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Power: (3) PGM 4160
0 Hz 3 Phase 1000 kW

Operability:

sUnrestricted (all headings):
Sea State 6

Survivability: Above Sea State 8
Science Payload: 100 Itons
Mission Space Area: 5000 ft?
Center Well Area: 300 ft°

Accommodations: 66



Presentation Outline

Exploratory Concept Feasibility
Design Exploration “ Studies

2elorsitory Desicn) _
—  Acquireranans I)rr gLESS infermation on SWATH technologies

3\/H HESIS J\/JorI‘

oJe) JdCEl\/’H Genetic Algorithm considering cost and effectiveness

E *Jf

Detalled c alyse hip characteristics
Summary/Designi Critigue



Design

f] Sis Model

_DESIGN Parametersi(IDP) rangelofval ues allow adequate search of design space
MEEBIESIoRREeMaNCENIMOR)Based on Owner’s Requirements

SHipNa anEEIeLeiNOWRESHI . (TOC), and Overall Measure of Effectiveness
(OMOE) calcliaten ' 3

| Used inMiEGIjectiVi

Input Estimate Full
Design : Load Weight
Parameters and Deckhouse

Volume

Feasible? Weight and
Converge? Stability

Calculate
Principle
Characteristics

Resistance
and Power

Area and




@Rcept Design
gniPanameters or Genes

36 Design Parameters provide
physical description of ship

21 Geometry

15 Performance

Set goal and threshold values based
on expert feedback

| Performance Design Parameter | Range |
10000 — 15000 nautical miles
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» EVvelltEltion)

" Measlires of Perfor nceﬂOP)

s Use io) eleilnle DErTOMTIENCE ofi ship independent
(0] ISSION SCenarios

(G031 ValUESISEIESEE 0n MISSion reguirements
dndl eExPERAEPIRIOH

Tnreshpldiepresentlower limit.at which the ship
can still performimission

esign
fifiectiveness

14 16
Speed (Knots)




S Eencept Design

ierall Measiire of Effectiveness

CWELL

DISTANCE

SUSTSPD

SHIPIPEHOIMENCENEGVIRETIENRLSare organized and v
'ﬁheir latienshiprduantiied threuah Analytical
m Process rores

DKAREA

WeightingMaSEEReRMESUILS of pairwise comparison of v
MOP'S - oo

One vallieleeniectiveness) calculated for each ship

PITCH
SCISTAFF
RELIABIL

0.000 0.020 0.040 0.060 0.080 0.100
Weight




Jietall OwWners

eIt SEERESHMatENRcltding fellowing
COMPONENUSE
—  ACUISItIGNEOSE
— DiscouRtEdNtielfcest ever shiplifie
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goncept Design

Moegael"Balance

—

“IShipaBalanced FoidA Given Set of Design
PAlIIELESS \
- Conyergence
TWeght = D]spJ:#feme

— Feasinil 5 p‘

|ECLFIC POWEL

Seakeeping/Stability.
Speed



CONEEPL, DesIgn
VilEPejEcuve Genetic Algorithm
- U323 grigelals of gzt ralﬂhction*, feproduction, and mutation to

IpIeYE e poplliateniefindividualsier Design Parameters based on the
sSUIVIVEIReI e fittest™

t-.__Ap NG GENEUGIOpErators to population
‘Creating EENEratbNS! off increasing effectiveness and decreasing cost

ships
Evaluating ieasibility, effectiveness, and cost in synthesis model
Highly: rebust selution tor non-closed form: problem

stfltr']e Random Ship ss - Selection
olution Population Synthesis

Dominance Crossover
Layers Mutation

Space
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Non-dominated —>
Solutions
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SWATH AGOR

) Desﬁh Selection

AGOR Optimization

Genl
B Gen30
Gen80
B Genl00
A Gen200S
® Gen200

180
TOC ($M)




S Esign Parameter and Cost
goemparison

Design Parameter

Best Buy (#1)

SNAME Best
Buy (#2)

T-AGOS 19

Monohull
Atlantis

Owner’s
Requirement
s

Length (ft)

322

326

234.5

274

N/A

Beam (ft)

93.333

93.143

93.5

52.5

N/A

Draft (ft)

21.467

22.102

24.75

17

24

W eight (1tons)

3720

3561

3397

3510

N/A

Sustained Speed (kts)

10.5

13

9.6

15.0

12

Endurance Speed (kts)

10

12

3.0

12.0

N/A

Range (nm)

13000

10000

N/A

17280

10000

Stores (days)

80

80

N/A

60

50

Science Payload (lton)

100

100

130

N/A

65

Scientific Gear Storage
(ft))

15000

15000

N/A

N/A

15000

Science Staff

35

29

34

24

25

Centerwell (ftz)

300

300

N/A

N/A

Lab Area (ftz)

5000

3500

1400

3710

Deck Machinery

(2) Boom Crane
(2) Knuckle
Crane
(4) Hydro Winch
(1) Traction
Winch

(1) Boom Crane
(1) Knuckle
Crane
(2) Hydro Winch
(1) Traction
Winch

Array Winch

Traction
Hydro
2 Cranes
2 HIAB

Propulsion System

D/E (3-1175
hp/eng)

D/E (3-1700
hp/eng)

D/E (1600
hp)

D/E

Generator System

(3) IMw Gen’s

(3) 1.25Mw
Gen’s

4 x 830kw

3x 715kw

OMOE

0.79

0.64

N/A

N/A

Total Overall Cost (M$)

143.146

142.77

N/A

N/A
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TOOLS:

*Hull Geometry Modeled
and Faired with FastShip
software

*Lines Drawings drafted
using AutoCAD software
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SHCP SWATH HULL MODELED BY
CREATING NEGATIVE APPENDAGES

*HYDROSTATICS ANALYSIS
ACHIEVED USING SHCP MODULES

*CURVES OF FORM PLOTTED
*COMPOSITE SECTIONAL AREA
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ne@pErating

OIS

> Arrival HA = .004 * V2*A*[ *C0s20
, Ballasted Up 2240\

where:
V= wind velocity in knots

A=hull sail area in ft2
L=distance between the centroid of the sail area
and the line of underwater resistance in ft



[Oading Conditions

FREE SURFACE EFFECTS ON R.A. CALCULATED AS REQUIRED
DURING BOTH ARRIVAL AND BALLASTED UP CONDITIONS

FUEL |
BALLAST

SEWAGE

POTABLE WATER

WASTE OIL

Condition Fuel | Ballast | Sewage | Waste Oil | Lube Oil Displacement
LUBE OIL (% Full) | (% Full) | (% Full) | (% Full) | (% Full) (Lton)
| Departure ]100.0 Joo  Joo Joo  [1000 [21.5 |3757
| Arival_|100  [900 J1000 [900  [100 215 [3757
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AGOR! Stability in Wind

Ballasted Up Intact Stability Curves

Departure Beam Wind Stability Criteria

40,

RAmax = 27.89 ft

/AN

Point C: / \

HA=T.23 ft A
\ © m=45°

/A1

30 4

20 -

Ramax = 20.0 ft

~RA@T=141t

RA, HA (feet)

-20
A2

i : " | - 75knot Wind
Heeling Arm

Heeling"AngIe (degrees)

- Adjusted RA /

20©

» »
m=24.319 40

60

N

80

1

0

/

Arrival Beam Wind Stability Curves

EXCEEDS ABS

REQUIREMENTS

‘RA @ POINT C < 0.6 R.A. MAX.
‘EQUIL. HEEL < 12 DEGREES
*Al > 1.4 A2 FOR 0 rollback > 25°

RA, HA (feet)

25.00 4
20.00 4
15.00
10.00 -

5.00 4

© r=-14°
O

Point C:
HA=0.55 ft

© m=45°

RAmax = 27.0 ft

-40

A

-20

==

-#-75 knot Wind Heeling
Arm

-=— Adjusted RA

- RA @T = 21.467 feet

Heel Angle (degrees)
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StaPIBAIR Damage

DAMAGE CONDITONS DAMAGE SURVIVAL

LONGITUDINAL AND TRANSVERSE J DAMAGE STABILITY IS SATISFACTORY
DAMAGE MODULES PERFORMED IN IF IN THE FINAL CONDITION OF

SHCP DAMAGE:

28 DAMAGE CONDITIONS ASSUMED :
PROBABLE s EQUILIBRIUM HEEL < 12

m THE POSITIVE RESIDUAL R.A.
ooonie maow o Temn I ® B e o

OCCURING BOTH SYMMETRICALLY 15 DEGREES BEYOND EQUILIBRIUM
AND ASYMMETRICALLY = THE AREA UNDER THE R.A. CURVE

IS > 2.82 ft-degrees
ASYMMETRIC FLOODING s THE MAXIMUM POSITIVE R.A. IS
CONSIDERED IN REMAINING

>0.328" WITHIN THE 15 DEGREE
LOWER HULL COMPARTMENTS

RANGE
LONGITUDINAL LENGTH OF
DAMAGE MANDATED BY ABS
CRITERIA EQUATES TO FLOODING
IN TWO COMPARTMENTS




R.A. (feet)

m 28 Damage
Cases

m Survives All Four
Damage
Conditions for
Every Loading
Condition

Heel Angle (degrees)




Synthesi
- Welve

195

SWADS0

0.002
0.0018

0.0016

0.001
0.0008
0.0006

0.0004

0.0002

EhigpmantintegraiNVethod

AGOR SWADY0 BB

Speed (knots)

0.166

Froude Number

C Liglel
Eddy, PressurerEiests
fForm AIIch

[Feasibility Stuay,

Resistance

-_

AGOR SWAD90 BB

Speed (knots)
20
0.0025

0.0021875

0.001875

0.0015625

—~

O 0.00125

0.0009375

0.000625

0
0.0735  0.147  0.2205 0.294 03675 0.441 05145 0.588  0.6615  0.735

Froude Number

0.00402
0.00335
0.00268
0.00201
0.00134

0.00067



Feasiblllty ,url V.
Proveller Selacton) Opt-\'uzatlon Pregram (PSOP)
DIaMEEIRERENIEME 9056 0f maxVertical hull diameter

MWake fraction), mhrust deduction taken as 0.1
| otiative efficiency taken as 1
Analysistoaseaion EHRICVE developed in SWADSO

Results of PSOP ‘

B-Series@ades

Blade Area Ratio = 0,355

P/D = 1.486
Openiwater efficiency at
endurance speed = 0.67 - 20000

80 RPM >

=}
T 1500.00

Speed (knots)
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INDEGRATED POWER SYSTEM

POWET: Genera'r'or Mocltles (REWED) ~ Main Engines

— Produce 4

11890 VAC 80 rlz 3 Hrleise Power, kY - (3) CAT 3512V12
= Digigintiiec to iz Progulsion Yotors ' = 1175 BHP
SHIPISEVICENDISHFIIMIGINS /5 2l .~ Emergency Engines

= PowerGoenversion Medules(PEM 2) Converti4160 VAC to 1100 VDC UJJJ’J_J i — () ipnigvra
y o s -
SAUENEIECHGNIES) . 720 BHP

DEFARTHENT (F ACFIEEWGE & OGEAH EWIWEETING PLAGZTNE, WA
WIRGEINA FOLTTECHMIC INETITUTE
L ETATE UNTWEREITY

AN TwATH
[IHTELRATEN POVER STPETEH

3
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ARRANGEMENTS

_IEROINURRVAEY;

71
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ARKANGIEIVEN
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ARKAING
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Substructures:
hull
strut
0]0)'¢
haunch
Transverse Framing
Frame spacing: 3 ft
Bulkhead spacing: 24 ft

Preliminary scantlings are modeled
after TAGOS-19, information
provided by NAVSEA.



[leaesForces
| Work in Progress

| zle) Czlges
Vgin@ases! (Fremrthe paper “SWATH Structures” by Jerry Sikora and Alfred L.
msenbacl_]w

Silele Load".
@\al ['6ad

Wave Slgmmingl Loads

4

Fig. 9 Transverse stress distribution



LOAD CASE 1

148E+01
9.75E+01
1.80E+02
2.63E+02
J45E+02
4 28E+02
5.10E+02
5 93E+0Z
6.75E+02
7.58E+02
G40E+02
9.23E+02
1.01E+03
1.09E+03
1 FE+E3
1.25E+03
1.34E+03
142E+03
1.80E+03
1.58E+03
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Weightsiand Centers
-

B Davelggad oz
y - Arrang'emen'
. LCG/LCBﬁﬂgnm'

COMPONENT
HULL STRUCTURES
PROPULSION PLANT
ELECTRIC PLANT, GENERAL
COMMAND+SURVEILLANCE
AUXILIARY SYSTEMS, GENERAL
OUTFIT+FURNISHING,GENERAL

WT (Iton)
1728.94
166.05 187.94
82.70 76.82
48.05 7.50
518.53 176.03
266.23 108.50 28.44
2949.36 128.44 35.18
111.39 8.70

LCG (ft)
117.35

VCG (ft)
28.13
35.42
40.12
45.00
42.58

Light Ship
F00 804.67

Full Load Departure
Full Load Arrival

3754.03
3754.03

121.69
121.55

29.72
29.72




North Atlantic year round
conditions

3 Seakeeping MOP’s based
on natural periods

PERCENT OF OCCURRENCE
3

10
SPECTRAL MODAL PERIOD (sec)

-—




i

- ﬂ 1S
zlillrzl) e 8" . Motion Natural Period (sec)

Heave 12.020
Pitch 19.203
Roll 21.409

e
Condition | Speed | Roll | Pitch [ Lateral Vertical Vertical Vertical
(deg) | (deg) | Acceleration at Acceleration at Acceleration at | Acceleration at
Pilot House Pilot House Transom Midship

| Operating | 12 | 8 | 3 | 02 | 04 | 04 | - |
[ OnStation | 0 | 5 | 3 | 02 | 04 | 04 | 04y |
-




SEakeeping
Petailedl Analysis

Limiting Significant Wave Height(LSWH) vs. Heading

\w Sea State 7

/___\xwz/_ N
N .

— 10 knots

LSWH (ft)

10.5 knots
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. Stationkeeping
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“MAaelysis s currently: underway

HHHH
LEEWAY



CQS'F D]str oution

~d

JJJ)J $102.9 Million
- Zeeviliion
- J’DIJLJJJIOJ'J 5455 /JJJJJon
S EIEGHHE = 55: SMIllion:
rommrmrl, EENRueI and Suvellance’="$2. 1 Million
r\LJ/{JJJ:Jr\/ = 522,95 illieg)

1N

Outhit = S RVIIIon
M:Jrg]n rosrs = 55516 1Jillieg]
EJ aWERYEREIREEHNG - $3.9 Million
seniplyiane SUpPELt ='$5.0 Million

ost = (0.0167 $M/LT) (W,c) + $15M

Builder Profits: $8.4 Millior
Change Order Costs: $11.0 Million

Discounted fuel Cost Over Ship Life: $6.3 Million
Discounted manning Cost Over Ship Life: $40.5 Million
TOC = $143.3 Million






Siimmary. and Critique

Flesdole Arrarnicenments

A EWIEENOIUMENENGE areal terallew: variation in layout
2 OVEHIENEEPIOVICESIPIHEG OVErDoard operations

= OpEN aneuncltterea

Cogrirniarclzll Steinlelzlgels

— Meets allFABS/EER raqu]remehﬁs

- Highly preducisieNulliorm

MainteEnencerand Reliability
REliabilityShEavilyaweighted

Towing - Consider overhanging strut

Increased crew cost with decreased speed

Overhanging nose and tail potential structure difficulty
Continuing Around the Design Spiral

Return to optimization



