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Hypothesis

* Power
VLVnNT structure = 10 * Antares
VLVNT power < 5 * Antares =100 kW

Technology progress
Structure upgrades
Demands of other users?

 Environmental
Distance shore-facility =100 km
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Power transmission

mains

Shore

Cable behavior for AC, DC

* AC systems

e DC systems

Redundancy (no single failure points)
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Node grid

Node

Converter Converter
Junction Junction
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Node grid I
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Node grid Ill

power power

« Botfrstations can handle e How to combine wit
full power. redundant optical network.

 Installation in phases
possible.
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Redundant Power distribution

« Two long distance failures,
still 84% in charge.

nstallation in phases
possible.

To combine with optical
network
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Long distance to local power

AC/AC system

shore power
TS

converter
junction 288’
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Long distance cable behavior

er current = less Cu losses = higher
losses (Iloadz'l'(k UWCcabIe)z) Rcu > DC losses (Iloadchu)
AC charging/discharging C, DC stored energy = %2CV?2
DC conversions more complex then AC conversions

* AC cables have be partitionized to adapt reactive compensation sections.

S€eS

AC cable AC cable with reactive power compensation
L cable Lcable L cable Lcable
Rcu =:Rcu VLVNT Recu L Rcu VLVnT
Ccable Lcomp. < =T Ccable
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Redundant Node grid

DC load sharing between two converter junctions

Converter ] ' Converter
Junction AENOR ! y Junction

AC load sharing between two converter junctions

Converter
Junction

onverter
Junction
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Conclusions on topology

AC/AC AC/DC DC/DC
- passive components -+ constant output level -+ constant output level
-+ initial costs — initial costs - cable losses
— losses — active components subm. - running costs
— fixed ratio by transformers — running costs -} active components
— extra DC conversion subm. — Initial costs
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Grounding |

« Grounding is essential to relate all potentials to the environment.

« Prevent ground currents by use of one ground point in a circuit.
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Reliability

Not something we buy, but something we make!

No Defect
20%

Software
9%

Induced
12%

Parts
22%
Wear-Out
9%
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General conclusions

Technical issues to investigate

DC for long distance is promising-> breakeven study for costs and redundancy
node grid gives redundancy

node grid can be made of components used in railway industry

inter module grid can be made of components used in automotive industry
each board / module makes its own low voltages

 Organization

power committee recommend
specify the power budget (low as possible, no changes)
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Industrial references
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Cable configuration |
« Combined with fibers for communication
 Redundancy

Monopolar Bipolar normal operation
/ el R '_e \

power I

Bipolar monopolar operation
power
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power
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Power factor corrector

Classic

current
/ voltage

Classic:
dilivered power r e more harmonic noise
e higher I?R losses
PFC PFC

voltage
current

Iy Uy
control
~200kHz

delivered power T
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Converter types

buck converter

5 K - W input circuit

Ve o) 2 — ‘ [ switching circuit

= |-200kHz| A& !-_ : @ rectifying circuit
7 N . ’ : ’ ’ output circuit

....... : . » Efficiency up to 90%
Y=g S « Power driven
A ¢

-------

transformer isolated converte

............... "“. FLOLCOO0I
. . & e

. 2 2

. e

. . o

. D) .

. .

. .

. .

control
~200kHz

-
& ji8:05¢000
B

F

£ VLWT

VLVNnT faClllty—pOWer 18 6/10/2003 — e.heine %_; Workshop
)4»

%

%




Local power

Converters on each board or start up sequence
functi 14
Control of switch on/off sequences 12 e
. 10
« Control of Vh>VI (by scotky diodes) 3 T \
. imits* © -@-3V3
Control of voltage limits; S . -
1V8 £ 4%, 5V £ 5%, 12V + 10% 4
F\E——W
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Power consistence 0 i / : :
0 2 6 8 10 time

« PCB-layout (noise) 12v | 12v
« efficiency *ﬁ

efficiency
100 3V3out

4
80 =4-input voltage
-~ temperature 1V8out
—A— output power
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Efficiency (%)
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Delay C1,; 290nF/ms
Rise time C2; 41nF/ms
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