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THE SHIP HULL DEFINITION AND HYDROSTATIC DATA

The ship hull definition was done by hand. I gathered information
about several diving support vessels to see the caracteristica

which mark these special ships.

On the following pages you will see some examples of these ships'

hull form.

In general they are quite wide in order to be more stable. They

are not built to sail very fast, and they always have a large
workdeck aft. A few years ago nearly all diving vessels were

big tugger ship which had been rebuilt to fit the diving need,

but during the last decade many ships built specially for support

of the diving function has been created. They still, however, reminds

of big tugger ships.

The B/L is in general between 0.2 and 0.3. The block coefficient is

in general between 0.7 and 0.8.

In designing the Stena Seawell a lot of efforts were carried out
in order to make a stabil ship with a low resistance hull. Also

the ease of production was taken into account.

At the phase of the hull definition of Silver Searambler the diving

section rooms had been designed, so this more or less dictated the

size of the hull. The Stena Seawell had been designed with a "bulp"
shape of the bow. Model testing had shown that the resistance of
the ship was improved and that the front projected area of the
tunnel thrusters were minor. I incorporated, therefore, this idea

into my design:
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The initial hull definition data were given as input to the hull

drawing program. The results are shown in the following:

The input data of 23 stations:

4
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The output from the program is shown in the following and was used in

order to evaluate or verify the correctness of the input data:

DRTA FILE (offset): GEN
Lpp (m):87.8

Bmid (m): 19

Tmid (m)}:5.86
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Now that it has been evaluated that the input data of the ship hull

definition is within the acceptable limits the data could be used

by the Hydrostatic Calculation Program.

The program was run several times and the hydrostatic data for the

conditions:

Draught in meters:

2.800
3.500
4.000
4.200
4.800
4.900
5.600
6.300
6.400
7.000
7.200

Are shown in the following:
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2.4,

THE FREEBOARD CALCULATION

This calculation has been performed in regard of the International

Convension of Load lines, 1966. I was helped by Professor Harvald.

The aft deck hatch on the shelterdeck is closed during sailing
and the SDC I bell room on main deck is also closed by a
waterproof hatch over the moon pool during sailing. Therefore,
the ship is defined as a closed shelter-decker allowing a higher

load line.

L = 87.8 m. B = 19.0 m. D = 7.0 m.
dt = 0.8 x 7.0 = 5.95 m.

Displacement at dt is 7650 tons

curved deck = 19.0/50 = 0.38 m.

Correction for shelter (closed):

- J%e/fercf@cA
— Main deck

clojed

CbJ&/léHLQoom

Normal hight of shelter = 2.29 m.
This hight of shelter = 4.00 m.
dh = 1.71 m.

Correction for draught D = 7.0m
L/15 = 87.8/15 = 5.85 m.
D, - L4158 = 1.15 m.

L/3.96 = 87.8/3.96 = 22.17 m. > R 20 m.

I

8.33 x 1.15 x 20 m = 0.192 m.
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Sheer spring calculation:

Il
N

S = aft sheer S X Sa = fore sheer

8.33 x L + 254 = 8.33 x 87.8 + 254 = 0.985 m.

0
Il

1/18 x P1 = Sa/2 = 0.985/2 = 0.493 (area relationship)

1/18 x P2 = 1/3 x (dh + B/50) = 1/3 x (1.71 + 19/50) = 0.697

K =1/18 x P2 - 1/18 x P1 = 0.697 - 0.493 = 0.204 m.

- Jég/fer
4m .
— any
N
V m
Correction for superstructures (shelter) of motorships:
Pixed GalliE, soevsssiss upsshes snapeses sassune 55 - 1.067 m.
Correction for sheer:
S = length of shelterdeck = 97.0 m.
s/(2 x L) = 97.0/(2 x 87.8) = 0.55 max C5.
0.5

Correction = K x (0.75 - S/(2 x L) = 0.204 x (0.75 - 0.55) = 0041 m.

= 00,0908 m

+ T 3
Freeboard from table for L = 87.8 M.:.vuevunn.. 1.030 m. NGy

i/
N,




Final calculation of freeboard:

T 1.030 m
Correction for Dt: .................................... 0.192 m
Correction for shelter:...i..e e et e e, -1.067 m
Correction for sheer:.......i.iiiine e eue e uesnn . =.0.041 m
SUMMEr LXEEBOATA: v w s s s w655 6.5 oo mmmne s oen s s se s ;le9é m.

Ot = C

Moulded draught:.......... 7.000 M /. OO0
Summer freeboard:......... 0.196 m C. 1Y
> 900 T
» . e !
Max allowed draught:...... 6.800 m 6 (%&)Qf A, o (

At this draught the displacement is 9200 t according to the

hydrostatic curve diagram.

N

J




L.9.

CALCULATING THE LIGHT SHIP WEIGHT

I will define the light ship weight as consisting of the following

components:

1) The steel weight
2) The outfit weight
3) The machine weight

4) The weight of the diving system

The lost bouyancy due to the moon pools filled with sea water will
be included in the outfit calculation. The lost bouyancy due to the
fore tunnel thrusters which are filled with sea water is included in
the machine calculation. This is done because the moon pools will be
filled with water all the time according to the draught and the
tunnels will be filled all the time. Therefore, the dead weight is
not affected by these properties - they are relative constant and
should therefore not be included in the dead weight which can be

changed.

In order to get proper information about the methods and the weights
of a similar diving ship I visited the ships warft "Dannebrog" in
Aarhus, Denmark, and talked with the engineer Niels Levinsen. I
received vital information about the subject and Niels showed me the
warft and the building berth (145 x 21.6 meters) where the one of
the two diving vessels for a Dutch customer (owner DIFKO) were being
built. I can use the weight information of these ships for my weight

calculation, but with the following exceptions:

1) The diving system (the "dannebrog" ship is equipped with a
system from Offshore Marine Engineering and my ship is with
a Drdger system).
2) A heavy duty 1lift has been introduced.
3) An electric-hydralic dynamic mooring system has been introduced.
4) A CO2 station has been introduced.
5) Hydraulic fire/noise/water doors has been introduced.

6) A huge heli fuel tank has been introduced.




THE STEEL WEIGHT:

tons X Z

Bridge/wheel house:
(9 m/9 m) x (34 m/18 m) x 40 tons = 75 54 28
Fire Bridge, aft 7 t x 4/3 pce. = 10 41 31
Fire Bridge, fore 7 x 1/3 pce. = 2 71 31
Funnels, 24 t x 15/11 m. = 33 68 25
House, ACC III deck:
30t x 27/19 m x 9/9 m = 43 53 25
House, ACC II deck:
55 t x 27/35 m = 43 53 22
House, ACC I deck:
55 t x 33/35 m = 52 51 19
Heliplatform (excl. pillars) 25 83 18
Support of heliplatform 3 83 17
Heli fuel tank (3 x 6 m3 = 18 m3)
2 x 4 x 2.25, surface 43 m2
0.01 m thickness x 43 m2 x 8 t/m3
holders 0.56 t 4 85 16
Superstructure deck:
shell,
35x%x (2 x50 +2x7+5+ 2 x 10) m2

(2 x 36 + 18 + 2 x 24) m2 35 58 16

inside, the same calculation 32 58 16




Shelter deck:

shell,
36 x 4 x (2 x 75 + 19) m2

6 x (2 x 50 + 18) m2 34 55 12

Inside,
60 x 62/37 m 100 55 12
Various pillars, channels, reinforce-
ments: 7
0.33
15 x/87.8 19 6.00
X e x P———.

75 18 5.50 22 48 14
Bulkwark, aft, 15 t x 1 15 0 11
Bulkwark, fore,

15 £t x 2 x 35/(2x14 + 18)m 23 83 15
Hull Beam,
2 0.33

1040 t x(87.8> (19) (6.00)

—_— X X

75 18 5.50 1560 49 6
F.C.L. decks,
70 £t x 72 x 19/48 x 18 m2 110 55 14
The steel weight 2221 51 9.
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THE WEIGHT OF THE OUTFIT:

O
&

The accomodation area on the
superstructure deck of the no.

188 "Dannebrog" is similar to both
the ACC I, ACC II and ACC III on
my ship in regard of furniture,
ete.

Accom, furniture etc. bridge

———————————————————— ACC III

———————————————————— tank top

Galley, pantry, dishwash, etc.

Wood deck, aft,
21 t x (80 + 324) m2/504 m?2

Hatch cover, workdeck,

5t x 80/12.25 m2

Hatch cover, aft moon pool, top

Hatch cover, bottom moon pool, fore

Hatch cover, bottom moon pool, aft

Ladders, extern 70 m/20 m x 3 t

Gangways, 2 t x 181 m /130 m

Various wooden equipment

tons % Z
12 53 28
19 53 25
19 53 22
19 53 19
10 72 16
13 70 16
5 50 8
1 50 4
4 76 10
17 10 8
33 5 10
5 33 7
9 51 0
8 33 0
10 40 17
3 58 24
4 45 12




tons X Z
High holding power anchors, aft 8 -8 8
High holding power anchors, fore 8 88 12
Anchor stowage, extern, aft, 2 x 0.5 1 -8 8
Anchor stowage, ectern, fore, 2 x 0.5 1 38 1.2
Windlass, 2 x 15 30 86 15
Wire, fore, 2 x 1500 m x 49¢,
25 x 1886/1520 mm2 31 85 13
Wire, aft (the same) 31 6 9
Mooring wires, reels, tows, etc 6 44 12
Mooring pollards, rollers, chocks, etc. 5 44 12
Masts 2 59 34
Capstans 5 0 11
Cranes, 5 t x 2 pce. (incl. steel) 16 31 17
Cranes, 2 x 60 t, (incl. steel) 120 15 14
MOB-boats incl. davits, 2 x 3 t 6 27 13
Life boats, closed, incl. davits 4 pce. 34 56 20
Life rafts, belts, bouys 2 34 12

Hydraulic pump units 2 44 10




Steel/tyre fenders 20

Side doors in each hull side,

2 x 4 tx 20.4 m2/13.5 m2 12
A-frame cranes, 2 x 3 t 6
Cargo lashing egquipment 1

Travell crane, diving area (excl. steel) 1

Roll Damp tank, machine, pipes, valves 3

Railing, top eheel house/fire bridge,
2 t x 88/60 m (0.034 t/m) 3

Railing, bridge deck, 2 x 30 x 0.034 2

Railing, ACC III,
(2 x 28 + 11) x 0.034 2

Railing, ACC II,
(2 x 34 + 9) x 0.034 3

Railing, ACC I,
(2 x 44 + 11) x 0.034 3

Railing, Superstructure,

(2 x 25 + 11) x .034 2

Railing, Shelter Deck,
(2 x 21) x 0.034 1

Manhole covers, w.t. slid doors, etc. 10

Navigation equipment/radio, etc. 5

53

51

51

23

56

48

53

53

51

48

52

27

19

40

43

12

10

15

30

27

25

22

18

16

11

28
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tons X Z
Various equipment, tools, fittings, 5 51 13
Accom. float floor/vinyl, etc.,
Bridge deck,
4 t x 350/210 m2 (i.e. 0.02 t/m2) 7 53 27
Vinyl, ACC III, 0.02 x 200 m2 4 53 24
Vinyl, ACC II, 0.02 x 200 m2 4 53 21
Vinyl, ACC I, 0.02 x 225 m2 5 50 18
Vinyl, Super, 0.02 x 650 m2 13 60 15
Vinyl, Shelter, 0.02 x 750 m2 15 52 11
Vinyl, Main Deck, 0.02 x 800 m2 16 44 7
Vinyl, Tank Top, 0.02 x 50 m2 1 50 3
Tiles, galley, provisions,
5 t x 70/60 men 6 75 8
Laundries, etc, 3 x 70/60 men 4 75 8
Painting, 20 t x sideview area ratio,
2560/1350 m2 38 54 10
Air and sound pipes,
5t x 1668/1350 m2 5 44 8

Pipes outside engine room,

30 t x diving system weight ratio,

566 t / 300 t 57 42 10




(ship volumen pp)

Insulation, 22 t x

14

(ship volumen pp)

= 18350 m3/(10800 m3) x 22 t

Ventilation, natural,

Vent, cowels, grids, ducts, fans,etc.

Vent, A/C transformer room,

Vent, diving area, 2 x 156 m2/126 m2,

Windows, bridge, 2 t x 49 pce/34 pce

Windows, ACC III, 1 t x 18/12

Windows, ACC II, -—-==-—-——-—-

Windows, ACC I, 1 t x 20/12,

Sidelights, main deck

Sidelights, shelter deck,

El-installations, cables, lamps, trays,

boards, etc. 2 t x 3360 KW/2150 KW

Taut wire winches, 2 x 2 t

Dynamic pos. system, computer, etc,

Laundry machines,

Drencher system, dive area, aft,

Drencher system, dive area, fore

31

53

55

5

64

42

48

53

53

53

60

65

55

2]

44

76

30

54

14

18

12

10

10

29

25

22

19

13

11

11

28

10
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tons X Z

|

Drencher system, dive area, ROV, 1 54 6

Drencher system, sheltered work deck, 1 6 6

Var. equipment, founds, etc. 3 56 14

CO2-station, bottles, etc.

30 pce. (45 kg CO2 each),

30 x 114 kg 4 37 16

two pce. mooring winches, aft 30 -4 9

Two pce. mooring winches, fore 30 94 13

Special el-hydraulic doors, noice,

fire, waterproof, etc.

——————————————— , bridge none,

——————————————— ; ACC III, 1 pce. 1 67 25

——————————————— JACC II, 1 pce. 1 67 21

——————————————— , ACC I, 3 pce. 3 60 19

——————————————— , Super, 2 pce. 2 69 16

——————————————— , Shelt, 5 pce. 5 54 12

———————————————— , main, 9 pce. 9 51 8

——————————————— , tank top, 9 pce. 9 43 4

Lift, 1 x 1.5t + 1.5 t 3 69 11



Main staircase,

2.5 m stairs and 5 m gangways,

per deck, 5 + 5m = 10 m per

deck, 0.2 t/m x 10 m x 7 decks 14 69 15
Moon Pool, lost bouyancy, aft,
0.95 x 3.5 x 3.5 x 6 x 1.025 71 34 3
Moon pool bouyancy loss, fore,
0.9 x 4.7 x 4.7 x 6 x 1.025 122 51 3
Total weight of outfit: 1138 42, 11.




§.6.

CALCULATING THE WEIGHT OF THE MACHINES

tons X Z
4 Diesel generators, 4 x 59.8 240 60 4
2 propulsion thrusters, 2 x 60.6 121 0 3
2 gears (1800/700 RPM) 2 x 3 6 5 5
2 el-engines for prop. 2 x 10 20 10 5
3 transv. thrusters, 3 x 7.45 23 77 2
3 el-engines (3 x 1000 Kw), 3 x 3.3 10 77 5
3 transvers holes lost bouyancy:
1.025 x (1 x pi x 11.5) - 2 35 74 2
1.025 x (1 x pi x 10.0) - 2 30 77 2
1.025 x (1 x pi x 9.0) - 2 27 80 2
1 Emergency diesel-generator (530 KW) 1.5 36 19
1 incinerator machine 4 69 8
2 boilers, exchaust-fired, 2 x 1.5 3 70 5
5 transformers,
4600 v, 440v, 220 v, 1000 v, 660 v 18 64 8
2 FI/FI pumps, 2 x 3600 m3/h 15 42 16
4 monitors, aft bridge 5 41 31
1 monitor, fore bridge 1 70 31




tons

Water pipes, monitors,

12/26 = 0.5 t/m,

0.5 x 31 m, aft FI/FI 16 41 15
0.5/4 x 29 m, fore FI/FI 4 55 30
Exchaust pipes, silensers, etc.
15 t x 3360 KW/2150 KW 28 68 18
Auxhiliary machine calculation:
"Dannebrog" No. 188: £_—’—’£§;fl_____‘—¥__:éﬁl__$
a0x T Mc?t:m
x t (249 ¢) 4
_Z
1) 13x = Ay ZX‘ zx
2) >(+3=267t //75 ty =269
/\5%3 2/ =269
y £ 233t Xx= 249~ 237= 36 ¢
Searambler:
/ZM‘M
2ero Mdin
ALX &% =
wt= 3¢t t) yt=233¢
1) 36x = 233y w = 2334, 4

2) Xty = 48 m

g,tf' 23%6?: L/g
% = é.‘/rh

= Y8m~ 6.4 = Y bm—> TCt+t/2=59n

Now, the placement of the auxhiliary machine weights have Dbeen

estimated in regard of the placement of the main machines on both

"Dannebrog" no. 188 and Silver Searambler.



390

tons bid z

Switchboards for
4600 v, 1000 v, 660 Vv, 440 v, 220 v,
13 t x 3960 KW/2150 KW 24

Switchboards for the gas

compressors, etc. 3

Cables, starters, el-equipment, etc.

12 t x 3960/2150 KW 22

Pumps, compressors, purifiers, etc.
eng. ventilation,

12.5 + 12.5 x 3960/2150 36

Coolers, filters, FW-generator,
tanks, vent. ducts, etc.

12.5 + 12.5 x 3960/2150 36

Pipes in eng. room, refrigerator
machines, etc.

15 + 15 x 3960/2150 43

Floor plates, cranes, lifting gear,

workshop, etc. 36

Spare parts, tools, console, insul.,
alarm system, ejectors, sound syst.,
extinguisher, bilge w. sep., water

and oil on systems, 36

Total of auxhiliary machines 269 54 6

Total Machine weight 890 50.2 5.7




THE WEIGHT OF THE DIVING SYSTEM

At Drdgerwerke in Travemlnde I received the component list of

the diving system on the huge semisub "Safe Regalia". This list

provides very accurate information about the weights of the

components. Later on I received further informations about new
additional components from Drdger. Also the weights of diving
components from other vendors such as Bruker, Mannesmann, Hagg-

lund etc. has been gained, so that the diving system weight can

be quite accurate calculated:

DDC I (with ante chamber TI)

Clamp + trunk to SDC I

DDC II (With two transfer chambers)
Clamp + trunk to SDC II

DDC III (with ante chamber III)

IUC adapter, 2 pce.

SDC I (Drdger bell)

SDC II (Bruker bell)

HBL I + II, 2 x 17 tons

HBL-trunk, 2 x 3 tons

Surface diving containers with DDCs
Umbilicals for surf. dive. 6 x 200 m.
Diving baskets incl. bottles, 2x0.6 t
Air compressor incl. gas tank

DDC, HBL and SDC control panels,

3 x 650 kg

2 x 400

1 x 950

1 x 450

1 x 220

SDC control panels,
2 x 500
2 x 20
1 x 220
1 % 500

tons X Z
25 41 8
1 36 9
33 42 8
1 46 11
25 44 8
1 42 8
10 34 9
13 46 14
34 39 17
6 41 14
13 60 8
1 60 8
1 51 8
2 23 4
4 23 8
2 63 12



LSS central unit compressor
LSS conditioning, 3 x 1800 kg

Gas Control Panel

02-control panel 0.28 t
Bunkerstation, gas, Q13 &
He/02 gasmixer 0.64 t

Charging panels, gas
4 pce. x 0.015 0.06 t

He-compressor 1600 kg

120

40

85 2t
He-compressor 2 &

He-compressor 1000 kg
100
85 1t

DDC sanitary system,

4 pumps, cold/hot water, 0.5 t

waste water tanks, 4 x 0.15 2.0 t

SDC and divers hot water,

el-water heater, 2 x 0.35
Switchboard, 2 x 0.30
Water tank, 1 x 0.58
pumps 3 x 0.27
divers outlet 1 x 0.12
circ. pump, 2 x 0.02
heat exch. 2 x 0:12

E-switchboard, main diving

E-switchboard, emergency, incl.

Launch system, HBL, 2 x 3 t
Umbilical winch, aft dive
Umbilical cord, 500 m, aft dive
Umbilical cord, 500 m, aft dive

Umbilical winch, fore dive

A W w O O

23

41
27

29

22

40
42

39
21
21
58
58

16
12

12
12
16

1.2

11

16

16
\



Main bell winches, fore, 2 x 10
Main bell winch, aft, 1 x 10

2 guide wire winches, fore, 2 x 5
2 guide wire winches, aft, 2 x 5

3 heave compensators, aft, 3 x 7.4
4 heave compensators, fore, 4 x 7.4
Clumpweight, fore

Clumpweight, aft

Curcer + trolley, fore

Cursor + trolley, aft

Oxygen stowage (18 x 16 x 0.157)
Long He-tubes, 26 x 2294 kg
"small" He-tubes, 24 x 1300

2 IUC, chamber incl. trolley
He-reclaim

Gas bag

Sea crab vehicle, 4350 + 2 x 2000 kg

Sea Crab trolley

Sea Crab, el-umbilical, 500 m.

Sea Crab, umbilical winch

Sea Crab, control panel

ROV, 2 pce. x 1.588 kg

ROV, el-umbilicals, 2 x 1 ton

ROV, stowage, 2 x 0.5 t

ROV, control panels, 2 x 0.5

Heavy surf. dive. gear, 6 x 150 kg

Saturation dive. gear,

18 suits x 20 0.36 t
helmets, 18 x 15 0.27 t
Michela., 18 x 25 0.45 t

CCBS control panels, 2 x 0.450 t
CCBS, compressors, 2 x 0.5

CCBS, filter station, 2 x 0.35
CCBS, tank 2 x 0.80

20
10
10
10
22
30

15
10
46
60
31

58

34
58
34
26
53
54
33
46
34
25
42
32
42
31
42

19
19
22
51
51
51
64
64

44
63
23

40

16
12
16
12
12
16
10

15
10
16

=
coO O 0O 0O W 0 N DN O O B b 0 D

12

12



SUB sea tools (el-hydraulic) 4 30 10

6 surface dive. hot water supp.

suits, 6 x 100 kg = 0.6 t

Scuba diving equipment,

10 x 40 kg = 0.4 t 1 46 12
1 container, surf. dive. with

2 el-heated hot water units 6 59 8
2 containers, 36 x 50 ltr. gas tubes

and compressor, 200 bars 13 59 8

Total weight of diving system 560 39.6 10,7




5.8

INITIAL DEAD WEIGHT CALCULATION

The dead weight is the weight on board which can be easily manipulated,
i.e. it is the weights which are not constant in all conditions or

which can be changed if necessary.

From the tank calculation we know that there are appr. 3519 tons in

the tanks when the fore and aft water ballast are not included.

In the following is a list of the remaining components of the dead
weight except the tank-01 and tank-11. Note that the water which

the moon pools and the thruster tunnels are carrying is not included
in the dead weight becauce I find this to be appr. non manipulatable

- it will always be there.

Tons X Z
He-gas, 18000 m3 (he/o2) x 0.169 kg/m3 4 39 4
02-gas, 5760 m3 x 1.354 kg/m3 8 25 15
Crew, 70 x 150 kg (a part of provisions) 10 50 13
Heli-fuel, 3 x 6 m3 x 0.79 t/m3 14 86 16
Non tank Dead Weight 36 57.2 13.6

Tank Dead Weight 3519 43.5 B 7




£.9.

GETTING THE WEIGHTS TOGETHER AND TRIMMING THE SHIP

Now we know the light ship weight and the initial dead weight of

the ship. From this we can calculate how much we need to trim

the ship by using the fore and aft ballast tanks and perhaps also
cement or cement-steel ballast. The aft and fore water ballast will
then be added to the dead weight and the cement-steel ballast will be

included in the light ship weight.

tons X Z
Machines 890 50.2 5.7
outfit 1138 42.6 115
Diving equipment 560 39.6 10.7
Steel 2221 51.0 9.6
Initial weight of light ship: 4809 47.5 9.5
Dead weight from non tanks 36 57«2 13.6
Dead weight from tanks (excl. trim WB) 3519 43.5 2.8
Initial displacement 8364 45.9 6.7
Now, at displacement 8400 t we can see - from the hydrostatic

diagram - that the draught is 6.4 meters. We can also see that

the LCB (longship center of bouyancy) is 43.9 - 1.3 = 42.6 m.

The gravety center lies 45.9 - 42.6 = 3.3 meters in front of

the center of bouyancy. This is not very good because the ship
has a big negative trim (the nose sticks down). We need to add
weight in the aft end of the ship and for this purpose we have

the aft water ballast tank-01 which can contain 326 m3.

On the next page the trim balance equation is presented.




X = the needed aft ballast in tons in tank-01

X tons 8364 tons
% t .'

-3 meter zZero 45.9

% (42.6) &

(42.6 + 3) x X = (45.9 - 42.6) x 8364
45.6X = 27601 tm
X = 605 t

Now, we must calculate with this new increased displacement: *

Displacement = 8364 + 605 = 8969 tons. The draught is here = 6.6 m.
The bouyancy center is here: 43.9 - 1.4 = 42.5 m.
(42.5 + 3) x X = (45.9 - 42.5) x 83064
X = 625 tons

This calculation showed only an increase of 4% of the ballast weight,
it is below the calculation error limit. The aft ballast weight need
will be set to be 600 tons. (it is also known that there will be
more weight on the aft sheltered workdeck which I will return to
later on).

We already know that the tank-01 can only contain 326 m3, so it is
no use to fill it with seawater only - it could newer make up to
600 tons. The fore center bottom water ballast tanks could be

used here in order to compensate, but I prefer to spare these tanks
at this point of time. In stead I would like to use a cement-steel

ballast in tank-01. I would like, however to use as little cement-

steel as possible and seawater for the rest of the volume:
3

The density of stone (cement) is 2.3 t/m

3
The density of steel is 7.8 t/m .

The steel will be low quality iron grains mixed in the cement which
forms a concrete mass protected from too fast corrosion. There will
be 75w/o steel and 25w/o cement, so the density of the cement-steel

will be 6.43 t/m3.
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The volume of sea water in the aft ballast tank is X m3

The volume of cement.-steel in the same tank is Y m

X x 1.025 + ¥ x 6.43 = 600 t
X + Y = 326 m3
Y = 326 - X
1.025X + (326 - X)6.43 = 600
1.025X + 2096 - 6.43X = 600
5.405X = 149%¢6
X = 277 m3 (284 t)
Y = 49 m3 (315 t)

The ship is now trimmed at displacement = 8964 t, x =42.6 Z = 6.6

The draught is here 6.6 meter.

Now, the ship is loaded for the start of mission, but can take on
even more weight before the maximum allowed draught of 6.8 meter
is reached. As you already know the maximum displacement at this
draught is 9200 tons. This gives us 9200 - 8964 = 236 tons. The
center of bouyancy x is here 43.9 - 1.7 = 42.2 meters. The
additional weight can, however, not be placed abowe this center.
If the weight is placed on one of the workdecks it would mean that
the fore water ballast tank would be used to trim the ship. This
"trim-water" together with the workdeck load must not exceed the

236 tons:

10 m. 42.2 42.6 83.5 m.
4 , ¥ ¥

A4 1 T B

X tons Zero 8964 t Y tons

1) (42.2 - 10)X (42.6 - 42.2)8964 + (83.5 - 42.2)Y

I

2) X +Y = 230, X = 236 - Y

54 tons in the fore water ballast tank-11

<!
Il

X = 182 tons, the maximum work-deck load in this condition.




Start of mission condition 8964 42 .6 6.6
Deck load, extra 182 10.0 8.0
Water ballast in tank-11 54 83.5 7.0
full load condition 9200 42. 6.6

During the mission the fuel oil, the breathing gas, and the

heli-fuel will be used. The provisions has been included in the

outfit calcualtion due to the belive that the tara weight will

still be there, the garbadge, the sewage etc. and some new pro-

visions will be sailed or flown by helicopter to the vessel on

worksite. The reductions consists of:

He-gas 4 39 4
02-gas 8 25 15
Heli-fuel 14 86 16
02 22 6 5 6
12 53.6 4 2.8
22 22.6 5 6
03 21.6 9 6
13 214.5 15 3
23 21.6 9 6
06 150.5 42 5
16 601.2 42 1.8
26 150.5 42 5
08 70.6 60 5
18 565.4 60 1.8
28 70.6 60 5
Deductions due to use 1991 t 43 3.01




Start of mission condition 8964 42.6 6.6

Deductions due to use 1991 43.1 3.01

Initial end of mission cond. 6973 42.5 7.6

The displacement of 6973 tons gives a bouyancy center of 43.9 - 0.1
43.8 meter, that is in front of the gravety center so that the
ship is too light in the fore end. The front water ballast tank-11

will be used to trim the ship:

42.5 43.8 83.5
¥ $ 1
6973 Z&ro X tons

(43.8 - 42.5)6973

(83.5 - 43.8)X
X

1l

228 tons in the fore water tank-11

The displacement is now 6973 + 228 = 7201 tons, which means that
the bouyancy center has crawled further behind, so that a litte
less weight in the fore tank-11 is actually needed, but the change
is not that big.

End of mission condition 7201 43 .7 7.6

The appr. remaining capacity of the fore water ballast tank-11
is 494 m3 x 1.025 x 0.96 - 228 = 258 tons. The possible load
which we can have on the work deck in this condition using only

the tank-11 to trim the ship can be calculated:

10 43.7 84

X Zero 258 t
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(43.7 - 10)X

(84 - 43.7)258
X = 309 tons load

Now the displacement is 7201 + 258 + 309 = 7768 tons. the draught is
here 6.0 meter, and the bouyancy center = 43.9 - 0.7 = 43.2 m,
compared with the center of gravety at 43.7 meter . The ship is a
little too heavy in the front, and a new iteration has to be per-
formed in order to find the correct result. However, the improvement
in the result will not change the possible weight that we found to

be on the work deck very much.

The final results:

Tons X 24
Start of mission condition 8964 42.6 6.6
(draught = 6.6 meter)
Start of mission with max load 9200 42.2 6.6
(draught = 6.8 meter)
End of mission condition 7201 43.7 7 56
(draught = 5.65 meter)
End of mission with max. load 7768 43.7 7.6

(draught = 6.1 meter)
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CALCULATION OF THE TANK CAPACITIES

The tank design has initially been choosen by a rough calculation
to meet the need for water ballast, fuel oil, rool damping, fresh
water and heel stabilizing (crane stabilizing). The initial lay-
out was performed to ensure that the distribution in rough numbers
of the volume or rather the tonnage was somewhat equally distri-

buted around the center of the ship.

The fresh water tank is belived to be full all the time due to an
efficient fresh water generator. The density of fresh water is set

to be 1.00 t/m3.

The fuel oil tank is belived to be full at mission start and al .most
empty at the end of the mission. They are equally distributed around
the center of the ship. A rough initial calculation stated that the
need of fuel o0il per mission would be around 2000 m3, so the tank
capacity has been set in total in regard to this. The density of
marine fuel oil differs, however, from harbour to harbour, but is
belived to be 0.98 t/m3. The service tank (settling tank), which is
supposed to be at least in the hight level of the diesel engine room
is placed in the side tank of the engine room. The American Bureau of
Shipping is the classification society which has the most severe
demands to the amount of m3 or tons of fuel oil. They states, that
there is going to be enough fuel for a 24 hours engine run time at
full work load (in case of a centrifugal separation breakdown). The
day tank is much larger here (as long as there is enough space it is
no problem to design the tank big - and the settling function will be

even better.

The crane/heel stabilizing tanks capacity was initially calculated to
meet the requirement of one crane working with maximum torque over
board (60 tons). This is belived to be the maximum torque needed
during operation. When both cranes are put into action it is possible
to outbalance the two cranes. The ships stability torque (the GZ-arm)

is bigger, but a need for no heeling is a desire.

The waterballast aft and fore has been chc. sen initially with about
45% in the aft section and 55% in the fore section (trim stab. tanks)

due to a need for more work deck stabilizing ballast. The rool dam-
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ping tanks which is placed in each side of the ship and connected
through bottom tanks in separate pipes make way for the use of additi-
onal water ballast tanks in the centerline of the ship - almost

equally distributed around the center of the ship.

The rool damping tanks themselves has been provided with the tank
capacity left over. The efficiency of a rool damping tank do not only
depend on the capacity envolved but also the efficiency of the rool

damping pump system introduced. I will relate to this subject later.

The stabilizing tanks, the water ballast tanks and the rool damping

tanks all contain sea water with the density belived to be 1.025 t/m3.

The Rool damping and Crane stabilizing tanks are all belived to

contain half of the possible water volume on zero heel.

There are 29 tanks, numbered from 01 to 30. (the use of number 21 is
omitted due to a more systematical numbering). The number Ol-tank is
the aft water ballast tank, the 1ll-tank is the fore waterballast
tank, the OX-tanks are all placed in the port side of the ship, the
1X-tanks are all placed as centertanks in the double bottom of the

ship and the 2X-tanks are placed to the starboard side of the ship.

The tanks no. 14, 15, 16, 17, 18 and 20 are measured from side to
side of ship, where the tanks no. 12, 13, 14 and 19 are limited by

the side tanks.

In measuring the tank dimensions the moulded lengths are used. Therefore,
it is necessary to deduct the volume of bulkheads, pipes, valves, re-
inforcements, primer, anticorrosion paint etc. It has been evaluatet
that the deduction is 4% of the tank volume. In tank no. 15 and 17

the moonpool volume has been deducted, in tank no. 19 the 1ift shaft
room has been deducted and in tank no. 10, 20 and 30 the tunnels of

the thrusters has been deductet.
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TANK -O1:

Jaxyx3 = 29%6m @
Qz_%)_u_ & w @

9.5 ] 9.5
15, 5 =

z
5x 1.5 =75m

ﬁzﬁx7.5=/5m3 ©)

3
@+@+@ _ 796+ 15+ /5 = 326 m

TANK -O2 : gl TANK - 22 :

0.7 x 3.7x 9.6 = [2,5m
£
13 x 30 x 0T Ly,
Z x 2
k1

oY+ /2.3 = 29 m




TANK ~03  and  TANK- 23

) 1x3x0.2 = 0.30m 2) 1x3x0.25 - 0.38m
2 2
k4
3) 1,3_2_,15. - 45w L/)j;;%fj-j - 0.60 m
g 5
o R- TR -
5) I Ix05 g o0 6) 155 x 0.6

) 1x 3x08 . {0 m 8) 7 x 3x 105 ;5w
; 7 x 3x 708 :
2

D7 *x3 %3y gsm 19) 7x Ix 785 - 2,78 W

z z
1] 7 ‘7
M1 x 3x Ll 59547 1) 7x8x 1O Lo,
2 2
/2 9 7 7

Z:Z/m 7.7 x 2/ m z_—————zjm
7



TANK - 04 anedd  TANK 24

2.2 x L/x7 = 6/"6/7’)3 @
3.(2)( 2.2 2
= 3.3 m Ix 2.2

‘ Z

7.7 x 3.3 = 3ém2
7.2% 8.3

g.éY L/ = 3gm2

Z
7 x 3.8 = 26.6 m O

O.QYL/X7

3
= g
3\/.2_ — /7. }7’7 @
D+@~0B) = 6.6+ 17.8 + 26.6

\

J

C

J

e ®




TANK - 05 anel TANK 25

N ——

3
Yx3x 9.5 = 11m
y .
| 5}15‘
T

TANK - 06 and TANK-26

3
yx 3x /3.3 = 160 m
7
/3.3
3

TANK =07 and TANK= 27

S

3
Yx3x 4.7 = 56.7 m
L/
y,7
3

TANK - 08  and  TANK ~ 25

i
Yx!1.5x12.5 = 75m
17/
/12,5
1.5




0. 0.
___é__g____j = 0.09/142 ﬂ%_,/-_ﬁx7(7 = 2./8 mz
2ol *—Zo,oqxs, - 34 mi @

2
i’LZE'ix%‘/= .09 m

W

B 3
> x 3 x 7.7 = /3.65 pu @

7.7 x 3 x4+ 3x1.7 _Y 95 5°
2

0.3x 3+ 15X3 _ 40
> .
Y.95 + 3./% S
sl = X = /é.Zm
Z ¥ @
3
L/X~Z—-121L—QX7.7XE = 3/.0/')4 @
3

D+@+@@ = £L»



360

TANK =10 and TANK =30 :

Vo Tunnel volume each -

N 3.7 x Yx 1%x W = Y87 m”
2) 7.9 x hox ey = zovm
3 29 Wow s = 2P
Tuanel! volume = 1.6 n’

4
/'5’)(‘5": 7.5 m

5x(4.8 -3.7) s 8. PE 7
2 2 &x(3-18)= 395 m
3.7 x5 = S m
; se— z
2,285 m — Z
/.28 mwm
) 7
(27,25 +//'Z§)x62?5 = J5Y Y
2
7
JO x 1599 = /594 m
~ Tunanels = /.6 m’
JY3
\

e




X Trx &9 x 7.8x 0.30 ot 3.0 m.

5) —Z_LXW’X g xé,‘/\g‘xd.?gazf /.0 m

Q) 20.2+98 . 4 - 4.9 .,
2

3

b) 39.3+20.2 , , = 59.5m

2

) Kl 23Ty g

3
x = 172.0 m

A) 72 Ty

Ltz x 2.1 x0.95 at OO0 m.

2
2) _2{_"///\"( 4 6x3.5x 0.80 at 7.0 m.

A
VA
) Lx xS exsyx0g0 at 7.0m.

) Ellipse = 4Txaxb

Evgu ated
Comp ensation far

"VH/OB*/ecf e[//'/o.;e

/;’I €ach case .

3
2946  m

247 m

499 m
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TANK 12

0.83 x 7._‘; = /. 294 mZ

y.9 x 2.2=10.78 -

?.5‘x_/.§

2

I8 = ?.‘/mz

3x6.259.3m
z

3.2 x 6.1

2.2 x(i’?—é.Z): Z-?SMZ

R

13% 77, 4, <9.73 e

(97.~6.2)x1 = 2.50 o’ 2 Z
(‘}.3—200.7),(7 = 0.30 L 7x DY = 7.4 m
(40.7"7.“/)X7 2
—_—_— 7.0§ = 0.6 i
s, 39,09 ' 7 X 7.5 &
+ o
o 7,3’.5- ; Z) /5-'81,142
) 39.94 m
I L —
—— = 5.28 m m (38.9f/+/5.9)xé _ Yy w7
Z
15
B) ( J’;E,Z?xé _ (o2
R
228 m’




Drawing of TANKS ~15,-1p ~ 17 and ~18

TANK- 15

TANU = 16 :

TANK =17

it

3 x 7.5 x /3
3 x 9.5 %

U]

Tl

n

(moon/oaol)

3x 3,6 x 3,6

Y417 m’

"

I%x /3.3 x /3

3x /3.3 x 3
639 w7

Ix H.7 %

3x H.7x = < ™
2?5»;3

69 yy;3 fmaon/OOOZ)

gx‘/'yx‘f.g
Y m>
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TANK=-18
7 cx 3 x3 = Y488 m’
2.5 3 x3 = 113 m°
— 3

60/ m

TANK =19 ¢

DlxCxIT = 4.8 m°
éx\/?jx/} PP
2 - —
179 n3 § Pl >
= 3 L adim
Fsxexs = imT (Lif? &
SO m

S 3
Ix5hx fx 1K= 6.0 m

b
S5x2xlo= 1/1O0m
26"

87,73

rec/acl[/'on evalualeo! 25 Y

ddue to gurte [61791’ tunnels .

3
oS x 84 = 63 m A

—_—

E) e W)'Mj_{q,,,éJ af Tank- 20 ¢ see ext foage .




H//(hg—fam,/m* o{ TANIK - 20 - The Wo[umé we 'l ( ée

re servedd ﬁpr cement balladsl [f veeclecd (ater on,

Z2x 3,7 x 4.2 + Zx 4.5 x 7.2

X /0
Z
—/—L‘erf[ VO[MW’E:
7) 2.8 x‘zl‘XW’-/z = 4.4
2)Z7><2L><77“'/2= 3.3 m
3
DI exEtxMy = 2.5 m
/10,2 mg
2 x fo.2

1

6Z. ¥ 5~
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CALCULATION OF THE TANK WEIGHT AND GRAVETY CENTER

The roll damping tanks are belived to be half full, the crane
stabilizing tanks are belived to be half full and the fuel and
fresh water tanks are belived to be full. The aft and the fore

water ballast tanks are calculated later.

Tank Cont. m3 perm. t/m3 t X z
02 FO 24 0.96 0.98 2246 5 6
12 FO 57 ——— —_—— 53.6 4 2.8
22 FO 24 ——— —_—— 22 .46 5 6
03 FO 23 —-——— ———= 21.6 9 6
13 FO 228 e —_—— 214.5 15 3
23 FO 2.3 —_—— - 21,6 9 6
04 RD 50 —_—— 1.025 49. 2 24 4
14 WB 260 —-———— ————— 255.8 23 1.5
24 RD 50 —-———= m——— 49.2 24 4
05 Cs 57 —-———= =——— 56 30.5 4
15 WB 417 —_————= ———— 410.3 29.5 1.8
25 CS 57 —-——— ———— 56 30.5 4
06 FO 160 ——— 0.98 150.5 42 5
16 FO 639 ——— ——— 601.2 42 1.8
26 FO 160 ——— e 150.5 42 5
07 RD 26 e 1.025 25.6 51 4
17 WB 156 —-———= ————— 153.5 51 1.8
27 RD 26 ———= m——— 25.6 51 4
08 FO 75 e, 0.98 70.6 60 5
18 FO 601 i - 565.4 60 1.8
28 FO 75 ey —m— 70.6 60 5
09 RD 30 ——— 1.025 29.5 67 3.5
19 WB 80 -——= m——— 78.7 68 1.8
29 RD 30 -_——= ———— 29.5 67 3.5
10 FW 143 - 1.0 137.3 75.5 b
20 FW 63 ———= == 60.5 77 Q.7
30 FW 143 ———- - 137.3 75:5 5

3519.3 43.5 2.8




THE ROLL DAMPING TANKS

The roll damping tanks can be used as heel stabilizing tanks, but

the primer purpose is to lower the rolling

weather conditions.

The capacity is

of the ship in bad

Tank tons torque (tons-meter)
04-24 98.4 5 735
07-27 51.2 .0 410
09-29 59.0 « 9 413
(209 t)

Total Roll torque

THE FRESH WATER TANKS

Tanks 10 + 20 + 30 = 137.3 + 60.5 + 137.3

THE FUEL OIL TANKS

Tank tons
02 22 .6
12 53.6
22 22:6
03 21.6
13 214.5
23 21 6
06 150.5
16 6012
26 150.5
08 70.6
18 565.4
28 70.6

Total 1965 tons

1558 tons-meter

335 tons




CRANE STABILIZING TORQUE

When using the one crane with maximum torque the crane stabilizing

2

6,5

60 t g . X t = 60- /6.5
X = /124 €
tanks are used. The 56 tons of seawater are pumped from the one

side to the other providing a stabilizing torque of 2 x 56 tons

at the evaluated gravety center of 8 meters:

2 x bo x 8 896 tons-meter

Il

compared with the demand of:

60 x 16.5 990 tons-meter

The remaining 94 tons-meter can easily be obtained by using the
stabilizing effect from one of the roll damping tanks because
the are equiped with compressed air control. However, it may not
be necessary because the stabilizing torque from the ship itself
when a small heel angle is introduced may deliver a sufficient

stabilizing torque.

When both crames are put in action in the workover mode the need
for stabilizing the heeling will be much smaller. Two cranes lifting
together 120 tons at x = 17 meter would demand a trim torque which

will be provided by the big fore water ballast tank-11.
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RESISTANCE, POWER AND PROPELLER ANALYSIS

This analysis has been performed by the help of the computerprograms
available at the Department of Ocean Engineering. The input is the

ship hull data and the hydrostatic data.

The propeller data, the engine power and the marine fuel consumption

can be estimated by using this programmes.

In the following is shown the most importent results derrived from

the interactive handling of the programs.

First of all there is the ships resistance data at different speeds
and different draughts. I have shown the resistance curves for the
draught = 4.8, 6.4 and 7.2 meter. At the max. displacement of 9200
tons the draught is 6.8 meter and this is drawn by hand at the
curve diagram. From this we can calculate the effective power need

at several speeds:

Now, we will add a value of 20% to the resistance in order to make
sure that we compensate for the wave, wind, thruster tunnel resistance,
moon pools bottom hatches imperfections, imperfections of ship hull,

the fungus on the ship hull etc.

Pe = 1.2 x R xV (service condition)
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ISH DESIGH

RESISTANCE AMALYSIS

Remarks=s

\ trsresanes Domponents of Cr*l1808
base |-----————- corrections —————————--—

.83 @,@35 @.527 B.3608 M@.0088 -.188 ©.880 0. B.7ET
.58  ©,.852 @.548 B.3608 @.088 -.188 ©.0808 @0, B, 280
.80 B.8F8  ©.553 @,360 @.008 -.188 @.008 O, B.518
.53  @®.@87 @.584 0,360 G.088 -.188 ©.088 8. B. 844
I.88 B.185 ©9.624 ©.360 0.008 -.108 G@.008 8. 8. 554
Z,58 @.122 @.68@ 2 @.360 ©.988 -.108 ©.@888 @4, . 948
4,80 ©.148 B.761 B.360 0,808 -.188 @.0688 8. 1.821
4,58 @.157 ©.57S 9,360 B.09008 -.108 @.088 8. 1.135
S.88  @.175 1.83% 9,360 0.868 -.1088 @.008 &. Z. 158
5,50 0 @.192 1,272 @.3608 1.897 -.188 @.080 8. 3,428
S.EE 0 B.20% 1.614  @.3608 3.886 -.18@ ©.888 A, 4,954
; £.58 @.22F7 2.132 @.3608 4.428 -.108 ©.@888 @, 5,528
.80 @.244 2,968 B.360 S.924 -.1088 @.088 8. 9. 144
7.58  @.262 4.374 B.368 7.572 -.1088 G@.088 8. 12,288
2,88 0 B.2F79 5.893 @.368 9,374 -.108 ©.@888 @, 16.527 |

1.848 B.B835 B. ] 2.297 B.493 @p.118 32.887 3.3 3
1.58 B.852 5] ] 2.161 ®B.493 @.118 2.3c4 Tal 11
2. 848 B.8748 1.837 Z2.872 ®B.493 @b.118 32.493 12.4 25
2.58 B.827 1.296 Z2.6887 ®B.493 @©.118 32.4353 192.2 48
2. 88 a.185 13535 1.956 B.493 @.118 32.443 27. 3 B2
3.58 g.122 1.814 1,915  @.493 @.1i@ 3.458 2.6 132
4. 848 g, 148 2.874 1.888 8.492 B6.118 32.584 49,7 1929
4.548 8,15¢ 2 1.858 @8.4%3 a8.118 Z.52= 4.3 298
S.84 B.175 2.3992 1.822 B.493 B.118 4,383 181 .7 5832
5..88 B.192 2.831 1.268 @.492 B.118 5.831 15€.5 2el
£. 88 B.289 Z.118@ 1.779 @8.493 @.118 7.342 234.5 1487
&. 58 B.227 2. 37d 1.768 @.,493 @.118 2.1&84 a4, 2 2237
7. B8 B2« 2.629 1.743 B.493 B.118 11.4328 4393, 5

T.08 a.:282 Z.E8R 1.727 B.493 B8.118 14.337 5.4

2. 88 g.279 4.147 1.713 B8.493 B8.118 18.843 1869.8

lensity of water: 1.825 tesmm3
Water temperaturel 4.8 deg. c.

resistance cosfficient components calculated directlw by the pro-
gram., Ship input data, see the previous page.

<

gram. Ship input data, see the previous page.

Water temperature: 4.8 deg. c. |
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Density of water: 1.825 t-m~3
Water temperature: 4.8 deg. c.
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* * * ISH DESIGH - BASIC PROGRAMMEL

# # %  THE TECHNICAL UNIVERSITY OF DEMMAREK
888 LYMGEY

* .
% *
0 OX¥ EEEEEX DEFARTMEWMT 0OF OCEAM EMGIMEERIMG #OEE EEEEE
* *
S -

[ A

% % * il

* RESISTRAMHCE AMD FOWER *
# BEUILDERS: JOHW GEHWART CASSETTE ISH-188 =
# IDEMTIFICATIOW: SILVWER SEARAMELER WERSIOW HOW 19¥3 =
* DATE: 4 JULY 28 IMITIALS: JOHH GE FILE: FROP *
Zhip resistance calculated by Guldhammer and Harvald'zs method.
Femarks:
Main dimensions:
Length, calculation...: 9. 888 m Clatt. AF...t  &.088 md
Lerngth betuwesn pp.....: 27.5688 m CLfore. FFR..iq,—.888 m)
Breadt Fouem e s s s e e o 19,888 m
Draught, amidships....: . EEE m
b e
DicsplacemEnt «uew aww o st 6913 m~3
Coefficients:
Block coeff., Lcal...: B.&693 Midship sect. coeft....! B.918
Block coeff., PPeasssi B.748 Prisnatic coeffosessssi B 785
: 224

Length-displ. ratio..: 4.

LCE abaft midship section: .24 my, CEt s ter-calc.s: =1 .35

Maximum propeller diameter: 2,64 m Cdefault value B.E5 % draught’.

Twin zcrew ship.

Wetted surface (giwven as inputi: 2215 m~2
retandard hull, standard appendages?

A

Friction coefficient correction: 1.884
Form specification:
Extreme:

U=form Fronounced:
Moderate:

+ + +

H=farm

Moderate:
W=farm Fronounced:
Extreme

Q3 o= o= 0

Lix}

Form fore: 1.8.3 Form aft: 2

Eulb area ratio: 8.888
Cr-—correction dus to appendages, percent: 5]
Air and steering resistance correction: B.118 (x18~-32

Density of water: 1.82
Water temperature: 4.



IsH DESIGH

RESISTHAMCE AMALYSIS

Remarks

vy wii » s e GO PORSIE S G
base |—————— corfFEctions ——————————= Cr
m-"= L B#T LCE Sect. EBulb A #1086

2.8 B.E B.563 B.143 B.080 8. B.E8E  @.088 0 8,739
.88 B.89%  B.685 0,143 @.808 8. B.EEE  B.088  B.721
4.88 ©.132 B.685 B.143 B©.080 8. B.OEE @088 0 8,861
S.E8 @.165  @.842  B.143 9.088 Q. B.O8E B.086 0 1.818
£.88  @.198 1.162 ©.143 @.181 @. B.EEE  B.E88 0 1.439
7.EE 8.2 1.863%  ©.143 B8.671 @.0: B.OEE B.08E 2 2,710
g.00 8. .662  B.143 1,738 8.8 B.EEE  B.080 5,596
.88 @, 8.783  B.143 3,32 @, 6 B.EEE  B.A8E 12,181
16.88 @, 16,842  @.143 5. @, B.O8E ©.088 16,382

. 88 B. 866 1.162 B.448 B.118 15.1 A
2. BA B.B39 1.743 B.445 B.116 33.3 168
4,88 8,132 2,324 B.44c B.118 3 29.3 23
S. 88 8. 165 2. 988 B.44c B.118 3 Q5. & 47a
£, 88 B.192 2.487 B.445 B.118 3 1531 919
7. B8 8.231 4,852 B.445 B.118 4 27T 1 1948
2.086 8,254 4. 549 B.445 B.118 7 S69.9 4556
3.806 S.228 B.445 B.118 14, 3¢ 323.92 11815
18,688 2. 811 A.445 B.118 12.57& 21 vFooElasey

Ienzitwy of water
Water temperature

m ==
Ja
L
e
m
in]
[}

sistance coefficient components calculated directlw by the pro-

gram. Ship input data, see the previous page.

ISH DESIGH = RESISTAMCE AND FOMWER

L]
|

ADDED RESISTAMCE SPECIFICATIOHN

Added rezisztance remarks:

Reziztance added to trial or zeruvice condition resistance.

Added resisztance giwven as inputi

Vo Lmes] Delta-R [kHI]



72 e TR Tl R TR S SRS B LI e S
* ¥ % *® ISH DESIGH - BRASIC FROGEAMMEL

¥ ¥E FEEEX LEFARTHMEHT OF OCEAM EMGIHEERIMG

* ¥ ¥ * THE TECHHWICAL UMWIVERSITY OF DEHMARE
# 0 F¥ ¥ * Dk 2288  LYHGEY
FESISTAMCE AMD POWER
# BEUILDERSZ: JOHH GEHRRT CASSETTE ISH-1B4
#* [DEWMTIFICATION: SILVER SERRAMBLER VMERSION MO 197
# DATE: 4 JULY =& IMITIALS: JOHHM GE FILE: FROP

+ % % % %

Ship resistance calculated by Guldkhammer and Harwvald’ s method.

Mlain dimenzionsz:

Length, calculation...: HE  m tlaft. AF...0  &.8E8 m2
Length bBetwesrn PRe....: HE m Ll forea.FPuas & - HEE m

=
=

Breadth v e v o eimmere o e :
Draught, amidships....:

=

F G 0000
Lot T T o e |

.,_
[ex}
=

Dizplacement o v eweeeess : 2232 m~3
Cosftficients:
Elock coeff., Lcal...: 8.7 Midship sect. coeff....i B.!

Block -coetfs y aPRees o 5 Prismaric ok ommmas: B

Length-dizpl. ratio..:

=R I LA
T = [

F Ca)
Ly
i oY

.
iy

LCE abaft midship section: 1. iy copt.  for cale. i i

=
o
=

Maximum propeller diameter: 4. m Lgiwvern as input .

Twin screw ship.

Wetted surface (given as inputl: 2374 m~2
tstandard hull, s=tandard appendagesi

Eriction . .coefticient corsecthiots: 1.668
Faorm specification:

Extremes: +3
U=form Fronounced: +2
Moderate: + 1
H=faorm 5}
Moderat el =1
M=t orm Fronounced: -2
Extrems =3

Form fore: L8B3 Form aft: -2.8@

=
[xn ]

EBulb area ratio: 8,880

Cr-—cortrection dus to appendages, percenti @

ce cosefficient components calculated directlw bw the pro-
1ip input data, sese the previous page.




Wat er

=
pa

facn}
0

fuon}

s
R
[ B |

R -
=
ol
[ I n ]

3. 88
3+ 08
. BE

R OB =X
L
[hn ]

J. 88
5.58

-
o &L
[ I A |

el
[ x|

n

IR B N T

"
.

[ex]
=

x|

-
-

[ix]
=

[iex]

l
=

=
5}

—
[ax ]

(e,
[y B o B |

[N R N B N
o O
Lo I o B |

=
[ux)

=

o e I I R
na

=5

oo
"

%)

)

ix]

Wat er

gt & .

S TERETSRIG

Ienzity of
temperature:

ISH DESIGH

,_
ficx]
=
=
=
=

(x|
[xn ]
LU S W)
IR 1)
(x|
=

,_

LUt )
s
=
[xv]
i
-
[ix )
u

,_
u

[xx ]
el
-
(]
"

[ax)
-
[}
A
[x}
M

KA
Py
=

| O S O O S S e T T

[0}

Dl

LK

O
L x|

.
—
[x]

,_
[ex]

)
"

-
e
=

(1}

=
"

=

LI T Y

=
[ix]

(| |

[}
]
Lo

oI
"

Do =
"

e L

-
[ix]

R =

[an}
o
I R I L e

=
[an ]
=
o
oo

[ax ]
-
[ax ]
-
oo

4
e

[ax ]
a
[}

)

=
ol

-

oy B v |
-] _L e

L5
o b
D B x|

o

DO I

s
=

,_
liex]
"
-

=
N

DL I O OSCR| JCY ) L

[t B ]
Lo T Y

)
=]

00 e

.,_
[ux ]}

.,_
[ex]
-
s

!

[ B S R N I

=
Ty =

=
[ex]

| I OO T O T L T T S T
[ U RN R O I O 5 A O T LR v

[ex ]

o S
B S I
[

Densitw of water:
temperat ure:

U |

=

REeziztance

A
=
cx]
N
e
ex]
=
ex]
T
[ex]

.,....
Dol n]
=

=

"

fo?

[ex]

L)

=

-
[nx ]
=
N

-
D)
=
[ex}
=
=

"
[ax ]
-
=
"

oo
=
=
fex}

N
Fam
o
-
x|
.
po
ex]

Lo I o T O B o O s |
Lo I oy I v ]

.
ey
n)

.
L B o R

,_
Dex]
.
e
%]
o
[}

.
=

[ax}
e
L]

Lo o B v

[ I x|
-
eIy I
"
(x|
[ ]

=
"

==
-
=
-
=

Do B v |
[cx ]
"

I |
= o=

R R
G R B0d B0d B0E I I T T B R T

=
-
=
R et BT I L% B o Rt o oy i i)
A )

=4 L3 papa

[}
Lo 00 o

LU
a =
EOE 5
- 5

"

.257  ©.425
39 B.42

]

anonanan an On COn On On R O On On

X N e I T ]

1
onoon Cn
[icn]

.,_
Dex]

o
fx]
.

e O R S
o

= |
0l

EOE I 5
-

-1 B P
[y ]

,_
=
=

i e e e e e e e e et LB L 5]
(ax]
=

Tyo=d =l =

D ot I 1]

[ O LR LS L

= -
L)

far "
=
(%]

. .
o I o ot Bt T )

S

Lo o o B s O v |

e
[x]

o
x]

RESISTAMCE AMALYSIS

Cr+l8
ctions
Sect ..

et
[ax}

"
P e ek (e ek ek el e ek ek b A ek ek A
Ky
X

(x|

Lo O o T e O e B |

"
=

sl
AU R o B x|

.,,_
[n]
=

T
[x]

.
=

[ax}

—
=

- -
[ I I

A
Ll

"
T

IS
-
LR A

.
—
—
A Y

SR T
D B o x|

«11

[ I x )

RESISTHHCE

5[ A O o

=
T
=
[x]
=
[x]
s
=)
.

LU )
=
[ex}
o
[un}

.
-
[x]
=
x]
=
[x]

=S
"
P

,_
fen]

]
]

..
fin]
M
o
en]
=
n]

O S T
Lo I ot ot B I e

.,_
fun)
.
=
[in]
o
[in]

B B ]

,_
[y
.
ey
]
=
x]
o
=
-

,.

LA )
.
[ax ]
=

L

=
.
LA A R AR o i
[ux}
A
(x|

[ I

u

iz

(x|

[ oy I v )

=l =
Lo I v |

aA ]
.
Ll
"

,_,_...,_
[ LY B A )
=

,_
[ex)
"

o
[ax}
(e

=
[}

=]
"

,_
[in]

.

o

ex]
T
[ex v
-

.,_.

[ix]
=

[x]

,_
x]
-
B o T o T o T o T o T oo T e T T O o T T O O v |
oS S S G S OO GO G0 0 G 5 5 ED

,,.
[ex]
.
A
o
A
o]
[an)

x|
=

3= 39 4.

I

LU O R

U R C S R | Y |

[ N Y )
"

1
1|
sl a4,
. 188 4,
Z.138 51
CimIcis I
SLEE 5
2.45 27

.-Q

B oo O < O B

l
o T

(N I =N
T I o O S

£. 283
2. 387

AHD FOWER

=

=
[xn]

i
[x]

=
T R I Rt B R R R

)

o
[ex]

-
=

.,_
A |
= = ® = = = =

Ty Fa PO o e

o I [ SN I

—
o

oo 0

i I S <

=] =

&

)

=)

0

I A S

R I

A

RO -SRI raoZoonoon

=]
(|

N

[

El

1
53
12
244
5@
T EE

i s Y

Nl
o=

onoon |—~ -

components calculated directly by the pro-

seg the previous

prage.



308

ISH — RESISTANCE AND POWER
RESISTANCE

BUILDERS: JOHN GENART
IDENTIFICATION: SILVER SEARAMBLER
DATE: 4 JULY 86 INITIALS: JOHN GE

SHIP:

L, cal.: S3.808 m Breadth: 19.002 m Draught: 8.800 m
Block coef.: 8.882 Prism. coef.: 8.728 Leals/Disp.: §.888
‘ w oo Guldhammer and Harvald
| kN L
-608 la— Scule 6.7=1 ﬁ”?
f Goak<— Scule g=1(m
:
| -500 |
| (oo
| -400
| L
~-300
(2o
I L
/ .2e8F A
’ (ea)f
| ERRE =gt
/ i Mﬁﬂﬁﬁﬁaffﬁ !
M”if""’"‘#" i |
M i L :
1 2 3 %4 S 6 e 8




RESISTANCE

BUILDERS: JOHN GENART
IDENTIFICATION: SILVER SERRAMBLER
DATE: 4 JULY 86 INITIALS: JOHN GE

SHIP:

L, cal.: 93.808 m Breadth: 15.808 m

Block cosf.: 2.748 Prism. coef.: B.788
R r Guldhammer and Harvald

Draught: 7.200

————

Leal/Disp.: 4.418




From the diagram we can calculate the following:

Speed Resistance Pe =R x V P =1.2xRxV
(m/s) (kN) (kw) (kw)

3.0 35 105 126
3.5 48 168 202
4.0 65 260 312
4.5 80 360 432
5.0 110 550 660
5.5 140 770 924
6.0 180 1080 1296
6.5 240 1560 1872
7@ 320 2240 2688
7.5 440 3300 3960
8.0 700 5600 6720

Based on these results the propeller has been optimized using

the program for a twin screw propeller ship. It has been carried
out at several conditions and speeds. The initial hull shape and
the initial placement of the propulsion thrusters gave allowance

for a propeller diameter of maximum 4 meters, but I would like to

try and optimize for a propeller with a diameter of appr. 3.5 meters.

The results showed that it was possible to reach a propeller
efficiency of 0.54 at the speed 8.0 m/s at a condition with the
draught = 7.2 meters. The propeller diameter is,however, 3.64 meter.
By lowering the speed demand to appr. 7.50 m/s it was possible to
<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>