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Rules introduction

106 The verification shall be based upon approval of additional documentation (as compared to systems
based on open bus-ties) including thorough closed bus-tie analysis. calculations and dynamic computer
simulations of the power system in ‘normal operation and during all relevant failure conditions. In addition live
testing of failure modes including e.g. short circuits, earth faults, automatic voltage regulators faults, engine
governor faults and other severe faults shall be performed.

Guidance note 1:
Reference 1s made to DNV-RP-D102 “Failure Mode and Effect Analysis (FMEA) of Redundant Systems™ Appendix
D. for discussion on the subject and examples of relevant failure modes.

---g-1n-d---of---G-u-1-d-a-n-c-e---n-o-t-e---

= DNV GL Rules for Ships — Pt.6 Ch.7 App. A — Technical system
configurations based on closed bus-ties for DYNPOS-AUTRO and DPS 3
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Closed bus concept introduction

= Open bus ties configuration

‘DG5S (DG 6 'DG7 DG 8 'DG1 lDGZ\) DG 3 DG4

\\\\ //«' \\\ /,’ “:\\\7{/// '\\\ - J \\J’//J \‘\\¥7 // \.\\_7'//,»" "\\\7- -/'///
] HVSB3 < a ‘ HVSB4 e ~ HVSB1 - ~ ‘ HVSB2 P*

’_;4%]_;_) C_fJ_f@_—/_f_? L.‘%‘@_" —— L 77__’:»‘ [s— Q —1 Ly 7‘@‘7__3 Ly 7@17__1’

Thr.7 Thr. 8 Thr.5 Thr. 6 Thr.1 Thr.2 Thr.3 Thr. 4

= |solation and fault tolerance based on passive protection

= Increases number of diesel generators required to run simultaneously in low load
conditions
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Closed bus concept introduction

= Closed bus ties configuration

'DG5  (DG6 DG7| DG8

7 HVSB3

Thr.7 Thr. 8

Thr.5 Thr.6

B

HVSB4 — —

/,.,_,\\ /'/J\\\ C//" /\\

DGl  DG2 'DG3 DG4

\\\4// .\\h// \.\L_i/’/. .‘\W/
HVSB1 — — ‘ HvsB2 ~ —

L —_J [ 7‘_@7__’3 (S Qi__’ﬁ (S 7DI—7__'

Thr.1 Thr.2 Thr.3 Thr. 4

= Operation with fewer generating units online, with more economical and
environmentally friendly performance, by decreasing gas emissions and fuel

consumption.

= Allows certain failure effects to propagate to all other parts of the power system.
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Modelling suplements 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

EG1 | Date: 1032014
Annex 11

severe conditions

= Power system modelling complements the process of
testing.

= Verification of second barriers.

DNV-GL
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Modelling

= Modelling and simulations are performed in PowerFactory Software provided by DigSILENT company.
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= Well-established analysis tool for power system behavior studies.
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Power system modelling — topology

= Aggregation of load groups

= Simplification of component models
e.g. VFD loads

DNV-GL

DNV GL © 2015
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Power system modelling — component parameters

SPECIFICATION OF GENERATOR

[2012-02-27]

use DIESEL ENGINE GENERATOR QUANTITY / SHIP 65T
TVPE OF ENCLOSURE | IP 44 APPLIED CLASS DV
cooL NG SYSTEM AIR TO VATER ABIENT TENP, 50 T
EXCITING SVSTEM SELF ENCITING BRUSHLESS INSULATION CLASS F
STRUCTURE OF ROTOR CWLINDRICAL ROTOR TEMPERATURE RISE F
JCOUPLING METHOD ‘ FLEXIBLE APPLIED UNIT METRIC
SPECIFICATION BEARING
TirE HSI7 1200-10P TIPE OF BEARING | SLEEVE BEARING
oUTPUT capACITY 5437.5 KVa LOCATION DRIVED END NON-DRIVED END
RATING CONTINUOUS SIZE EF .28-280 EF .22-250
PHASES.WIRE.COMY | 3 ¢. 4F. ¥ (DAMPER WINDING) |OIL QUANTITY 15 liter/min 4 liter/min
VOLTAGE AC 11,000 V LUB SYSTRM FORCED LUB. FORCED LUB.
cURRENT 42,84 OIL GRADE SAE 40
FREQUENCY 50 HZ THLET PRESSURE 0.2 bar
PoLES 0P INLET TEMP, wids T
SPEED 720 RPY AIR COOLER
[POVER FACTOR 0.8 LAGGING CAPACITY 294 EW
oo / 1 7,036.4 Eg.o® /  1084.1Kg.n® |FLUID FRESH WATER
ROTOR WEIGHT 11,657 Ke QUANTITY 85.7m° /h
TOTAL WEIGHT 316 ton IILET TEMP, 3% T
CHARACTERISTICS TEMP RISE 4T
oVER CURRENT 150 % / 2 min PRESSURE DROP 0.28 Eg/em?
[VARIATION OF GEMNERATOR VOLTAGE| =+ 2.5 % DRY WEIGHT 305 He
OVER SPEED 120 % / 2 min DETECTING SYSTEM
[VOLTAGE ADJUSTMENT + 5.0% WINDING TENP. PT100 OHM > 3E4/PHASE
LOUNTTNG METHOD 520 BEARING TENP, PT100 OHM + THERMOMETER/ERG.
REACTANCE & TIME CONSTANT COOLING AIR TEMP PT100 OHM = 2EA/SET
(CALCULATED VALUE) LEAKAGE DETECTCR N/C CONTACT = 2EA/ST

[id 123 H(WNSATURATED)|T' d | 0.3037  Sec. CONFIRMED ITEM BY OWNER

[ d 25.1 H(SATURATED) |T''d | 0.0072  Sec. |* LOCATION OF TERMINAL BOX, REFER 10 SHEET 18
[ d | 135 S(SATURATED) |[Ta 0.0480 Sec, | (VIEWD FROM PRIME MOVER)

ra 072 % * CABLE ENTRY BOTTOM SIDE

r

Synchronous Machine Type - Equipment Type Librany\DG\HSJ7 1209-10P.TypSym

2 |

Load Fi
3 Haw Nominal Apparert Fower  [5.4375 MyA Cancel
VDE/IEC Short Circuit
e Nominal Viotage [ kv
Complete Short Circuit
e e Power Factor [
ANSI Short Crreut N =]
IEC 61363
e )
- Synchronous Machine Type - Equipment Type Library\DG\HSJ7 1209-10P.TypSym 2
Ham{ | | Basic Data Reactan
Protef Load Flow 1.23 pu.
VDE/IEC Short Circutt < 0.54 pu
| Complete: Shon Circut - Reactive Power Lints
ANS| Short-Girouit Minimum Value  [1, pu
i Descf | | 1EC 61383 Maxmum Vaive [T, pu
N Zero Sequence Data Negative Sequence Data
[ [
RMS-Sinf — 5
l f— Synchronous Machine Type - Equipment Type Librany\DG\HSJ7 1209-10P.TypSym M
Hamori{ | [ pasc Data General | Saturation | Damping |
Protecti Inettia
Load Flow Cancel
VDE/IEC ShotCirauit Acceleration Time Canst. frated to Pan) 1.67102 s
&
| Complete Short-Circuit [~ Stator Resistance/Leakage Reactances —|
ANSI Short Creut otr Pz pu
i Desonptl | | |EC 61363 o 0083 pu
| al o. pu
RMS-Simulation r— :
I EMT-Simulation @ Saliert pole - lm— -
Harmonics/Power Quality ¢~ Round Rotor - IM"— &
Protection
— Transiert: Time Constart: | — Transient
T [0.3037 s ' 0.297 pu
|
i Description Time Constant: »
Td" o.0072 s xd” 0.206 pu
l
To" 0,0373 s xq” 0.242 pu
I
l — Zero Sequence D Negative Sequence D
Reactancex0 0.1 pu Reactancex2  [02 pu i
Resistance 0 [0, pu Resistancer2 [0, pu
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Power system modelling — load aggregation
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) =~ -|DSWE2 Port DEF o 3218 224545
ISTORY ;M";‘;‘: "":'S'I SYSTH ™ -] DSwE3 Por DEF o znz 201225
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c from o <7 v|HEATER 2CL Fort DEF 0 004666 D
changea | FIP number =7 v|HEATERTCL Port DEF 0 0.04666| 0.
O deetec 362-EN-MALA < v|Lamcc oL Port DEF o oon433 .
<7 v|MCCTI CL Port DEF [ [
<7 v|MCC12CL Port DEF [ 0.
< v|Mcc21 L Port DEF o oo 0,
Mocit T20pPa10 | WO AFT CODLNG SW PUMP = Imecaz ol Port =3 o oorE o
MCC11 ‘B03-PP-210 NOC.1 AFT BILGE PUMP =7 v|MCC31CL Port DEF 0 0.009 0.
< v|MccazeL Port DEF o oo o
Mot 722PPa10 N0 AFTCODUNG P PUMP <> v|MCCs1 CL Port DEF o oo 0,
<7 v|MCCE2CL Port DEF 0| 000066 .
MOC11 702-PP-210 NO.1 FO PURIFIER FEED PUMP l < ¢|MCCB3CL Port DEF 0 0.001 D. 1 I~ - . e - - - e
ST [ . |[=|psminice Por oEF o ootiee| 00055 i F k[ o o | om || = | =
<> v|PCSRI-102CL Port DEF 0] 001433 0.00768 1 2
mocit 7oeee110 [NO.1F0 PURFER <7 v|PCSR2101CL Port DEF 0] 001433 0.00768 1. rd p | o o0 | oo [s0| 33 | 2
<~ v|PCSR3-I0I CL Port DEF 0| 001166 0.00573 1 3
MOC11 701-PP-110 NO.1 FO TRANSFER PUMP | — ¢|PCSR3-102CL Port DEF ] 0.01233) 0.00768] 1 ’7 & o 00 0,00 50 101 8356
c Mocit aee0  |wozmresume i =7 ¢|PCSR4-101CL Port DEF Q] 0025 0.01260] 1. . rd po | o 00 | e | o] o0 | om
<7 v|PCSRa-102CL Port DEF 0| DO01166]  0.00573 ; g - . G
ocst S FECTE nuzmumemmwmsuhl | v|TascL Port DEF o o0me33 00168 R e e o L Tipaere L .
MACHINERY SPAGE & PURIRER RODMIS| <7 v| TA5CL Port DEF 0| 0,02965| 0,01865| Generd | Advanced | [T ]
westt [ O —— : d m E'I: EW‘ BEE 3 ggﬁ” gg::gi e e
4 ort - " Srghe Cage
. . VOLAEL Shot-Jrout
D mociL [TEEIe) Mo MasER R oD I = v|TABCL Port DEF 0 0.03433] 0,021 | A (" Pt Cace Sl e
1= v|TAscL Port DEF 0 003 0.022 3
MCC11 722-PP-320-B NO.Z FWD THRUSTER COOLING FW PUMP B = ¢|TF10CL Port DEF [] D.00966]| D.006 AN Sron Lreut oo
ECE1363
MOCC11 721-PP-520-8 NO.2 FWD THRUSTER COOLING SW PUMP B| =7 ¢|TF4CL Port DEF g 002433/ 0.015 000
<> v|TF5CL Port DEF [ 0.026 it
MOC11 651-£C-110 NO.1 MGE IW PREHEATER CONTROL PANEL =7 ¢|TFECL Port DEF 0 0.05168| 0.03168| ANS Srmciation Torgue of Stalog Port 1859
< v|TF7CL Port DEF 0|  D03766]  0.02333 EMT-Smudssan
et TEReLe e o < v|TFBCL Port DEF [ 003633 002233 HessimicnPorrir Gk 1
[ [T O = o|TFSCL Port DEF [ e - s
<7 |TT4CL Port DEF [ 0.02 I
MOC11 651-£C-210 NO.1 TURNING GEAR STARTER < ¢|TTSCL Port DEF 0 0,023 D014 0,00
< v|TT6CL Port DEF 0] 0034 0.021
MOC11 703-PC-410 NOC.1 MGE LD PURIFIER HEATER CONTROL P = [TT7cL Fort DEF 2 0.06068] 0.03768] i 311
| 1 . o Operatry; Cage Fiotor data
Mocit 3sas-u001  |no.apEDETAL CranesuPRIG At powie(l| <7 ¢| TTBCL Port DEF 0| 003733 0.02333 [ Cormche Cumet Dincncamsrd (57w Cinge ke ||
<7 =| Thuster 1 Port DEF o 288 0.70562) 1 | — (
A mociL s7anerooe  |eisorcseace wearen ron aer wace s ey 7 Pt OEF o258 570563 0s0
A et I e = | Thuster 3 Port DEF [ 0.70562) T
< v| Thuuster 4 Port DEF o 288 0,70562)
A Mociy ADCR Iz 1BroR aoce M~ v|Thruster 5 Port DEF o 288 0.70562) oss
Toral consumion of <7 v| Thuster 6 Port DEF [ 0.70562)
e (962 EnmALA] | |_=7 v|weccuicL Port DEF [ 0.066 188
<> v|wocuz ol Port DEF 0| 009933]  0.06133 1167 097 . —
i | — J
| 4! »!Mh 1 oad Aow / VDE/IEC ShorCircuit _{ Complete Shor-Gircut _{ANSI Shot Circukt_{ IEC 61363 /_DC Short-Circut_{_RMS-Simuiation / EMT-Simulation J _Harmonics/Power Qualty {_Optimal Power Flow
| Lnl |49 object(s) of 49 |1 object(s) selectec ‘Drag & Drop A
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Power system modelling - controllers

gov_DEGOV1: Woodward Diesel Governor

DG Control Frame:
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inc (throttle)=pturk
inc (x4)=pturb

inc (x6)=0
inc (x5)=0
inc{x1) =0
inc (x2) =0

inc(xe) =pgen
!t this line is initial condition for dro
!l Represents situation when 50% load = 0O

inc (psetp)=-0.5*Droop! select (Droop_Contro

inc (wref)=w

(0=Throttle fdbk,
8';"Electric contr
Electric contr
Electric contr
deriw:

rst

vardef (Droop_Control
vardef (T1)

vards
(vards
(vards

s';"'Time const. Poi
'Max. Throttle
'Min. Throttle
="MW";'Prime M

(vards

er Rated P

op

freq deviation, 0% load = -0.5 droop,

,Droop*throttle, Droop*xe)

1=Elec. Bower fdbk)"

o0l box first time constant'

0l box second time nstant’

0l box derivative time constant'
ative time stant'

time constant’

in’

vards Actuator G
vards ombustion Delay'
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Power system modelling — protection devices and advanced protection schemes, custom
tailor made models

E ENEAEAE

LT

i

=

= Allows building custom models for testing advanced
protection systems :

— Eg. Diesel generator monitoring systems, Zone
protection systems

— Pickup settings, coordination between systems

gE o
&
no E
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Example analysis

L]

= Pole slip phenomenon research on semi submersible unit
— 4 high voltage switchboards
— 2 diesel generators on each HVSB
— 2 thrusters fed via VSD on each HVSB

13 DNV GL © 2015 DNV-GL



Pole slip phenomenon

= Might occur due to number of reasons :
— Prolonged short circuit clearance time
— Severe mechanical fault

— Excitation loss

14 DNV GL © 2015 DNV-GL



Short circuit study

Voltage (U[p.u])

Current(l[p.u.])

Speed (w[p.u.])

Ea
A

1,2000 1,3000
pul pul
0,9600 1,0400
07200 07800
055200
0,4800
0,2600
02400
0,0000
0,0000 45000 55000 65000 755000 85000 5] 95000
455000 5,0000 55000 6,0000 6,500 s 7.0000 —————— 861-EG-005: Positive-Sequence-Vokage, Magnitude
861-£G-003: Positive-Sequence-Voltage, Magnitude 861-EG-003: Positive-Sequence-Voliage, Magnitude
6,0000 7,5000
pul pul
4,8000 6,0000
36000 455000
3,0000
2,4000
15000
1,2000
0,0000
10,0000 T T 4.5
455000 5,0000 5,5000 6,0000 65000 sl 7.0000 861-EG-005: Positive-Sequence Current, Magnitude
861-EG-003: Positive-Sequence Current, Magnitude 861-EG-003: Positive-Sequence Current, Magnitude
1,0400 1075
pul pul
1,0300 1050
1,0200 1025
1,000 |
1,0100
0975
1,0000
0,950
0,9900 L L L L L 45000 55000 6.5000 755000 85000 2] 95000
4,5000 50000 5,5000 6,0000 6,5000 sl 7,000 861-6G-003: Speed
————— 861£6-003: Speed 861-EG-005: Speed
DG3 SC | Date: 6/9/2015 Pole slip | Date: 6/9/2015
Annex 19 Annex: 19
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Severe mechanical fault study

Voltage (U[p.u])

Current(l[p.u.])

Speed (w[p.u.])

= e @

55000

4,5000 5,5000 56,5000 75000 8,5000 5] 9,5000
861-EG-003; Positive-Sequence-Voltage, Magnitude

5,5000

95000 45000 55000 65000 75000 85000 ) 95000
861-£G-001: Posiive-Sequence Current, Magnitude 861/£6-003: Posiive-Sequence Curent, Magnitude
|
|
i el TTTT T hl
I
S R Lo J
|
|
e I 4
I
]
|
1
9,5000
861-EG-001: Speed 861-EG-003: Speed
Date: 71312015

Annex:_110

DG3 part | Date: 7/312015
Annex:_/11
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Other applications of modelling and analysis

{18
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= Useful during design phase of new buildings

as well as planning life extensions and

gl
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retrofits.

= Investigating and optimization of protection

philosophy.

= Advanced management systems philosophy

testing — coordination with other integrated

systems installed.

= Testing in various environment, different

aF”

|

g g
e

configurations, operating conditions.

DNV-GL
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Summary

Greatly enchances live tests of the power
system.

Reduces time and costs of live testing.

Created to allow compliance with classification
society rules, reduces risk during design phase
and operation.

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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