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Introduction
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Introduction

= Development of PV Inverter controller

Inverter

MATLAB EXPO

= Development of System operation technology

Wind turbine
Nacelle , Rotor
Blade ,Tower

Offshore facility
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Why HILS?
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Control Design Process
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Real-Time Simulation

Faster than real-time (Off-line simulation)

MATLAB EXPO

tn-1

tn-1

f(tn) . f(tn+1) >
tn tn+1
Slower than real-time(Off-line simulation)
f(t,) f(te1) R
tn tn+1
Real-Time Simulation (On-line simulation)
f(to) — f(tye1) .
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Real-Time Simulation with H/W

Real-Time & H/W(Embedded system)
» To read input signal(sensors)
« To perform all necessary calculations(control algorithm)

« To write all outputs(control the actuators, PWM, turn
on/off)

If overrun occur, one step sample is skipped and
calculations are performed in the next time-step

- S S S S e S G S S G G S M S Gmm SEm S G GEn S M G Smn SEm S G SEn SEm S G GEn SEm S G G S S G GEm SEm SEm G G e S G GEn SEm S G GEr S S G G e S G G S M S G e S G S S S e G e e e s e ey,

Model Model

\————————————————

———————————————————————————————————————————————————————————————————————————————————————



Rapid Controller Prototyping(RCP)

= Definition is a type of simulation methodology that allows for the rapid evaluation of control

system, especially for large machinery.

« Itis a very efficient method to develop, optimize, and test new control strategies in RT environment quickly without

manual programming.
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Low-Power Signal
conditioning
(£1 to 10V, few mA)

Optical fibers and
communication systems

Real-Time Simulator

Real H/W Plant
(PCS, PV, Wind turbine,
Motor, etc.)

Hardware under test
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Hardware-in-the-loop (HIL)

MATLAB EXPO

HIL or CHIL(controller in-the-loop) simulation is real-time plant model(grid, motor, etc.)

interfaced to a piece of hardware under test usually with low-power signal interfaces
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Power Hardware-in-the-loop(PHIL)

PHIL simulation is the integrated simulation of a complete system with one part simulated

numerically and the other part using real devices
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RCP App. — AC/DC Hybrid Microgrids

= Two OP4510 control the IBRs(H/W) in AC&DC microgrids

= Interlinking converter control the power flow between AC & DC microgrids

Utility Grid

Static Switch
Line simulator

MATLAB EXPO

STS&ACIlne AC DGs | DC DGs AC loads DC loads

AC Microgrid

Converter

: A/D(6)
|

DC Microgrid + Interlinking
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RCP App. — GFM-based Virtual Inertia

-  GFM-based virtual inertia algorithm was implemented in OP5600
- The virtual stator algorithm was added to compensate for oscillation
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HILS App. — Smart Inverter

= Development of Smart inverter controller
» Grid support function(IEEE1547-2018)
» Design of the distributed power system to verify smart inverter effectiveness

« Construction of Test-Bed and HIL verification
Operator (H/W) Interface & Controller (H/W)
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HILS App. — Smart Inverter

Control board of PCS

[ PCS HIL System Monitoring system [
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HILS App. — Grid-Forming Inverter

- Development and simulation verification of grid-forming inverter control algorithm

(matlab/Simulink)

= Feasibility review of the developed algorithm using RCP

= Performance review of the developed algorithm in the HILS environment (various case
studies)

Analog

LAN

oo 1

Interface

Digital
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PHIL App. — Development of CVR Technology
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PHIL App. — Development of CVR Technology
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PHIL App.

Development of CVR Technology
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PHIL App. — Development of CVR Technology
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Power System Analysis

- & J|J|H (Electro-Mechanical)olf & : TSA(Transient Simulation Analysis) J| 8+ off &
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Hybrid Simulation For Large Power System Simulation

Simulation method for large power system including power conversion system
 EMT domain: High frequency dynamics(1~50us)
» Phasor domain: Low frequency dynamics

MATLAB EXPO

HupAp o

[Toene Prase Sourte (80 M

To Phasor

From Phasor

Discrete Network

From Discrete

To Discrete

Discret Phasor Network
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Large Power System Simulation

EMT vs. Phasor
29-Bus, 7-Power Plant Network

North_west Netwark

MATLAB EXPO
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Comparison between EMT vs Phasor

= EMT Simulation(Discrete):
« Sampling time: 10us; Simulation time: 10s
« Total time: 368.670s

= Phasor Simulation(Phasor)
« Sampling time: 1ms; Simulation time: 10s
« Total time: 3.292

<Frequency[pu]>

MATLAB EXPO

———discrete
——f{-phasor | _|

system_29bus_fullDiscrete -—| 368.670
v Discrete (e ] 298.506
> North-West Network () 124,658
» North_East Network D 65.358
> powergui D 27.735
> MTL Load 0 23.287
> B_5 MTL-5000 MVA U 15.032
v system_29bus_fullPhasor 3.292
v Phasor ﬁ\ 2.438
» North—West Network |:| 1.086
» North_East Network D 0.513
» powergui D 0.293
» B_5 MTL-5000 MVA I:] 0.203
» Regulatorsb D 0.126
» Subsystem U 0.093
» Three—Phase Program--- ﬂ 0.083
> MTL Load | 0.036
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Comparison between EMT vs Phasor |,

EMT Simulation(Discrete):

« Sampling time: 10us; Simulation time: 10s
« Total time: 368.670s

Phasor Simulation(Phasor)

« Sampling time: 1ms; Simulation time: 10s

Total time: 3.292

°
system_29bus_fullDiscrete -—| 368.670 I
v Discrete (e ] 298.506

> North-West Network () 124,658

» North_East Network D 65.358

> powergui D 27.735

> MTL Load 0 23.287

> B_5 MTL-5000 MVA U 15.032

v system_29bus_fullPhasor 3.292 I

v Phasor ﬁ\ 2.438

» North—West Network |:| 1.086

» North_East Network D 0.513

» powergui D 0.293

» B_5 MTL-5000 MVA I:] 0.203

» Regulatorsb D 0.126

» Subsystem U 0.093

» Three—Phase Program--- ﬂ 0.083

> MTL Load | 0.036
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Comparison between EMT vs Phasor
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Large Power System + Power Conversion System

Full EMT simulation

* 29-bus system + PV farm(Power electronics, AC/DC inverter(1) + DC/DC converter(2))

« Sampling Time: 10us
« Simulation Time: 10s

v system_29bus_PVfarm_full--- '

Phasor

PV Farm

Power System

)

3 A
OB 1 i
acC
PV Farm
1327.731
1014.726
232.193

MATLAB EXPO
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Hybrid Simulation For Large Power System Simulation

. : : 10us
- Hybrid Simulation 1ms
. . 1 P 1
* Phasor Simulation: 29-bus system - 1ms =]
« EMT simulation: PV Farm(about 2kHz switching) - 10us -
v system_29bus_hybrid [ ] 22.015 1|4 1
Discrete [ ] 17.180
—
Phasor 0 1.079 Phasor ——
- L]
CCCCCC 3 T — pas=
) & ﬁj w Qe dmimle El—vh{ . J D’%
e ”W cime 5 e D_?
e o T P =
= |, e
S‘Zigkm QUE?L 2 - —(\ é

<EMT Domain>

<Phasor Domain>
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Hybrid Simulation For Large Power System Simulation

. : : 10us
- Hybrid Simulation 1ms
. . 1 P 1
* Phasor Simulation: 29-bus system - 1ms =]
« EMT simulation: PV Farm(about 2kHz switching) - 10us -
v system_29bus_hybrid [ ] 22.015 1|4 1
Discrete [ ] 17.180
—
Phasor 0 1.079 Phasor ——
- L]
CCCCCC 3 T — pas=
) & ﬁj w Qe dmimle El—vh{ . J D’%
e ”W cime 5 e D_?
e o T P =
= |, e
S‘Zigkm QUE?L 2 - —(\ é

<EMT Domain>

<Phasor Domain>
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Hybrid Simulation App. — Voltage Compensator

= 144-bus system including variable renewable system, fuel cell, and voltage compensator

I -:“:- 1
N R
i -t 1 3 - = P a
Discrete
1e-05 s.
—— A ——aA
——& B vabc [v_source] ——a B vabc [v_load]
—HdC —aC
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Conclusions
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