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Project Overview(1/2)
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Project Overview(2/2)
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Project Challenge(1/2)
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Project Challenge(2/2)
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300kW Micro-Grid Test Bench * A

1

SCADA

- System Control

- System Measure & Analysis
>PF, THD ,Efficiency

TCP/IP

1
1
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- Testing i ey N OURIREEA S
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Virtual Power System

Real-Time Simulator

- DIO:32/32

Ch

- AlIO 16/16 Ch

I - TCP/IP, Serial, CAN
- MODBUS / IEC61850

- SFP

Applications

- General Grid / Micro-Grid
- Generator : Diesel , Fuel-Cell ,

Wind

- Load
- EMS

- Energy Storage : Battery

B
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300kW Micro-Grid Test Bench * A

. PEE

AC Source : 270kwW, AMETEK ACS270
300kW RLC Load

300kW Line Impedance Emulator

AC Source (270kw) RLC Load (300kW)

Measurement : Power Analyzer & Digital Oscilloscope
Powe_r Analyzer
30kW 4Q Power Amplifier Oscilloscope

Power Change System(Switch)
ESS PCS(80kW)

Battery Emulator(64kW)

PV PCS(50kW)

PV Emulator(64kW)

Real-Time Simulator : OPALRT Line Impedance (300kW) Power Amplifier (30kW) Power Change System
SCADA System (Contactor)
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300kW Micro-Grid Test Bench * A

- S
— AC Source : 270kW, AMETEK ACS270
— 300kW RLC Load
— 300kW Line Impedance Emulator

— Measurement : Power Analyzer & Digital Oscilloscope

ESS PCS (80kW) ALAI2E AIE23I0IE
— 30kW 4Q Power Amplifier & AN
— Power Change System(Switch)
— ESS PCS(80kW)
— Real-Time Simulator : OPALRT
— SCADA System
— Battery Emulator(64kW)

— PV PCS(50kW)

SpeedGoat Baseline ESS Emulator PV Emulator PV PCS
— PV Emulator(64kWw) (SCADA System) [64KW] [64KW] (50kW)
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300kW Micro-Grid Test Bench * A
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SCADA System Design
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SCADA System Design

- SCADA System & &

— Purpose : Test Bench Control

— Software
= Modeling Software [ Modeling & Simulation ] & &
= MATLAB(ML) / Simulink (SL)
= Control system toolbox (CT)
= MATLAB Coder(ME) / Simulink Coder(RT)
= Simscape (SS) / Simscape Electrical (PS)
- Simulink Real-Time = SCADAE ®I&t &7 =}

— Graphical User Interface
= Simulink Real-Time API
= C# or App Designer.
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SCADA System Design

- SCADA System & &
— Hardware
= Speedgoat Baseline
= Intel Celeron 2 GHz 4 cores / 4GB DDR3 RAM / 32 GB SSD
— Communication
= TCP/IP : AC Source (AMETEK RS270)
= Serial : REGATRON ( PV & Battery )
- MODBUS TCP

RLC Load, Line Impedance, Power Change System
PV PCS, ESS PCS, Power Analyzer
OPAL-RT

MATLAB EXPO
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SCADA System Design
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SCADA System Design

= Modeling

— TCP/IP : AC Source
— MODBUS TCP

= RLC Load / Impedance Emulator

- PV PCS/ESS PCS

= Power Analyzer

= Real-Time Simulator(OPAL-RT)

— Serial Communication
= PV Emulator

= Battery Emulator
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SCADA System Design

= Graphical User Interface
Simulink App Designer

Simulink Realtime AP| & &

a5 SCADA System of Microgrid

d/Resen KOILA~ SCADA System of Microgrid

Institut do Rachorche en
Enorgies

Cooperation Agency

°
| 4 \
‘ @ By-Pass
=
- <
AC Source Line Impedance
Volt : [VAC] PVPCS = {——-—-l_D —
[A]
e p:[maie]p  ED =
o o Nl — N
P [-a21 | W] ; \
e T
Linear Amplifier RLC Load
PV Simulator vims:[ 0 |V
Itotal:[ 0 | [A]
o P:[ 0|t
Lo Jm a:[ o |ma
Main Control  AC Source & Line Impedance Set Auto Test
AC Source PVPCS PV Simulator ESS PCS ESS Simulator RLC Load Power Change System Control
of @) on off on off on of @M on off @) on erid or @D or

vi[ 20 v
RN
Pl 50 Jp

vi[ o M CDMode [osehase o] v:[ em |m :EEWAR] e 282
[0 W P:[ 30 Jon RIEEN c:[ 0 Jowart P or @D on
Pl 0 Jwn =2 I awe or @D on

|Ac source control|

| Esscontrol |

/ Curve Control |

Connecting SCADA |TargetPC1

MATLAB EXPO

[ © osomer

|[ © om0 mwpucson |

] [ @ RUNNING ]

Power Analyzer 1 Power Analyzer 2 Efficiency

CH.1

Voltage range :

Current range
True rms Voltage
True rms Current

Voltage Freq

Current Freq :
Active Power :
Reactive Power :
Apparent Power :

Power Factor
THD Voltage

THD Current :
THD Active Power :
THD Apparent Power :

Voltage range :
Current range :

True rms Voltage

True rms Current :
Voltage Freq :

Current Freq
Active Power

Reactive Power :

Apparent Power
Power Factor
THD Voltage

THD Current

THD Active Power

THD Apparent Power :

Message

v
[A]
M
[A]
[Hz]
[Hz]
W]
[var]

[VA]

[%]
[%]
[%]
[%]
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SCADA System Design

- SCADA System
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P-HILS System Design

= Power HILS Al AE! 24

Custom Setting Custom Setting

Measurement Equipment

V) PV Y BATT - Digital Oscilloscope * 1
Emulator Emulator - Power Analyzer * 1
—_ 64kwW I 64kW
RLC Variable Load
R : 300kw
PV PV L : 300kVAR
Grid Emulator Line Impedance SCADA — szﬁ‘SN SCADA — szE\SN C : 300kVAR
RS90 * 3 Emulator
300kVA —M_
) H "
YWW—5 v 00001
|
Custom Settin
9 ~_| 4a |
Amplifier 1
o 30kW
\é’oltage g \_.')ollct\fgecl\ln"leasure \_f)okfgecl\:easure Current APS Series Current Current
o e Qo s ST I R N 0
L>Al2¢h > Al 2Ch ! Ii:?-] ¥ ) 4 ) 4
OPAL-RT Real-Time Simulator
Software Hardware

- ScopeView

- RT-Lab : eMAGAsim 2 Cores, eFPGAsim(eHS64)

- Communications: [EC61850(Goose/SV), MODBUS(MASTER/Slave), CAN

- Chassis 16Core ( Open 2 Cores, Locked 14 Cores)
- Digital In/Qut : 32 Ch / 32 Ch
- Analog In/Out : 16 Ch / 16 Ch
- Ethernet Server Adapter : TCP/IP 10/100/1000 Mbps
- Communication Port : CAN
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P-HILS System Design

= ESS Emulation Power HIL Test Model

P34 Morocco_PHIL_ESS_PCS/sm_computation * - Simulink - [=] X
i PP -
b OO ~ o8 StopTime | int > — -
= [ 1] N 1 = d @ I = %
New B Soe = o,y Sgral |7 (Normal ) swep  Rn  Swp e Das  Simcaton >
v &Pt v Browser Table 0 Fast Restart Bxckv v Eorand Inspector Manager
FILE UBRARY PREDARE SMULATE
<« W sm_computation
- ;dMolo«o_PN«_ESS_P(s » (23] sm_computation »
al
]
=
& |
= | ESS PCS1
O
<oy ]
-
-]
»
Model Data Edtor
Ready
Cc

24



System Testing

= Testing Conditions
2+ ZH| 2 SCADA System JHE A= AlE
2t AH| 2| 25t AlE

HIL System A= AlE

Auto Test Al &[Micro-Grid Al AE 2]

AC Source RLC PV ESS Lme_qr Total Load
Load Amplifier
No.
[Lin(;/tcg tzgeitral] Max Current Frequency Resistive Load Mode Ref. Commend Dischfrgs mode
1 220Vrms 180 A 50 Hz 0 kW - - - - 0 kW
2 220Vrms 180 A 50 Hz 90 kW - - - 90 kW
3 220Vrms 180A 50 Hz 90 kW 50 kW - - 90 kW
4 220Vrms 180 A 50 Hz 90 kW 50 kW Discharge 30 kW 90 kW
5 220Vrms 180 A 50 Hz 90 kw 50 kw Discharge 20 kw 13 kW 90 kW

MATLAB EXPO
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System Testing

C AAE S8 RS
“PV Generation Start ” “Linear Amplifier Start”

“AC Source Power On”
Waveform [ R Phase Voltage & RST Phase Current] Waveform [ R Phase Voltage & RST Phase Current ]

Waveform [ RST Phase Voltage ]
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“AC Source Power On” “ESS Generation Start”
Waveform [ RST Phase VoItage ] Load 90kW Waveform [ R Phase Voltage & RST Phase Current ]
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System Testing

OO O g ()
|
=g Item Value @ scopet - o x z —‘ :
File Tools View Simulation Help ¥ File Tools View Simulation Help M Fle Tools View Simulation Help
Voltage(L2N) | 220 Arms - $0ra > a- - fid J @ [40re[3- Q-0 F@- 9-$0PO H-ja- 0 |Fd-

AC Source Current(Max) | 180 Arms

Frequency 50 Hz

RLC Load R R 90 [kW]

Mode Discharge
ESS
Ref. 20 [kW]
PV 50 [kW] Runmq - B amp\aba ﬂffselz 7:5272 Running Sample based Offset=622 [T=62.272 |
Llne_a_'r ESS 13 [kVV] g File Tools View Simulstion Help - File Tools View Simulstion Help
Amplifier Discharge @- 40P = a- - FE- @ tOP@|x- Q-3 F@A-

JiAst

Log L20SE ;
Ulac  219.30 V Pl 4.3865 kW | + :,,m;@'_ '
U2ac  219.73 V. P2 43946 KW [ 2
U3axc 219.70 V P3 43947 KW L
I1pc  20.007 A PF1 1.000 = F‘
I2ac  20.004 A PF2  1.000 s |
13,c  20.007 A PF3  1.000

2193V P: 4388 W Range: 240V ULimit: @ Aurora
20.01A Coupling: DC Overload: ®

L Eily Running Sample based |Offset=622 T=62272

Sample based Offset=62.2 T=62272 B8



System Testing

= AAE Full Load 2=

SCADA System of Microgrid

| | PV ESS
A; Source Li:le Impedal:ce 28 a 6 kW 50 * 5 kW

Vot [219.% | VAC] PVRCS |2 Fisecs '_'_%I-Ej S =T o
cun:-m Al P:[ o |xw HED P: 4999 | (kW] 5 [ -
Freq: [Hz] i == s T -
P: 21712 | (W] Q:[ 20,666 | W] . ‘ Q:[5.99%9 | foW]

Output
2 17 kW PV Simulator

‘:' 1
| |
| Linear Amplifier RLC Load

< ESS Simulator vms:[ 0 |
= Itotal:[ 0 |[A] Load
vilon Jm [ v:[wo M i o |pn
1:[oces |1 FEERSE 1: [sates ] 14 a:[ o kv 300 kW
Main Control AC Source & Line Impedance Set Auto Test
AC Source PVPCS PV Simulator ESS PCS ESS Simulator RLC Load Power Change System Control

or @D on o - power of (@) on . power o @) on crid of @) on
Mode P s . Mode P s R:[ 30 |iw Load of @) on
v:[ 20 |m v:[ 0 m i it v: [0 |m L[ 0 Jwvar Ess or @D on
RN S o0 [ 132 W c:[ o Jivar PV o @D o
BN P 0 bW p: [ 64 oo AMP  of on

MATLAB EXPO

PV Pannel

putput Power:

28.62kW

Battery Emulator

RLC Load Panel Meter
[Vrms]

[A_avg]
[kw]
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System Testing

« ALt 244 & Auto Test
— Aluel2 It Load

[ ] J[ san ]

© oscomect || © Lowapucarion |

Power Analyzer 1 Power Analyzer 2 Efficiency Message

XI— DI = ‘ rmmmmgéw
— Auto Test Al &2 & e ol L ==
= iHm = R e
. AE sy o
Auto Test AlLI2I L 2| AE el
";T’ -

v: v:
|:|I]m |:Eﬂ Voltage range:|_ 0 |IV]

Currentrange: 0 [A]
True rma Voltage: | 0 |[A]
True rms Current: | 0| [A]
Voltage Freq:|_ 0 |V]

CurrentFreq:|_0_|[A]
Main Contrel AC Source & Line Impedance CH.2 hﬁ:m%n’
Type description Value Delay Excution c urelovasi ot g
L T T T THO Voltage::|_0_|[%]
S | ATS IMPE off 1 10 SCADA Model/ATS/Cnt Mode .
Test.txt v D ATS Load off | |ATS Load off T serartpove- e
SR LonD & |ATS Load off | 3| 10 SCADA_Model/ATS/Cnt Mode
D ATSACS off ATS ACS off
S ATS ACS off 7 10 SCADA_ModelATS/Cnt_Mode
Scenario Start & Stop List of Test Scenario

file Load
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System Testing

= Power-HILS += [ESS Mode — Charging / Discharging]

Ulac 22039V P1 2.2049 kw +
220.28 V
220.32 V
10.005 A
10.007 A
10.007 A

220.09 vV -2.1989 kW
220.07 vV -2.1983 kW
220.04 vV -2.1980 kW
10.020 A -0.997

Charge
‘ | Operation

2.2043 kW
2.2048 kW

Discharge
Operation

wrﬂlnmeumm
Eoryahorcyouook

. TELEDYNE LECROY
Evcryvhercyouiook
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Training

- JIAM 28 U=
— SCADA System
— Speedgoat / Simulink Real-Time

— Power—HIL &&
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Summary

. DEI SM)|E APINY SEAE AFY[Z 2 KOICA]
— 300kW=Z Micro—Grid Test Bench &8 Xl AIAE 24 AH L 2=

- MBDJ|Et 28 Al AE[SCADA] 2=

— MATLAB/Simulink, Simulink Realtime

— Speedgoat Baseline realtime target machine
— TCP/IP, Serial, MODBUS, IO &=

— Simulink Real-Time APIE & &¢St Ul 5

— & X A& App designer & Jts

- s =ae AlIAE
~- X G U=EG &S
- JIsX& 0|
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