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Cyber-physics in power systems

N\/\/\/\j
 Influence from power electronics-based power source to

grid

— Dynamic behavior

* No induction motor/generator load model
« No rotating equipment
* Very fast response-controlled current source

— Power Quality

« power fluctuations
 Harmonic wave
« Unstable of parallel sources

— Reaction of a power failure/interference

B Univ.-Prof. Dipl.-ing. Dr. Lothar Fickert Enlnnov 2016
3




Institut fur
A Elektrische Anlagen 1G-rla!-

Power Electronic — Hardware and software

* Power electronic components
— IGBT

— MOSFET
— over-current damage

« Software signal processing
— Control algorithm
— Program efficiency
— Bug...
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Hardware in the loop Test Concept

‘/V\/\/\]
* HIL = Hardware in the loop _ _ _
. Why HIL Test? Real-time Simulation
e Cost Test

Environmental
e Duration

« Safety
* Feasibility

Simulator
EUT
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Power Hardware in the Loop

Real-time Simulator

Grid Model

NYY\/\/\/\/

PHIL Interface
Amplifier

—D_y
—

Sensors

EUT

The signal exchange between the EUT and an RTS is through high-power

signals, the PHIL Interface is required.
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PHIL Interface Algorithmus

"VV\/\/\_I
| -
Zsim 1 tontr oy IEUT
s >
Us <> Usiin - ><> Ueur  |Zeut
\ i \
Delay i
Transfer
Software Hardware
Real-time simulation Real world

* Zsinis the grid impedance of the grid model

« Zgytis the impedance of the real world

* gy is represents the influence of the EUT current upon the grid in the form
of a current source.

* Ugytis the output voltage of the power amplifier.
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Stability of PHIL
y SOV
 The open loop transfer function of PHIL:
Z. (S
G|TM_OL (S) _ _etd ZSIm( )
eut (S)
« With nyquist stability criterion can get:
unstable stable
) . \ Nyquist Diagram /
When |=2™{<1, the system is stable. -
EUT 156
éOSZ
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Hardware-in-the-loop interface Setup o
dSpace(CPU) PHIL Interface
pace dSpace Shora
PHIL Interf: orm ’
Grid model A|g:ri?h::ce (Interface) 61860 Output
Power
_— Amplifer [
IT™
TLM EUT DC Source
IMWI TFA g:,?,f:{ Input PV
o : Simulator
I I PCD tha'gﬁee:ﬁagptlng
- e o

The real-time simulator is the product from dSpace.

is supplied to the EUT (PV inverter).

Output voltage of the power amplifier used to simulate the grid voltage.

The output voltage of the PV cell is simulated by DC source (PV Simulator), and
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Hardware-in-the-loop interface Setup in Laboratory Y
EUT

DC Grid Measuring  AC Power Signal RTS

Simulator Equipment Amplifer Collect Console
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Test Grid Model
‘/v\/\/\]

p0/0.4KY 230V PV inverter

0.8 MVA PCC 4600W

uk=14% | O1Km| e yr

__<:§Z[>__ Cable
3kW
Transformer = 0.3 km ><O 1 km>
: Load1
20kV Cable
Medium voltage 1KW X10
network ground s/c
SCL =5 MVA
0.4 km Load2
Cable X10
S1
Cable: ——— Load3
R'=0.641 Ohm/km
L'=0.3217mH/km 5kW X10
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Grid Retroactive Effects

w\/\/‘\/\/
Non PHIL Test Without Grid Model PHIL test With Grid Model
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This EUT will increase the output current from 0A to the rated current (22A) in 15
seconds.

When we set the output voltage of the AC source fixed at 230V, which is the non-
PHIL test, the output voltage will not change with the increase of EUT current.

In PHIL test with the above grid model, the output voltage will change with the
increase of EUT current.
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Test of the Low Voltage Ride Through Capability Y

The voltage dip will be realized by a short circuit fault, its duration is

650ms. The fault pointis 100m from the PCC and circuit breakerS1 is
close.

Voltage in V
240f ..
220
200
180 F
160
Currentin A

24 _
22_.......:‘.1‘),.\
20
18
16 F
14

Time in s
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Backup
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