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t—\: PROMOTioN
— What YOou Ccan expect? ( PROGRESS ON ME!SHED HVDC

OFFSHORE TRANSMISSION

N2/ NETWORKS

* Introduction
* GIS & HVDC

* HVDC Gas-Insulated Systems
* Design
* Components
* Testing
 Verification of test values

* PROMOTioN GIS Demonstrator

* Work Package
* GIS Demonstrator
* Diagnostics & Alternative Insulating Gases

* Conclusions & Summary
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— 20 Years HVDC GIS

F|rst 150 kV ‘GISJ Flrst Iong-term test First 250 (500) kV GIS
Gotland 2 BPA (USA)-ABB KIl - link (Japan)

New generation

New generation (Japan)

1150 kV GIS First IonA -termtest
: = (CH)

Gotland 3 (Japan)

1980 1983 1987 1990 1995 2000 2013 2014 2018
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— AC ¥ DC: Electrical Field

Basics - Cable
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— HVDGC: Electrical Field [mm S [s]  EField [1]
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— HVDC Gas Insulated Systems

The HVDC-GIS technology spans a
number of switchgear components, e.g.:

* Bus-ducts and high voltage DC
conductors

* Disconnect- and earthing switches
* Bushings and cable terminations

* Current- and voltage measurement
Sensors

* Surge arresters

U. Riechert (Switzerland) Tutorial — April 23, 2019 -6-



— Testing

Dielectric Tests

* DC withstand voltage tests
* LIWV tests
* SIWV tests

* SuperimposedLIWV tests (bipolarand
unipolar superposition)

* Superimposed SIWV tests (bipolarand
unipolar superposition)

* Polarity reversal tests (only required for Line
Commutated Converters [LCC])

* All dielectric tests: under high load (HL) and
zero load (ZL) conditions

* Partial Discharge (PD) measurements
AC and DC

U. Riechert (Switzerland)
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— Testing

Dielectric Tests

DC withstand voltage tests
LIWV tests
SIWV tests

Superimposed LIWV tests (bipolar and
unipolar superposition)
Superimposed SIWV tests (bipolarand
unipolar superposition)

Polarity reversal tests (only required for Line
Commutated Converters [LCC])

All dielectric tests: under high load (HL) and
zero load (ZL) conditions

Partial Discharge (PD) measurements
AC and DC

DC insulation system test

U. Riechert (Switzerland)

DC test
equipment

Damping

resistor

Test object
=DUT

Capacitive-
resistive
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Impulse
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— DC Insulation System Test

Test Conditions Load
Heating
MRS Dielectric Pretests
Long duration continuous DC Maximum continuous HL Time
voltage test operating DC voltage (-) duration d
Superimposed LIWV tests
(bipolar and unipolar
superposition)
Sugerliomposed SIWV tests REigzel VEIES HL
(bipolar and unipolar
superposition)
Polarity reversal HL
Long duration continuous DC Maximum continuous HL Time
voltage test operating DC voltage (+) duration d
Superimposed LIWV tests
(bipolar and unipolar
superposition)
Sugerliomposed SIWV tests REUVENTEE AL
(bipolar and unipolar
superposition)
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— DC Insulation System Test

1.2

Ambient Temperature 40°C

o
00

DC field [%]
=
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Transition time from capacitive to 0.4 1T —outer side
resistive field conditions vl ——outer bottom
0.2 LNy e —inner bottom
Tm = &&/0  DCconductivityo = 10to 107 S/m A o S
l Amblent Temperature 20°C |
Duration d: 30 days, to obtain at o = s
least 90 % of the DC steady field 0 5 10 15 20 - 20

condition at higher temperatures.
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— DC Insulation System Test
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Main objectives (WP15)

Full scale teechnology demonstrations-of HVDC gas Iinsulated systems

 To increase the Technology Readiness.Level (TRL) from 6 to 8 for HVDC GIS
equipment

 To carry out long term testing of full powerrHVDC GIS according to developed
test requirements/procedures and using developed monitoring and diagnostic
methods

* To develop recommendations for specifying gas-insulated (GIS) HVDC
systems

» To develop testing requirements, procedures and methods based on _
simulation"analysis, real HVDC .onshore and offshore experiences, and also based fm
on CIGRE work (JWG D1/B3.57%: Dielectric Testing of Gas-Insulated HVDC
Systems). a=>Tenner

* To develop monitoring and diaghostic methods for HVYDC GIS to ensure a'safe 5
operation. TUDelft

«-To.evaluate performance of SF; alternatives.
» Use results to improve models and develop understanding of failure modes.
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— Prototype Iinstallation test

ABB HV Connection
_ DC Bushing

HVDC gas-insulated switchgear Bus-ducts and hi g h
voltage DC conductors

Extension
Disconnect, earthing option
and fast acting
earthing switches

Bushings

Current- and voltage
measurement sensors

Technical data

Nominal DC voltage kv 20 | ok

Rated DC voltage kv 350

Rated lightring impulse withstand voltage kv 1050

Rated switching impulse withstand voltage kv 450

Rated DC withstand voltage lew 610

Rated ncrmal current A 4000

Rated short-time withstand current kA 64

Rated duration of short ircuit s 1 ¢

Rated peak withstand current " AC Heating Current

Ambient temperature range =C -30..+40 A 3 CO nve nti 0 n a I CTS
AL
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— HVDC GIS demonstrator — Test values

Demonstrator
Pre-Tests
Thermal calibration, Commissioning tests, PD, LI, S|
+1.2
. pu
Long-term test cycles with DC High Load (HL)
(AC equivalent)
Superimposed LI / SI withstand voltage O e e |ues
P P & + 0.8 (rated value) pu
+1.2
- : pu
Long-term test cycles with DC Zero Load (ZL)
Superimposed LI / SI withstand voltage RS AT
P P & + 0.8 (rated value) pu
Final verification tests & additional tests
U. Riechert (Switzerland) Tutorial — April 23, 2019 -14-



— HVDC GIS prototype installation test procedure

BLOCK 1
60 days -DC
ZL
SIM LI/SI
10 C/O

Jan. 2019

Monitoring
Gas density

PD: UHF/Optical/HFCT
Arc Detection
Enclosure Temperature

U. Riechert (Switzerland)

BLOCK 6 BLOCK 7

60 days +DC 30 days
HL LC

SIM LI/S] (+ and -)

10 C/O SIM LI/SI

14 month April. 2020

ZL = zero load (zero heating)

HL = high load (continuous heating)

LC = load cycle

SIM = Superimposed switching and lighting impulse voltage test
ACPD = AC partial discharge measurement at U,
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— Status

Step |Test _____________|Conditions _________________ Jload | |

Thermal cycle pre-test Heating up to steady state with I, or LC/HL 9
I .

r

AC PD measurement Pre-stress at U, es ZL 9
PD measurement at U, .
DC PD measurement Pre-stress at +U e, ZL 9
PD measurement with +Uy 4. “
“ Lightning impulse test LI voltage U;p ZL 9
_ Switching impulse test Slvoltage U ZL 9
Superimposed LI test Positive and negative rated DC voltage ZL 9
U, and Uy N
7. Superimposed Sl test Positive and negative rated DC voltage ZL %
U, and Uy S
_ Polarity reversal test Polarity reversal + U; ZL / HL 9
n 1. Cycle — U, 60 days, SIM, 10 CO ZL 9
- Uy, 60 days HL ‘X,
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— HVDC monitoring and diagnostic methods

* Alocalized voltage breakdown in gas

* A current pulse with a very fast rise time <1 ns

 Fundamental Questions
* Type of sensors (HFCT, Antennas)?
e Correlation ACand DC?
 Number and where to install sensors?
* Which other parameters can be monitored?

Amplitude in dBm

Frequency in GHz
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— Development of M&D System based on HFCT

60
— Injected pulse
. 40 r
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]
TUDelft
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— SF4 and alternative gases

CAS number 2551-62-4 124-38-9 756-12-7 42532-60-5
Boiling point (°C) -64 -78.5 26.5 -4.7
G 23900 1 < 2100
Flammability none none none none
Dielectric strength ~ -
(relative to SF;) 1 0.3 =2 =2
Toxicity TWA
(Ehn| 1000 5000 225 65

Potential insulator v v v v
Potential V4 J V4 J

interrupter
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— PD behavior for SF; and alternative gases

Lower time between PD impulses for alternative gases compared to
Sk

Higher PD level observed for SF;under negative polarity while it is
observed for alternative gases under positive polarity

Negative polarity

5E-11 ® SF6 100 kV 5E-11 @ FN-CO2 mixture 10%
. e SF6
© FN-CO2 mixture 10%
. e AirPlus
_4EM * AlrPlus 4B ce,
g Q, e @
> N
— m -
o 3E-11 £ 3E-11
2 2
2 2
2 2E-11 2 2E-11
<
<
1E-11 1E-11
0 0
0.000001 0.00001 0.0001 0.001 0.000001 0.00001 0.0001 0.0
At (s) At(s) SuperGrid
Institute
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Questions?




