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ABSTRACT: Under the event of energization, deenergization, fault occurrence and fault clearing in a wind

farm switching transients are initiated by the action of circuit breaker. In this paper

an analytic study of

temporary and transient overvoltages has been carried out by using modelling methodology of all
componentsin a wind farm. This study also focused on the frequency relation of different components of
wind farm which takes place during transients. For analysis of effectiveness of system grounding we use

Coefficient of grounding(COG).

Index Terms: Wind farms, transient overvoltage, temporary overvoltage, grounding transformer, coefficient of

grounding (COG).

I. INTRODUCTION

In a power system we can classify overvoltages into 1)
transient overvoltages 2) temporary overvoltages

Transient overvoltage may be defined as "highly
damped, oscillatory or non oscillatory overvoltage for
short duration, having few mille seconds or less."
Transient overvoltage can be classified into lightning,
switching and short duration very fast front. An

oscillatory overvoltage at a specified
positionforcomparatively long time period (seconds,
even minutes) may be known as temporary

overvoltages. It is undamped and weakly damped. Fault
clearing operations and switching are major causes for
temporary overvoltage.In a wind power plant
switchingtransients  including  energization  and
deenergization of system elements are main reasons for
overvoltages. Due to switching on and off of capacitor
banks, overvoltages may initiate in a power system.
Hence, for studying and analysing these transients and
overvoltages initiated from thesetransients, detailed
modelling of system components is essential. Many
papers are available in literature that describes
equipment modelling and transient analysis of wind
power plant.This paper explores the consequence of
temporary overvoltages and switching transientsin a
practical wind farm.

II. SYSTEM DESCRIPTION AND EQUIPMENT
MODELING

The power system we consider here for study and
analysing is a practical wind power plant located at
Gujarat, India. There are total 20 double fed induction
generators (DFIG) in this wind farm.All DFIG rating is
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2.6 MW, 0.65 kV each, having total generation capacity
of 55.2 MW.The DFIG can keep power factor between
0.95 (capacitive) and 0.9 (inductive) at terminal by
variable reactive power. Each generator is connected to
32.5kV underground cable feeders through a 2.7MVA
transformer. The WTG transformers step up voltages
from 690V to 34.5kV. Three arrays of which 2
collecting 7 WTGs and one collecting 6 WTGs are
connected to a collector bus at the low voltage side of a
main transformer which further steps up the voltage to
138kV. The power will be transferred via an
underground collection system at 34.5kV to the
substation. A 34.5/138kV substation is built to step-up
the generation to 138kV. All system modelling and
analysis is done in PSCAD software.

A. Generator Modelling

For studying switching transients the source is always
modeled as an ideal sine wave source i.e., each
generator is modeled as a voltage source behind a (sub-
transient R + jX”) thevenin impedance assuming to
generate constant real and reactive power before
switching transient occurs in system. Here we neglect
the effect of power electronic converters used in DFIG.

|
Fig. 1. Representation of source.

B. Transformer Modelling

For modelling high frequency transformer model we
must consider nonlinear characteristics with hysteresis
losses and eddy current losses. Due to inter-turn
capacitance and winding capacitance, high frequency
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model demands capacitive couplings between windings
of transformer.

In this system we consider two transformers, one
turbine transformer having 2.7MVA, 0.69/34.5kV
rating with impedance 8.45% whileanother one is the
main transformer having 40MVA, 34.5/138kV rating
with impedance 9%. Transformer terminal capacitances
are calculated from the transformer oscillation
frequency when a fault on the one side of the
transformer is cleared from other side.The effective
terminal capacitances can  be determined based on the
frequency of oscillation of each winding by using

1

@) Ly
Where f is oscillation frequency of each of the windings
in Hertz andL; is the transformer leakage inductance in
Henries.
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Fig. 2. Model of transformer.

Calculated transformer inter winding capacitances are
shown in Table 1.

Table 1: Transformer inter winding capacitance.

p is the conductor resistivity (2.83*10-8Qm), R2 is the
conductor radius+ conductor shield (6.54mm), A is the
nominal cross sectional area of the conductor
(107.22mm2),p’ is corrected resistivity (Q2m).

Permittivity actual conversion is done by using:
In(R, /R,) _

=€, =2.828
“ In(R, / R,)

R; core radius (5.842mm)

R, core+ conductor shield+ insulation+ insulation shield
(16.446mm)

R, insulation inner radius (6.54mm)

R; insulation outer radius (15.176mm)

The flux density By,caused by this solenoid effect is
approximately given byu;,, ,is the relative permeability
of the insulation. N is the number of turns per meter of
the cable (3turns/m).

Bsol (r) = ﬂins,rﬂONl

The associated inductance is given by

L=, tNTI(R*+—R*)

£

Table 2: Cable Constants Obtained in PSCAD.

Cable S00MCM | 750MCM | 4/0AWG
Ry 70.1 65.2 138.7
Xy 25.9 24.2 33.2
R, 42.5 30.4 86.3
X 39.6 37.0 46.1

Main Turbine
Capacitance Transformer | Transformer
(nf) (nf)
High Voltage
Winding 3.5180 1.10
Low voltage
Winding 12.695 2.85
Inter Winding 6.4410 1.60

C. Cable Modelling
For transient overvoltage (TOV) studies, it is required
that the cable systems should be modeled accurately
because a simple pi section does not simulate
reflections in cables, and it is thus usually used only for
steady state studies. The TOVs, propagating in cable
systems and impedances of the cable systems are highly
frequency dependent. Therefore, for high frequency
transient studies, frequency dependent model is used.
The idea of this section is to accurately model an actual
cable in PSCAD.

2
R:iZ _355¢10*0m

p':p*
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D. Transmission Line Modelling

The most efficient and accurate transmission line
models are distributed parameter models based on the
travelling time and characteristic impedance Zc of the
line. Modeling of transmission line can be done in
several ways in PSCAD, however taking into effect the
frequency dependence effect using the frequency
dependent phase model has been selected.

J
Ground conductor

2.1336m 2.1336m

1.829m

1.829m 31.43m

22.899m

Ground (0, 0) l
Fig. 3. Transmission line model used in PSCAD.
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E. Grid Modelling
The utility is modeled using a 3-phase and 1-phase
short circuit MVA ratings. Based on these MVA ratings
and respective X/R ratios the positive and zero-
sequence impedances are calculated. The terminal
voltage is kept constant at 138 kV with positive
sequence impedance being Z1 = 1.0856119 4+
8.215911Q and zero sequence impedance being Z0 =
3.490777 4 12.0641/3\9.

~
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Fig. 4. Grid model used in PSCAD.

III. SYSTEM STUDY AND OBSERVATIONS

Here we consider two types of transient phenomena i)
energization phenomena and ii) de-energization of the
system elements. The former category includes
energization of transmission lines or cables,
transformers, reactors, capacitor banks etc.

The latter category includes fault clearing and load
rejections.
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Fig. 5. Voltage across generator(G1) with SA.
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Fig. 6. COG Variation at different locations.
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From above graph we can see COG in each case where
fault occurred is 1.07 to 1.08 but according to standards
COG for a perfectly grounded system should not exceed
0.8. This indicates that surge arresters are not capable to
suppress the rise in TOV due to fault occurrence. This
demands the use of Grounding Transformer on the MV
bus to provide some degree of system grounding to
avoid extreme TOV.The impedance of the grounding
transformer must be chosen so that the unfaulted phase
voltages during a ground fault, and subsequent cable
isolation, are within the temporary overvoltage
capability of the surge arresters.
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Fig. 7. Surge arrester current at main transformer due to
SLG at PCC.

@ NO SA and GT

| SA
O SA and GT

%o rise fromMCOV
%
)

1

2 3 4 5 6 7 8 9 10
Voltages at various surge arrestor locations

Fig. 8. % Rise from MCOV (PCC with no load
transformer and cables).

Here we can see in above Figure the effect of GT is
almost negligible as % rise from MCOV with and
without GT is the same because the effect of grounding
comes in case of only zero sequence currents hence the
GT can be considered here to be open circuited. Also
we can see the % rise from MCOV is almost well
within limits. We also that rise of temporary
overvoltages due to energization of circuit elements will
not lead to any potential failures within system since
rise of voltage is within the limits compared with
Maximum Continuous overvoltage of Surge Arrester
indicating efficiency of surge arrester to mitigate
overvoltages. (Here the grounding transformers effect is
mostly zero but they were considered to be active in
operation).
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IV. CONCLUSION

In this paper, analytic study of overvoltages due to the
effect of switching in a practical wind farm is done.
Simulation of major possible state of overvoltages in a
wind farm is done in PSCAD and respective results are
discussed. For finding the effective grounding system,
possibility of coefficient of grounding (COG) is also
discussed by using grounding transformer case. Under
the consideration of using small length cables in a wind
farm with respect to other farms,it is found that the
magnitude of resultant overvoltage’s are very less.

ACKNOWLEDGEMENT

The authors would like to thank Mr Diwakar Agarwal,
Sr. Engineer of Engineers India Ltd. for their valuable
support.

REFERENCES

[1]. IEEE Std C62.92. 4-1991, TEEE Guide for the Application
of Neutral Grounding in Electrical Utility Systems, Part IV-
Distribution', IEEE Power & Energy Society.

[2]. Math H. J. Bollen, Emmanouil Styvaktakis, Irene Yu-
HuaGu, "Categorization and Analysis of Power System
Transients", IEEE Trans. on Power De/., Vol. 20, No. 3, July
2005.

[3]. George W. Walsh, "A Review of Lightning Protection
and Grounding Practices", IEEE Trans. on Ind. Appl., Vol.
Ia+9, No. 2, Mar/Apr. 1973.

[4]. EH. Camm, M. R. Behnke, O. Bolado, M. Bollen, M.
Bradt, C. Brooks, W. Dilling, M. Edds, W. J. Hejdak, D.
Houseman, S. Klein, F. Li, J. Li, P. Maibach, T. Nicolai, J.
Patino, S. V. Pasupulati N. Samaan, S. Saylors, T. Siebert, T.
Smith, M. Starke, R. Walling, "Wind Power Plant Grounding,
Overvoltage Protection, and Insulation coordination", /IEEE
PES Wind Plant Collector System Design Working Group
2009.

Pant and Bisht

[5]. D.W. Durbak, AM. Gole, EH. Camm, M. Marz, R.C.
Degeneff, R.P. OLeary, R. Natarajan, J.A. Martinez-Velasco,
Kai-Chung Lee, A. Morched, R. Shanahan, E.R. Pratico, G.C.
Thomann, B. Shperling, A. J. F. Keri, D.A. Woodford, L.
Rugeles, V. Rashkes, A. Sarshar, "Guidelines for Switching
Transients Report Prepared by the Switching Modeling
Transients Task Force of the IEEE Modeling and Analysis of
System Transients Working Group", Special publication
modeling and simulation working group 15. 0S.

[6]. Lars Lijestrand, AmbraSannino, Henrik Breeder, Stefen
Thorburn,"Transients in Collection Grids of Large Offshore
Wind Parks", Research article- John Wiley and sons limited.
[7]. Babak Badrzadeh, Martin HOgdahl, Emir Isabegovic,
"Transients in Wind Power Plants - Part I: Modeling
Methodology and Validation", IEEE Trans. on Ind. Appl.,
Vol. 48, Issue 2, Oct. 2011.

[8]. Babak Badrzadeh, Martin HOgdahl, Nand Singh, Henrik
Breder, Kailash Srivastava, "Transients in Wind Power Plants
- Part II: CaseStudies", IEEE Trans. on Ind. App/., Oct. 2011.
[9]. Abey D., Samson G., "Analysis of Transients in Wind
Parks: Modeling of System Components and Experimental
Verification", MSc thesisChalmers University.

[10]. C. Han, Don E. Martin, M. R. Lezama, "Transient Over-
Voltage (TOV)and Its Suppression for a Large Wind Farm
Utility Interconnection", IEEE Sustainable Power generation
and Supply, April 2009.

[11]. R. H. Harner, Rodriguez, "Transient Recovery Voltages
AssociatedWith Power-System, Three-Phase Transformer
Secondary Faults", IEEE Power Engineering Society, Vol.
PAS-91 Issue 5 Jan. 30-Feb. 4, 1972.
[12]. N. R. Watson, J. Aurrillaga,
Electromagnetic ~ TransientsSimulation',
Electrical Engineers.

[13]. ANSHIEEE Std 32-1972, 1EEE Standard Requirements,
Terminology, and Test Procedure for Neutral Grounding
Devices', IEEE Power & Energy Society.

Power Systems
Institution  of

419



