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Marine Ship Design SIEMENS
Ihg,eb\uffy-for&‘fa

Modern ship design is a complex, and time consuming
process. During tender phase, time is limited, and proposing
a hull design that minimizes CAPEX during build, whilst
meeting OPEX demands of the customer as well as
certification requirements, remains a challenging task.

Securing margin early in the design phase is paramount to a
Shipbuilder staying well afloat leading the field, and
dominating the market.

This presentation highlights how modern Process
Automation, Simulation, and Design Space Exploration
using HEEDS MDO, deployed together with Simcenter NX
and STAR-CCM+ can power engineers to discover better
designs, faster!
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Case Study: Simulation Driven Ship Design SIEMENS

Ihg&huf(y for uft

A Typical Offshore Supply Vessel (OSV) will be

Offshore Supply Vessel
used as an example case, with a design speed of D-OSV
13 knots.

Objectives:

Minimize Steel Weight (CAPEX)
Minimize Vessel Resistance (OPEX)

Constraints: Stability Period
2k
T =
-3 < Pitch < 3 (degrees) gGM

Metacentric Height (GM) 2 0.1m
Main deck space area = 800m2
Freeboard = 0.25m

D-OSV courtesy of Digitread AS
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Case Study: Simulation Driven Ship Design SIEMENS

lug,eo\uc\‘y for Uife
Design Variables: Parameter Range
- Eight independent variables are used to modify the baseline Min  Baseline Max
design vessel’'s hull shape.
length Lpp [m] 105 115 130
*  For each design, these variables are used to update the NX
. _ beam B [m] 20 25 30
CAD model used directly within STAR-CCM+ for the
Resistance and Hydrostatics calculations. bilge radius Rbilge [m] 2 2.8 3.6
bow shape Tewl [m] 6 7 8
\
bow tightness Bbow [deq] 40 65 75
Lpp B Laft Lwfd
run entry fwd Lfwd [m] 45 57 80
‘ \ \ \ run entry shoulder  Lfwd2 [m] 5 30 50
/ t / run entry aft Laft [m] 20 40 65
Lfwd2 Rbilge Tewl Bbow
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Case Study: Simulation Driven Ship Design SIEMENS
lugev\uiw‘y-foru{e
Process Automation:
NX CAD 9 Excel/Matlab/Python STAR-CCM+ H
— = ‘ al il .
Updates Vessel Parameters Calculates the weight of steel Updates mesh with new CAD, runs
& CAD assembly (based on surf. areas in CAD) solution and post-processes the
results

s
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HEEDS MDO w

Updates variable values
Assesses design performance
Intelligently explore the design space
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Process Automation

NX CAD Portal

A parametric CAD model is built using NX CAD
HEEDS drives the parametric CAD model via the Expressions Table using its direct interface (portal) to NX

NX CAD

T Name Formula Value Units

1 v {Defoult Group

2 m -
3 B 25 ES m -
4 BAft B-1000 24000 mm -
5 BigeR 2800 2800 mm -
6 BigeRAft 4000 4000 mm -
7 BowTightness 65 65 -
8 BreadthWinchDeckAft 3000 3000 mm -
[l BubwarkFoktor 200 200 mm -
0 D » ) m -
11 FreeSpaceAft 6500 6500 mm -
2 PP 125 125 m -
3 RurEntryAft 0 0 m -
1 RurEntryFad 57 57 m -
15 RurEntryFadLength 0 E m -
% Towl 7 7 m -
7 WorkDeck_Space_Area 0 0 mm -

Parametric CAD
Expressions
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Dimensionality

Length
Length
Length
Length
Length
Angle

Length
Length
Length
Length
Length
Length
Length
Length
Length
Length

g.

Type

~ Number
Mumber
Mumber
MNumber
Mumber
Mumber
> Number

]

MNumber
Mumber
Mumber
Mumber
MNumber
Mumber
Mumber
Mumber

~ Number

HEEDS

N

Tag

H

Input Type Name Value X
BAft B-1000
BilgeR BilgeR
BilgeRAft BilgeRAft
BowTightness BowTightness
BreadthWinchDeckAft 3000
BulwarkFaktor 200 // as a space reservation
D 20
Deckhouse_Area face_measurement2210.area
DeckSteps_Area face_measurement2226.area
FreeSpaceAft 6500
Hull_Surface_Area face_measurement2189.area
LPP Lpp
MainDeck_Space_Area face_measurement2195.area
p0 B/2
pl D
pll LPP
p1310 1500
pl1312 BilgeR
p1314 BilgeR
p1333 0.000000
p1334 0.000000 d

SIEM

ENS

Ihg,ev\uf(y for Uft

NX CAD

=+ o & sween winow [ Window + Semcenter 12 Modeling

Assembhes  Cuve  Anahsis  View  Render Tools  Application  STARNK

110 ] @ . = o > >
D@9 D @ reoncerie

s T B @oan MU Godeere MO sumice
Erbee Assenbly TR/ /S AN AROF /e B

e
2 Foce Measurement (113) "DedkS...

R R R R R Y

< <i<v

Selectobjects an use MBS, or double-chck an obfect

Q

sEmENs - O X
S®a0

HEEDS NX CAD Tagging

Updated Assembly
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Process Automation

Simcenter STAR-CCM+ Portal

SIEMENS
Ihg%uf(y-for&}‘t

HEEDS® STAR-CCM+ Portal works directly with .sim files, performs any user-defined procedures
(execution of Java macros, exporting of reports, plots, scenes, etc.)

HEEDS iﬂ

[ Execution El Files STAR-CCM+ Portal %" Dependendies A

Map Geometry Files for Parts 0]
Part Mame Input Geometry
HULL_CA SEHULL_EAx t -
RefinementZones Monea hd
TowingTank Mone >
Specify Macro Files for Each Analysis (i)
Execution Phase Macro
1 After running hd -ih 0SV_MultiGrid java -
2 Before meshing hd 'EhsetC[}GandD'sp.java hd
3 Before meshing ~ | S changeprismlayerjava hd

gk Add item <
User defined CAD-to-CFD
preparation
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HEEDS
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STAR-CCM+ H

19 OSVresstance - STAR-CCM- - o x

Fle Edit Mesh Soluion Tools Window Help
AL REAr )OIE RBZRIAANLIAE ITHCRe»@LMED BECGEL »BAD e EkAv-0

# [Sorvers[ortresmimee x| = rorr e

Cell Count: 1.66408e+06

B S e T —m Value
Design Parameter S mEmE e Lep Lep
Operation I
Part T T
Mesh Vvessel Vvessel
Field Function RhoWater RhoWater
MuWater 0.0012194724
Region Physics Value RhoAir 118415
Boundary Physics Value Muir 1.85508-5
NProp 10
ProplD 50
PressurcHead 22796262779255265
Lc6 Lc8
BaseSize 3.2857142857142856
Parameter Mode Data Format
2 & Lpp Portal Global Parameter.Scalar Glabal Parameter.Lpp Default
3 - RhoWater Portal Global Paremeter.Scalar Global ParameterRhoWater | Defautt
4 - Vvessel Portal Global Parameter.Scalar Global Barametervessel | Defauft
5 D{ T Portal Global Param calar Global Parameter. T Default
6 @ Trev Portzl Operation Position Hull Translate Transiation Vector Z | Defautt
7@ Lce Portal Global Parameter.Scalar Glabal Parameter CG Default

HEEDS Tagging

Updated mesh ready for simulation

Siemens PLM Software



Efficient Design Exploration

Update Ship Geometry 9

Calculate @_.j

SteelWeight

-

SIEMENS
IM&%ui(y-forUfQ

Calculate derostatics & Resistance
' N\ é N

o FeasbieDesgns @ wiesstieesigns ) Aank { Desgns B Baseme

40000

50,000

80,00

HEEDS® intelligent search method
* Hybrid & Adaptive

* No tuning parameters or
expertise required

~100000 T T T
150408 2005 25008 36406

\

* No model fitting or surrogates
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Scalable Computation

é’, NX CAD
4
Laptop

jobs

 Windows

« 1core/job
* 4 concurrent

-
H Hydrostatics
e Linux Workstation

« l1lcore/job
» 8 concurrent jobs
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HEEDS MDO
w * Windows Laptop

 1core

Design Exploration

« 24 core/job >
e 8 concurrent
jobs
\_
-

SIEMENS
Ihg,ev\uf(y-foruft

p
H Resistance
e Linux Cluster

500 Designs Evaluated
+ < 4 days of wall time
* ~2 hours per design

Siemens PLM Software



Design Trade-Off

Page 19

0pt_check: OPEX vs DeltaCAPEX

60,000

40,000

20,000

20,000

DeltaCAPEX

40,000

60,000

80,000

-100.000

= Feasible Designs = Infeasible Designs ’ Rank 1 Designs

288

Feasble

Cheaper to Build

1.5e+06

0pt_check: DesignTable_13
DeltaCAPEX  OPEX

Design ID

217
180
229
203
226
212

-535794  246726e+06
-676202  2.53075e+06
-68182.6  2.56228e+06
722871 2.57834e+06
-883081  2.73108e+06
-95852 3.30548¢+06
2017.MM.DD

T T
2e+06

GM

0.163022
0.633322
0.347796
0.433653
0.13836

0.632084

Cheaper to Operate

LCB

55.1557
51.6571
50.2444
45,0076
43,6604
51.8542

2275
225
2275

Lpp

114
107.5
107.5
105.5
105
105

BilgeR

3600
3600
3200
3600
3600
3600

3e+06

BowTightnes RunEntryAft

41.1667
56.3333
58.6667
56.3333
56.3333
62,1667

30.5
30,5
245
22
235
43

RunEntryFwc RunEntryFwdLengt

45
45
46
45
45
46.5

3.5e+06

36
36.5
36
35
36
36

Tewl

6.7
6.1
6.5
6.8
6.8
6.7

SIEMENS
Ihg,ev\uf(y-foruft

0pt_check: Hydrostatics Image - Design 212: C:/HEEDSWork/.../U

100
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Design Trends — Parallel Coordinates & Multi-View

Page 20

SIEMENS
Ihg%uf(y-for(ift

HEEDSWork/ .../ REPORT_Hull Pressure Coefficiel

Opt_check: OPEX vs DeltaCAPEX Opt_check: PlotFforParameterInvestigation - Design 142

60,000

40,000

20,000

20,000

DeltaCAPEX

40,000

60,000

-80,000

-100.000
1

=Loooo

5e+06

2e+06

3e+06

Pressure Coefficlent (Gauge)
-0.20000 0.20000 1.0000

~0.60000 060000

710208

0pt_check: Parallel_ForParetoTest

1.58873e+0 135331
| |

5.23093¢+6 130 3500 75 60.5
| |

-0.824853
GM

T
-85852
DetaCAPEX

3.90845e+8
MainDeck Space Area

T T T
105 2000 40 20
Lpp BilgeR BowTightness RunEntryAft

T
1.67315e+6 22
OPEX B

T
45 5 6
RunEntryFwd RunEntryFwdLenath Towl

1.05823e+9.50735e+0
Infeasible Designs === Feasible_Designs_Rank1_8
MainDecdk...ace_Ares

2017.MM.DD
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Design Trends — Correlation Matrix SIEMENS
IM#%ui(y-forUfQ

Constraints

" Objectives

_check: Correlation_Ranks1to3Combined

Design Variables
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Design Trends — Parallel Coordinates Plot SIEMENS
IMg%ui(y-forUfQ

I}pt check: OPEX vs DeltaCAPEX Clusters Opt_check: Feasible_Designs_Ranks1to3forcorrelation_Clusters_11

| & LowCAPEXHighOPEX < MiddleZone B HighCAPEXLowOPEX |

RunEntryFwd

50,000 —
i RunEntryAft

Correlation = -0.82
Correlation = -0.89
Correlation = -0.70

0,000 |

BowTightness

& i <

o H 7] : : :

S zo0 R O S

= | H ‘ BilgeR
2 | o "

o T Foo

B0,000 o] R O S

Lpp MainDeck_Space_Area

-80,000 —
B s S e
1.5e+06 Ze+08 25e+06 3e+06 3.5e+06 4e+06 =
OPEX
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Constrained Design Space SIEMENS
Ihg,ehuf(y-foruft

Opt.ched: Constraint Violations

| [ Pitch [0 Resistance Total Mean [] GM [0 MainDeck_Space_Area [ CurrentDisplacement m3 [ Freeboard |

i 135331 3.89625e+6 710208 14880.4 30 130 3600 75 605 a0 485 8
| | 1 1 | 1 1 1 |
- * 3 3
g f \ S ) y - bW AN e IR | e
i ) N ’ 2 e o f .
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k= 7 e -
= b 4
—_ *
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o | I 7EETAT  205192e+6  -0.824853 14487.3 22 107.5 2000 40 20 45 5 5
- DettaCAPEX OPEX GM Curre...nt m3 B Lop BilgeR BowTightness  RunEntryAft  RunEntryFwd  RunEn...ength Tewl ')
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O 150 -
E -
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4 Feasible
50 — ’
000() /
7 el
4 40000
20000
4 g >
i % 20000 > 2 Se+d
_ 40000 d’al‘
0 H 60000 >
GM Constraint ™ ™

Pitch, Resistance Total Mean, GM, MainDeck Space Area, CurrentDisplacement_ m3, Freeboard -100000

Boundary
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Summary SIEMENS
Ihg,eb\uf(y-for&‘fa

H Hydrostatics )
« " Linux Workstation

» Demonstrated process automation to simplify virtual
prototype construction

v CAD: Simcenter NX (automatic change and update of Hull)
v STAR-CCM+: Hydrostatics & Resistance Calculation

1 core/ job
8 concurrent jobs

d

( HEEDS MDO
u‘, + Windows Laptop
+ 1core

¥

Design Exploration

Process
Automation

» Demonstrated that scalable computation
hardware and software can be effectively used to
accelerate virtual prototype testing

rs Calculate the weight of steel

used based on surface areas

Updates mesh with new CAD, runs
solution and post-processes the

Excel/Matlab/Python STAR-CCM+
oy H R |

Scalable

(=
Q
©
—
=
o
=
@)
@)

v 384 designs successfully evaluated in <4 days

» Proved that intelligent search can help engineers to
discover better designs, faster

v Discovered family of designs that demonstrate Multi-Objective
trade-off between CAPEX and OPEX

v ldentified critical design variables and design trends

Efficient
Exploration
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Summary

. NX CAD Hydrostatics
+ Windows « Linux Workstation
Laptop + 1core/job
+ 1core/job « 8 concurrent jobs
+ 4 concurrent

jobs

HEEDS MDO
« Windows Laptop

« 1core

(o
9
©
=
@)
+—
=
<

Design Exploration

H Resistance
* Linux Cluster

+ 24core/job
+ 8concurrent
jobs

Update variable values
Assess design performance

Scalable

NX CAD y Excel/Matlab/Python STAR-CCM+
4
Updates Vessel Parameters Calculate the weight of steel Updates mesh with new CAD, runs
& CAD assembly used based on surface areas solution and post-processes the
from CAD results
HEEDS MDO

W

Intelligently explore the design space

Computation

« FombaSuagre ¢ Wasste e @ o 1evere

&
:
Cheaperto Bulld

Efficient
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SIEMENS
Ihg%uf(y-for&}‘t

Insight
& Discovery
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Discover Better Designs, Faster! SIEMENS

HEEDS Ib\g,eb\uf(y-for&‘fa
Multidisciplinary Design Exploration Platform
)
. felssles
» Accelerate design process with automated bl B sl 28
workflow 2 <) LN
: : D5 =
- Explore early & often with a streamlined process
* Increase product knowledge with multi-variant
an aIyS I S Baseline Model: Script_s:
- Discover better designs faster with automated I /.
intelligent search 4 N
. omcmer, | ofsmicior | o | | o,
« Assess design robustness i : — .
_ _ | HEEDS :
* In PLM context, configurations are stored, —— I — L [Somtiom
Mfasm:ed_ suspension | 1 Output of suspenzion . - iuspensrmp_amem
managed and can be reused L e Y
 Easy to use—no need to be an optimization Objectves: Consraints:
specialist =
o Easy to deploy across organizations Suspension Auto-Correlation reduced time from months to under 1 week

“HEEDS drastically reduces correlation time.” — Erik Wendeberg, Chalmers
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