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Advanced control scheme for a WPP

* Both the wind power plant (WPP) level and the wind
turbine generator (WTG) level

e Diversity within WPP is considered
* Include high voltage mitigation at the fault clearance

 The controller takes advantage of available reactive
power at each WTG

 The reactive power is adaptively controlled as a
function of the voltage deviation
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Voltage Ride Through

Wind power plant required to remain on-line
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Operating Currents (Converter Based)
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Reactive Power Control Options

 Options 1: PF =1 (or fixed)
« adopted by many WPP
Veo * Ig=0 (qr proportic_)nal tol,) |
e |, = varies with wind speed until
| rateq 1S reached.
» Voltage is controlled by the utility

« Options 2: controllable reactive power
* lgis controlled to compensate
voltage drop along the lines in
Veo normal operation.
' * lqis controlled to provide LVRT

(IQmax); Qmax = \/[(Smax)z — (P)?]




Simplified Representation of a Faulted Line
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Sequence of Fault Event and Recovery
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Adaptive Q-V Control Function

Adaptive Q-V characteristic of a DFIG to correct voltage deficit during fault event
Function: Q injection depending on voltage deficit

Linear region: Gain of Q-V characteristic in proportion to Q capability
Saturation region: Q,,,, and Q,,, depending on Q capability

A
0 (p-u)
A |Fzzz=zz==z==
—— P'=0.833 p.u., Kp=10.28 /
L 1!
0.6 —— P’=0.488 p.u., Kp=15.08 - N
M \ —— P’=0.461p.u., £=1650 | g i
. . V !
3 0s Sy I I : QI . QI _ — P'=0.454 p.u., K{;=17.93 | ‘ |
L L |
%- | P'=1.000 p.. kQ — max min } Hi :
&) L L | L | 1 1 | | 1I|U L | |
L T T »>
z 0 B ;2:0.586 pu. N Av Do ool Au (pu.)
= - PP=0.544 p.u. | [ |} r 7
_g 02 N N P=0.553 pu. i % i i: U IO'I
= D%
5 ol ' N A Fixed 0-V
< . | I /(R . e
a4 - RRE 7 \ characteristic
06 4 IRy b
SRR I o P
08 oA N
oo o o Do oo OO O oS I [ =
— I [
1 L1111 L, O .
0 01 02 03 04 05 06 07 08 09 Y Sy N .
Active power (p.u.) ny | “Adaptive O-F
L) characteristic

@%ﬁss

Power & Energy Society®




11

Over Voltage Control Function
(OVCF)

OVCF of WPP to avert a sudden overvoltage at the removal of the fault
Function: Q reduction of a WPP in proportion to the rate of the change of the voltage
High-pass filter (G,,) is activated only to overcome sudden overvoltage at the removal of the fault
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Plant Level Controller

Plant level controller provides voltage regulation at the POI
- Function: Calculating and sending partial voltage set-point (Au' ) to wind turbine generators

- It helps to correct a voltage deficit during a fault event
- It might commit the sudden overvoltage at the removal of the fault because of surplus of Au'
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Plant Level Controller
(including OVCF)

Plant level controller provides voltage regulation at the POI

- Function: Providing Au' ; and high-pass filter output (h) to wind turbine generators (WTGs)

- It helps to correct a voltage deficit during a fault event as well as overcome a sudden
overvoltage at the removal of the fault
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G,, is activated only to overcome sudden overvoltage at the removal of the fault.
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Turbine Level Controller
(including OVCF)
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During a fault event
- Adaptive Q-V function enables the WTGs to make use of available Q capabilities of the WTGs

After the fault clearance

- b, is obtained from the modified washout which passes the fast varying components of the
POI voltage larger than 0.9 p.u. and it is applied to prevent the overvoltage at the POI and the
terminals of the WTGs by by eliminating the accumulated values in the integrator at the

moment
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Simulation Verification

Case 1

- 0.5-p.u. grid fault for 300 ms, SCR of 4, a, of 0.1, and wind speed of 12 m/s with direction of 45°
Case 2

- 0.5-p.u. grid fault for 300 ms, SCR of 4, a, of 0.1, and wind speed of 10 m/s with direction of 45°
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Case 1: 12m/sec wind speed
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Case 2: 10 m/sec wind speed
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Conclusions

 An advanced voltage control scheme a WTG and WPP was explored

 Normal condition and transient condition due to disturbance are
considered.

e |t takes into account the diversity within the WPP (wind resource and
electrical network)

e To prevent an overvoltage after the fault clearance Over Voltage
Control Function (OVCF) is included in the WPP and WTG controllers.

 The controllers are implemented and the results show that the
proposed scheme can secure more Q reserve of a WPP, which can be
injected to support the point of interconnection (POI) voltage during
the fault.
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