But problems of SSR, especially in damage of shaft, have attracted attentions.
The first shaft damage, resulted from SSR, was in Mohave production station in December 1970 and October
1971 (Hall et al., 1976).

A lot of papers have discussed about the causes of the shaft damage and after studying the problems,
offered some suitable solutions (IEEE Committee Report, 1976), (IEEE Committee Report, 1979), (IEEE
Committee Report, 1985). Among the offered suitable solutions, in this paper the NGH scheme for damping
of SSR is chosen and its simulation is done by PSCAD software.

NGH scheme of SSR damping was offered for the first time by N.G. Hingorani in 1980 (Hingorani,
1981),(Hedin et al., 1981) and applied to Mohave generator (Hingorani et al., 1981)and southern California
Edison's Lugo substation (Hingorani et al., 1987) (Benko et al., 1987). The basic NGH scheme for one phase
includes a linear resistor in series with back-to-back thyristors connected parallel with the series capacitor. The
results shown in (Hingorani, 1981),(Hedin et al., 1981) clearly described that the proposed NGH scheme with
field excitation control can be used to produce stable operation of series compensation ratio from 0-15%
extended to 0-75%. 

In this paper the effect of NGH scheme on damping of SSR under the IEEE first benchmark model is
studied. In section II, the subsynchronous resonance phenomenon is introduced and then in the next part the
NGH scheme and its operation is studied. Finally, in section V the proposed system is modeled and simulated
by PSCAD software.

Subsynchronous Resonance Phenomenon:
SSR is a dynamic phenomenon in power system that has special characteristics. Actually, SSR is the

intensification between modes of mechanical resonances of turbo generator axis and electrical modes of
compensated line with series capacitor (Anderson et al., 1990). 

Considering the meaning of IEEE, SSR is a situation in which electrical network exchanges a lot of energy
with Turbine-Generator unit. This exchange takes place in one or more frequency lower than synchronous
frequency that gives the chance of energy exchanging in subsynchronous frequencies.

Damping of Ssr Using Ngh Scheme:
NGH scheme, for the first time, was invented by N.G. Hingorani in 1980. This scheme has worked

successfully for the years. In this scheme a series resistor is added to back to back thyristor switches of TCSC
that causes a faster damping. By recognizing subsynchronous resonance, extra voltage of SSR will be wasted
in resistor by firing of thyristors (Wang, 1997).
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Fig. 1: NGH scheme.

How the Ngh Scheme Works?:
Control strategy of this method is in the base of measuring and controlling the duration of passing from

zero of capacitor voltage. If the duration be more than a half period in main frequency, it shows that a
subsynchronus voltage wave is carried by the main wave. In this situation, control system will command fire
of thyristors. Thyristors will be off as the voltage of capacitor and so the current of thyristors are zero. Then
the measuring of half-period will be started with a new zero voltage. Thyristors will not fire for half-periods
smaller than adjusting time (adjusting time=10 millisecond for 50Hz frequency). The theory of NGH method
introduces that unbalanced load in series compensated capacitor exchanges energy with line inductance for
making resonances. If this imbalance be reduced, the system will be adjusted just for the main frequency. NGH
scheme operates independently for every phase and it doesn't need to any signal from generator,
subsynchronous rely, or tracking of specified subsynchronous signal. This scheme operates for all
subsynchronous frequencies and it doesn't need to be adjusted for a special frequency. 

Modeling and Simulation of the System:
The studied system is the IEEE First Benchmark Model for SSR analysis, depicted in Fig 2. Electrical

model of system contains a 892.4 MVA generator with an step up transformer that are connected to a series
compensation transmission line of 500kv. The other end of transmission line is connected to an infinite bus.
The mechanical system consists of a four-stage steam turbine, the generator and a rotating exciter. The
electrical information about the system is shown in table 1. The generator was represented by a Type-59
synchronous machine source component. Two damper windings were provided in the axis and a field winding
was considered. The mechanical system was represented by a multi-mass spring-dashpot system, with six
lumped masses coupled by shaft sections of known tensional elasticity. Mechanical damping was assumed to
be zero in all the analyzed cases, to represent the worst damping conditions.

Fig. 2: IEEE model for study of SSR.
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Table 1: Amounts of transmission line and transformer.
Parameters values

Transmission Line Reactance

Transmission Line Resistance

Transformer Reactance

Transformer Resistance

Capacitive to Inductive Reactance Ratio of Transmission Line 

The simulation is done in PSCAD environment. In this software, all required parameters are considered. 

1. Circuit of Pulse Generator for Fire of Thyristors:
This circuit by considering the angle of input fire, produces suitable fire pulses. Firing angle of two

thyristors should have 180 degree different phase.

2. Output Voltage of Controlled Oscillator With VCO Voltage:
VCO input determines the frequency and its output consist of ramp voltages with input frequency.

3. Comparator Block:
The block which produces fire pulses has two entrances. Upper entrance is VCO and the lower one is fire

angle. The block by comparing two entrances, produces pulses at the conflux point of entrances. To make
Transient state in system, three phase fault to the ground is happened in t=1.5 for 75msec. The machine will
deliver 0.9pu power at power factor of 0.9lag. Multi-mass system will active in 1.4th second. The operation
of the system is shown in figures 4 to 13.

Fig. 3: (a). Pulse generator for fire of thyristors. (b). Voltage controlled oscillator. (c). Comparator block.

Fig. 4: Output voltage of machine before adding the damper.
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Fig. 5: Output voltage of machine after adding the damper.

Fig. 6: voltage of capacitor before adding the damper.

Fig. 7: voltage of capacitor after adding the damper.
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Fig. 8: Electrical torque before adding the damper.

Fig. 9: Electrical torque after adding the damper.

Fig. 10: Mechanical torque between two low pressure turbines before adding the damper.
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Fig. 11: Mechanical torque between two low pressure turbines after adding the the damper.

Fig. 12: The torque between generator and exciter before adding the damper.

Fig. 13: The torque between generator and exciter after adding the damper.
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Conclusion:
Subsynchronous resonance phenomenon may happen by different factors. The most common one happens

because of transient states in series compensation lines. In this paper, we have studied about this phenomenon
in series compensation lines and the ways for damping it. Among these ways we have concentrated on
damping by TCSC and NGH scheme. For study and simulation we have used IEEE First Benchmark Model
(IFBM) and simulation has down by EMTDC/PSCAD software too. Finally the damper is added to IFBM
model. Simulation results show that this way is effective in damping and works successfully.
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