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Verbund power plants and recent projects
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Overhaul Project Malta Oberstufe I

Original Pumped 2x 60MW synchronous machines
Storage Design

— Pole-changing motor-generator

In operation since — (375-500 rpm)

1977 :
Isogyr hydraulic system

— Separated pump and turbine

New Design 2x 80MW Converter Fed Synchronous Machine

— Variable speed operation (240...575 rpm)
After Overhaul 2022

«Efficiency Increase» [ Modular Multilevel Converter
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New Motor-Generator

New machine transformer
New reversible pump-turbine

» Reuse of existing structures
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Overhaul Project Malta Oberstufe IV

Operation Area, Turbine Mode
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- Extended net head
- Wider power range window

- Efficiency improvement around 9%
averaged in the operation area
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Pump Mode Operation Area, Pump Mode
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- Active power control
- Extended head range 40 to 220 m
- Optimized operation for each head

- Efficiency improvement between 15 to 22 %

Mechanical Power in MV
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Malta Oberstufe Overhaul Project Variable Speed Operation With MMC Full Converter
Vienna Hydro 2022
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Overhaul Project Kaprun Oberstufe I

Original Pumped 2x 65 MW synchronous machine
Storage Design — 500 rpm

— Head range (288 m — 446 m)
1956 — 56 MW Francis turbines

— 65 MW radial pump

In operation since

New Design 2x 80MW Converter Fed Synchronous Machine §

— Variable speed operation (400...730 rpm)
After Overhaul
2020 - 2022

«Efficiency Increase»

— Voltage Source Inverter

New Motor-Generator
New machine transformer
New reversible pump-turbine

» Reuse of existing structures

A P& A N ; OVHPEETS
6 CIGRE NGN 26.06.2023



Overhaul Project Kaprun Oberstufe I11

© VHP/EET - Palzenberger © VHP/EET - Palzenberger
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Overhaul Project Kaprun Oberstufe IV
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Overhaul Project Kaprun Oberstufe V
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CIGRE NGN 26.06.2023



Technical aspects and operation experience
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Converter Technologies

Voltage Source Output voltage 3 conditions ) ) N i
Converter — Aggressive voltage form — U leg(eve)
— Current ripple ——
TK'? —:-Irevel Frequency range o]
converte — 0to 51 Hz (higher with output filter) A
. . . "
Multi-winding transformer necessary - - N
Redundancy on converter level ) .
. . I
— Failed output switch takes out converter
Direct Converter Output voltage smoother ) % —
— Depends on number of serial cells — jﬁ‘ S
- ittt it B ™
Slalelulide Frequency range | TJ o
~ Oto~42Hz T o i
| T | ]
Possible with two-winding transformer R EREEEEEEEEE %ﬂf
Redundancy on cell level | -
— Continued operation with failed cell " T
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Design Considerations — Power Train

Stator voltage form (THD factor, high du/dt)

— Higher insulation stress and particle discharge level
— Capacitive coupling

— Heating of potential grading
— Shaft voltage N"U

Stator current form (THD factor, ripple) 0.5/ AT B
— Additional losses and changed loss distribution H
— Pulsing moments 0 | !

Design for speed area A
: . 05H+f
— Eigenfrequencies + Resonances Wi

— Torsional oscillations ‘l'\xh[\]

— Noise emission -1 | —
— Vibrations

0 5 10 15 20 25 30 35 40 45 50
t [ms]
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Operation flexibility

LI e LT \YA -1 Y1 A [NCreased area of operation

C FS M . . . Active Power M1, Pump Mode
Active power control operation in pump mode

—_— o 2017
— Provision of grid frequency support o T e
— Participation to primary control possible ST ————— 2019
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— Higher flexibility for unit commitment g 4w | :: -
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Active Power M2, Pump Mode

Impact on pump Utilization of variable power T~ T
operation — Increased operational hours ;"";'“=':E;' ----------------------- : e 200
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2 x CFSM
160 MW
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Harmonic Performance
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Grid Distortion level set by grid operator | : #i
requirements — Half of the IEC 61000-3-6 planning level > e —t O |
PRRELT]e ! | | |
Relevant at PCC “Ii5738 | switch | 115/48
. . . . gear | 15738 >
— Harmonic studies during project phase wys | VMH |
— Measurements during commissioning L ———=
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PCC: Voltage Harmonics, Turbine Mode

Measurement Envelope of several operational points : =71z Paming el EG 6100035
results —  Worst Case considerations o 08 m— o SPeEen
— No violations - 06
=04 I | |
Little dependency on operational point 02 e w s
U -
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Low order harmonics (< 20t") mainly from other Harmonic order h
sources PCC: Voltage Harmonics, Pump Mode
L [ £ 7 Planning level IEC 61000-3-6
[ 1-machine operation
System resonance around 43t e BN 5 rschine operaion
. . £ 08
— Measurement confirms studies R || ||
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Maschinenseite

Malfunction of winding fault protection

Problem Winding fault protection false tripping
— Stator winding
— Transformer secondary windings

Evaluation of residual voltage at open D
— Voltage exceeds trigger level without fault
— Only in low power operation

Voltage in kV

Identified Cause Caused by floating machine side
— Floating DC-Links oscillates close to fundamental *
— Voltage transducer measure against grounding | h

L

— Oscillation occurs in measured residual voltage £ -

Restriction of low speed operation 2 O
— Low power and low head |
— Little operational influence

Active winding protection for future projects
— 20 Hz-method
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High-frequency Shaft Voltage and bearing currents

400

Voltage Bearing Block

200

Problem Shaft voltages up to 700 V (peak — peak)

Voltage in V

Risk of discharges at insulated bearing
— Bearing insulation

-200

— Oil film 400 , . . . . . . . .
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
Discharges at sensors Time in's
LERTHEG RIS Common mode voltage Converter B N R
— Caused by discrete output voltage Umlaufende ~ femmmmeet Db oo ¥ -
— Depends on pulsing pattern Kupferschiene : HEF-
— Capacitive coupling T%'

Short circuit path shaft to insulated bearing
— Protection of bearing surface

Erdungs-
biirste
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Additional high frequency grounding
— Reduction of shaft voltage ‘& T
— RC configuration —
— High impedance for low frequencies necessary

LI | R N N |

Low impedance grounding between generator and aﬁﬂﬁ%ﬂg_\{/ﬂ i RVER I
converter
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