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The Research Questions?

How can we control energy storage to ‘play
nicely’ with other devices?

How can we maximize performance of
energy storage in low inertia systems?




Why RTDS/Real-Time Simulation
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First stages of testing

Quickly gather datasets

Scope for expanding, PHIL/CHIL
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Presentation Outline
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The problem — Grid Supporting Energy Storage

Solving the problem with Data-Driven Control

Results and Conclusions
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Two Approaches to Tuning Controllers

mmm MVODEL-BASED

Physics - Differential equations
Unmodelled dynamics

Pre-construction

Deep underlying knowledge of the system

DATA-DRIVEN

 Heuristic Tuning - Zeigler-Nichols PID tuning — 1942
« System ldentification

« Requires the system for testing (constructed or
accurate simulation)
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What is a Grid-Following
Inverters?
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Droop Control of Grid Following
Inverters
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Shipboard Power System

Generators, 250kW, BESS,100kW cont., 300kW (5s)

Diesel GeneratorDG, Diesel GeneratorDG3
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Changing Droop Gain of BESS

Initially, entire system is operating with 5% droop
250k VA load step pf 0.8
2.5% droop — BESS only, 5% droop Generators
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Increase Gain of Battery + Generators

2.5% droop — 250kVA load step pf 0.8
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What happens if the battery
disconnects?
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System becomes unstable
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Thinking More like a Control systems
Engineer

d
Integrator
r + ( u + ot
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Hint(s) = ;

Poleats =0

The ‘droop’ constraint is:

All devices in the network must have controller gain that is
proportional to their power rating, at 0 Hz.
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Alterative Controller Structure
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But, now we have more parameters to tune
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System ldentification - RTDS

First we need to know something about the plant
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System ldentification - RTDS

Then, with a little Fourier analysis (just
mathematic some transforms)

- DFT (Ruy)
- DFT(Ryu)
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This can be accomplished in other ways! Doesn’t have G
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Data Driven Control

Frequency and The Rest of the
Voltage Power System What about droop?
Controllers g
8 [K Aw) O 1 ul {G‘“("ﬁi g”(":lwﬂ,)]_ Constrain
- \/ K(ow =0)
K ST G )
y

Performance in the Frequency Domain

Bandwidth, Gain Margin, Phase Margin, Disturbances, Sensitivities.....
Invaluable Textbook [3] — Feedback Control Theory
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Tuning The Controller

Performance in the Frequency Domain

Optimisation of controllers parameters.

Solve an Optimisation Problem to Tune the Parameters
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There is a Matlab toolbox from EPFL for this
optimisation — [2]

https://www.epfl.ch/labs/la/research/page-67797-en- )
html/page-67814-en-html/fdrc_toolbox/ «» ltj[%l;é%l



https://www.epfl.ch/labs/la/research/page-67797-en-html/page-67814-en-html/fdrc_toolbox/
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Testing Platform

Simulate Power System Controller

Timestep 50us Lives in a c-function
block running at 1ms

e

Diesel GeneratorDG1 Diesel GeneratorDG3 /7 Place C code hers which rums on the XTDS. The

ff code below is entered once each simulation
ff ostep.

T e T
COOLOOU allocateMemory{error,l¢); // memory allocated in 32 bit words
L - 250 kVA allocateMemory (output,l€); /¢ 2 x 32 bit words per double
1

% Hotel - L3 E?Eii;:ii::zf .'=ccn:x’1t:i1:<i ; counter++){
ocutput [counter] = output [counter—-1]1;
Diesel GeneratorDG2 CABLE 1 % 160 kVA L, error[counter] = errorlcounter-1]:

100 m error[0] = err;
0000000 = for(n?ou.nter=i: counter(i:.F?Fmter++:{
L,- 250 kVA i eI

1
f'\J if (output [counter] > 10000} |

Battery + || Pu'sed - L4 output [counter] = 10000;

1 }

Inverter ESS o 400 kKW -
cont = bO*error[0] + bl*error[l] + bZ*error([l]

— — CABLE 2 - 200 m 3% El+ b2*error[2] + bid*error[4] + bS*error[S] - {al*ocutput[l] + aZ*cutput[l] + a3*output[2] + ad*output[4]
J— -+ aS*outputl[5]1);
T f\J CABLE 3 _ 200 m 38 output[0] = cont;

= 1
step++;
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Data-Driven Controller

250kVA load step pf 0.8, 5% droop Generators
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Data-Driven Controller

Generator Failure, 5% droop Generators
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Conclusions

Fast and accurate simulations enable data-driven control
* Quickly gather datasets for different inputs/outputs
« Heuristic methods for tuning control systems have limitations.

« Faster systems (i.e. low inertia) systems, require improved methods for tuning controllers.
Simply increasing gains lowers stability margins.

Data-driven control methods require less knowledge of underlying system
« Improved tuning for black or grey box systems.
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Research Scope

Grid-Following Inverters
Microgrids
Primary Control Systems

Linear Control Systems
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Future Work

Future Work:
* Applying to systems with multiple BESSs.
« Applying to larger power systems.
« Gathering knowledge of good performance
criterion.

« Testing frequency and voltage control
methods experimentally, via HiL tests.
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Frequency vs time Domain

A change in the way of thinking:
« Time domain
* Frequency domain

Frequency Domain:
« Can handle dead times/delays well
« Good stability proofs/ definitions for robustness
« Better knowledge of the system than step response

« Better methods for dealing with multi-input multi-output
systems
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More About Control Design Tools

Can be used for other control problems, some
examples:

 Inverter control systems - Current controllers and
DC-link voltage controllers.

« Motion control - gyroscopes

« Damping inter-area oscillations

« UPS/ voltage controlled inverters

« High precision Magnet Power Supplie

J MONASH

University



What if the Power System Changes?

Comparing Identified FRD for at Different Load

Magnitude (dB)

- ___From: In(1) ___From:In(2)
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More About These Tools

Can be used for other control problems, some
examples:

Inverter control systems - Current controllers and
DC-link voltage controllers.

Motion control - gyroscopes

Damping inter-area oscillations

UPS/ voltage controlled inverters
High precision Magnet Power Supplie
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More About Test System

OMPONENT BUILDE
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More About Test System

DG3
IEEE Type AC1 . BUST
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More About Test System

Power Control
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Linear Control

LINEAR SYSTEMS

Common forms: Frequency Response — G (jw)
o4 i : . Cutoff freq :
. _ utoff frequency
State-space: AT e _
x — A X _I_ Bu g i | _Skl(A)P‘ek:_-:'Zf)ﬁdB/decade_
y =Cx + Du g | |
-0 r * Passband Stopband
-60 . : . . .
Transfer function: s 0 — s
(1)721 ED | | Passband Stopband
G (S) — '::, 20k assban : lOp an
s+ 2w, + w3 e O N O .~ .
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