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Presentation Structure

HOLISHIP Background = CASE 1 —Results
- RSM Dok

- Optimization routine

WPS background — The OSV

Recent developments = Arrangement Generation

- NAPA damage stability

CASE 1 — On theory

CASE 1 — On practice
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Recent Developments

Refinement of the CAESES project

Improved User Interface

SHIPFLOW resistance estimation via Response Surface Model (RSM)

NAPA Arrangement generation for damage stability (On-going)
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HOLISHIP Background

= 9 vessels/structures being holistically designed and optimized

= 35+ partners
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WP9 Background — The OSV )
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WP9 Background — The OSV =

“’Stakeholders” in a power system optimization

Designer

= Demo Case 1: Hull and propulsor dimensioning tool
- CAESES

= Demo Case 2: Power system optimization tool
- MPSET

Regulations

Power system dimensioning factors

= Demo Case 3: Power system verification tool
- Simulator at NMK Alesund

Cost Maintenance f Size / Weight Emissions Sensitivity

Multi-parameter optimization on chosen KPIs

A A A A A
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g o Input: Output: —
1 . Hull geometry IMO469 ——
o H u I I d esli g n CoG Max Heel/Trim .
,‘ Basic Hydrostatics Go/No-go M Otl ons

Input: Output: Crane info

Base hull and Hull design Lifting weight Input: Output:

transformations Basic Hydrostatics NAPA Hlﬁl geometry RAgs

; Basic Hydrostatics Limiting Hs/Tp

y Crane motion limits Operability

Sea spectrum

m SHIPX - VeRes
Station-Keeping m

CAESES feature

Weight Estimations

>
— Input: Output: Input: Output:
©) Dimensions Steel weight RAOs Max Thurst
Q Coefficients Lightship weight Thruster config.
e Operational fixed
I— VcG/GMO Thruster location
c Windage area
Waterplane shape
@) r CAESES feature Wind and Current SHIPX-SK
o2 -
£

i Resistance
uel Consumption : : . _
P Propulsion Dimensioning Input: Output:
Input: Output: Hull design Resistance
Power consumption  Fuel consumption Input: Output: Speed ?ﬁ'“"%P
Thruster sizes Thursters database  Propulsors ursvFower

Saiing thrust Poweraft - SHIPFLOW
B cossves gEBR cresesreaur
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01 — Hull Design

On practice

Import == Monitor =% Transform ==) Monitor ==) Advance

|
v

Lackenby T ENELT
Hyo - imporied Hudl Hydvo - Modiied Hull

Main Dimensions O ey 2880 m
_height 1862 m _height 1862 m

Joa 82T m Joa 8245 m

Jdpp 81383 m

Design Draught W  ®wm

AW 182841
dispVol 988397 m"

AW 1858.03 m*
dispVol 975740 m*

KM 1081 m KM 1147 m
Bulb fcb 39.04 m cb 4039 m

Icf 3,13 m Ict B8 m

I B9.04 m ] 9188 m

wattSurt 2677.36 m2 woltSur! 2661.41 m@2

d 382 m et 34T m

<
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02 — Weight Estimations

On practice

Inputs == Empirical Function == Monitor ==) Advance

Outputs:

Weight constants based on existing vessels

Weigth & LC
Area required for cargo cogotengn a2 m
deadhweght 350103 ¢
GO 430 m
Area required for accommodation e O 3

. . I::;_Dew '000;;;:“
Accommodation deck height Wk e

.....

= VcGs — lightship, equipment and accommodation TR

s @ - £ c = 2
= Loading condition lwm _____
= Operation’s centre of gravity and GMTO =) First Constraint ; -
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03 — Intact Stability

On practice

Inputs == NAPA HYD ==) Crane Balance Feature ==) Monitor ==) Advance

l

Outputs:
= IMO 469 Pass/Fail == Second Constraint

= Maximum heel/trim

WORLD CLASS — Through people, technology and dedication

= Simplified Watertight+Buoyant hull (IGES) ' o
= Crane load and position - ;ﬁ::’:ifi"‘" ey
L — o P
Criteria limits O p "o m
I 2 ;‘::h‘. ‘t:.l:;m

&
=
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04 — Motions =

On practice

WORLD CLASS — Through people, technology and dedication

™ eesect 1res [0) EEEEE
e s : Inputs == SHIPX VeRes mm) SHIPX VePost =) Monitor =) Advance
= VeRes format sections .
= Crane motions criteria 4 T
: j .
= Roll reduction tanks L I
= Bilge keels P
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05 — Station Keeping

On practice

Inputs ==) SHIPX SK ==) Monitor == Advance

-9
Wi AL _SRSTEN .
03_STREL_METEMT |
B3_TNTACY STARILIT -
83 FETTION

BI_STATION_KIEFING DPOGE

VeRes output files

) Hy_forQe

WevaDirection

wavaPsaPerisd

wingoirection

wintvelacity ]
8] Sadirectory

B o2 rezults

« B getraukesults
&) maxthrust_Msinks

Projected areas

PR e R
n

Environmental conditions

Waterline shape

8] mexThrust_MainSs
& mexThrust_TT1
&) MaxThrust_T72

B mexthruse _TT3_AT_Switgan

Propulsion arrangement

& ralns

Outputs:

@ _vpdete 8c
W disp_tull

= Thrust required for DP

_CnT
waoats_all

- Each propulsor

- Each heading
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Al Mesultzwindow © "e vy - x
SK DP360 Thrust - Inputs SK DP360 Thrust
A_frontProjected 423,94 m2 maxThrust_MainPS 200.25 kN
A _sideProjected 1143.17 m2 maxThrust_MainSB 0.29 kN
CurrentDirection 60.00 deg maxThrust_TT1 26,62 kN
CurrentVelocity 0.50 mvs maxThrust_TT2 0.05 kN
Hs_forDP 5.00 m maxThrust_TT3_AZ_SwingUp 25.31 kN
WaveDirection 75.00 deg s
WavePeakPeriod 10.00 s
WindDirection M

WaVelocty

® ¢y c @ B o

xi ¥ 3

B n"- o

e @ - vBass o
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06 — Resistance

On practice

Inputs == Shipflow - XPAN ==) RSM DoE ==) Monitor == Advance

l

= Shipflow format sections L4 [o]

= Speed R o (8)
= Empirical resistance formulation :':‘
= Form factor

Outputs:

= Thrust required sailing
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07 — Propulsion Dimensioning

On practice

Inputs ==) CAESES Feature ==) Monitor == Advance

l

= Thrust required for DP

= Thrust required sailing

= Propulsors catalogue

Outputs:

= Each propulsor ; '
- Type
Power
Thrust
Price
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y
X

OLISHIP
.

14



« 00000000

F e

d43p_COST_Rewults
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08 — Fuel Consumption

On practice

Inputs == COSSMOS ==) Monitor

» Thrust delivered

= Power required

Operation mode
Time spent [%]
Aft thruster #1 [kW]
Aft thruster #2 [kW]

el Fore Thruster #1 [kW]

Fore Thruster #2 [kW]

Azimuth Thruster
Hotel [kW]
Switchboard mode

WORLD CLASS — Through people, technology and dedication

Outputs:

= Fuel Consumption

- 4 different engine types

Case Settings (power for thruster I 5L COSSMOS Mode |
dimensioning & demands from Station u
keeping & Resistance tools) . = COSSMOS
Sailing mode DP mode Harbour s
40% 40% 20%
1511 1500 0 ' ﬁ R 4 pall
1511 1500 0 o E- 2]
0 950 0 o & o
0 880 0 . g e &
400 400 400 -
¢ &
closed split closed ; =) I : % o
» Q@
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Results

= Response surface model for Shipflow

- Over 500 design variants

= Allows fast obtainment of PD for future design variants

% [x] beam [x]10a [x]draftshift  [x]draught [L]PDoptmised  [x]PD_initial  [u]KM [] dispVol
DoE_wi..eee [| 23 [] 9o [] e [] s.2s [ 2s2s.88 [ |  254e.53 [| 11.ees23 [| 9877.7885 )
DoE_wi.@el [ | 24.5 [1 s [] e.zs [l s.875 = 2465.47 [ | 2467.39 [ | 12.237259 [] 8475.4325
DoE_wi.8@82 [ z21.5 [] =5 [ -e.zs [] s.825 [ 2ess.94 [ | 2667.87 [] 9.9587299 [| 9688.571
DoE_wi.@e3 [| 22.25 [l s&7.s [] e.ass [ s.ea7s [ 2277.16 [ | 2284.95 [| 1e.732538 [| 7618.5922
DoE_wi..@84 [ ] 25.25 []97.5 [ -#.375 [] s.437s | 2952.9 [ | 2962.84 [ ] 12.468365 [ ]| 11187.714
DoE_wi.®@5 [] 23.75 [ s2s [] -e.12s [1 s.e625 [ 24088.47 [ | 2419.87 [| 11.598332 [] 8282.5238
DoE_wi.@@6 [| 28.75 [] s2.5 [ ] e.37s []e.822s [] 2535.48 [ | 2562.77 [| 9.4935117 [| 9338.@323
DoE_wi.@e7 [] 21.12s [] 8s.25 [] -e.187s [ ] s.53125 [ 2414.54 [ ] 2452.73 [|  9.7555677 [|  8425.885
DoE_wi.@@8 [ ] z4.12s [ | ss.2s [ _| e.s12s [] s.781z5 [ 2553.51 [ |  2563.91 [ | 12.819692 [| 9267.8224
DoE_wi.ees [ |2s.e2s [| s1.2s [ | we.es2s [ | e.oes2s [ 2734.91 [ | 2739.9 [ | 12.491933 [ | 18297.437
DoE_wi.@1e [] 22.62s [ ] 91.25 [| -e.a375s [] e.15625 []  2525.22 [ |  2546.47 [| 18.793672 [| 8896.3171 )
DoE_wi.®11 [| 21.87s [| 83.7s [ | e.437s [ ]| 6.34375 [ 2327.33 | 2334.74 [| 1@.253761 [| 8180.8396 Operational Draft [m]
DoE_wi.@12 [ | 24.87s [ | 93.7s [ | -e.ee2s [| s5.59375 [] 2572.48 [ |  2578.82 [ | 12.713418 || 8943.9684
DoE_wi.813 [ 23.37s [| s8s8.75 [] -e.312s [ | 6.71875 [ 2687.88 [ | 273e.7 [| 11.885868 [ | 9925.9444
DoE_wi.@14 [ 2e.37s [__]9s.7s [ | e.18vs [] s.98875 [ 2352.88 | 2375.32 [|  9.4218353 [|  8345.8563
DoE_wi.@15 [| 2e.5625 [ ] 89.375 [ | e.34375 [] 6.109375 [ 2265.16 [ | 2288.99 [| 9.5858637 [|  7841.8745
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Optimization Routine
Results

= Requirements for new variants:

- Achieve similar deadweight or higher compared to baseline design
- Achieve GMTO of 2.5m or higher

- Dropload maximum heel of 12°

= Procedure:
- Sobol start for robustness check
- Large design space
- Ensemble Investigation (permute variables)
- Focused design space
- Refine the region around the potential candidate

- Final design refinement

WORLD CLASS — Through people, technology and dedication KONGSBERG PROPRIETARY - See Statement of Proprietary information 17
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Optimization Routine

Results

= Sobol start for robustness check (250 designs)
- Difficult to identify trends

A

fud-dqm Operability

WD e O e e « [mgroe oo ©E 0 5 el

Totalpropulsios_Thossd hul |_cost

B128006_FOC

6324008 _500

Imuu_m:

CI5IN9_FOC
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Optimization Routine S
Results
= Sobol start for robustness check (250 designs)
- Difficult to identify trends
- Clusters of propulsors size combination
- Focusing on lowest fuel consumption
: m-;-” Loa Draught_op helght MainDeck  dispvol wettsart o desduel ght Operability vy Totalpropulsios_Thassdhul|_cost  B328006_FOC B3a0Le_s0r Ci%I3Le_FOr -7:'-;||'°_;I); .
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|
\\ |
24 °%.1 H.3L de.8 1.05c4 L2 Alewd 5.29 A.99¢+3 673 3. Merd3 d.2lew 3. Merbb 2. 510} B o Slevid B.Slevd B e
3.4 \\,\ "917 - = 6.47 d0.6 5.86ev03 “.67evd A.43 ’l 3. 10ev02 d.1403 3.02erb6 2.070v03 Eollevid E.0ervid 8. 11002
::-"l_ — 20 no.a v.NMG-S- _7—74__..‘-\'53_0-“;!. />\ & A tesny 4. 00meas 4. ite ity J. 650 1. )%t S.tlesy 7. 0008
¢ N
33.7 na.n ho "Lr.s--g._,-—"]{du__: 2 72':__—_,-'—3' 7. 10ne02 7. 1w i) 73940 7. 26005
0.9 ".a w7 \\‘u/\’/ b, s 2. 2desmt 1.6 :%—,’F:m??%—ﬁ-wn

WORLD CLASS — Through people, technology and dedication KONGSBERG PROPRIETARY - See Statement of Proprietary information

OLISHJ

19

)




{

‘ HOLISH}P

Optimization Routine S

Results

= Large design space
- From 120 designs, 79 valid results
- Clusters of propulsors size combination

toum Los Draught_op fispvel wttsurt ae doabuight Tightship Opurability 11 Steelhull_cont  Totalpropulsion_TBdeLE_FOC BR2AULE_FOL 253318 _FOC C2533L9_FOC
| i

s

77003

IR PO T S— v fe—— T 1)

’____,_,-—-"“\“__
\gwmi@‘——;.wn

S = = 3

0 @O reem im0 e © R e suptptammit - w %m0 w wan s -
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Optimization Routine

Results

= Large design space

From 120 designs, 79 valid results

Clusters of propulsors size combination

Easier to identify the impact of design variables

a csv-o=s
toum Los Draught_op gispvel wttsurt e duabuight Tightship Opurability "o Steelhull_cost  Totalpropulsion_THDMELE_FOC pizaELE_FOL 253318 FOC C2533L9_F0C
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Optimization Routine S

Results

= Focused design space
- Only 1m variation on Beam, 3m on LOA

o Chag ®sv-=u

Beaw Low Draught_cp MspNol wettSurl i deadeeight Lightship Operability Ll Steeltwll _cost Totalpropul sion TRAQAEBLE_FOC DI2ADLE_FOC C253348_FOC C253349_FoC

’ ;l.lﬁ&.l - e | ————— S ELT L S— el . M3
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Optimization Routine

Results

= Focused design space
- Only 1m variation on Beam, 3m on LOA
- Lower draught trend identified

o . =g
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Optimization Routine

Results

= Final design refinement
- TSearch Design Engine for each hull deformation (SHIPFLOW)

= Healthy and thorough results review via staging the process
= Multiple designs are possible, depending on the final focus

= Fine tuning of coefficients might be necessary

= Optimised design:
- FOC from 8962 to 6846 tonns/Year (-24.3%)
- Station-keeping highly impact thruster sizes, costs and consumption
- Slightly wider, shorter vessel
- Reduced number of accommodation decks = reduced side windage area

- Beats baseline design due to smaller thrusters possibility

WORLD CLASS — Through people, technology and dedication KONGSBERG PROPRIETARY - See Statement of Proprietary information

4 B BEATRA i3
/22 scdTans

24



y

b
R sty

Arrangement Generation
NAPA Damage Stability

= Flexible arrangement creation

= NAPA equivalent (user friendliness)
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Arrangement Generation
NAPA Damage Stability

= Flexible arrangement creation

All 3DWindow O 4 v -

= NAPA equivalent (user friendliness)

= Transversal bulkheads
- FFeature:NAPA BHs

FEeature: :NAPA_BHS - DEBHsss

FDouble & LOA

FERtityGroup [ sxsordered

FEntityGroup D BHsSurfsordered

FEntityGroup D labels

FInteger & createBHsA

FInteger & createBHsF

FInteger & runFlag

Fstring @ BHsgenstr ® © cvsvaaas s 0o o ] a e nnnz @ @
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Arrangement Generation
NAPA Damage Stability

= Transversal bulkheads
- FFeature:NAPA BHs

Auto ordering, naming and numbering

#Frames positioning system

Custom manual BHs

Auto restriction of BH length and/or quantity

H Custom BHs
Number of RR tank . | . Numbe:r'_ofwmg - ) g g
subdivisions Numbker of additional aft cargd subdivisioris subdlv!swns Niumber of additional fore cargo subdivisions ‘ o gl -
—>| < —> < > < > Custom BH List o+
lrop here to appent

E Length Length Length :4 & :_I?r']gthBH .
= Aft BH Propulsion Room RR tank Lengtr: En%me Room { ; Isflol_r(])A .
% of LOA % of LOA % of LOA % off OA ‘ °4 :
—rt—Pr————> < - > «—>

i 1 .

| R '~ - : - i + | 4 E — 4 - - » g - |

R ———

: Position of the Engine Room - % of LOA _
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Arrangement Generation

NAPA Damage Sta b|||ty # = 4 ) Freature::NAPA IHs: |02 R0 Ly (] x
A [Lee ¥4

General »
. . Source
= Flexible arrangement creation [ e seosionss .
Properties
1 H H LBH Name "LBa" -
= NAPA equivalent (user friendliness) crtption [ e :
List
- - $ O+ -
= Longitudinal bulkheads | @ 4 e« s
Y BHss5:createBHsA.toS | -
tring()
- FFeature:NAPA_LHs L © & [mace + o2 oo
- v BHsss:createBHsA.tos | -
X Positions frane0
B
.« . . A 83_Newvessel .
T T, v newHull_y.getMan()ix
® 1.85
t O+ -
Drop here to append
¢ O +[as -
$ O +[e8 -
Lk JER -
Y Positions g e + 3.6 -
t O+ -
Drop here to append
visualization »
Display Opticns »

2@ cva0ea/s va 3 BB 4 ¢y Hp s mE | —
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Arrangement Generation
NAPA Damage Stability

Point based

As many as you need

= Longitudinal bulkheads
- FFeature:NAPA LHs

BHs snapping

Hull clearance/offset snapping

L L1 | LM
P3 — Hull|Limit at Z= TWD

“ i~ \_ﬂ:ll Inner y-meters offset
L1A et

1 i

e

T P6

: L2A T
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KONGSBERG Arrangement Generation
NAPA Damage Stability

# = o ) rreature::naRa_THs: |e2_Ro Ly (] x

@ ¥

= Flexible arrangement creation we  [[F)iea momsiows: .

= NAPA equivalent (user friendliness) oescription it .

7 0 2o -

+ 0 4 "Foes” -

= Deck level bulkheads + @ + e g
© | "Foen" + |e2_roous

4 BHsss:createBHsF.tos | -
Y
- FFeature:NAPA_THs tring()
- Q § "Foen" + |e2_Roous
X Positions $ BH555: createBHsF.tos |+
tring()

o e -

0+ M

Drop here to append

+
=]

&z 1T
o 2.25
o |2.25
ok | 3.85
4 3.85
+

Drop here to append

Z Positions

A A Ar Ar Ab A A
0000000

LI T O I T

Display options >

Sl -sa00a/ 06 8 CHEMla sy 3595 @ & color -l @
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Arrangement Generation S
NAPA Damage Stability

= Deck level bulkheads - Point based
- FFeature:NAPA_THs - As many as you need
- BHs snapping

|
P1 P2 P3 P5
) —— @ °
s P4
| — == — - —ssin Bl — P
METRLG | 4 " M1t 1
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Arrangement Generation ——

NAPA Damage Stability

= The arrangement - Tank intersections
- Tank merging

L | . i
.‘. Ell a7 280 A._. 4 SR 0H Shb v e - : P
=
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Arrangement Generation
NAPA Damage Stability

= Resulting geometry: CAESES -> NAPA (via Software connection)

sequired fzc nage

EEAnd Window* 13 naps

2 (Lpp, 3, T, frdiet)

WORLD CLASS — Through people, technology and dedication KONGSBERG PROPRIETARY - See Statement of Proprietary information 34



o
o
=]
©
£
e
o
[
=
>
-
4]
i}
<]
=
Q
@]
us
[a W
Y=
o
4+
e
(]
=
[]
=
©
i}
(%]
]
()]
w
|
>
o
<
[y
=
o
a
@)
o
o
O
o
w
[an)
(%]
O
=
@)
~

KONGSBERG
paulo.macedo@km.kongsberg.com
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