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Appendix A - Smaller ISR USV concepts

This attachment will show different existing solutions for smaller USV concepts. All pictures

and tables are gathered from the reference at the end of each description.

Saildrone Explorer USV
Saildrone
American produced USV with 1 year
endurance missions. Length 7 meters with ~ Length 7 meter
average speed of 3 knots. Autonomously  Average 3 knots

collects high quality data and navigates Velocity

oceans by waypoint-to-waypoint  Epdurance 1 year
navigation. Harnessing wind and solar

Power Renewables
energy for operations. Propulsionrelieson . ration

wind power. ("Saildrone Explorer USV,"
2022)

The Waveglider

Renewable powered USV with  y,yeolider
capabilities to endure ocean

o Length 2,5m
missisons. Used as a network by
British Royal Navy during exercise =~ Average Velocity 3 knots
Unmanned Warrior to report and

Endurance 1 year

track a submarine. Harnesses solar
power, propelled by harnessing Power Generation ~ Renewables
wave-motion or using a small

electrical propeller. ("Waveglider," 2022)




Mariner X

Mariner X
Length 9m

Average Velocity = 8 knots (kn), max 12 kn

Endurance 25 days

Power Generation = Diesel

Multi-purpose USV made by Maritime Robotics. Made to operate for offshore and coastal
applications. ("Mariner X," 2022)

SEA-KIT H - Zero-emission vessel

SEA-KIT-H

Length 12 / 15 meters

Average Velocity 6 knots

Endurance 23 days or 3300
nautical miles

Power Generation -

British made USV with composite hull. The vessel is currently equipped with a diesel
generator, but the company plans to install hydrogen fuel cell in 2022/2023. Made to conduct
hydrographic research, seafloor mapping or maritime ISR. (Skopljak, 2022)

Protector USV
Protector USV
Length 9/ 11 meters
Maximum Velocity = 50 knots

Endurance 400 nautical miles at 30 knots

Power Generation = Diesel

The Protector is a highly independent remote controlled USV produced by Rafael Advanced
Defense Systems. The vessel is currently in use by the Singapore and Israeli Navy. The USVs
design is reconfigurable and enables the vessel to perform different tasks as force protection,
firefighting, ISR, naval warfare, mine countermeasures and maritime harbour security missions.

("Protector USV ", 2013)



Appendix B - Choice of sensors

This thesis will not address technical solutions for sensors or its use. The choice of sensors is
on the other hand fairly decisive for the design of the hull, and we therefore feel compelled to

address the subject.

Selected sensors

In conversation with staff at the Royal Norwegian Naval Academy, we have opted to keep this
information on a general level and rely on commercially available technology. Furthermore, it
is important to understand that sonar operations and sensors are highly complicated.

Implementation should not be done without careful testing and analysis by professionals.

Sonar stands for sound navigation and ranging and can be used in detecting and tracking
submarines. The performance of sonar operations is heavily affected by weather, amount of
biomass in the ocean, use of bandwidth, energy usage, techniques, placement and type of

sensors, generic noise pollution, temperature, depth, and bottom conditions.

Sensor Name Technical data
Passive Compact LF Active | Weight: 1,5 tonn
Variable VDS Maximum depth: 10-300 m

depth sonar

Sonar buoys

Based on described capabilities we have chosen to go with a passive towing sonar. Our
passive sonar is based on the commercially available TRAPS and Compact LF Active VDS
from GeoSpectrum Technologies. The newest version is reported fitted to USVs and capable
of doing unmanned missions with active sensors (Scott, 2020). Passive sonars are nothing
new and equipping the USV with a passive towable sensor would provide the USV with

capability to detect and track submarines.

Utilizing new sensors may pose a major risk in terms of performance. Equipping the USV with
a towable new passive sonar is considered high risk with regards to performance and time for

implementation.



Energy consumption

By mail, Geospectrum Technologies have defined consumption for their passive TRAPS and

winching the cable as:

2-4 kW for passive sonar

7 kW for winching the cable in

Their maximum tow cable is 280 m with an 18,5 mm diameter and we estimate the passive
sensor length to be a total of 250 m with 40 mm diameter. The consumption with regard to
winching is to be considered an estimate as the winching is not specified at a given speed.

Winching in 5 knots would provide higher total resistance and raise overall energy usage.

Calculation of drag

Towing a sonar in water poses extra resistance and we have therefore stipulated the drag force

required to tow the sonar in water during 5 knots velocity. Drag force is given by the formula

Cqa* p*u’xA
F;= Ca* pru >4
2
Fq - Drag force L2 r
1
Cq — Drag coefficient
08
p — Mass density of fluid @il

]

u — Flow speed of object g4

relative to fluid 0.2

A — Area of object surface 0

Antack angle ("}
Figure 1 [kilde]

In order to estimate a drag force for the passive sensor we need the drag coefficient for the
cable. If we estimate the attack angle of the tow cable is 35 degrees, we will get drag coefficient
0,4. The sensor length will have attack angle from 0-10 degrees and drag coefficient will then

be 0,1.



Cd 0,1 Cd 04

Tetthet 1025|kg/m"3 || Density 1025 |kg/m"3
Speed 5|knots Speed 5|knots
Velocity 2,57|mfs Velocity 257|mfs
Rope diameter 45| mm Rope diameter 18,4 mm
Rope circumference 0,006362 |m Rope circumference 0,001064 |m
Length 250(m
Area [m"2] |Fd [N]
Rope Length 100 m 0,11 144,26|N

Area [m~2] [Fd [N] Rope Length 200 m 0,21 28853 |N

Sensor package 1,59 539,29|N Rope Length 280 m 0,30, 40394|N
Table 2 Calculation of drag on sensor Table 1 Calculation of drag on cable

Based on given data from GeoSpectrum and estimates for drag coefficient, we have derived
an Rts for the sensor to be approximately 1 kN. This drag force will be influenced by speed
through water, sea states, cable attack angle on water and length of towing cable in water.
Furthermore, this estimate will be good enough as a starting point for further dimensioning

our vessel.

Appendix C — DELFTship data

Appendix C includes design hydrostatics rapport, hydrostatics, resistance and cross curves on
both preliminary design and optimized design. Linesplan for the preliminary and optimised

design is given as separate appendixes as they are dimensioned for printing in A3 sheets.



Preliminary design

Deessign Frpdrosiabos nepord

Design hydrostatics report

Farent 22 - Stertrawiler
Designor Unkniow
Created by B, van Engeland
Commant
Hicnams Farent 223 m
Dusign lenglin 10 B3I m Midzhip locadion 5400 m
Lemigehower all 12330 m \Water densily TS
Design beam 1.BD0m Modzar shaedl thickress I OOGTE m
Mamdmism beam ZE19m Appondage cosfTicient T0000
Design draft 0. 56{ m
Volume propertias Waterplane properties
haoarie wollime 17033m'  Length.on watoriine 11.553'm
Tatal displecod wobame 17107 m' Beam on wabsrkne T AR m
Digplanemen 17538 1 Entrance angie &5.1 dogr
Biock coeffickend os3Nn Weaierpiane ares M1Im
Prismalic cocffickent OEBET Winter plano coafficknt LIl
Ve prismabe coefficlend 07353 Wiaierpéane cenier of Roakation 4843 m
Wetled sarface anca N ATm? Transverse moment of insrila 12047 m
Lersgiudinal cenios of buayancy 5I54m  Longillngl moment of nerlia TTA03E mi
Longhudinal cemer o Buoyancy -1,268 #
Wertical conlor of bumyancy o5& m
Tatal leregih of submonged body 11205 m
Total besm of wibmened body ZHIEm
Midship properties. Initial stability
Midship sociion anma 24 m' Transwerse meAiaceninc hoight 1,154'm
hadehip coaificant 09067 L fuaknail maslacoeniric haighi 10,999 m
Lateral plane
Laleral aroa 9% m*
Longfudinal contor of lx sl maislanoe ELEYm
Wortical cenfor of lxary reslstanos 0505 m
The Talbowing bayer properties are calculated Tor both skdes of the ship
Location Area Thickress Welght LCG TCG VoG
Huil BT13 a4 4585 5,500 000D HCE ) 0.BHE
SupersiruCiune 3 oooo 000G 5,000 0 DO FCL) 1183
SUpNTSirUCi L 10T 4 2000 0000 5,448 0 DO TR -l
Torming woenar 1611 o000 0000 DI 0,000 {CL) 1,877
Hatlery 2z 0ooo 0000 BEIE 0 DO JCE 024
Gonecator [ ae 0000 0,000 7.9 0,500 (L) orm
E Engines T 000 0 DO 2,850 0DOI |CR) 0&60
Shaft 110 0000 0,000 1,600 0,008 {CE) 045:
CioiLrrd e b L7 0000 0,000 10,655 00O HCE 0295
Teita tE2 A4 dGah 5 5] a00a L) (1T
saectional araas
Loscatian Brea Location hres Location Area Liseation Ares Liocation fred
A15%0 =fi prla i 1482 4,590 1ds 1140 213 B5TH aal
000 a2 2550 187 5%00 144 T&51 1.89 T001 038
510 0313 A0l 13 Sa10 244 141 1559 TN o2
B an =0 3 LR Fi] 138 EaT1 124 11231 000
T,530 112 4 rsn Ly & B30 15 5,181 090

08 22007 DELFTahp 1438 |

1}



Eraa m)

BOTE 1: Oral (ard all olher vertical heights) s measured from base 2=0,000
MOTE 2 All calculaled coefficients based on actual dimensions of submerged Doy,



Hidrostatics repor

Hydrostatics

Waler densily - 71,0250
Mean shell thickness : 0,0030 m

Frirm: 2 000 7

Draft  Volums Displ FWW Displ LA VB TCE Aua LLCF KR ER MCT  TpCm

o ke 1 1 = " 1 .: s -. o - P
0,000 oood D00 o000 i a ] oonoa 0,000 [xBei] D00 0000 xlilie] 0000 000
0,100 07ns [Fi 8 ] o2 5387 0 0ed 000 1 5,388 3.78& Te52n o052 a1
300 2.080 2,080 2032 5392 0t 000 1517 5,800 2558 15425 oo 0155
0,300 370 1708 3T 5398 oy 000 17,07 5398 2037 FE36T aoat 01Ths
o400 5473 5473 5610 5393 0335 000 1a.28 5375 .71 17.200 o085 Q18T
0,500 T.345 1345 T.h2% 5354 03w 0o 19,13 5318 1504 137h3 o0 0.1%8
frt. 1 x] 0295 9295 7.528 5.3 0345 0,000 19 E8 E294 1380 11,693 0,100 o304
0,700 113323 1128 11,804 5,351 a4na 0,000 L5 5,235 1304 105T0 0,105 a2
B0D 13442 13442 13778 5336 0455 000 2172 5,115 13285 10203 0124 0223
0900 15,684 15, 584 1&0TH 5285 05752 000 233 4,954 1352 jLe by 0,153 0238
000 18083 TEOE3 18538 5230 057 3,000 24 &6 4,770 1258 11,087 0,180 0253

MOTE 1- Dvalt (and all ofher vertical helghts) & messured from base 20,000
MOTE 2 All cakculaied coefficients based on actual dimensions of subrmerged body.

Momenciature

DOraft ARy ST, e S S

Waluma Sl el e

Di=pl P TR TN T M

DHspl el 2 W

LCE LIRS SN S PLOFRE N SRR ST M N e e rley X A =T
WCH T o o Sea

TCE TR D o SRR

F-it F iy Lora Tl el B

LCF HEmATEneT caveier OF FEARNKT RAIRTEY S A ST e T
KB AT S TR M

KM SR maaneia A

KICT AHEXENTTY A7 AR T o il

TpCm Ihiniaty Ar Sl e dTamerEan el o ae

BT 020 DELEFshls 14 30 3447

WA g S gl L



FeaEiznce calculalions

Resistance calculations.

Hollernbacs,

Resistance according to Hollenbach

Speed Froude number Frictional resistance Residual resistance Total resistance Effective power

i e KN kK hi W
0aa 00 0,000 0,000 10,0000 0,0000 [
1.00 051 0B 0,077 00000 ooTT [ife) ]
200 103 0087 00624 10,0000 00626 DG
300 154 0,145 0,133 0, CD00 01313 020
400 108 0,194 022746 00000 0,226 0,44
500 257 0,242 0,3364 0,000 10,3354 0,E4

Resistance

oo dli. .
0,308
0,278 4
0280
0,225

0,200 +

a7+
a8 2t s e e ot s ST H S
[ R L KR - . L s
oora 4
1,080

0, 0

e e e
T o8 1.0 15 20 28 a0 EY: ap as B0
Speed [knots]

071,72 2052 OFE] FTanip 14.30 | 344) o



Cross curves

rrim= 0000

Displ DOirafl o0 200 40,0 &0,0 a0 100 1200 140,0 1600 1800
{ alvay chorg sl ) iy o) I trrp decy e fug
7400 oar3 DK 0502 OH&S 1. %48 1,358 1355 12487 08X LI5S nooo
B.000 0524 Q00a ATZ 0863 1. 560 1,374 1350 1237 aad 1] Q000
5,000 o574 0004 CATH frd: 10 1,190 1,30 1387 1,212 2811 bIT2 0,000
14,000 0&23 [l vii] &S nasl 1.779% 1.3E7 1384 1.¥98 (=0 0 DT oo
11,000 &M [afa ] D A&D o Be&2 1.305 1,391 1.383 1.EHT kb D350 0000
13,000 a7:a o00a AS3 0864 1310 1,395 1.37% 178 @A 0,385 Q000
13,000 0 7&5 0000 18 2 ] BE&T 1214 1,358 1377 1. T 2811 3T 0,000
14,000 oA [l vii] 44T oaE 1314 W, 400 134 1443 oa13 IFT oo
15,000 0B854 [afa ] o443 f18: k| 1219 1.&01 1.3m 1.E6T o814 o403 0000
14,000 0BsT oiooa D442 oaT? 1321 1,400 1368 1,153 oAals [l onog
17,000 0938 2000 D41 agat 1,332 T, 400 135 1,189 2H1E 3474 0000
1,141 i i
1 1 |
10641 K p— i — ol
e . i 3 i
= -
E o2 1 T ' > . | T
i-l}.i"a ! | 2
! T A b b ok -+ s
5 ] = . al = : =
0.4 v 1 - i E
2,3 4 [ Is 1 i ' ]
Dl:l - - . ————————— 1 .-:
@14 [ i i i 1
R = -
? H 8 10 11 12 1 14 5 1 a7
Desplacament it)
12. 20022 DB FTahe 14,30 (144
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Optimised design

Design hytrostatics report

Design hydrostatics report

BParent 22 - Sternlraw/ier

Designer  Unknown
Created by M. van Engeland
Comiment
Filanamia Parenl 22 fourth. M
Design lengih 12000m  Midship location 6,000 m
Length over &l 13,700 m Water density 1,0250
Deesign beam 2650 m KAaan shell thickness 0,0000 m
Faxirmurm beam 2,668 m Appendage coafTicent 1,0000
Deasign draf 1,077 m
Volume properties Waterplane properties
Movdded wlime 095 m'  Length on walerline 12 E37 my
Total displaced wlurms 0095 M Beam on wstlerine 2,687 i
Dsplacement 205971 Entrance angle 53,6 digy
Block cosMicient D,528E ‘Waterplane area 2532 m?
Prismatic cosfficient 05852 ‘Waterplane cosfficient (el bk
WhalT, Fl'i‘!l'l'l.ﬂ.lll: [ TR D 7358 'l.l.ra:erplane center al foatation 5,381 m
WWieled surfacs aneq 4229 m*  Transwerse momend of inertia 11,347 m*
Longitudinal center of buoyancy 583T'm Longitudinal momend of inertla 231,163 m*
Longitudinal center of bunyancy 1268 &
Vertical canfer of buayancy 0413 m
Total fength of submerged body 13228 m
Total bearn of subirmerged body 2667 M
Midship properties Initial stability
Midship saction aned 2,40 m* Transverse metapentine heigl 1178 m
Midship coefTicient 0.9036 Longitwdinel metacentric height 12,117 m
Lateral plans
Lateral area 13,08 m?
Longitudnal center of |leral reskiance 6,179 m
Vertlcal cenfer of Laberal resistance 0539 m
The Tollowing layer properties are calculated for both sides of the ship
Location Area Thickness Weight LEG ToG VLG
m T I m m m
il 730 0,035 5111 6,123 0,000 (1) 0,528
Hull superstructure 4035 0,000 0.000 5055 0,000 (L) 2,385
Suparsiruciure ower 5,55 0,000 0,000 B485 0,000 {£1) 3,295
El Englie 1.84 0,00a 0000 Fh44 0,000 (L) 0,339
Generatod 04 0000 0ooa B,778 0/000 CL) 0,803
Shafts 145 o.000 0,000 1,651 0,000 [CL) 0,333
Propeller Nozles 0,39 0,000 0,000 0,055 0,000 (C1) 0,324
Countenwaighi 094 0,000 0,000 11881 0,000 (L) 0,342
TRAPS S0nar 15,66 0,000 0,000 0,051 0,001 [P5) 2,000
Total 148 24 111 1% @.000 (CL) 0528
Sectional areas
Location Area Location Area Locatkon HArea Location Area Location Area
5 k & i i I L i = ;
0567 o004 2,267 1,60 5,100 260 7914 225 10767 0,64
0,000 012 2H34 187 5667 281 B501 200 11,334 0,40
0567 034 3,400 13 6,234 258 5067 168 11,901 0,20
1.113 o T 3,947 244 &, B0 257 G614 1.3 124568 0,00
1,700 116 4534 255 7,367 241 10,201 095

2 2022 DEL FTeMip 74.30 (344)
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MOTE 1; Draft (and all other vertical heights) is measured from base 7=0,000
WNOTE 2: Al cabeulated coeflicients based on actual dimensions of submerged body.



Hydrostatics. report

Hydrostatics

Water densify : 1.0250

Frirm 8 000

Draft Voburme Displ PW Disgl. LCB ViCB TCB A LCF Kt EMI MCT  TpCm

m i 1 1 m a m m* m m rm I'm InEscm
0,000 0,000 0000 0000 000 000 0000 oo 0000 0,000 0000 0000 0,000
0,100 0457 Q45T 0473 5984 [ 000K 11,80 5981 1,047 GRYTT DS R L
0,200 2035 2035 2085 5989 [hR 0,000 1533 £ 000 2,360 44454 oor? 057
0.300 3478 347 3 ThE 5,995 O 1E 10,00 1738 8,001 1,785 JBG93 G050 b0a7a
0,400 5482 5482 5419 5995 0,237 000 1869 6084 15311 47 ooee 0192
0,500 7399 7,309 T584 LR 0,252 0000 1981 5954 1,364 17023 (iR i} 0.3
0,600 9397 9,397 9432 LR T 347 000 2035 5018 1,262 14,240 o2 0.3
0,700 11 ks 11468 11,752 5,962 a0z 0000 21.04 5.Bed 1,200 12488 IR RE] 02Xk
0,800 13,609 138609 13,849 5942 AT 0000 21,84 5. BDE 1,168 11541 o1 0224
0,500 15840 15840 T, 238 5817 0512 0000 282 5704 1,158 124 04E 0234
1,000 14,187 18,187 18,642 GET8 0565 0000 2431 A.534 1,164 11,723 0173 0248

WOTE 1: Deaft (and all ather vertical heights) is measured from baze 2=0,000
HNOTE & All calculaled coefficients based on actual dimensions of submenged body

MNomenclature

Dir &t Akt gl ineasirad Sow Saiedine

Volurne Tk afypirer raterae

Dispd PV Sinleesvneen et ol

Dhigged Lhplacsatien

LCB Lorchitatinal ceviia of B reasireg ey e i sy o =20
VB s et o ey

TCR e CEnly f Suoyancy

fom It soa

LCF Hiedarie ceviiee of (Reiniars s e Fovr e 27 peipevriinler ol =Tl
KM Frareiree el et

EM| Lorchiteainal ratacenind e

MACT Al o g ST e Lt

Tptm Aoy fer i St e e ity e ool

12 12 2022 OF FTafwp 14.20 {344)



Resistance calculations.

Resistance calculations.
Holenbacs.

Resistance according to Hollenbach

Speed Spesd  Froude number Frictinnal resistance Residual resistance  Tots resistance  Effective power

ki 18 (g T4 1 (1] LN (X1

0.0d 000 0yiH00 0,000 0.0000 [0 DY 000
.00 051 0044 0oive L0 oo17e om
200 103 0082 006314 0,0000 [Da34 ooy
felei] 154 4,138 0,1333 CLOH0 01333 an
4,00 208 OB 02280 0,0000 [ 2260 047
e ] 257 0,230 03407 0G0 03807 DER
] 109 0,275 04764 00K 0.4 bt 147

R sis tancs kN

12 122022 E] FTatep M4 30 {344) 6



Crass curves

Cross curves

e

frim= 000
Disgl.  Draf 0.0 20,0 200 80,0 B30 1000 1200 1400 1s00  1B00
1 i} e il ) Ele il Jui) o=y il Hef al_ay deir desgi
7000 0471 &0 o484 o807 10 1,340 1471 1,403 108 0,554 0000
B,000 0521 0000 [L450 o802 1118 1,254 14689 1,391 1018 0547 £.000
o000 057D 0000 0439 0,000 1125 1,367 1.440 1,380 1.006 0540 0000
10,000 fa1d 0000 0430 0,759 1130 1am 1468 1,370 1.003 0535 £L000
11,000 085 0,000 o423 0,800 1138 1,385 1440 1,362 1001 0552 0000
12,000 07 D00 o417 0,802 1141 1,953 1,449 1,354 1.000 0510 0000
13,000 0757 0000 0411 0,006 1.147 1,400 1440 1,347 0599 053 .00
14,000 0803 D00 o4l 0,809 1,153 1,405 1,440 1,340 0598 527 0000
15,000 neL7 {000 0408 o813 1158 1,409 1.448 1,335 a7 0,527 0,000
14,000 0.&a0 000 £ 408 0818 1164 1411 1486 1,329 a7 526 000
17,000 0,532 0000 [408 a2 1478 1413 1.484 1,325 0990 0525 £L000
18,000 0674 o000 0409 R 1175 1,415 1443 1,320 0995 525 0000
19,000 1014 0000 o410 12 1181 1,418 1442 1,318 0994 0524 £.000
30,000 1.054 0000 0413 0817 1,188 1418 1.441 1,313 0991 G524 000
Trim= E,IIE
e — - uma |
1,34 et vty s 1 L — e . | s s Tt e T .
124] - Fon -
- B
1,1 1 Foe
roft = N
o8 } | | | A | \ ) 1 \
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Appendix D - Drive train, energy production and energy storage

This appendix will cover general specifications of engine, generator, fuel, lubrication oil and

battery.

Engine

This section contains technical data regarding DriveMaster 15W.

L] -
Bel!lmarine
powered by Transfluld

DriveMaster

Encluding:
Muotor with mounting brackets and silant blacks

Muotar with integrated thewst beanng
* Veelar control nverler IPGS

®

®

"

Madt sweitch and main fiss

* DC-DC canverter 12 Vde

1.5m cable fov drsplay, lover, key

Owrek instsll £ essy conmect /£ plug and play
fnlet and outler ligund connections

Diptipnal:

®

®

®

* NMEAZODD compatible (ypan request)
* DPTR0 ralic i= 1.59 - 201 - 247 - 287 - 335 - 397 - 5.01
= Aegenaration kit

Mhedium & Heavy Buty
PRODUCT CODE DESCREPTION MOTOR SIZE NOMINAL  INTERMITTENT BATTERY MOTOR
ke W e 1pm
BV 0160EW DriveMazies IW 180-4 25 | 4B 1500
BV 0DESAW DriveMastes TW 180-8 5 ¥ 4B 1500
BV ODBOEW Drivebdazis 10W 1812 a 10 4B 1500
BATODETOW Drivebtazies 150 IM-20 o 15 48 1500
BV101610W DriveMagi=s 20W EVD 20-20 () 16 it} 4B 1500
BV10DET2W Drivelasies 20W 200-20 16 ratl 95 1500
BV10128EW Drivebagiss 30W 210-36 25 30 144 1500
BY101642W DriveMasles 45W 300-50 a5 45 44 1500
BV101580W DiiveMaster 55W 300-75 45 Bb: a4 1500

* Complete the scope of supply by adding controf Shottie, despllery,
coaling kit couoling shaft with propeler

e —

EBalmaning - 2201 B —

Figure 2: Drivemaster data (Bellmarine)



1 - All motors are Permanent Magnets AC, high efficiency, IP65
2 - Intermittent kW: S3 10% - 10" (1 minute at intermittent power then reduced for 9 minutes power to return to stable temperature)
3 - Battery: 48V 96V and 144V can be of any chemistry and brand; 288V and 384V need to be Tranzfiuid's battery.

BATTERY max [Vde] min [Vde]

48 61 44

To evaluate the battery characteristics in case of
96 115 a2 :

custormner's supply please use the following formula
144 169 121 giving the max (A) current required by Transfluid's motors:
288 346 247

kW x 1000
384 462 330 A} ———x2
4 - RATINGS:

Cruising speed: 70% of rated motor rpm

Light Duty: air cooled motor, up to 200 hours/year, intermittent kW allowed

Medium Duty: air cooled motor, up to 500 hours/year, only nominal kW allowed

Medium Duty: liquid cooled motor, up to 1000 hours/year, intermittent kW allowed

Heavy Duty: liquid cooled motor, up to 3000 hours per year, intermittent kW allowed, max 80% of time at rated rpm and load

5 - Separate thrust bearing is recommended above 20 kW

KW
pm

6 - For Torgue calculation use the formula: T (Nm) = X 9550

Figure 3: Drivemaster data (Bellmarine)
Generator

Whisper power: M-SQ Pro 25 Maritime Generator (WhisperPower)

Estimated price from commercial dealers is 40,000 Eur.

Figure 4: Whisper Power — M-SQ Pro 25



Specifications

25-11-2022

ARTICLE NUMBER
41202005

MAIN SPECIFICATIONS

Intermittent Power kW at 25°C (77°F)
Continuous Power kVA at 25°C (77°F)
Continuous Power kW at 25°C (77°F)
MNoise level

Rpm range

Cooling

Alternator voltage regulation

Mominal voltage / frequency

Peak power 2 s

Harmonic distortion

Frequency tolerance

DIESEL ENGINE SPECIFICATIONS
Engine

Cylinder volume

Bore & stroke, mm (in.)

Air consumption

Cooling system

Fuel consumption (no load - full load)
starter battery charge current

DIMENSIONS & WEIGHT

=P M-SQ Pro 25

M-35Q Pro 25, 230 VAC, 1 ph, 50 Hz (60 Hz)

25 kW

27 kKVA

22 5 kW

58 dB

1500/1800 rpm

Indirect water cooled

AVR + EBS, forced ventilation
230 VAC, 1 ph, 50 Hz (60 Hz)
300%

+i- 5%

WhisperPower Mitsubishi 545 - 4 cylinder

3331 cc

94 x 120 (3.7 x4.7)
2.8m3/min

indirect

1-6 l/hr

12V /40 A

Length x width x height (cabinet), mm (in.) 1555 x 749 x 805 (61.2 x 29.5 x 31.7)

Dry weight, kg (Ib.)

Dry exhaust / wet exhaust
Oil dipstick

Max. operating angle

640 (1411)

@ 2inch BSP [ @ 63 mm
Top & side

25% in all directions
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Figure 5: Performance Curve of the Mitsubishi S4S-Z365SP in Gen set

The total efficiency of the generator and combustion engine in a towing condition, 5 knots,
based on the data provided by manufacturer:

__ R __225+3600 _ .
Meen = o v h,  44+4276%10°3
P, 35 + 3600
= 0,67

MeEng = W h,  4,4+42,76 * 10°3

The above values are estimated based on values of fuel consumption from the manufacturer.
However, the values used in the estimation will be 0,4 for the generator and 0,55 for the
combustion engine.



Fuel

The choice of fuel will be standard diesel fuel based on the below average values and standard

values of Bunker Oil, the main distributer of fuel for the Royal Norwegian Navy.

Table 3: Average value of chemical composition and properties of relevant fuel types. (Lundby, 1979)

Parameter Data

Type Marine Gas Oil
Dencity [p] 855 kg/m?
Lower heating value [hy] 42,7 Ml/kg

Figure 6 : Estimation of average Marine Gas oil values (BunkerOil, 2021).



Lubrication Oil

Description:

“49 NORTH ARCTIC SYNTHETIC HEAVY DUTY ENGINE OIL Is specially formulated
from low volatility synthetic fluids and a specialized additive system to provide excellent
fluidity for extreme cold weather (-40°C) start up, while maintaining the vicosity required to
provide the necessary protection of critical parts during high temperature operations.”

(Lubricants).

TYPICAL PROPERTIES

SAE Viscosity Grade 0W-30
Product Code 1403
AP| Service CJ-4 /SN
AP Gravity 35.8
Density, Ibs / gallon 7.042
Viscosity, Kinematic

cSt @ 40°C 59.34

cSt@ 100°C 10.92
Viscosity Index 178
Cold Crank Simulator

P @ -35°C 4475
Pour Point, °C -51
Flash Point, °C 226
Colour, 3.0
TBN, ASTM D2896 10.0

Figure 7: 49 North Arctic Synthetic heavy duty engine

oil, 0W-30.



Battery

Tesla 4680 Battery-Cell, Model-Y

Energy density estimation
I L

Cathode areal capacity To be determined

Anode areal capacity 5.5 mAh/cm? (half cell second cycle) 11 mAh/cm? for double side

Total electrode area ~330cm * 7.2 cm = 2376 cm? Roughly measured inside the glovebox
Total capacity 11 mAh/cm? *2376 cm? = 26.136 Ah

Total energy 26.136 Ah * (3.7 ~3.8 V) = 96~99 Wh Estimated average voltage

Cell weight 355¢g From lab balance

Energy density I 272 Wh/kg ~ 296 Wh/kg I

Table 4: Energy Density of Tesla 4680-Type Cylindrical Lithium-Ion Battery Cell (Kane, 2022).

Model Y Battery Packs with 4680 cells
Long Range Standard Range

Columns 69 69
Rows 12 10
Cells 428 690
Wh per cell 98 98
Wh per pack 81,144 67,620
kWh per pack 81.1 b7.6

@TroyTeslike, 9 Apr 2022

69*12=828 cells
828*98Wh= 81,144 Wh = 81,1 kWh

Table 5: Estimated values of Model-Y 2022 battery pack from twitter post by Troy Teslike, published on Insideevs
(Kane, 2022).



Appendix E — Weight breakdown and cross curves
Preliminary design

Weight breakdown

The preliminary design provides an initial approximation to distribution of weight on the vessel.
The weight breakdown is a rough estimation and will have to be confirmed by more detailed
calculations on a different stage. Knowledge of simple stability calculations and its abbreviation

is expected from readers.

The hulls initial data from Delftship Pro is plotted in the table below.

Vessel statistics | | Abbreviation

Loa 1233 m Length over all

Lpp 10,8 m Length between perpendiculars
B 28m Beam

T 0,96 m Draught

LCG 5621 m Longitudinal centre of gravity
TCG 0m Transverse centre of gravity
VCG 0,949 m Vertical centre of gravity

Total displaced volume 17.033 m"3

All components in the vessel is plotted with their placement in the hull. Origo is in the aft
perpendicular where the keel starts. The x-axis is parallel to the keel, y-axis is to the side and
z-axis is height. Negative y-axis is representing the starboard side. Summing up all the
components and their weights produces the vessels total weight and its new centre of gravity in

three directions.

In order to secure positive stability in the vertical axis the new VCG is checked against the hulls
KMt from hydrostatics. KMt is obtained from Delftship hydrostatics for that hull by means of
interpolation of values. When KMt minus VCG is a positive value, it ensures the vessel will

stay upright for that specific loading condition.

Trim in the longitudinal and transverse axis is also checked to make sure the vessel doesn’t
have unwanted trim. Some positive forward trim is desirable to ensure better waterflow around

the propeller.

The transverse centre of gravity will stay 0 because of components cancelling each other out.



Lightweight

Weight breakdown all components with internal fluids, additional fuel is excluded. Added 10

% design margin and 5 % building margin.

Placement Trimming moment
Density Degree of |[Volume |Weight LCG*W [TCG* W [VCG* W
Components Cuuantity [[tonn'm”3] |filling [%] |[m*3] |[tonn] |LCG[m] |TCG [m] [VCG [m] [[tonnm] |[tonnm] |[tonnm]
Main Hull 1 4,365 55 0 0,882 25,108 0,000 4026
Hull Superstructure 1 0,7 3 0 2,188 3,300 0,000 1532
Superstructure tower 1 02 3,448 0 2,798 1,090 0.000 0,560
Electrical engines 2 0,15 249 0 0,46 0374 0,000 0,069
Generator 1 0,63 1,792 1] 0,77 5,063 0,000 0,501
Battery 1 ] 6,848 1] 0,243 10,272 0,000 0,365
Shaft 1 02 16 0 0436 0,320 0,000 0,001
Counter weight 1 0.5 | 10,683 0 0,296 5,343 0,000 0,148
TEAPS Slepesonar 1 1.50 022 0 1.877 0,330 0,000 2316
Sonar Buoys 10 0,17 3 0 L6 0.850 0,000 0272
Lightweight 10,135
Design margin 10 % addition desizn margin 11.15
Building margin 3 % additon building margin 11,71
Corrected Lightweight 11,711
Sum 11.71 SHE 0,00 10.38
Centre of gravity LCG TCG VCG
5,160 0,00 1,02
Stability requirements GM=0
EMt from Hydrostaties 1287 m
GM loaded 026 m
Demand for 0-trim LCG=LCB
LCE from hydrostatics 334 m
POS=
Difference LOG-LCB 0,18 forward tnm
0-Yaw requirement TCG=0
POS=
TCG= 0,00 m babord




Standard weight

Weight breakdown for vessel with 50 % fuel.

Placement Trimming moment
Density Degree of |Volume |Weight LOG*W TCG* W |VCG*W
Components Chuantity [[tonn'm ™3] |filling [%] |[m*3] |[tonn] [LCG [m] |TCG [m] [VCG [m] [[tonnm] |[tonnm] |[tonnm]
Main Hull 1 4,363 5.5 0 0.882 25,108 0.000 4.026
Hull Superstructure 1 0.7 3 ] 2,188 3.500 0.000 1:532
Superstructure tower i 0.2 3,448 0 2,798 1090 0,000 0,360
Electrical engines 2 0.13 249 0 0.46 0.374 0.000 0.069
Generator 1 0.6 17792 ] 0,77 5,063 0.000 0,501
Battery 1 15 6.848 0 0.243 10272 0.000 0.363
Shaft 1 02 1.6 0 0.436 0.320 0.000 0.001
Counter weight 1 10,683 0 0.286 3.343 0.000 0.148
TEAPS Slepesonar 1 1350 022 0 1.877 0.330 0.000 2816
Sonar Buoys 10 0.17 3 0 1.6 0.850 0.000 0272
Lightweight 10,135
Design margin 10 % addition desizn margin 11.15
Building margin 3 % additon building margin 11,71
Corrected Lizhtweight 11,711
Aft Fueltank 0.5 0.853 0.95 0.838 0.33 2253 0 0.513 0.786 0.000 0.179
Fore Fueltank 0.3 0.833 0.95 0.86 0.33 9.686 0 0.59 3,383 0.000 0.206
Middel Fueltank 0.5 0.833 0,95 2,897 L18 3,843 ] 0,687 6,875 0.000 0.808
Service Oil 0.3 0,843 0,95 0,063 0,03 1.749 0 0,133 0,195 0,000 0,003
Sum 13,61 63,49 0,00 11,57
Centre of gravity LCG TCG vVCG
328 0.00 0.96
Stability requirements GM=0
KMt from Hydrostatics 1.264 m
GM loaded 030 m
Demand for 0-trim LCG=1CB
LCB from hydrostatics 3323 m
POS=
Difference LOG-LCB 0,05 forward tnm
0-Yaw requirement TCG=0
POS=
TCG= 0,00 m babord




Fully loaded

Weight breakdown for a fully loaded vessel

Placement Trimming moment
Density  |Degree of |Volume |Weight LCG*W TCG* W (VCG* W
Components Quantity |[tonn/'m"3] |filling [%6] [[m"3] |[tonn] |LCG [m] |TCG [m] |VCG [m] |[tonnm] |[tonnm] |[tonnm]
Main Huil 1 4,365 5.3 0 0,882 25,108 0,000 4026
Hull Superstructure 1 0.7 3 0 2,188 3.500 0,000 1532
Superstructure tower 1 02 5448 0 2,798 1,090 0,000 0,560
Electrical engines 2 0.15 249 0 0,46 0,374 0,000 0,069
Generator 1 0.6: 7,792 0 0,77 5.063 0,000 0301
Battery 1 1.5 6.848 0 0.243 10272 0,000 0,365
Shaft 1 02 L6 0 0,436 0,320 0,000 0,091
Counter weight 1 10,683 0 0,296 5,343 0,000 0.148
TRAPS Slepesonar 1 1.50 022 0 1.877 0.330 0,000 2316
Sonar Buoys 10 0.17 5 0 1.6 0,250 0,000 0272
Lightweight 10,135
Design margin 10 % addition desizn margin 11,15
Building margin 3 % additon building margin 11.711
Corrected Lightweight 11,711
Aft Fueltank 1 0,833 0,95 0,838 0.70 2255 0 0,513 1572 0,000 0,358
Fore Fueltank 1 0,833 0,95 0,86 0.70 0,686 0 0,39 6,766 0,000 0412
Middel Fueltank 1 0.833 0,95 2807 | 235 5.843 0 0,687 13,749 0,000 1.617
Service Oil 1 0,843 0,93 0,063 0,05 1,749 0 0,133 0,391 0,000 0,007
Full weight 13,50
Future growth margin 3 % future growth margin 16,28
Corrected Full Weizht 16,28
Sum 1628 74,73 0,00 12,77
Centre of gravity LCG TCG VoG
536 0,00 0,92
Stability requirements GM=0
EDvit from Hydrostatics 1233 m
M loaded 034 m
Demand for O-trim LCG=LCE
LCB from hydrostatics 3273 m
POS =
Difference LCG-LCE 0,09 forward trim
0-Yaw requirement TCG=0
POS=
TCG= 0,00 m babord




Cross curves and stability

In order to calculate stability and the vessels righting arm crosscurved are used to get
information of KN SIN(Q) in regard to vessel displacment and healingangle. These values are

then used to calculate GZ-arm for each case and plotted in a graph.

Trim= 0,000
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7 8 10 1 12 13 14 15 16 17
Displacement (t)
Figure 8: Preliminary vessel crosscurves
0 0,000 0 0,000 0 0,000
20 0,460 20 0,460 20 0,450
40 0,865 40 0,870 40 0,870
60 1,210 60 1,210 60 1,225
80 1,400 80 1,400 80 1,405
100 1,375 100 1,380 100 1,365
120 1,189 120 1,185 120 1,160
140 0,815 140 0,810 140 0,820
160 0,385 160 0,400 160 0,410
180 0,000 180 0,000 180 0,000

Table 6: Data provided from Figure 1
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Optimized design

Weight breakdown

Vessel stafistics | | Abbreviation

Loa 13,7m Length over all

Lpp 12 m Length between perpendicular
B 263 m Beam

T 1077 m Draught

LCG 6,162 m Longitudinal centre of gravity
TCG 0 m Transverse centre of gravity
VCG 1018 m Vertical centre of gravity
Total displaced volume 20,085 m"3

Lightweight

Weight breakdown all components with internal fluids, additional fuel is excluded. Added 10

% design margin and 5 % building margin.

Placement Trimming moment
Density Degree of |Volume |Weight LOG* W [TCG*W |VOG* W
Components Chuantity [tonn/'m”3] |filling [%] [[m"3] |[tonn] |LCG[m] |TCG [m] |VCG [m] [[tonnm] [[tonnm] |[tonnm]
Main Hull 1 5111 | 6,123 0 0928 31,295 0,000 4743
Hull Superstructure 1 0.7 3,033 0 2,383 3330 0,000 1.670
Superstructure tower 1 02 8,433 ] 3,293 1,697 0,000 0,659
Electrical engines 2 0,15 3.646 0 0,339 0,547 0,000 0,051
Generator 1 0.63 8778 U] 0.803 3,706 0,000 0522
Battery 1 1.5 9.032 0 0.238 13,548 0,000 0357
Shaft ¢4 02 1.651 1] 0.333 0.660 0,000 0.133
Propeller Nozzles ' 02 -0,055 0 0324 0,022 0,000 0.130
Counter weight 1 0.5 11,873 0 0.342 3,937 0,000 0.171
TEAPS Slepesonar 1 1,50 0.051 0 2 0.077 0,000 3.000
Sonar Buoys 10 0.17 5 0 L6 0.850 0,000 0272
Lizhtweight 10.881|
Design margin 10 % addition desizn margin 1197 |
Building margin 3 % additon building margin 12,57
Corrected Lightweight 1257
Sum 12,57 63,83 0.00 11,71
Centre of gravity LCG TCG VCG
3.87 0,00 1,08
Stability requirements GM=0
KMt from Hydrostatics 1184 m
GM loaded 0.11'm
Demand for (-tnm LCG=LCE
LCE from hydrostaties 5952 m
POS=
Difference LCG-LCB 0,09 forward trim
0-Yaw requirement TCG=0
POS=
TCG= 0,00 m babord




Standard Weight

Placement Trimming moment
Density Degree of |Volume [Weight LCG* W |TCG* W |[VOG*'W
Components Quantity |[tonn/'m"3] |filling [%] |[m"3] |[tonn] |LCG[m] [TCG [m] |VCG [m] |[tonnm] |[tonnm] |[tonnm]
Main Hull 1 5111 | 6123 0 0.928 31,295 0,000 4.743
Hull Superstructure 1 0.7 30335 0 2,383 3530 0,000 1.670
Superstructure tower 1 02 8.433 0 3,293 1.697 0,000 0,659
Electrical engines 2 0,13 3.646 0 0.339 0,347 0,000 0,051
Generator 1 0.63 8.778 0 0.803 3,706 0,000 0,322
Battery 1 13 9,032 0 0238 13,548 0,000 0,357
Shaft 2 02 1.651 0 0,333 0,660 0,000 0,133
Propeller Nozzles 2 02 -0.033 0 0.324 -0.022 0,000 0,130
Counter weight 1 0.5 11,873 0 0.342 3.937 0,000 0,171
TEAPS Slepesonar 1 1,50 0.051 0 2 0,077 0,000 3,000
Sonar Buoys 10 0,17 3 0 L6 0,850 0,000 0272
Lightweight 10,881
Design margin 10 % addition design margin 11.97
Building margin 3 % additon building margin 12,57
Corrected Lightweight 12,57
Aft Fueltank 0.5 0.833 0.93 0,793 032 1.909 0 0.404 0.616 0,000 0,130
Fore Fueltank 0.833 0.93 0856 @ 033 10,281 0 0.743 3374 0,000 0,259
Middel Fueltank 0.5 0.855 0.93 2756 112 6.377 0 0.367 1362 0,000 0411
Service Oil 3 0.843 0.93 0,033 0,01 78 0 0.53 0,109 0,000 0,008
Sum 14,37 13,49 0,00 12,52
Centre of gravity LCG TOG VoG
393 0.00 0.99
Stability requirements GM=0
KMt from Hydrostatics 1,165 m
GM loaded 0,18 m
Demand for 0-trim LCG=LCB
LCB from hydrostatics 3933 m
POS=
Difference LCG-LCB 0,02 forward trim
0-Yaw requirement TCG=0
TCG= 0.00 m babord




Full weight

Placement Trimming moment
Density  |Degree of |Volume |Weight LCG*W [TCG*W (VCG* W
Components Quantity |[tonn'm"3] |filling [%]  [[m*3] |[tenn] |LCG[m] |TCG[m] |VCG[m] |[tonnm] |[tonnm] |[tonnm]
Main Hull 1 5111 | 6,123 0 0.928 31293 0.000 4743
Hull Superstructure 1 0.7 3,033 0 2,383 3539 0.000 L1670
Superstructure tower 1 02 8,483 0 3,295 1,697 0,000 0,659
Electrical engines 2 0,15 3.646 0 0,339 0,347 0.000 0,051
Generator 1 0.63 8.778 0 0.803 5.706 0.000 0522
Battery 1 L3 9.032 0 0.238 13,548 0.000 0337
Shaft 2 0.2 1631 0 0.333 0,660 0.000 0.133
Propeller Nozzles 2 02 0,053 0 0324 -0,022 0.000 0,130
Counter weight 1 0.5 11,873 0 0.342 5.937 0.000 0171
TEAPS Slepesonar 1 1.50 0.051 0 2 0,077 0.000 3.000
Sonar Buoys 10 0.17 3 0 L6 0,850 0.000 02712
Lightweight 10,881
Design margin 10 % addition design margin 11,97
Building margin 3 % additon building margin 12,57
Corrected Lightweight 12,57
Aft Fueltank 1 0.833 0.93 0,793 0.63 1909 0 0.404 1233 0.000 0.261
Fore Fueltank 1 0.833 0.93 0836 070 | 10281 0 0.743 1,148 0.000 0,518
Middel Fueltank 1 0.833 0.93 2756 | 2.4 6.377 0 0.367 14,723 0.000 0.822
Service Oil 1 0.843 0,93 0,033 0,03 7.8 0 0.53 0219 0.000 0,015
Full weight 16,18
Future growth margin 3 % future growth margin 16,98
Corrected Full Weight 16,98
Sum 16,98 87,15 0,00 1353
Centre of gravity LCG TCG VCG
6.02 0.00 092
Stability requirements GM=0
ENt from Hydrostatics 1161 m
GM loaded 0.24'm
Demand for (-trim LCG=LCB
LCE from hydrostatics 5,898 m
POS=
Difference LCG-LCB 0,12 forward trim
0-Yaw requirement TCG=0
POE=
TCG= 0,00 m babord




Cross curves and stability

In order to calculate stability and the vessels righting arm crosscurved are used to get
information of KN SIN(Q) in regard to vessel displacment and healingangle. These values are

then used to calculate GZ-arm for each case and plotted in a graph.
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Appendix F - Parametric study

The following parametric study shall seek to identify the possible parameters in the design spiral

in order to further optimize the vessel. Due to scope and time, certain limitations have been

made, and will be addressed as “Not applicable”, see list of limitations.

Parameter Description Adjustment
Complement Not applicable, unmanned vessel. Not applicable, unmanned
vessel.
Mass A lot of space available and buffer with Smeared hull thickness
respect to draft may allow for more weight. | adjusted from 0,04m to
Possibility to adjust the hull thickness in | 2203°™
order to reduce weight.
Enclosed A lot of space available, may allow for No additional fuel storage
volume more fuel storage or other components. or components added.
Increased space may allow the vessel to Testing of other fuel types
become a test subject for other fuel types. in this phase will not be
conducted.
Linear Length of the vessel may be increased by Beam adjusted from 2,8m
dimensions changing shape of bow to go straight down | to 2,667m
to the bulb. Lpp adjusted from 10,8m
to 12m.
Length/beam L/B ratio to be adjusted for better stability | Adjustments in linear
properties. dimensions.
L/B ratio adjusted from
4,125 to 4,813 as product
of change in linear
dimensions.
Draught Adjusted based on linear dimensions. Adjusted from 0,96m to
1,077m.




Volume of Not applicable Not applicable
displacement

Underwater Not applicable Not applicable
form

Speed, power

Operating speed of tow may be subject of

change in order to save fuel.

Operating speed not
adjusted.

Propulsion Consider further optimizing the choice of Synergy of propeller and
machinery engine based on propeller performance engine will not be
curve. addressed at this stage, is
currently sufficient for an
initial design.
Propulsor Hull limits propeller diameter to 0,5m Adjust the maximum
without nozzle, and 0,625 with nozzle allowed propeller diameter
to 0,5m.
Optimize maximum load of propeller Max load adjusted from 10
to 6 kN/m?.
LCG, LCB, Maximum allowed trim of +/- 5° Within limit, will not be
Balance addressed.
Transverse Option to address sections in the fuel tanks | Sections in the fuel tanks
stability in order to limit free-surface-effect. will be addressed.
Safety, Consider the application of two generators | Not changed.
survivability Consider the application of a split Bus Bar
(Redundans) for redundancy
Architecture The lower deck on the aft may be extended | Changed the overall layout
layout in order to prevent instability. In general of the superstructure to

rounder edges will allow for better

waterflow over deck.

account for better
waterflow over deck and

stability.




Seakeeping

Sufficient, will not be directly addressed.

Sufficient, will not be

directly addressed.
Manoeuvring | Not applicable, see limitations. Not applicable, see
limitations.
Structural Not applicable, see limitations. Not applicable, see
strength limitations.
Ease of Adjusting drivetrain complexity may allow | Change to 6 x Transfluid
production for easier production. 48V, 41kWh batteries.
Adjust the chosen battery packages in order (Transfluid, 2020).
to avoid a development phase.
Cost Not applicable in this phase Not applicable on this
phase.
Signatures Consider the application of 4-bladed 0,55 Not changed.
BAR ducted propeller in order to reduce
noise.
Electrical, Not applicable Not changed

heating loading

Reliability, Possible to adjust drivetrain complexity in | Drivetrain not changed.
maintainability, | order to ease maintenance and reliability. Change to 6 x Transfluid
availability, 48V, 41kWh batterics.
logistics .

Alternative battery package in order to (hosifrd, 2020

avoid a development phase with Tesla 4680

battery cells (Kane, 2022). No additional generators

will be added.

Possibility to add 1 more generator in order

to increase redundancy.
Payload or Option to adjust the amount of fuel Adjust fuel to 4100 litres of
cargo represented in the vessel. fuel.

characteristics




4615 Litres of fuel does satisfy the
operational requirement of 1400 Nm
operations in a 5-knot towing condition

with 35% limit

4615 litres of fuel do satisfy the operational
requirement of 20 days of operation in a 5-

knot towing condition with 35% limit.

Adjust to 4350 litres of
storage, which equals to

4,35m>,

Table 7: Parametric study with description and adjustments made.




Appendix G - Energy consumption and operational profile

The following tables are extracts from the energy consumption and operational profile
calculations in a separate spreadsheet. The tables are separated into a preliminary design and

an optimized design.

Preliminary design

Vessel
Knots 3 5 7
Drag 0,13| 0,34 1,27 | kN
Speed 5,56| 9,26 12,96 | km/h
Speed 1,54| 2,57 3,60 | m/s
Pe = Effect towards water 0,20| 0,87 4,57 | kW
Resistance from towing cable 1,54| 2,57 3,60 | kW
Prop. Efficiency 0,388|1,675 8,754 | kW
Prop Efficiency with tow 3,346,603 15,65 | kW
20 % addition 0,5 2,0 10,5 | kW
20 % Tow 4,014|7,924| 18,78289885 | kW

Estimated power need

Hotel 10 kWh
Passive sonar (2-4) |kWh
Passive sonar 2 kWh
Winch 7 kWh
Towing cable 1,0 kN




Fuel

Fuel total 4400 | liter
Effect [kW] 0-5 25 50 75 100 |%
Fuel [I/h] 1 2,25 3,5 4,75 6
Total Generator | Fuel Hours of
Scenario Load load [1I/h] operation Nm Days
Transitt 3 kn 6,44 0,29 2,43 1809,76 | 5429,29|75,4
Transitt 7 kn 12,01 0,53 3,67 1199,24 | 8394,67|50,0
Passiv son, 5 kn 19,92 0,89 5,43 810,69 | 4053,45 33,8
Winching in, 3
kn 20,99 0,93 5,66 776,82 | 2330,46 32,4
35 % remaining fuel
Hours. Of ops nm days
1176,35 3529,04 49,01
779,51 5456,54 32,48
526,95 2634,74 21,96
504,93 1514,80 21,04
Operational
profile Speed [kn] |Distance [Nm] | Hours [h] | Fuel [I/h] Fuel [1]
Transit 7 350 50,00 3,67 183,45
Transit 3 10 3,33 2,44 8,12
Winching 3 1 0,33 5,67 1,89
Towing 5 1000 200,00 5,43 1085,49
Winching 3 1 0,33 5,67 1,89
Transit 3 10 3,33 2,44 8,12
Transit 7 350 50,00 3,67 183,45
Total 1722 307,33 1472,42




Battery

Battery capasity 170 | Wh/kg

Battery in

weight 1470 | kg

Total capasity 250 | kWh

El. Energy Length

Scenario kWh [kWh] Total Battery [h] | [Nm]
Passiv son, 0 kn 0,00 8 8,00 31,3 0,0
Transitt 3 kn 0,47 6 6,47 38,7 116,0
Transitt 7 kn 2,0 10 12,01 20,8 145,7
Passiv son, 5 kn 7,9 12 19,92 12,5 87,8
Winching in, 3
kn 4,01 17 21,01 - -




Optimized design

Vessel
Knots 3 5 7
Drag 0,13| 0,34 0,64 | kN
Speed 556| 9,26 12,96 |km/h
Speed 1,54| 2,57 3,60 | m/s
Pe = Effect towards water 0,21| 0,88 2,30 | kW
Resistance from towing
cable 1,54| 2,57 3,60 | kW
Prop. Efficiency 0,381 1,623 4,268 | kW
Prop Efficiency with tow 3,24| 6,386 10,94 | kW
20 % addition 0,5 1,9 5,1 | kW
20 % Tow 3,887 | 7,664 |13,12404938 | kW
Estimated powerneed

Hotel 10 kWh

Passive sonar (2-4) |kWh

Passive sonar 2 kWh

Winch 7 kWh

Towing cable 1,0 |kN




Fuel

Fuel total 4100 | liter
Effect [kW] 0-5 25 50 75 100 %
22,5 1 2,25 3,5 4,75 6
Total |Generator |Fuel |Hours of
Scenario Load load [I/h] |operation | Nm Days
Transitt 3 kn 6,46 0,29| 2,43| 1683,83| 5051,49|70,2
Transitt 7 kn 11,95 0,53| 3,65| 1121,75| 7852,28|46,7
Passiv son, 5 kn 19,66 0,87| 5,37 763,55| 3817,74|31,8
Winchingin, 3
kn 20,89 0,93| 5,64 726,76 | 2180,27 30,3
35 % remaining fuel

Hours. Of ops |nm days

1094,49 3283,47 45,60

729,14 5103,98 30,38

496,31 2481,53 20,68

472,39 1417,17 19,68

Distance Fuel

Operation |Speed [kn] [[Nm] Hours [h] [1/h] Fuel [I]
Transit 7 350 50,00 3,65 182,75
Transit 3 10 3,33 2,43 8,12
Winching 3 1 0,33 5,64 1,88
Towing 5 1000 200,00 5,37 1073,93
Winching 3 1 0,33 5,64 1,88
Transit 3 10 3,33 2,43 8,12
Transit 7 350 50,00 3,65 182,75
Total 1722 307,33 1459,43




Battery

Battery capasity 170 | Wh/kg

Battery in

weight 1470 | kg

Total capasity 250 | kWh

El. Energy

Scenario kWh [kWh] Total [kWh] | Battery [h] | Length [Nm]
Passiv son, 0 kn 0,00 8 8,00 31,3 0,0
Transitt 3 kn 0,46 6 6,46 38,7 116,1
Transitt 7 kn 1,9 10 11,95 20,9 146,5
Passiv son, 5 kn 7,7 12 19,66 12,7 89,0
Winching in, 3
kn 3,89 17 20,89 - -




Appendix H - Optimization of propeller

This appendix will represent the extracts from the spreadsheet used in the estimation of optimal
propeller diameter, rpm, effect, and torque. The appendix will be split into a preliminary design,

and an optimized design based on the parametric study in appendix F.

Preliminary Design

FFPF Cornrnents
BAR 0,65 Frormn propeller zeries
Ll 1,553 From bydrostatic data
T 0960 m From bydrostatic data
Bl 2,818 Frorn hudrozstatic data
BL 0244 409571611
Btz 1.34 kM From Appendix G
Blades 3 Frorm propeller series
Propeller shaft 2 E ztimation
tdax load 10 EMm™B80¢ 80 [mazx]
B 025 kgm™ Y standard
Ce 05288 Frorn hudrozstatic data
W 5 knop  |From hwdrostatic data

257 mis Frorn hudrozstatic data

W 00730 WWake fraction coefficient
t 0,153 Thrust deduction coefficient
J e Advance Coefficient
FD 1.2 PitchDiarneter ratio
no 0,60 Propeller efficiency
nr 0,995 Fel ative Ratational efficiency
Mm 0.9 kdechanical Efficiency
Calculations
Taksel = FBt=l[ - antall antall aksler 0,757 KMscrew
BE = Taksef Tmax 0076 ™ Xecrew
O = A[[4=AEN~"B A R]] rm
Wa = e[ T-w] 2,369 miz
o P = [T & p™ D" 2™a"2) n.aav
W = 2"Ce"57[1-Ce)+0.04 0,079 “wake Fraction
t = 07w+ 006 0115 Thrust deduction
n = Wal[J™D B15|rprm
P.C = no T[T 1-w]] R ™ Am 0.522|Propeller Coefficient
PE = Frs™s 3,447
F. =PdF.C B.EO5 R
0 = [P 0007600 2™ n™h) 102,54 km
Pe + 203 servie = PAFP.C FH2E kw
O + 207 zervic = [PSI0007E0W 2 ™) 123,05 km

61,52 hm'zcrew
396 kwiscrew

Figure 10 : Extract from the initial propulsion spreadsheet.
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Figure 11 : Values of Kt plotted in Wageningen Ka 3-65 propeller series data.

02 03 |04 |05 |06 (07 |08 09 |1 L1 |12 |13 |14 |15

0,035(0,0800,142{0,22210,319 (0,435 0,568 0,719 0,887 |1,074| 1,278 | 1,500 | 1,739 1,997

Table 8 : Relation between Kt and J for the initial parameters.




Optimized Design

FFF Cornments
BAR 065 From propeller zeries
Ll 12837 From hudrostatic data
T 1077 m From hudrostatic data
=] 2667 From hudrostatic data
BL 0207708822 4 813273341
Btz 1.3407 kM From Appendix G
Blades 3 From propeller series
Propeller shaft: 2 E ztimation
tdax load B EMrm”J 608 80 [rmax]
n 025 kogimm™3] standard
Ce 05288 From hudrostatic data
W 5 knop  |From hudrostatic data

2587 s From hudrostatic data

W 0.0730 “Wake fraction coefficient
t 0153 Thrust deduction coefficient
J 0,700 Advance Coefficient
HD 1.20 Fitch/Diarmeter ratio
no 0620 Propeller efficiency
nr 0,995 Felative Faotational efficiency
Mm 091 Iechanical EFficiency
Calculations
Taksel = R[] 7antall antall aksler] 0,758 kMscrew
BE = Takeef Tmax 0126 ™ Azcrew
D = y[[4=AENn"E. A F]] m
Wa = W[ T-w) 2369 mis
o P = [T A p D" 2™ a"2) 0532
W = 2"Ce"57[1-Ce)+0.04 0,079 “wake Fraction
t = 07w+ 0,06 0115 Thrust deduction
n = Wal[J™D 408[ rprn
P.C = o T[T 1T-w]] ® R ™ Am 0.539| Propeller Coefficient
PE = Frs™s 3449 Ew
F. = PdF.C B3935 R
=] = [P.S000760) 2™ n™h) 143,57 MNrm
Pe + 203 zervic = PdP.C FEM kw
O+ 207 zervic = [PSI000E0N 270~ 173,49 N

89,74 Mrrdzcrew
3.84 k\wWiscrew

Figure 12: Extract from the optimized propulsion spreadsheet.
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Figure 13: Values of Kt plotted in Wageningen Ka 3-65 propeller series data.

0,2 (03 |04 |05 (0,6 (0,7 |08 (09 |1 Lt (1,2 1,3 |14 |L5

0,0210,048|0,085|0,133(0,1920,261|0,341|0,431(0,532|0,644|0,767|0,900 | 1,044 | 1,198

Table 9: Relation between Kt and J for the optimized parameters
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