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Closed bus concept

* |solation and fault tolerance based on passive

protection < 9 |
* Increases number of diesel generators R T B N R
required to run simultaneously in low load & B » m 5 B . m
COﬂdItIOnS Thr.7 Thr.8 Thr.5 Thr.6 Thr.1  Thr.2 Thr.3 Thr. 4
Vs
« Operation with fewer generating units online, n &
with  more economical and environmentally |
friendly performance, by decreasing gas : _
emissions and fuel consumption. B 1 - I
Thr.7 Thr.8 Thr.5 Thr.6 Thr.1 Thr.2 Thr.3 Thr.4

* Allows certain failure effects to propagate to all

other parts of the power system.
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Closed bus concept
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* Introduction of protection
systems which ensure
equivalent integrity level with
open bus system

 Phenomena dynamic in
nature

* Need for tools for verification

DNV



Regulations

 Class societies allow closed bus operations
for both DP class 2 and DP class 3 vessels. DNV

- Different level of detailed approach RULES FOR CLASSIFICATION

* Analysis of equivalent integrity level required ShipS
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Power system modeling
supplemented by live testing

Verification of model accuracy by live tests

» Once the model is validated, it allows testing of wide range
of faults with much lower costs

* Modelling enables repeating tests in much more severe
conditions

« Power system modelling complements the process of
testing.

» Verification of second barriers.

6 DNV © 10 OCTOBER 2022

DNV



Advanced Power System Protection

1 IR - Not always considered to be
' ' included in the power system
simulations

g
ae

2“
28

» Fault detection depends on
- the transient behavior of
S certain parameters

2,5
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Pole slip phenomenon

 Pole slip is not a failure mode

 Can occur due to number of
reasons, e.g.

* Prolonged short circuit clearance
time in certain conditions

» Severe mechanical fault
* Excitation loss
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Pole slip phenomenon
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Negative sequence fault in closed ring configuration

* Broken conductor when operating in closed
ring operation causes negative sequence

e (1 - & s I oce currenfc to flow in the transfer cables
exclusively
. HVSB 1 HVSB 2 HVSB 3
o1 I o A - & * When protection system is designed to detect

the negative sequence component in the
HVSB 1 HVSB 2 E incomers feeders, this would lead to hidden,
not detected faults
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Importance of guidance document

 Lack of guidance document and
experience can lead to overengineered

| approach
------------- pp

» Important to list relevant cases to be
simulated and a details a process of

7 7 choosing worst case scenarios.
------------
B EEEEEEEEEREE N
B EEEEE - Relevant analysis overshadowed by

| | | == el | | | | =) | | | | | == mUItltUde Of redundant analysed
scenarios
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Summary

* Power system dynamic simulations

» Greatly enhance live tests of the power system
by enabling verification of many more
operating condition.

* Reduces time and costs of live testing.

» Created to allow compliance with classification
society rules, reduces risk during design phase
and operation.
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PREDICTION OF
TESTS’ RESULT

REPEATABLE
ANALYSIS

COMPLEX
PROTECTION
STRATEGY
VERIFICATION

RETROFIT
PLANNING

ELIMINATION OR
LIMITATION OF
DESTRUCTIVE
TESTS

REDUCED
NUMBER OF LIVE
TESTS
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Thank you for your
attention!
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