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Part 1 
 

A Brief  Background to  

My Research  
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Fixed Series Compensation  
V Higher power transfers,  

V Enhanced transient stability limits,  

V Improved angular stability (reduced angular separation across corridors), and  

V Self - regulatory and instantaneous VAr support (steady state & dynamic voltage stability)  
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Capacitor in series with transmission line  
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ü Facilitate increased power transfer at a lower 
cost  

 
ü Great Britain increased flow of renewable 

generation from Scotland to England (B6)  to help 
meet goal of 15% renewable energy by 2020 :  
ÁSeries capacitor banks have been installed at 

the Eccles, Moffat and Gretna substations  
(Scottish Power, 2015)  
ÁTCSC at the Hutton 400kV substation, near 

Kendal in Cumbria. Enhanced power transfer 
capacity by around 1 GW  (National Grid, 2014)  
ÁAlso installing HVDC in parallel to the AC 

network.  
(National Grid, 2018)  
 

Fixed Series Compensation  
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Subsynchronous Interactions: A Definition  
SSR is defined by IEEE as ľthe electrical power system condition where 
the electric network exchanges energy with a turbine generator at one 
or more of the natural frequencies of the combined system below the 
synchronous frequency of the systemĿ 
[Source: IEEE SSR Working Group, ľProposed Terms and Definitions for Subsynchronous ResonanceĿ, IEEE Symposium on Countermeasures for Subsynchronous 
Resonance, IEEE Pub. 81TH0086- 9- PWR, 1981, p 92- 97]  

 

Shaft failure at Mohave (1970)  



8 Papiya Dattaray ï Cigre NGN 20/02/2018 

SSR: The Physics 

ü Natural frequencies occurring due to series capacitor 
compensation are below the nominal frequency of the network 
applied voltages  

 
 

Å w1 at the frequency of the driving voltage  
Å w2 is dependant on the network parameters  

 

ü Currents of frequency w2 are reflected onto the rotor as  

Å Sum, (w1+ w2) and difference (w1 -  w2) components 

ü Difference or subsynchronous component of current induces 
subsynchronous frequency shaft torque  

ü Torque oscillations mean torsional stress and fatigue  
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Mode zero represents the condition where the masses all move in 
phase and the entire shaft system behaves as a solid mass 
(Classical generator rotor model) with a common mode of oscillation  

Generator rotor as multi - mass 

Any physical system 
composed of n masses 

produces  
(n- 1) oscillatory modes  
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Part 2 
 

Impact of  dynamic loads on 

torsional interactions  
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ü Generation station modelled in detail  

Å turbines, generators, speed governors, excitation systems  

ü Network is modelled in detail using algebraic and ordinary differential 
equations  

     

But impact of LOADS is either neglected (IEEE Benchmark models) or assumed 
as constant Impedance (STATIC) models (throughout the years of SSR 

research)  
   

ü The impact of loads on system dynamics has been widely investigated for 
the classical stability studies  but not for torsional interactions  

ü Load modelling for assessment of SSR becomes critically important when the 
load center is in close electrical proximity to a generation center  

  

 

In the absence of appropriate load models, simulations may  
over or underestimate the risk of SSR ,  

which may cause the protection or mitigation to be  
over/ under - designed 

 

Load and SSR: EMT Studies 
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ļļ

Bulk power transmission network with dynamic models of 

generators
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Aggregated Small and 
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Aggregation of loads at the transmission level 

Load Type Description  

Type 1 Loads neglected  

Type 2 100% Const. Impedance 

Type 3 
50% DOL and 50% VFD based Motor 
loads  

Type 4 100% DOL connected Motor load 

Type 5 

30% Const. Impedance 30% Const. 
Current 40% DOL connected Motor 
load  

Type 6 
50% Constant Impedance 50% DOL 
connected 

Table I. List of load types considered 
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unstable for Type 1 and 2 
stable for Types 3, 4, 5 and 6 

Conservative results impact decisions 
ωat the planning stage  
(regarding location and/or degree of compensation)  

ωduring operation (setting improper thresholds for online 
alarms against dangerous interactions). 

Loads and SSR Damping 
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Subsynchronous Resonance Load Interactions  
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In the presence of SSR ï DOL and VFD loads exhibit sympathetic oscillations 
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(a) Generator-turbine shaft speed, (b) Turbine output power, (c) VFD dc link capacitor voltage and (d) Motor torque  
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SSR ï LI 
 

Do Loads Interact with SSR?  
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Part 3 
 

Novel SSR Mitigation 
͠ Auxiliary damping 

controller  
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Protection Vs. Mitigation  

Mitigation  involves reducing the exposure of the 
system to the risk of SSR and thus allowing the 
vulnerable resources to continue operating, even 
when outages result in stronger electrical coupling 
between a generator and a series capacitor. In many 
cases, mitigation may also be able to completely 
eliminate the risk of SSR.  

Protection  involves forced tripping (removal of 
generator or series capacitor), which is 
disruptive for a system that is already in a 
weakened state due to outages and is generally 
recommended as a backup means of defence.  



16 Papiya Dattaray ï Cigre NGN 20/02/2018 

It is essential to detect instability in the subsynchronous modes of vibration and to 
do this as fast as possible and evaluate the need to take proactive action. 

Traditional means for Managing SSR  

Relay schemes to 
disconnect generation 

or transmission  

TCSC 
Torsional 
Filters  

Static Blocking 
Filter  

Bypass Damping 
Filters  

Supplementary 
Excitation Damping 

Control (SEDC) 

Bypass 
Filter  

Latest solution installed by 
SPEN alongside their FSC ͠ 
first of its kind installed 
anywhere in the world  

Scope for a 
new 

solution?  Protection 
against the 
phenomenon 


