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Abstract

The paper presents a new effective method to damp
subsynchronous resonance (SSR) — shaft torsional oscillations for
large synchronous generators. This is achieved by using a dynamic
power filter and static compensator (DFC) scheme. The proposed
scheme with a switched series capacitor compensation and a
modulated Tuned-Arm-Filter can be used to damp SSR oscillation
modes using a novel Tri-loop Error-driven dynamic controller.
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I. INTRODUCTION

haft mechanical systems for large synchronous or

induction motors and turbine generators can be subjected
to severe torsional stresses due to triggered subsynchronous
resonance (SSR) especially in electric grid networks with
heavily series compensated transmission lines. These torsional
oscillations exhibit a complex electro-mechanical resonance
sustained phenomena which can seriously damage the
mechanical shaft system.
Two IEEE benchmark models have been proposed by the
IEEE-SSR Working Group. These benchmark models have
obtained world-wide acceptance and are extensively used for
the study of different proposed damping devices SSR
coutermeasures [1-9].
In this paper, the synchronous generator stator current and
voltage signals are used as damping signals. New proposed
monitoring signals can also be utilized as alarm and damping
signals to activate other FACTS based compensator isolation
and damping devices.
The novel Dynamic Filter and Compensator (DFC) scheme
developed by first Author [10] is capable of reducing the
torsional oscillations causing mechanical shaft breakdown.
The full unified AC system is digitally simulated by using the
Power System Blockset (PSB) of Matlab/Simulink software.

https://doi.org/10.24084/repqj02.208

60

Il. SAMPLE STUDY SYSTEM

A novel on-line intelligent shaft monitor utilizing
transformed signals under different levels of series capacitor
compensation for three phase short circuit faults is also
proposed in this paper. Figure 1 shows the Sample Turbine-
Generator and Infinite Bus System. Figure 2 shows the novel
Tri-loop Error-driven, Error-scaled PID Controller. Figure 3
shows the Proposed Damping Power Filter and Compensator
System for generator case shown in Fig. 1.
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Fig.2 Tri-loop Error-driven, Error-scaled PID Controller
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Fig.3 Proposed Damping Device with MPF/SCC Co_nfiguration
Using two GTO Switching Devices S1, S2
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I11. SAMPLE MATLAB/SIMULINK RESULTS
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Fig.4 MATLAB/SIMULINK Unified Block Functional Model of the Sample Turbine-Generator and Infinite Bus System with IEEE SSR Benchmark Model-2

Fig. 4 shows the unified block functional model of the sample
turbine-generator and infinite bus system. The system is
developed IEEE benchmark [2] model used to study SSR-
oscillations following a three phase bolted short circuit fault
has been applied and cleared on a series-compensated power
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Fig.5 Steam Turbine and Shaft System IEEE Benchmark
Functional Model
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Fig. 6 The Damping-FACTS Based DFC with the Dynamic
Series Capacitor, Fixed Capacitor, and Tuned-Arm-Filter

https://doi.org/10.24084/repqj02.208

X
—] Nz I
™ ™| rundion To Wotspace
Clock To Womkspace1
1 i
Ia o ethotal i o P Input NOT
K Too L 1CPerod Pl Cutput Logical
Vg FID Operato
Transtormation

Clock
P Qe

Feriod

Fig.7 Dynamic Power Filter and Compensation Device

Schemeto0S,, S, PWM-Pulsing (S, = S, )

Fig.5 depicts the steam turbine and shaft system functional
model. Fig.6 shows the proposed damping switched FACTS
(DFC) device. Fig. 7 shows the dynamic tracking control
scheme using the PWM switching signals s1, s2. Fig. 8,9
show the system dynamic response without and with the DFC
compensator scheme. The damping action of the DFC is
mainly due to a detuning-modulated impedance effect of the
near system topology change. The unified Ac system, possible
monitoring/damping signals (X, Y, RO, PHI) and compensator
parameters are given in the Appendix.

IV. CONCLUSION

The paper presents a new method to damp subsynchronous
resonance (SSR) oscillations for large synchronous generators.
The damping signals using stator current and voltage is easy to
implement and significantly reduce the cost. The DFC
performance is validated as an effective SSR damping tool that
dynamically detunes the SSR-resonance model by the PWM-
switching of the combined blocking series and shunt tuned
arm filter.

RE&PQJ, Vol. 1, No.2, April 2004



WSt Y vs. b
2 2
: 1
0
o 1
& 2
0 D005 01 D015 D2 0 005 01 015 02
VS RO ws. PHI
2
1
0
o
-2
-1
Monitoring Signals
Wi ows.t g ws. t
z 1
! u]
a
-1
-1
-2 -2
u] 0.1 0.z o 0.1 0.z
Pg ws. t FPa ws. lg vwag
0.4 h
o zf |I!1|H ”bl.i
(o) i e— Y
K 'lIT \ﬂ'U b
02 i 1
-0.4
] 0.1
Tssr ws. t WWssr wst
4 1.015

1.01

1.005 F

0.995
0.99 -
unstahle unstahle
-4 . 0.985 .
u] a1 0.2 u] 0.1 o2

Generator-Low Pressure Turbine Shaft Torque and Speed

Fig. 8 The unified System Oscillatory Dynamic Response
Without the DFC Compensator Scheme
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V1. PPENDIX

2. Proposed Dynamic Monitoring Signals (X, Y, R0, PHI)
RO=+/x*+y? , PHI =tan"'(y/x)
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Where the temporal rotational matrix T,, is defined as:
[ :| _ | sinort  cosort
T - .
W -cosoit st

3. DFC Dynamic Filter and Compensator
Fixed Capacitor: C, =50
Series Switched Capacitor (SCC): C, =15 /F

Modulated Tuned Arm Power Filter (MPF):
R =05Q, L; =15 mH,C, =50 4F

w, =377r/s

4. Three Phase Short Circuit Fault at Substation Bus

T,=004s T =0.1s

5. PID Controller and PWM Switching
P1 Type (Proportional plus integral): Kp=10, Ki=0.5, T = 0.05

Tri-loop control scheme damping signal weights for g,ig’ P,
v, =1y, =057y =05

a p= ton/ Tyw=0.6 0<a <1.0 Teuw=-1/fg; f sw =100HzZ.

VII1.BIOGRAPHIES

1. AC System Parameters:

(&) Synchronous Generator ( 3 phase, round rotor )

(b)

S,=600MVA V =25KV (Unit: pu)

X, =014 R,=0.0045 X4=1.65 X,=159
X4 =025 X4.=02 X, =046 X . =02
Tgo =455 Ty =0.045T . =0.555 T 4. =0.09s

Transmission line ( 3 phase )

V.. =500 KV Length= 250 km
Positive and zero sequence parameters:
R,=0.01273 Q/km;R,=0.3864 Q/km;

L,=0.9337 mH/km; L =4.1264 mH/km,
C,=12.74e-3 uF/km; C ;= 7.751e-3 uF/km

(c) Power Transformer (A/Y)

Rated Voltage: 25/500 KV ( Line-Line)
Rated Power: 600 MVA ( 3 phase)
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