Implementing and Real-Time Testing a Controller for

a Grid-Tied Inverter
19 May 2021 | 10:00 - 11:00 (GMT+8)

Coordinated Control of Distributed Energy Resources (DERs) in
Microgrids

Starting soon....

A A
'”§¥

“_l»‘.,nj','.

e s T

AgCENDAS

SYSTEMS

4\ MathWorks: ( Es TECHSQURCE

Power & Energy Society®
SINGAPORE CHAPTER




| @\ MathWorks speedgoat

real-time simulation

Using Simulink to Develop Grid-Tied Inverter Controls

© 2020 MathWorks and Speedgoat



nnnnnnnnnnnnnnnnnnnnnnnnnnn

Table of Contents

= Introduction

- What is hardware-in-the-loop?

= Overview of solar inverter control development

= Control design tasks for power capture and grid protection
= Code generation for controller and plant

- Hardware-in-the-loop testing with Speedgoat hardware



nnnnnnnnnnnnnnnnnnnnnnnnnnn

Key Takeaways

= Simplify control development for power electronics using Simscape Electrical
and Speedgoat hardware

- Automatically generate C and HDL code for plant simulations and production
code from Simulink and Simscape Electrical

= Use hardware-in-the-loop to test normal operation and fault conditions such
as Fault-Ride Through



| AMathWorks speedgaat

Simulink and Speedgoat are a common platforE== *
control design and testing '

Design and optimize Generate code
controls using electrical for the plant
systems simulation

: = R um i
R PR PR L . | ; target
5 — - : F\""'!ﬁ i
: : et T\ = LS U
: e — : | — .9

|
Inverter load

| Power Source il and the controller

......................................................

seesw
Inverter Controller Model




About Speedgoat

= A MathWorks associate company, incorporated in 2006
by former MathWorks employees. Headquarters in
Switzerland, with subsidiaries in the USA and Germany

= Provider of real-time target computers, expressly
designed for use with Simulink

kg |

= Real-time core team of around 200 people within
MathWorks and Speedgoat. Closely working with the
entire MathWorks organization employing around 5,000
people worldwide
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What is Our Goal?

= Primary goal is to design power electronics hardware and controllers

Hardware (Plan)

Controller
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What is Our Goal?

= Primary goal is to design power electronics hardware and controllers
— Hardware in the loop (HIL) testing can improve this process

Hardware (Plan)

Controller
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Protecting the Utility Grid

Voltage Grid Codes

VbOC

Cascading Trips

Frequency Grid Codes
. | FPOC
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What is Hardware in the Loop (HIL) Testing

- HIL replaces the power electronics hardware with a virtual simulation

Controller
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What is Hardware in the Loop (HIL) Testing

HIL replaces the power electronics hardware with a virtual simulation
— Controller can operate as if in the real system

Virtual Simulation
(Plant)

Controller

S S, Performang,
WSS real-time
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Advantages of Hardware in the Loop (HIL) Testing
= Can replace prototypes or production hardware with a real-time system
- Easier to automate testing and test grid code fault scenarios

= Safer than most power electronics hardware

- Start many design/test tasks earlier Virtual Simulation
(Plant)

real-time simulation

Controller

X vwes . Performance
YW real-time
. targee
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Model Based Design for Power Electronics

REQUIREMENTS C or HDL Code generated from plant model
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Overview of Solar Inverter Control Development
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¢ Plant Modeling
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Layers of Control in Smart Grid Applications
IEEE1676 — Power Electronic Building Blocks

Control Transients

Hours

Peak Shaving/Load Leveling
Energy Markets

Integration of Renewables
Islanding Operation (No Grid)

Seconds

» Voltage/Frequency Regulation
« Transient Smoothing
» Reactive Power Control

m/J-Seconds

 Switched-Mode Control
« Harmonic Analysis

System Control

Application Control

Converter Control

Switching Control
Hardware Control
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Layers of Control in Smart Grid Applications
IEEE1676 — Power Electronic Building Blocks
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Three-Phase Inverter
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2 Tuning DC-DC Boost Converter Controls
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& Control Design Task 2 — Grid Synchronization

Three-Phase Inverter
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PV Power Output

Increasing
Irradiance

PV Voltage

Maximum Power Point Tracking

Automatically adjust desired PV Voltage to find Peak
Power Output at any Operating Condition
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& Control Design - Designing Fault-Ride Through Algorithms

Voltage Grid Codes ]
Frequency Grid Codes
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Control Design - Designing Fault-Ride Through Algorithms
Reactive power support during low voltage fault
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LVRT, HVRT

Testing Fault-Ride Through against Grid
Codes such as IEEE 1547-2018

% Grid
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Grid
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Learn more: Webinar on Renewable Grid Integration Studies R Sampl based T=50.000
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' Automatic Code Generation
Microcontroller

= Use Embedded Coder and C2000 hardware support package

Combine Simulink Algorithms Build and
Auto-generate
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& Automatic Code Generation
Speedgoat Real-Time Simulator

Use Simulink Real-Time and HDL Coder for C and HDL code generation
Deploy to multi-core CPUs or multiple FPGAs
Wide range of I/O connectivity, communication protocols and I/O functionality

Auto-generate Build using Operation with
C code or Simulink Real- Speedgoat Target
HDL Code Time Computer

Combine Simulink Model with
Speedgoat Driver Blocks
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Hardware-in-the-Loop Testing

Reuse models at different levels of fidelity in CPUs and FPGAs

Automatic code generation
— Multi-core CPUs using Simulink Real-Time
— Simulink-programmable FPGAs using HDL Coder

Compatibility of Simulink, V&V tools and Speedgoat hardware

HIL simulation with switching dynamics
— CPU workflow up to around 5 KHz switching
— FPGA workflow up to around 100 kHz switching
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Conclusion

= Simplify control development for power electronics using
Simscape Electrical and Speedgoat hardware

= Automatically generate C and HDL code for plant simulations
and production code from Simulink and Simscape Electrical

= Use hardware-in-the-loop to test normal operation and fault
conditions like Fault-Ride Through
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Learn More

= www.speedgoat.com — Speedgoat real-time solutions

= Developing Solar Inverter Control with Simulink — video series

= HIL for Power Electronics - whitepaper

= Detailed Model of 100 kW Grid-Connected PV Array - example

- MPPT Algorithm - webpage
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0. Outline

1. REIDS Project

2. Control
1) Islanded mode
2) Grid-tied mode
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Renewable Energy Integration Demonstrator — Singapore (REIDS)

g

L. S~ - = -?“

YETINC
1S

Renewable Energy Integration Demonstrator - Singébore :

REIDS is a Singapore-based RD&D platform
dedicated to designing, demonstrating and testing solutions
for sustainable multi-activity off-grid communities in Southeast Asia

http://erian.ntu.edu.sq/REIDS/Pages/AboutREIDS.as
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0. Outline

1. REIDS Project

2. Control
1) Islanded mode
2) Grid-tied mode
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= REIDS Roadmap and Framework

Phase | — 4 independent MGs (500kW-1MW each)
Phase Il — 4 MGs in a cluster configuration (L00kW-250kW each)

Energy Storage Loads Grid
Sources Hybrid Connection
Microgrid

Renewable
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Energy Energy Storage i Aquaculture
Sources A i
Hybrid - Batteries - Li-ion, Redox - Agro processing
Microgrid m Flow - Clean mobility
#M . -
Storage Loads - Super-capacitor i

- Flywheel Connection to
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*  Onboard Industry Collaborators

1. REIDS Project
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= REIDS Electrical Structure

1. REIDS Project
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0. Outline

=  Our research Framework: system-level coordination of DERs
DS Project Distribution network Distribution network
| T Ty K T
o Flexible Load Energy storage (ES) Distributed generator (DG)
2. Control Distributed Demand response Battery, Supercapacitor RES (Solar, Wind)
1) Islanded mode Egi;%‘;ces HVAC, Smart building Thermal ES Micro-turbine, CCHP
2) Grid-tied mode (DERs) J v - & ﬂ fag
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Distributed control
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Controller design A Optimal dispatch -
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y Investment decision-making
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e Stochastic optimization e Stochastic optimization

e Distributed optimization e Probability-robust optimization
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I = Control of DERs in Microgrids

Islanded mode:
= Distributed control
(event-triggered, finite-

1. REIDS Project

2. Control _
time)
1) Islanded mode . :
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(a) Centralized control (c) Distributed control =




0-Outline = Hierarchical control of an islanded microgrid

1. REIDS Project

Tertiary Controller online/ | = Tert!ary_ control (centralized
2. Control (Energy Management) Optimality or distributed)
1) Islanded mode A A ‘ " Economic dispatch,
2) Grid-tied mode ¥ v v optimal power flow.
Secondary ______ Secondary _____________ Secondary \| SIOVY > Secondary cO ntrol
Controller#1 Controller#i Controllert#N| | Dynar.n'lcs/ i ..
Stability (centralized or distributed)
l l < ” = V/f restoration and
Primary Primary Primary | Dyn;:;ics/ accurate power balancing
Controller#1 Controller#i Controller#N Stabilit _
¥ % Primary control
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DG #1 -IK}} ®e 0 DG H#i -IG} *ee DGHN -||<}} * |nner control loops and
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S e S 1 .
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|
| I Load #1 \ 7~ Load #l \ 7 Load #N :
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1. REIDS Project

2. Control
1) Islanded mode
2) Grid-tied mode
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Distributed Control — Spatial Coordination of DERs

No need for a central controller

One node only communicates with neighbouring nodes
Share communication and computation burden among nodes
Higher resilience, plug-and-play, scalability, data privacy

Example of communication graph Adjacent matrix of the graph
0 a, 0 ay

3 0 a3 0
0 a3, 0 a

81 0 a3 0

a) Average consensus control b) Leader-follower consensus control

(1) = 2 a; (00 () - x (1) % (1) = 2 8y (D, (1) =X (1) + 9 (%, (1) = %, (1)).
JeN; =1

!Lrpo\xi (t)-x; (1) =0 lim]Jx;(£) =%, (t)] = 0 .




0. Outline

= Secondary Controller Design — Principle
Droop control

1. REIDS Pro;ect @ A Primary Control - o ;
xample: Frequency ! _ _onom P |

~ Regulation in Islanded ’ GG MR !

N Microgrids with Two DGs Ny _ B !
) i i i

Secondary Control

2. Control
1) Islanded mode
2) Grid-tied mode

N )
_l
QD
Fay
=
o
O
D
=
<
QD
=
<
D

! 7 nom Q
!V| _Vi -, QI :
_________ P . o
0 __ ref
Ui _Z;aij (0, —0)+g; (0™ -,) Problem formulation
i=
. oo _
uiIO :Zaij(mjppj_mippi) -
j=1
N

u?/ = 2.9 (Vj Vi) + gi(\/rEf -Vi)
=i

j
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0. Outline

= Cross-national hardware-in-the-loop (HiL) testbed

1. REIDS Project Jointly developed by NTU (Singapore), University of Strathclyde (UK), and G2E Lab (France)
* Microgrids system with OPAL-RT in Singapore.
2. Control - Distributed controllers in Raspberry Pi in UK and France.
1) Islanded mode  Software environment based on gRPC and data exchange via Redis cloud server.
2) Grid-tied mode " Distributed Secondary Comtrallers }
| PERNETT ~andinii praw TN - . - .
: :,! MAS T :: l:j e ’\jl ['i MASa %': RPi Cluster in UK RPi Cluster in France
: ) S — \‘“1_‘_\ =7 ; oo /‘“')H : .*: _ Q‘? Q?
i i T e SRS e e X @y
:,_“,_'_Z‘.:-.-;«---::::_‘__“:_;*_.-r:" K xR 1 Ry
1'!‘_-_-,’. ........... . T "'""":::::.*
Group-1(1....n) | | Group-j{f...jm) ‘ | Group-m{m,...N) ‘?‘ ‘?
fo V.. m/B} .. {e.F.m'P} Ao, V, .miP} |{e.F™"} da " V" o or™ i} » :
Mg{/mou{}
e % Tvlv_
| Controller#1 | | Controller#i | | Controller#N |
Comtis1,

|f
|
|
| i ~ ¢ PR i :
' N T N Lomas, N7 Load#N |
: Load #1 EalsT |
|

&% NANYANG e Micogmd ol
»-3 TECHNOLOGICAL

Y. Wang, T. L. Nguyen, M. H. Syed, Y. Xu*, et al "A Distributed Control Scheme of Microgrids in Energy Internet and Its
Multi-Site Implementation.” IEEE Transactions on Industrial Informatics, 2020. — Web-of-Science Highly Cited Pap%er




0. Outline = Hil Validation Results — Controller performance

1. REIDS Project

Test system: 10-DG with two controller in UK and France

(Each controller for 5 DGs)
2. Control

1) Islanded mode Structure of each agent based on gRPC a) step load change case b) Real PV and load profile case

2) Grid-tied mode 504 [ (3) —w 503
—_ —Dbe2 —— DG
I50.2 ‘ ——es| L5015 oo
-~ :Dzj = ——DG4
250 ol 250 R
=] ——DG8 <] ——DG7
a9 | \ S Saggs —
- = e
i i 49.6 ' : ‘ . s

gRPC client 1 Rred || R0 @00 Lo 10 1 A;‘zgo 120 240 360 480 600 720
grRPC gRPC < wa | —m| 2% —=
server i server j ° K o I = ——oee
gRPC client j gRPC client i g car = B
2o = =
Process consensus Process consensus :-fv | Eii?c. 5322 e
algorithm, transfer data algorithm, transfer data £315 ‘_3 EE:?D

> 3810, 0 60 %0 10 150 180 >3 ‘ ‘ ‘ ‘ ‘ ‘
Agent i (python based program) Agent j (python based program) 6 © , . . - 0 © 120 240 360 480 600 720
c —DG1 N
Raspberry i (IP address i) Raspberry j (IP address j) = 5 *D:Z g 4 L) [
DG3 [ ——DG2
\ - /—\/’;\/ i 4 :gz_‘; x 3 | P\ ‘\ \ [} L\‘V |, fA/F‘ 70@3
TCP/IP SN (i - - - | e 5. | W ‘/V\‘ ‘ \}L‘ \ I tes
¢ Local Area Network -, 2 3 oe7 2 2 ”/\/\f \ i\ | P s e "\M Bl
¢~ emulated by NS3 " -~ £ 2 b = g i ‘\/\J M VA A\ o 067
U = RT—[ 0610 =1 ’_JJ\/\/“ M ‘ R "2 e
& 1 ) COE DG-10
0 | ‘ ‘ ‘ : 0 7

0 30 60 .90 12 i 3 ‘ / : : ‘
Times) 120 50 180 0 120 240 ;3600 480 600 720
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% UNIVERSITY Y. Wang, T. L. Nguyen, M. H. Syed, Y. Xu*. "A Distributed Control Scheme of Microgrids in Energy Internet and Its -
Multi-Site Implementation.” IEEE Transactions on Industrial Informatics, 2020. — Web-of-Science Highly Cited Paper




0. Outline

1. REIDS Project

2. Control
1) Islanded mode
2) Grid-tied mode
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= HiL Validation Results — Communication delay

Communication delay emulated by NS3 simulation tools. Test system: 5-DG MG with one MAS in UK

1000 50.4 @) ' ‘ ' ' ' —oer
800 | 500ms Delay I502 -
n ——DG5
E600 | S 1 Zso
%‘ 400 © ; - 150ms Delay ;'549.8
=) / T

200 Feitsesim e , PRI 49.6 :

. 0 30 60 90 120 150 180
' ' ' : : 345 ' —
b DG
0 30 60 Tin?g (s) 120 150 180 _( )

w
w
o1

w
[uies
o1

=

System oscillation under large delay, which
can be mitigated by tuning the control gain.

Voltage Magnitude (V)
]
ol

w
o
o1

0 30 60 90 120 150 180
H C ——DG-1
v’ Larger control gain -> converge faster S10 R — ooz
-> withstand smaller delay. =~ 8 Sy
v Smaller control gain -> converge g 6 |
slower -> withstand larger delay g 4 ‘QL&A
E 2 U8 S80SO SN %
o i
0
29 30 60 .90 o 120 150 180

Y. Wang, T. L. Nguyen, M. H. Syed, Y. Xu*. "A Distributed Control Scheme of Microgrids in Energy Internet and Its
Multi-Site Implementation.”" IEEE Transactions on Industrial Informatics, 2020. — Web-of-Science Highly Cited Paper



0. Outline = Hil Validation Results — Communication failures

1. REIDS Project

Test system: 5-DG MG with one controller in UK

o 50.4 ' ' ‘ ' —
2. Control Communication failures R o
1) Islanded mode | | | =2 o
2) Grid-tied mode C?* {‘? | CP* i‘? I (‘P* ? I @* {‘? S —— E —=
T L L =4
__ I __ = i
égt © @ © | é;fyv@ | @T%@ Saos |
[ [ ;
0 @, 0 | ®, | ® 50 | ® 15 R I 60 90 120 150 180
- - 238 ‘
T 30 I " l U Time(s) g3z - \ .
Distributed \ = : K\
Load-2 Load-1 N ‘ |
Controller (gg SEIITF 5 325 % Vr —
START Plug-and-play % 320 ] Il o

é) r-:i)nrin r\J:/J’Iantrnl Q?Qrt 99 1|20 150 180

v' Failure of communication will affect
the convergence speed

v" Loss of communication will lead to
inaccurate power sharing

Real Power (kW)

N O N B o

Inaccurate power

! ' | ‘ shari
&4 NANYANG 0 30 60 Ti n%) 8 120 %0 180

TECHNOLOGICAL
% UNIVERSITY Y. Wang, T. L. Nguyen, M. H. Syed, Y. Xu*. "A Distributed Control Scheme of Microgrids in Energy Internet and Its
Multi-Site Implementation.”" IEEE Transactions on Industrial Informatics, 2020. — Web-of-Science Highly Cited Paper




= Grid-connected mode of Microgrids (DER support)

|
Voltage |
Voltage control support: 2 B regu;{?’on |
2. Control mitigate voltage deviation 1) - E> |
| |
S e seconds to minutes 3400 !
2) Grid-tied mode ( ) . |
T T ... e |
Frequency and voltage are
. : . < —t+H—=" o
dominated by the main grid
through point of coupling PCC |__l *Kl}_j 5
_|
connection (PCC) i o o = 76] pemand
. Clatiset m PV g — ‘%gf_g-l response
% JESS [/
[m———————— S P et Pl T FL OT e e » _____!___I
| A I b PFR B SFR |
I T 50Hz :
Frequency control support: | g e |
L. I | Frequency %)- :
mitigate frequency variation | support = / |
| 3..:) ROCOF Frequency |
%% NANYANG (ms to seconds) : A B .
' |
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0. Outline

1. REIDS Project

2. Control g

1) Islanded mode
2) Grid-tied mode
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*  Frequency Support from Aggregated Energy Storage

Proposed load frequency control (LFC) framework

Af (t) =——2af.@)  LFC with primary control
2H,

K
K+

: 1 1 T, -
bi bi

g bi
: : 1 1 1
_____________________ APgi (t) = _T_Apgi (t) + T_ AF’(:i (t) - Af| (t)
gi gi i'gi
System
Disturbance — 0O D0 0D 0— o0 OO OO0 OO0 00— — o0 o o

Observer

" Proposed Disturbance Observer B ___._._. A |

y :
L AR =27 D Ty(afm-Af®)| !
; _

) . j=1, j=i |
" Tie-line power flow :
: ACE; (t) = B,Af, (1) + AR s (1) i
| ! 5
i AP; (1) =Ko ACE (D~ K, [ ACE;(©) :
= |
5 Secondary control ;
Lead acid Lithium ion battery Vanadium redox battery
battery

Y. Wang, Y. Xu*, Y. Tang, et al “Aggregated Energy Storage for Power System Frequency Control: A Finite-Time
Consensus Approach,” IEEE Trans. Smart Grid, May 2018, 19



0. Outline " Frequency Support from Aggregated Energy Storage

1. REIDS Project Communication topologies of ESSs L_eader model

 , €0 (t) = Kgss Po (1)
2. Control o (2)—>(3)>(4) (D—-2)—0)—-® 0, (1) = Pa(t) LFC power reference
1) Islanded mode Pesa
2) Grid-tied mode 0 05020 O 02050

@ 91, ..................... ®S_ . \ ESS model (follower)

, Adjacent Matl-’IX ! & (t) = K s (1) 1o N
: y _JL i (mv)eE p () =u;(t) R
Matrices to o A=Jaij] &= 0. otherwise ;
describe graph 1 ! ) :
I Pinning Matrix !
! - L, if3(v,n,)
| G = diag{gi} gi={ h('. o) |
5 0, QUICTVIS Control Objectives: achieve LFC
Proposed Control Law == = = = = ="=:=:=:—+=:—=:—=-—" : power reference with consensus SOC

U (t) = Za.,(SIg(e (1) —e; (1)) —g;(sig(e (t) —e, (1))
Consensus SOC

—;/Za“ (sig(p; () = p; (1))~ g; (5ig (p; (1) = P, (1))”)

LFC power reference

limle, (1) —e;®)] =0, lim|p;(®) - p, )] =0

e(t)=¢e), p@)=p,(t), Vt=T,, i=12,..N.

&t NANYANG
, TECHNOLOGICAL Y. Wang, Y. Xu*, Y. Tang, et al “Aggregated Energy Storage for Power System Frequency Control: A
Finite-Time Consensus Approach,” IEEE Trans. Smart Grid, May 2018,

20




0. Outline

1. REIDS Project

2. Control
1) Islanded mode
2) Grid-tied mode
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Simulation Results

W
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Y. Wang, Y. Xu*, Y. Tang, et al “Aggregated Energy Storage for Power System Frequency Control: A Finite-Time

Consensus Approach,” IEEE Trans. Smart Grid, May 2018.

@) Conventlonal LFC scheme

b W

(b) LFC with ESA w/o observer
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(c) Proposed control scheme
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0. Outline
= Real-time Voltage/Var Control (VVC) Support from DERs

1. REIDS Project

| » Existing Challenges: High PV penetration level, massive EV charging.
2. Contro > o _ : .

1) Islanded mode Voltagfa quallty_/ |ssuc-as. Voltage r_|se, drop and fast fluctuations.

2) Grid-tied mode > Potential solutions: inverter-assisted voltage/var support

PV type smart inverter o

T SiA
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- 2

’ % op 2 LN
}}?V . t I ! P
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. ) Line Line : :
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Grid OLTC Regulator \ ad
(¢ (b)
i 8 ES
TN kit ! | EV type smart inverter
Power Distribution System Sz : __\_ | S;p 24
Inverters | —I ! 1 OP 1 y
| ] ! . = g

| ' 2 OP2 O ! 4
——————— 4 Fry t [ Wi
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. : |

0P 3 v

~ vy
5 NANYANG

TECHNOLOGICAL (e) (d)
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0. Outline = Real-Time Coordinated Voltage/Var Control Controller

e e SSeescees Controller design:

1. REIDS Project

lf Distribution Networks ‘l
-~ ~ | .
i |_©‘_’ N 1T 7 N | Level I: Ramp-rate Control -> smooth voltage fluctuation
2. Control - B J . — SECIEIEEERE I R - -
1) Islanded mode | iv(-) ]
! j !
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VE"‘Q A V‘ I U () [\/I() T(t) T(t— )] .
) 1g 15l . ) V;*EQ} - iEQr ! !
| e e | JweeLovel | Three»LwelConir-V L, N !
| Controller #1 | | Controller 2 | —
i ) eeee-pl Comrol  Fo---p
\ )/ , i Eq (6) .
\ / it Droop I f
Yo, -s-d S S D) I 7 7
,I Conmlumcatwn :4 . w \\* I Ki (Vi (t) _V)’ Vi (t) >V~
;:’ Network ™) -’ o Demed ) v ui (t)=140, V <Vi(t) <V
T gy KMV -V), Vi) <V
itia § +

Level I1I: Distributed Control -> voltage regulation to
acceptable range

A } I, - =R o D e -
o — — o I -
§ V A . D — s — s — s — g %;EJ ! u||| (t) G||| [Za” (ulll (t) u||| (t))]+e(t)
X é'i L -g I ||| |
< 2 2 : KV (@) -V), V>V .
2 Q 1 1 1 -
E 9 g et)=1 0, V<V <V I\ ZHELTIE
2y === = = - % = ' " 1 consensus
- J»_ I Ki (Vi(t)-V), Vi<V ;
- J P e e e S

&> NANYANG 0 Time t

TECHNOLOGICAL _ .
% UNIVERSITY Y. Wang, M. H. Syed, E. Guillo-Sansano, Y. Xu*, and G. Burt “Inverter-Based Voltage Control of Distribution Networks: A Three-Level

Coordinated Method and Power Hardware-in-the-Loop Validation,” IEEE Transactions on Sustainable Energy, 2019. 23




=  Simulation Tests

Real-time voltage/var control from inverters

|—Bus 18 ——Bus 15— Bus9 — Bus33 — Bus2l |

1.2
33-Bus Distribution Network P,V 7 i I P .
5[ 4H , ~1.08 ol p——
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0. Outline = Power Hardware-in-the-Loop (PHiL) Test

1. REIDS Project

2, Control Analog signal @&—@ ,/15 VR
1) Islanded mode Digital signal @———@ /  Converter 75 KVAR \

Load bank

2) Grid-tied mode
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2. Control

2) Grid-tied mode
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= Power HiL Results and Eigenvalues
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