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ABSTRACT

A ship design decision problem is stated and its solution
is given, the solution being a combination of calculation by the
SPIRAL computer system, hand calculations, and decision by a
student.

The problem itself is of slight interest; the principal
purpose of this report is to illustrate the use of SPIRAL: how
its modules can be used in designing large-scope problems that
can be done with reasonable effort by a student, yet leave
essential problem elements to hand calculation and to human
decision.



INTRODUCTION

This report outlines a ship design learning exercise that
makes use of the SPIRAL computer system, combined with hand
calculations and decisions by the student. In general, the
lengthy calculations are done by the SPIRAL modules POWER,
WEIGHT, BCOST, and SEAKEEP, while the calculations that cam be
done readily by hand are reserved for that mode. The problem is
one of economic decision, that is, the student must choose the
best among alterpatives; the decision is based on the result of
hand calculations that follow from the computer results.

The problem is of no general importance, being a special
one devised especially to illustrate the use of a coambination of
SPIRAL modules in pursuit of a single objective. The purpose of
this report 1is therefore NOT to make any point about ship
design, engineering economics, etc, but to demonstrate to
instructors in such fields how the SPIRAL system can be used.

All hand work is reproduced here, more to indicate the
scope of the work than to present details. The details of the
computer work are not given; the reader is asked to consult
SPIRAL documentation (especially the User Manual for each
module) for information on its inputs and outputs. Abstracts of
the User Manuals are reproduced here in an appendix,

A virtue of the SPIRAL system is the common format followed
in its library modules. The preparation by the user for running
these modules is therefore minimal (the "ya seen one ya seen ‘'enm
all" principle at work!), so that the confrontations with the
computer on the part of a student doing a problem such is this
is a matter of only a few minutes. Don't doubt, though, that I
did some grubbing to organize the problem -- to organize the
magnitudes of problem variables so that the path to solution
1idn't wander outside the constraints found in each module. The
aforesaid virtue was truly a help to me, and the computer
sessions were a minor thing, but a 1lot of work was still
required. SPIRAL makes things easier, but it doesn't replace
human decison making. It doesn't replace teachers.



THE PROBLEN

A small tank ship is being designed to haul sludge to sea
for dumping on a daily schedule. 1Its principal data are
tentatively established as

LBP 300

Bean 050

Depth 022

Draft 017.5

CB 0.75

cp .79

SHP 4000 (medium speed diesel)

Speed loaded 14.0
Displacenment 5625
Deadweight 4173

Its service requires 250 round trips per yer of a nominal 8
hours each, divided as follows:

Loading 1.5
Maneuvering 1.0
Dumping 2.5
Underwvay 5.0 {70 miles at 14.0 knots)

Your problem is to investigate the economic merit of building
this vessel with a finer hull than that stated above. The
incentive for the possible chanje is reduced operation costs,
traded against a 1likely increase in building cost. Three
significant factors are identified, and are to be treated in the
analysis. They are

For the same deadweiqgqht, a finer hull demands a greater
light ship weight, hence higher building cost.

For the same speed, less propulsive power is required by a
finer hull. Alternatively, the same propulsive power will
accomplish the daily voyage in less time. In either case,
fuel cost is reduced.

An overtime wage penalty of $250 per hour must be paid to
the crev for all time beyond 8.0 hours per day. Since bad
wveather occurs frequently in the area of operation, speei
reductions on the passages to and from the dumping grounds
are common. A finer hull may therefore save wage penalties
because of higher speed capability in rough water.

Draft, beam, and L/D are to be unchanged from the tentative
desiqgn.

Additional data required follows:

Price of fuel $%150/ton
Fuel rate 0.40 1lb/hp-hr
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Significant wave height probabilities in the operating
area:

-5 0.35
O. 35
0.18
0.09
0.03
9 negligible
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SOLVING THE PROBLEM
Steps in the solution are outlined following.

Find dimensions and weights of the finer hulls by use of
the module WEIGHT.

Use the module BCOST to estimate building cost of each
alternative design.

Use the module POWER (series 60 option) to estimate smooth-
water speeds.

Use the module SEAREEP to estimate added resistance as a
function of wave height. Translate added resistances into
speed decrements, following a constant torque relationship.
Latter requires hand calculation, based on the furnished
propeller characteristics.

Apply the expected value criterion in a hand calculation to
demonstrate whether any finer hull is justified on econonmic
merit. “States of nature" are the wave heights to be
encountered.

If you are interested in the results, note that calculations are
made for block coefficients of 0.73, 0.71, and 0.69. Decreases
in operating costs are compared to increases in building cost,
with an arbitrarily-chosen 10 percent annual return applied to
the 1latter. The "bottom line" shows that increases in building
cost outvweigh the operational saviags. So stick with the
tentative design!
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SUIMARY OF CALCULATIONS BY POWER, WEIGHT, AND BUILDING COST MODULES

O CB | 0.5 0.73 0.7\ 0.69

@ LBP 300 300 3O s 2SS KLYy 340

® B SO so SO SO SO SO 50

@ D 22 22 .7 | 23 23.% 3.5 | 4.9

® ¢ 1.5 \1.5 . 5 .5 in.s 7.5 7.3

© cwm 0-95 0.9 0.95 0.95 b.as 0.95 | 0.95

| cp 079 | 0.71 | 0127 | 075 |Los | 0.3 | 093 |©O/©
®| A Ss | 5415 | sesg | stor |59 | scoe | syes | 0CG0®/ax
®@| Wws Sve | 4y3 $3s S31 Ses S5 | $96

Wm Goo | oo 400 4o0 400 400 400 WEIEHT
| Wo Ssz Ss2 S6S ST Sya S¥4- AR repesE
@ wa 1452 | 1435 \so0 | iso4 | 1SS0 Is30 | 1599 | ®+©) +®
@] DWT | 4173 | 4040 | 4158 | 4057 | 4219 | a0 | 420 | @® -0

Trial values of LBP are used above, followed by hand calculation of
displacement, and calculation of weights by WEIGHT. Deadweight is then
calculated by hand (displacement less total light weight). Interpola-
tion among the columns above then gives dimensions necessary for const=
ant deadweipght. BCOST then calculates building cost, and POWER calcu-
lates smooth-water resistance (next sheet).

0% 0.73 0.1 0.69
@[ L3P 300 3. DL S 33L.7
™ ° 50 SO So SO
©| © 2L 1. ¢ 3.6 24 4
™ H .S 1. s \7.§ 7.
Q StLs SLyL S10¢ 5139
®] ws S00 Ser Ss3 571
W m 4100 400 400 4-p0 :\VZ\:E
@] Wo Ss2 et S§0 593 .
@| wr l4s2 | sof 1533 |S64 @+ +D»
@) OWT | 413 44 4113 a\s ®-@
| BeosT | 10.34 10.52¢ 10. 640 10704 BeosT
&) cP 079 0.17 0.15 0,73 L{j‘gﬁ’““
_ BN 51920 46, 1.0 43010 40170 Powen.
@ v (4.0 4.0 | 4.0 4.0 | M=

|

Speed (line 27) here is the nominal speed. Smooth water speeds at ;
4000 shp, and speeds with several Seastates, appear on the next sheet.
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SUMMARY OF CALCULATIONS BY POWER AND SEAKEEPING MODULES, AND OF HAND
CALCULATION OF SPEED WITH THE INCREASED RESISTANCE FOUND BY SEAKEEP

O| cr 0.1s 0.3 0.1\ 0.¢9
@| LuBP 300 3.3 321.5 ™17
®| ° SO SV SO SO
@ D 2.0 22. % 3.0 24.4
®| H .S \. s .5 \1.3
®| A SLLS Sy L S10¢ 139
@|R@ @nn | §1,920 | 46,020 | 430lo | 40,10
®|swred | 3%31 | 3404 | IS | 1L2%eS
® | Vedoowe| 4.1 \4. § vt \'S.S
SWH 6

@] Re & 55,900 l 50,750 l 477,200 ' 44,400
®] v 13. § 14.73 14 G 4.9
™| SwH .

Rel4a GO, 80 ‘ SS,000 S1,300 l 47, 200
® % 3.4 13. 8 4.0 14 4
SWH %

®@| Rew | 65200 l Loaco | St yoo l $2700
v 2.9 3.2 13.4 2. §
Swh 2

@| Reis 71,000 l 64,900 | 61V, 500 l S&,150
@ 1% 2.4 1.7 2. ¢ 13.1

The following page contains curves of EHP vs speed, with resistance as
a parameter. A contour of constant torque, calculated from the given
propeller characteristics, is also plotted, and the ship is assumed to
operate along this contour. The speeds above (lines 12, etc) are
found by spotting the resistance on this contour.
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CALCULATION OF OPERATING COSTS, EXPECTED VALUE, AND SUM OF COST DIFFERENCES

006Re0000ROOED

BlLocrt COEFF. 0.5
WAVE WT, o) & g & ) TeaL YALR
Proranivvidi O | o0.as | o035 0.\ § 0.09 0.03 SPECIFIED
Speed 4.2 13. ¥ 13,4 2.9 \1. 4 PAGE. 6
SeA TIME 4.93 5.0 s. 2t 5.43 s.es 0/
SeA FuaL. 1887 g6 83s5¥ $e8L 93 |40cex0.4x(D
Flew- Ceosi (7’\'5') 132,040 | 135,860 | 139215 | 145 330 | I5), 200 ,’f,%—o‘ 1504 ©
V6 7AGE HES .93 .07 3.1 ¢.43 2.0 & + 3.0
WALE REuacTY — 4375 | 13,950 | 20,915 | 40,310 | 250{®D-2e)x250
OPEAATING COST 137,040 | 140,135 | 1530y | r,s [1onso | @D +®
ouUitcome (79:') Ac,uis | 49,080 | 27,00 |'S,S00 sS4y @ J‘@
ErPecTed VAL 144,200 Sum oF )
A ExP vawe RAse OIFF FRom RDASE
A She cosT RAsE n u h
A Shie cost (F) RpasE @ * 0.10
Summ BAsS ®+
(D] Blocn coerr. 0.3
)| wave wWT. o o g ¥ 2 TRIAL VALUE
®| Promsnivii O | 035 | 0.3% 0.\& 0.09 0.0% | SeeuriEs
@ | Speed 4. ¥ 4.2 \3. ¢ 13T V2.7 oAc.
B sen mme 4.730 | 4.¥9% | S5.070 5.303 S.SVL 0/®
®| sea FueL ey | ese | sl | vaes | sero [4cex0.4xD
(D} Fuew cosi (¥E) | 110,60 [ V31010 | 135,900 | 142,035 | 147,¢30 £52541704 ©
(3| Ve 7AcE wHas .07 ¥.303 ¢siz | & +30 -
®| wace repact 4375 | 1¥ 940 | 32,000 |250(®-2e)x250
OPeaaTING CO5T 126680 [ 13tho | 140,138 | 160,975 1119, B0l D+
| ovrcome (89 | 44,340 | asgo0 | 25,040 14,990 | 5390 | ®x(@
(D} Expecten VAL 135 350 Sum oF @
B A ExP vawe _ ¥ §sD DIFF FRomM DA
@ A Shwe cosT | ¥¢&,000 N 1 "
@ A Sk cost (F&) | ¥, 600 @ * 0.10
(9] Sum 9150 ™+




CALCULATION OF OPERATING COSTS, EXPECTED VALUE, AND

-0

SUM OF COST DIFFERENCES

006000000000060

BLoevt CoEFF. 0.1\
wnAve WT. o, ¢ 7 & ) “TRiAL VALUE
Promaminyys (O | 0.35 | 0.3% 0.1¥% 0,09 0.03 SPELIFIED
SPeeDd 1S 4. & 4, 0 12. 4 2. § PAcE. 6
Sen TIME A.03¢ | 495 | So sS4 | s.acy | 0/@®
Sea fFuel. 147 767! s§o00 ¥35y §150 |400x0.4x(D
Flee Cosi (YE) | 4170 | g3 | 133 920 | 39915 | vac a1y $£525 41504 ©
Vo7/AGE HES 1353 | 1995 | ¥.0 gt | E4cy | & +30
WACE RenaTy \%, 000 | 29,150 |250{®-g0)x250
OPERATING Co ST 124070 [ 1280y | 133,920 1 153,915 [ ns s | D+
outcome (7Y | 4a34co | ags4s | 2405 | 13,850 | 5270 | ® =x(©)
EXPecTed VAWE 131630 Sum ofF (D
A ExP vawe - 123570 DIFF FRomM DASE
A Shwe cosT 300,000 n " n
A SHie cost (Fo) 30,000 @ = 0.10
Sum 17,430 ® +0

CD Bloewt CoEFF. 0.D

@ waAave WT. @) 6 7 ¥ > TriaL VALUE

®| Protcavi+ A | 0.35 | 0.35 | 0.1% 0.0% 0.63 | seeariEd

@ | Speep \S.S 4.9 | 4.4 13. § 13 pPAGE.

®| sen mme 4.516 A4.L9% | 4%\ 5.070 | §.344 10/

@ SeAa Fuel L 6 7S\ MY 116 §550 4000 % 0.9 5 (3

@ Flew Cos5 (f/(i') 1209¢0 | 125%30 \30/7.00 135500 | 143120 5_’-54(9—“1.50& ©

{®| vevace wes ¥.070 | ¢34+ | & +30

®| wace renacTy 4315 | 21 5v0 | 250(®-g0)x250

(D)} oPepaTinG CoST 120960 | 125,30 [ 130200 | 190,235 | |c%,600 | @D+

@ OUT LOME (ﬂi') 42,335 | 44040 1435 \L 20 A240 | @ x(0)

(D] Exrecten VAL M0 Sum oF @

M| A ExP vauwe - 16, %30 DIFF FRoM DASE

@ A SHe cosT 47_4/000 " " "

(| A Swe cost (#&) 41,400 @ = 0.10

(9] Sum 25,510 @+
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CALCULATION OF THE CONSTANT TORQUE CONTOUR

| J Q. S40 0.500 0.450 0.400 CHO S
®| I/ oo [ 0926 | 0833 |0.741 | 0o/rest@
® ¥e 0. 215 0.0230 | 0.0245 | pg.02c0 From Cunve
®| kaq/ngo l.00 l.070 . 140 1.209 ® [ fs1 @
Dl N/No l. 00 0.9¢¢ | 0.937 | 0.909 O/@)"
®] V/Vo L. 00 0-¥95 | 0.780 | 0.014 ® B
M| W+ 0.1Ss | 0.170 0.\§5 | 0.200 Flom corve
\<r/Vero 1.00 1,097 | 1193 | 1290 | ®@/rest D
()| R/ro | 100 Loy | Lo4k | Loct Ex®*
) Pe/Peo | .00 0.9 | 0.57 | 0.7\8 Ox©
J = advance coefficient Vo= speed
Vﬁy = torque coefficient R = resistance
VFT = thrust coefficient Y%; = effective power
N = rpm

Pitch ratio is 0.8, and design advance coefficient is 0.54 (first col.)
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APPENDIX

Abstracts of SPIRAL Modules Used Here

POWER
ABSTRACT
This module computes calm water resistance using
Taylor A, Taylor B or Series 60 resistance data. The user
must supply the ship's particulars to obtain output of
speed to length ratio, Reynolds number, resistance
coefficients, resistance, EHP and SHP.
WEIGHTS
ABSTRACT

This module computes hull steel, machinery, and outfitting
weights for tankers, bulk carriers, dry cargo ships, container
ships, and SEABEE vessels. In addition, it computes hull
engineering weight for dry cargo ships only. The inputs are
basic ship particulars, type of powerplant, and a choice of
computing methods for tankers only.

BUILDING COST

ABSTRACT

This module computes the building cost of tankers, bulk
carriers, dry cargo ships, container ships and SEABEE vessels.
The inputs are the basic ship dimensions and the weights of
hull steel, machinery, and outfitting. 1In addition, the
hull engineering weight is required for Dry Cargo ships.
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SEAKEEPING

ABSTRACT

This module calculates, dimensionally and non-dimensionally
seakeeping properties of ships based on Series 60 models. (i.e.
single screw merchant ships)

It is necessary to input the length between perpendiculars,
beam, draft, block coefficient, significant wave height, and the
speed (s) to be run. The resulting output will then be: heave
at midship; pitch; bending at midship; mean added resistance;
acceleration at stations 0, 5, 10, 15, and 20; the relative
motion and relative velocity at stations 1, 2, 3, 4, and 20.

If the draft at station 1, the freeboard at station 1, and
the propeller clearance near station 20 are inputted, then keel
emergence, deck wetness, and propeller racing will also be
calculated.





