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Modelling of HVDC systems

* Simulation models:
— Not always accurate
— Impractical simulation times in very complex systems

Alternatives
* Experimental test rigs
e Real time simulators

* Hardware-in-the-loop (HIL): Experimental test rig+
Real time simulator

Problem: Experimental test rig only for a limited
number of configurations and specifications
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Scaling a test system
* Experimental results are reliable if the test rig is a
close representation of a test system
 What does it mean to scale a system?

— Process to represent a test system with an experimental
test rig

Test rig

Scale-up

Run experimental
experiments ‘ results to

represent test
system

5
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Scaling a test system

Test rig

Design to match HVDC
system specifications

—

Test rig is not designed to
/ represent HVDC system 2 and 3

o

e 2 possible solutions:

specifications of test rig Apply correction with VSC 6
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Proposed procedure

Base values

(Vb,sys ’ Sb,svs) [ Per-unit ]

— representation

~N

(" Run

# experiments
and scale-up

results )

Same cable
parameters

Test rig

Base values

\_

(Vb,exp ’ Sb,exp)

— [ Per-unit ]

representation

Apply
Correction
with VSC
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DC per-unit representation

* In DC systems, L and C are not defined as impedances due to
the lack of base frequency

 Energy method [1]: dynamic response represented with the
energy stored in Land C

Power Py
Voltage Up
Current _P
I, = b/Ub

Impedance U Uz

7, = b —“b

b /Ib Py

Resistance Ry, = Z,
Inductance L, =27,
Capacitance C, =2/Z,

[1] T. M. Haileselassie. Control, Dynamics and Operation of Multi-terminal VSC-HVDC Transmission
Systems. PhD thesis, Norwegian University of Science and Technology, 2012.
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Droop control correction

* |n this study only the cable resistance is modified—>
correction of steady state results

* Droop control implemented in VSC represents:
— Voltage source, u,

— Virtual resistance, 7g,p0p

Virtual Circuit in VSC

isys — kdroop (usys — Ug)

10
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Droop control correction

* |In experimental test rig the virtual resistance
compensates the difference with the HVDC test
system:

Virtual Circuit in VSC

(in per unit)

1 1 1

I = I + I = Tdroop T Tadd
droop droop add
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Droop control correction

e Estimation of results from experiments (in per-unit)
— DC current: Isys = lexp
— DCvoltage:  usys = uo — lexpTaroop
— DC power:  pgys = ugysionp

e Scale-up the results from base values of the HVDC
system:

Isys = Ib,sys isys
Usys = Ub,sys Usys

P, sys — P b,sys Psys

12
PEOPLE



CARDIFF
UNIVERSITY

PRIFYSGOL

(ARRDYD

Contents

3. Example

13
PEOPLE



CARDIFF
* * UNIVERSITY
* *

MULTI-TERMINAL DC GRID FOR OFFSHORE WIND *oax PRIFYSGOL

(AERDY[

Application of scaling method
e Test system: 3-terminal VSC-HVDC scheme

Onshore AC grid 1: U-l droop control A

* Onshore AC grid 2: U-1 droop control s o
shore nsnore er
« Offshore Wind Farm: Extract Offshore , _Onh Pgsi  AC System

 maximum wind power ) '\\ Ufll+ 4'31} :/#_@)

!

L

, — Droop control

I Ugcio Kdroopl

Offshore AC J GSC2

~GO-REH D =

> \
Wm . * \_U:c,szs f Pwf ) \\

i

Optimum | T i
Wir:)d Bowrer ™| Generator DC link AC voltage | _Droop control
) Controller Voltage Vaewi® = control i * *
extraction —__»| Controller ' p Udc20 Kdroopz

Udc,BZB*
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Application of scaling method

* Experimental set-up

Wind Turbine Test Rig _____ MIDCTestRig
[T T T T T T T T T T T T T T T T T ! r GSC1 | Pgsi
L e SCADA . I ' |
| / ' Wind | | —
| o dSPACE |- Turbine | | ' -
| | Unidrive controller2 TestRig | | WFC3 — - | | ﬂ
| | Inverter F I pwf | |
| ' : Ll —» : | Grid
| i _‘q} _‘4} | ( Q ) 4 . P | Simulator L
: | | i Gsc2 | —
| PMSM PMSG  Fully Rated | | : Pgs2
I Mechanical Converter I I v : —
(RN Connetion_ _ _ _ oo _ _ i L =LA E—(0D)—
PMSM: Permanent Magnet Synchronous Motor : E
PMSG: Permanent Magnet Synchronous Generator | temmmememeseeen : GS2
I
I
I

' I

: I

: H v |

dSPACE |- Lo

: ‘\EJ ..... controllert [~ i
Specifications of VSCs | Operation rating

Rated power 2 kW
DC voltage 250V
AC voltage 140V
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Application of scaling method

* Virtual circuits in the 3-terminal system

16
PEOPLE



** * ** CARD' FF
* * UNIVERSITY
* *

MULTI-TERMINAL DC GRID FOR OFFSHORE WIND *oax PRIFYSGOL

(ARRDYD

Application of scaling method

* Droop correction in the experimental set-up

ladd1

\

[ v
| 17K* 410
(BSC1_ Maoopr =

rdroop1
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Application of scaling method

e 3 case studies are considered to validate the method

400 MW

Rated power of VSCs 800 MW
MTDC rated voltage +200 kV

Cable length 1-3 200 km 100 km 200 km
Cable length 2-3 400 km 500 km 400 km
e Base values and DC cable resistances in per-unit for
each case study and the experimental test rig

Base power, P, 800 MVA 400 MVA 700 VA
Base voltage, V}, 400 kV 250V

Resistance 1-3, 13 0,0096 0,0048 0,0048 0,0005
Resistance 2-3, 1,3 0,0192 0,0240 0,0096 0,0026 18
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Results

 Comparison simulation in PSCAD with experimental
results with and without the droop correction

* I|nitial injection of 0,3 pu from OWF.
* Increase of power to 0,6 pu.

* Droop control in GSC1 and GSC2 designed to share
the same power

 DC current and voltage results

19
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Results
e Case 1: 800 MW, 113=200 km, 123=400 km

Simulation Experiments Experiments
without correction with correction
—GSC1
0.6 —Gsc2 0.6 0.6
= —WFC3
205 0.5 0.5
=
004 0.4 0.4
8
(@) 0.3 0 03 A
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Experiments

without correction with correction
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Results
e Case 2: 800 MW, 113=100 km, 123=500 km

DC currents DC voltages
Simulation Experiments Experiments Simulation _Experiments Experiments
without correction with correction without correction with correction
1.02 1.02 1.02f
—GSC1
0.6f —GsC2 0.6/ 0.6
= —WFC3 =
205 0.5/ 0.5/ 21.01 1.01 1.01
..E ()
204 0.4} 0.4} o
5 = —— ,
o 0.3 0. 3 s f 1 !
A 8 I—
. —e
. 0.99 o 0.99 0.99'
0.1 ‘ 0.1 0.1 ‘ ‘ ‘ |
0 5 10 0 _ 5 0 0 _ 5 10 0 5 10 0 5 10 0 5 10
Time (s) Time (s) Time (s) Time (s) Time (s) Time (s)
GSC1

Cable 1-3
WEC3 -

"d} GSC2
4
Cable 2-3 E
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Simulation

—GSC1

| — GSC2

—WFC3

DC currents
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Results
* Case 3: 400 MW, 113=200 km, 123=400 km

Experiments

without correction with correction
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Experiments

without correction with correction
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Conclusions

* A scaling method was demonstrated to obtain
uniform steady state responses between an MTDC
experimental rig and three different HVDC systems

 The droop control correction allows representing
many equivalent DC cables without using different
physical elements—> Increase flexibility of
experimental set-up.
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