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Background and Motivation

A Systemlevel MG controllerscoordinate heterogeneous DERS
Architectures? bDesigns? Tirbeales?

A Controllers are implementedigitally and usecommunication

Discretization? Samplingrates?rComm.dssues?

Section(@bjectiveDiscuss; analyze; andiillustrate: the impact of these

factors on'MG dynamic stahility,and performance
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SystemLevel MG Controls
Primary Control (Fast)
Tertiary Control | <€========-= > Secondary Control ] ] .
A Objective stabilize MG frequency and voltage
() () () A Architecture decentralized
Primary Primary Primary | A Time Constanta 1 second

{7 conrol [ ] Conrol [*7 7] Contral [ A Typical DesignP/f and Q/V droop control

| @ A Extraswirtual impedance loops for IBG
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Impacts:shorterm stability
Secondary Control (Slow) Tertiary Control (Very Slow)
A Objectivey Fk+ NBIdzZ F GA2Yy T LR GSNI &KI NRY R opptiveNEbRIinatidn With Sttty op ofHermcX
é Architecture centralized or distributed A Architecture centralized
Time Constanta 5-10s ) A
A Typical Desigrdl NA 2 dzAY AyaS3aNIt O2yaNEBf 3z 2 tsling§Nstanta migues tghoyrsy

No impactcon\MGistability.

May impact MG :sstability!
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Centralized vs. Distributed Contro\
i Distributed control is>often

o . expressedrinithé:language
AW 11ncr Control /__/ Primary Control lb Secondary Control /__/ Tertiary Control | Of glramhttfmw

> Distributed Generator <«—> (Communication Link > Central Controller

Centralized Sec. Control Distributed Sec. Control
A Central processor collects data and computes control actions A Distributed processors share information to compute
A Advantagessimple, enables complex functionality (EMS) A Advantagesresilience to failure, scalability
A Weaknessessingle point of failure, lack of scalability A Weaknessescomplex functionality difficult

Our focus centralized vs: distributed-secondary freg:and valt.:control
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Secondary Fred. and Volt. Controé&
Characteristics of good sec. control systems _
0O 01 0 O

A No interaction with primary control loops 0000 1
A Adjustable timeconstants A= 09l
A Designed using zero or little model information 00 01 0

Centralized integralccontrol Distributed integral control
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/ Commands broadcasted out

Centralized error signal Localerror Communication between neighbouring controllers
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Analog vs. Digital Control \ o= |

A Practical secondary control systems are digital control systems
A Emulation Designdesign an analog controller, then discretize
A Direct Designdirectly design a discrete controller

y(t) Key Issues

- —| Sec. Control F--+ D/A @—> MG —> ) i
1. Sampling period

A

AR— Clock| A oy o4

___________ Y L l I S —Lpre e é<N01se 2. Anti-aliasing filters

A Ensures data quality




Communications Modelling

Scalability | Distance 1
complexity | coverage
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optcaliber VvV VvV A Wired vs. wireless
Wired Yy . . A Short range vs. long range

Tizelpiiss vV vV A Lowlatency vs. highatency
SRS v T v v v A Capital costs
Wi-Fi
— - - - — * v A Maintenance costs
Bluetooth VvV \Y \ VvV \ A Secu I’I'[y

WWIEIEISS Cellular3G VVV % vV vV Y%
CellulardG VVV \Y VvV VvV VV Y
CellularsG VVV \Y, VvV V Vv Vv
LoRa V'V V VvV VVV V

IEC 61850 Communication between devices in transmission, distribution, and

i i DER/microgrid ang
(618507-420) substation automation system microgr Critical Issues for Control
Data exchange betyvegn dgvice anq networks in the power Energy management system A De| ayS

distribution domain

IEEE 1547.x Interconnecting DERs with Electric Power System DER/microgrid A R6||ab|l|ty and data IOSS
IEEE 1646 Communication requirements Substation automation
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Case Study: CIGRE Microgrid \ -

et Q et [ [ Test System Overview
M — A 1BG units operating w/ inner loops in gfilrming mode

T S T A Primary controller bandwidti  p | 1
Iﬁ*," wer {3 A Communication linkbetween IBGs
2 T ST N A Obijective:focus on distributed secondary control effects
@ TT17° Case Studies for Distributed Secondary Control
b3} ] I ! rﬁi 1 . 1. Effect of controller sampling period
T T . | 2. Effect of communication delays
F L1 3. Effect of communication failure
gl i T
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Communication Delays (0Os, 0.53,%\




