MISSOURI
Missouri University of Science and Technology
&I Scholars' Mine

Electrical and Computer Engineering Faculty

Research & Creative Works Electrical and Computer Engineering

01 Jan 2001

A Continually Online Trained Neurocontroller for Excitation and
Turbine Control of a Turbogenerator

Ganesh K. Venayagamoorthy
Missouri University of Science and Technology

Ronald G. Harley

Follow this and additional works at: https://scholarsmine.mst.edu/ele_comeng_facwork

Cf Part of the Electrical and Computer Engineering Commons

Recommended Citation

G. K. Venayagamoorthy and R. G. Harley, "A Continually Online Trained Neurocontroller for Excitation and
Turbine Control of a Turbogenerator," Proceedings of the 22nd IEEE Power Engineering Society
International Conference on Power Industry Computer Applications, 2001. PICA 2001, Institute of
Electrical and Electronics Engineers (IEEE), Jan 2001.

The definitive version is available at https://doi.org/10.1109/PICA.2001.932335

This Video - Presentation is brought to you for free and open access by Scholars' Mine. It has been accepted for
inclusion in Electrical and Computer Engineering Faculty Research & Creative Works by an authorized administrator
of Scholars' Mine. This work is protected by U. S. Copyright Law. Unauthorized use including reproduction for
redistribution requires the permission of the copyright holder. For more information, please contact
scholarsmine@mst.edu.


http://www.mst.edu/
http://www.mst.edu/
https://scholarsmine.mst.edu/
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng_facwork
https://scholarsmine.mst.edu/ele_comeng
https://scholarsmine.mst.edu/ele_comeng_facwork?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F775&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/266?utm_source=scholarsmine.mst.edu%2Fele_comeng_facwork%2F775&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.1109/PICA.2001.932335
mailto:scholarsmine@mst.edu

PowerPoint Presentation
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® The power gnd isa cumplex and a vanable network wﬂh many operatlonal 5
levels made up of a wide range of energy sources with many interaction F,
points. %%
As the demand for the electric power is outpacing the available sources, the :
complex systems that ensure the stability and security of the power grid are
pushed closer to their edge.

Turbogenerators supply most of the electrical energy and their performance
is directly retated to the stability and security of the power grid.

A turbogenerator is a nonlinear, non-stationary, muttivariable system.
Conventional automatic voltage regulators (AVRs) and turbine governors
are designed, based on some linearlzed power system model, to control the |
turbegenerator in some optimal fashion around one operating point. At other
operating points the controller performance degrades.

e For large disturbances, these controllers operate outside the linear range
and performance also degrades, thus driving the power system into
undesirable operating states.
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( e The design and |mplementatlon of a continually online tralned (COM)

neurocontroller and a COT neuroidentifier on a practical
turbogenerator system test bed, using muiti-layer perceptron (MLP)
neural network.

in order to prove that the neurocontroller is stable when using
deviation signals for oniine training.

o The drawback related to MLP neural networks compared to the RBF
neural network, reported in references [8] & [10] in the paper, is
overcome with the use of deviation signals instead of using the
actual signals.

e It compares the performance of the neurocontroller with the
conventional AVR and governor controllers but emphasizes on how

#=st  to do neurocontrol with onfine training on a practical turbogenerator

Mlcro Machlne Research Laboratory at the
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Automatic voltage regulator and exciter combination
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Micro-turbine and governor combination

xAnTy

Rower hustry m;«mwwmr 20-26m May 2001, smny nstoe

The 2nd hiematiocal Condermron Canhmcn o

Slide 7

Pre-training of the Neuroidentifie
prior to Neurocontrol

et
e Inputs to the Turbogenerator
; o Field voltage V.,
o Turbine power P,
o Forced deviations
@ Field vollage 4 Vi,
® Turbine power 4P,
@ Inputs to the Neuroidentifier
# Forced deviations
» Delayed values of Field voltage 4 Vi,
o Delayed values of Turbine power 4 P,
o Delayed values of Terminal voltage deviation 4 V,
o Delayed values of Speed deviation Aw
o Outputs of the Turbogenerator and the Neuroidentifier
® Terminal voltage deviationd v,
o Speed deviation Aw
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Pretraining of the Neuroidentifier:

input & output signals
R R SRR e

Training signal AV, applied

Y Speed deviation of the turbogenerator
to the exciter

and the neuroidentifier
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Inputs to the Neurocontrolier
o Delayed values of Terminal voltage deviation 4 V;
e Delayed vaiues of Speed deviation Aw

Outputs of the Neurocontroller
® Deviation in Field voltage 4 V.,

e Deviation in Turbine Power 4 P,
Neuroidentifier weights
e Fixed
e Backpropagation of

errors at H

oy T
loviad| Predicur
MBie1) =iaVe1)
CErdyy A%DI

Nearo. B———s— |
oatitie |AS+DAV.GD]

fe--

AT PO

£ 20-241 May 2001, Sydwy, Austrpkn

Tie 2210 emational Contereace Ace

Slide 10

o~ i S
Post-control Training

: @ Online training continues
o Three procedures are carried out every sampling period:
# Training the neurocidentifier
# Training the neurocontroiler
#» Controlling the turbogenerator

First Procedure: Training the Neuroidentifier
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@ ‘Third Procedure: Controlling the turbogenerator

@ New controf signals 2 v are calculated using the updated weights
from the second procedure and are applied at time (k+1) to the
furbogenerator at B.
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Desired Termlnal Voltage Setpomt

P=1.0pu&Q=0.62pu,
Z=002+j04

5% Step Changes in th
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Simulation Results:

Three Phase Short Circuit at the Infinite Bus

® The short circuit test is carrled out at: Z=0.025+]06atP =1pu & Q=0.62 pu
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Micro-urbine input deviations (pu)

Training signal AP, applied
to the micro-turbine
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Neurocontroller autput: Exciter
input signal AV,
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Newocontroller: AV ()
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Practical Results: + 5% Step Changes
| in the Desired Terminal Voltage
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Measured foad angle with the conventional Measured load angle with the
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Measured load angle with the conventional
controlleratP =05pu& Q=-06pu
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Practical Results + 9% Step Changes
m the Deswed Termlnal Voltage

neurocontrofler at P =05 pu& Q=-06 pu
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® A continually online trained neurocontroller strategy has been
proposed and implemented for turbogenerator excitation and turbine
governor.

o The neuroidentifier and neurocontrolier undergo pre-training until
convergence is attained, before allowing them to control the
turbogenerator. Thereafter they undergo continually online training.
Hence the stability and robustness issues are not a major problem._
since the neural network inputs and outputs are deviation signals.
The results illustrate that not only is it possible to practically
implement neuroidentifiers and neurocontrollers, but that their
performance is comparable to, or better than the benchmark
conventional controllers which are fine tuned for a particular operating
point and system configuration. :
o However, when the system conditions change, such as different
power levels, the neuroidentifier correctly identifies these changes,
and the neurocontroller performance therefore does not degrade, as
in case of the conventional controllers,

Conclusions

The superior performance of the neurocontroller occurs because the
online training never stops and deviation signals are used.

Another important consideration is that the neural networks have no
prior information of the turbogenerator and the grid it is connected to,
need no tuning on site during commissioning, ‘and are therefore
completely self-commissioning.

Such neurocontrollers allow power plants to be operated closer to
their steady state stability limits, thus producing more electrical power
per Dollar invested.

Further studies are in progress with this neurocontroller on a three-
machine power system which suffers from multi-mode oscillations,
and preliminary results look encouraging.
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