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NOTATION

AG Longitudinal distance of center of gravity forward of

AG
transom (also referred to as LCG)

AI Open area of waterjet pump inlet

Ajy Jet area of waterjet pump

AP Projected planing bottom area

Ap/ VZ/B Loading coefficient

BM Height of metacenter above center of buoyancy

Bpa Average breadth over chines

Bpy Maximum breadth over chines

BSCI U.S. Navy weight identification system;
Bureau of Ships Consolidated Index of Drawings,
Materials and Services related to Construction
and Conversion of Ships, February 1965

cG Center .of gravity

CODOG Combination of diesel or gas turbine propulsion;
gas turbine prime movers designed for maximum speed
and auxiliary diesels designed for cruise speed

COGOG Combination of gas turbine prime movers for
maximum speed or auxiliary gas turbines
for cruise speed

C, Beam loading coefficient =A/(prpx3) = V/Bpx3

D Propeller diameter or waterjet impeller diameter

EAR Propeller expanded area ratio

Foy Speed-displacement coefficient = V/(gvl/3)1/2
Also referred to as volume Froude number

g Acceleration of gravity

oM Metacentric height; height of metacenter above CG

GRP Glass reinforced plastic, i.e., fiberglass

Hh Hull depth at midships; baseline to main deck

Hl/3 Significant wave height

THR Inlet head recovery of waterjet pump

KB Height from baseline to center of buoyancy

KG Height from baseline to center of gravity of ship

(also referred to as VCG)
KT/J4 Propeller thrust loading

iv
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Hull length/beam ratio = tf/BPX

Projected chine length

Overall length of ship

Slenderness ratio

Rotational speed; RPM

Net positive suction head of waterjet pump
Overall performance coefficient = PEE/PD
Propeller pitch ratio

Atmospheric pressure

~

Total brake power required at cruise speed

Total brake power required at design speed
Total power delivered at propellers or waterjets
Effective power

Effective power of bare hull

Static water pressure on rotating axis of
propeller or waterjet pump

Vapor pressure
Torque on propeller shaft

Mass flow of waterjet pump = AJVJ = AV

I'1

Propeller torque load coefficient

Resistance

Resistance/weight ratio

Wetted area coefficient

Suction specific speed of waterjet pump
Specific fuel consumption

Thrust

Draft at midships; baseline to waterline

Cruise (range) ship speed
Design (maximum) ship speed
Average flow velocity into waterjet pump inlet

Jet velocity of pump at operating ship
speed = Vyg + AVg

.
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Jet velocity of pump at bollard condition, i.e.,
zero ship speed

Operating ship speed

Total weight of ship = displacement
Weight of hull structures, BSCI Group 1
Weight of propulsion system, BSCI Group 2
Weight of electric plant, BSCI Group 3

Weight of nonmilitary communication and
control, BSCI Group 4 .

Weight of auxiliary systems, BSCI Group 5
Weight of outfit and furnishings, BSCI Group 6
Weight of crew and effects, provisions, and water
Weight of fuel

Weight of payload

?ayload density

Distance forward of transom

Half-breadth at chine

Half-breadth at keel

Half-breadth at main deck

Height of chine above baseline

Height of keel above baseline

Height of main deck above baseline

Thrust deduction factor

Wake factor ‘

Deadrise angle of hull bottom from horizontal
Angle of hull sides from vertical

Density of structural material

Ship displacement = pgV

Full-load displacement in long touns

Vehicle density

Increase in jet velocity due to inlet head recovery
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ABSTRACT

Documentation of a computer program for performing
design feasibility studies of planing hulls is presented.
The mathematical model is oriented to combatant craft but
may also be applied to other types of planing ships with
full-load displacement up to %500 tons and speed~displace-
ment coefficient F,7 up to 4. Options are available for
structural materials of aluminum or steel or glass reinforced
plastic, diesel or gas turbine prime movers with or without
auxiliary engines of either type, and propellers on inclined
saftsor waterjet pumps. Weight, volume, and vertical center
of gravity for the major ship components, including loads, are
estimated. Hull size may either be fixed or optimized to
mest design payload requirements. :

. ADMINISTRATIVE INFORMATION

Modifications for the current program were authorized and funded by
the Naval Sea Systems Command, Detachment Norfolk (NAVSEADET-Norfolk)
Project Order 00016. The work was performed at the David W. Taylor Naval
Ship Research and Development Center (DINSRDC) under Work Unit 1-1524-718.

INTRODUCTION

A computer program labeled PHFMOPT has been de&éloged at DINSRDC and
utilized in numerous design feasibility studies by NAVSEADET Norfolk for
combatant craft projects such as the Special Warfare Craft, Medium SWCM
and Landing Craft LCM-9. The computer software has been revised and updated
numerous times to keep abreast of the project requirements and state-of-
the-art., This report provides a general description of the present
mathematical model together with documentation for each module of the
computer program in Appendix A. This program is operable on the Control
Data Corporation 6000 Computers at DINSRDC and has also been recently
installed &¥ the CDC Cybernet Center [n Recleville, MU opereting
wnder MoS, Sample input and output are shown in Appendix B,

The planing hull feasibility model PHFMOPT is applicable for a wide
range of planing-hull prototypes with slenderness ratio LPfVl/3 from 4 to
10, speed-displacement coefficient an from 0.5 to 4.0, and displacement
from 50 to 1500 tons. A comparison of the model with an actual patrol
craft and an example of a design study utilizing the model has been

presented in Reference 1.

*
A complete listing of references is given on page 17,
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v I=

Shaft angle from baseline

Appendage drag factor

Propulsive coefficient = Pp/?y

Propeller efficiency

Viscosity of water

Water density

Propeller cavitation number based on advance velécity
Standard deviation

Stress limit of structural material

Waterjet impeller tip velocity cavitation number
Cavitation number based on resultant water velocity
at 0.7 radius of propeller

Thrust load coefficient for propeller or waterjet
Displaced volume

Hull volume up to main deck

Volume of payload inside of hull and superstructure
Volume inside superstructure

Total volume = Vp + Ugg
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GENERAL DESCRIPTION OF MODEL
Computer program PHFMOPT estimates the weight, volume, and vertical
center of gravity VCG of major components for the empty ship plus the
fuel load, crew, and provisions. Then, either (1) the resultant weight,
volume, and VCG of the payload is computed for a hull of fixed size, or

(2) the hull depth Hh’ maximum chine beam B and/or displacement ALT are

PX?
optimized to meet design payload requirements for a ship of fixed length
LP' Computations may be made for several values of LP to determine the

optimum ship length.
Ship components for the U.S. Navy Bureau of Ships Consolidated Index

BSCI Groups 1 through 6 are computed at the three-digit level. The data
base for the model includes small patrol craft, hydrofoil craft, destroyers
DD, and destroyer escorts DE so that planing ships up to 1500 tons can be
evaluated. A multiplier (K-factor) is input for each three-digit BSCI
group which may be used to modify or eliminate weights and volumes derived
from the general equations presented in Appendix A. A K-factor is also
aﬁplied to the total” of each single-digit group, essentially adding a
designer's margin.

Input to the program is read by Subroutine READIN and consists of 54
punched data cards which concain offsets for the parent hull form and
design constants. Data from the cards are immediately printed for use in
checking input errors. In addition, one card for each design condition,
containing the length LP and initial values of ALT’ BPX’ and Hh’ is read
by the executive routine PHFMOPT. A detailed description of the input and
the printed output is presented in Appendix A. Output is controlled by

Subroutine PRTOUT.

HULL GEOMETRY
The planing hull is represented by a hard-chine model as shown in

Figure 1. Offsets input for the parent hull form are nondimensionalized
in Subroutine PARENT. Offsets and hydrostatics for each new design
condition of LP’ BPY’ and ALT are computed by Subroutine NEWHUL. All
parametric variations have the same deadrise as the parent, since the keel
and chine offsets are proportioned by the average beam BPA and BPX/BPA is

held constant. The hull volume below the main deck Vh and the hull density



A/Vh are computed by Subroutine NEWVOL for each Ehange in Hy. Slope
of the hull sides is maintained whenever deck height is changed.

The general arrangement of the transverse bulkheads, platforms, and
fuel tanks employed by the planing hull model is shown in Figure 2. Nine
bulkheads positioned as shown are used for planing hulls'ovef 70 tons and
should be sufficient for a two-compartment ship aft and a three-compartment
ship forward for most configurations. The number of bulkheads is reduced
for smaller craft based on existing designs. The géneral arrangement used
for the landing craft model is shown in Figure 3. For this special case,
additional input parameters are required to define the well deck and ramps.
A maximum of 15 bulkheads way be input, and a spacing of about 6 ft between

bulkheads is used under the well deck.

STRUCTURES

The hull structures (BSCI Group 1) are computed in Subroutine STRUCT.
The structural design procedure takes into account sea loads and effects
of changes in hull length, beam, and depth. The design methodology is
based on References 2, 3, and 4 and explained in detail in Reference 1.
Structures of either aluminum, steel, or glass reinforced plastic GRP’
may be computed. Two interchangeable Subroutines STRUCT are available, one
for aluminum or steel hulls, the other for single skin or sandwich plate
GRP hulls. Curves of structural weight data used by the math model are
shown in Figures 4, 5, 6, 7, and 8. |

A third Subroutine STRUCT is available for landing craft of aluminum
or steel which accounts for the increased load on the well deck and ramps

and changes in the internal arrangement.

RESISTANCE

Bare-hull resistance for the feasibility model is estimated from
DTNSRDC Series 62 and 65 hard-chine planing hull data published in Refer-
ence 5. Mean values of resistance/weight ratio R/W as a function of
Lp/vl/3 and an were computed from the 21 models of the two series with
the longitudinal center of gravity LCG position ranging from 1/3 to 1/2
LP forward of the transom. Mean values of wetted area coefficient S/VZ/3

were obtained for the same data. Faired curves of the mean R/W for a



100,000~-1b planing craft and mean S/Vz/3 are presented in Figures 9 and 10,
Data from the faired curves have been incorporated in Subroutine PHRES
(see Tables 1 and 2) so that the mean R/W can be interpolated for LP/V1/3
from 4 to 10 at an from 0 to 4 and scaled to the required ship size.
Standard deviation ¢ of the base data from the mean values was also
computed and faired as a function of an. A multiplier SDF may be used
with 0 to raise or lower the mean R/W data when attempting to match exist-
ing resistance data for a particular hull form.

Predicted R/W = Mean R/W - (SDF x o)

Resistance of the appendaged hull is estimated by applying an ap-
pendage drag factor n, to the bare-hull resistance. The factor n,
developed by Blount and Fox, Reference 6, is applied only to hulls with
propellers on inclined shafts. No increase in resistance is assumed for
hulls fitted with waterjets. .

Added resistance in rough water R.aw is predicted from an empirical

equation given in Reference 7 which was developed by a regression of planing

hull rough-water experimental data.

) 0.5 1/3,-2.5
Raw/A = 1.3 (H1/3/BPX) FnV (LP/v )

THRUST
The feasibility model has the option for either propellers on inclined

shafts or waterjet pumps. Thrust deduction (1l-t) used for the propellers
is 0.92 from Blount and Fox, Reference 6. Thrust deduction assumed for
waterjets is 0.95. Total thrust requirement T = Rt/(l—t) where R, is
total resistance.

Subroutine PROPS is utilized to estimate the powering requirements
for the ship at design and cruise speed when propellers are employed. If
not input, the number of propellers is selected based on maximum power of
prime movers available. Subroutine PROPS also determines propeller diameter
if not specified, selecting the smallest propeller capable of producing
the required thrust at both design and cruise speeds, based on an input
constant for TC/OO.7R" A value of Tc/GO.7R >~ 0.6 corresponds to the 10

percent back cavitation criteria for Gawn-Burrill type propellers.




General equations for specific weight, rotational speed, and specific
fuel consumption SFC have been developed for high speed diesels and
second generation gas turbines. Data from the general equations may be
modified by input constants to match a particular series of engines, or
fixed weights and SFC's may be input to the program. Gear weights may be
fixed or derived from a general- equation developed by Mandel at
Massachusetts Institute of Technology with appropriate constants for either
single reduction or planetary gears. Propeller and waterjet weights are
primarily a function of their size. Subsidiary propuléion system weights
are given as a function of the total power of the prime movers.

Volumes required for the engine room, combustion air supply, and
uptakes may be fixed inputs or obtained from the géneral equations based

on existing diesel and gas turbine systems.

" OTHER SYSTEMS

The electric plant (BSCI Group 3) components are computed in Subroutine
ELECPL. The electric power requirementin kilowatts may be an input or
computed as a fﬁnction of the ship displacement.

The nonelgctronic navigation equipment and interior communication
system are established in Subroutine COMCON. The remainder of communica-
tion and control (BSCI Group 4) is considered part of the payload.

Auxiliary systems (BSCI Group 5) and the outfit and furnishings
(BSCI Group 6) are computed in Subroutines AUXIL and OUTFIT. The general
equations were primarily derived from DD and DE data. However, changes
were made for aluminum components in lieu of steel, using 2/3 the weight
of steel where equal stress is required and 1/2 the weight of steel

where size is maintained.

LOADS

The fuel requirement is established in Subroutine POWER based on the
SFC and range at either cruise speed or design speed, whichever dominates.
A five percent margin is added for fuel which cannot be utilized. An

additional five percent margin is added to the volume of the fuel tanks



Propeller open-water characteristics are derived as a function of
pitch ratio P/D, expanded‘area ratio EAR, and number of blades Z from
polynomials developed from the Wageningen B-Screw Series of airfoil section
propellers, Reference 8, or recent modifications of these polynomials for
flat face, segmental section propellers such as the Gawn-Burrill Series,
Reference 9. Propeller characteristics in the cavitation regime are
derived from maximum thrust and torque load coefficient T, and QC
developed as functions of cavitation numbers at the propeller 0.7 radius

g in Reference 10.

0.7R
Subroutine WJETS 1s used to estimate the power requirements with

waterjet pumps. Waterjets of fixed size may be input, or the waterjets may

be designed within the program using the approach given by Denny in

Reference 11. The design pumps are assumed to operate at maximum input

power and maximum rpm at the ship's design speed. A ratio of bollard

about 2 will result in optimum

jet velocity V to ship speed V

JB S
propulsive efficiency; see Figure 3 of Reference 11. However at low
design speeds, e.g., 20 knots, a value of VJB/VS > 2 may be required in
order to keep the size of the waterjet within reasonable bounds.

PROPULSION

Once the power estimates are made for design and cruise speeds, the
propulsion (BSCI Group 2) components are calculated in Subroutine POWER.
The following propulsion systems are available in the computer model:

(1) diesel prime movers,

(2) gas turbine prime movers,

(3) CODOG system -- gas turbine prime movers with auxiliary diesels,
(4) COGOG system -- gas turbine prime movers with auxiliary gas
turbines.

There is always one prime mover for each propeller or waterjet. The prime
movers are designed to operate at maximum power at the ship's design speed;
the auxiliary engines operate at their maximum power at cruise speed.

The "“*‘/-"(“;‘"7 t’_ﬂcz,'naé M oty utifize e Some F,—-e/ae//e,-g as He
frime mevers, or scparate prepe le,rs sy be ,y/&<c;/:/e;/,



to allow for expansion. The fuel tanks are generally an integral part
of the hull structure, but an option is available for separate fuel tanks

when required.

The ship's complemént may either be input or calculated in Subroutine
CREWSS based on accommodations of numerous small and intermediate-sized
warships. The crew concerned with the military payload is included in the
total complement and not treated as part of the military payload. Weights
and volumes of the crew and their effects based on U.S. Navy standard
allowances, as well as personnel stores and potable water for the specified
accommodations and dayé at sea, are computed in Subroutine LOADS.

The components of BSCI Groups 1 through 6 are combined and specified
margins added in Subroutine TOTALS to obtain the empty ship weight,
volume, and VCG. The difference. between the full-load displacement and
the empty ship weight is termed the useful load, which includes the fuel,
crew and provisions, and the payload. The payload consists of the armament
(BSCI Group 7), the military portion of communication and control (Group 4),
ammunition, and any special loads required for the ship's mission, such as
the tanks carried by a landing craft. The computer model does not separate

the various components of the payload.

OPTIMIZATION

Unless the hull size is fixed, the executive routine PHFMOPT iterates
until the design payload specifications are met, or until a default condi-
tion occurs. The ship displacement is increased or decreased until the

resultant payload weight WP is equal to the input value for design payload.

The beam of the hull is varied until the specified VCG of the design pay-
load is obtained, maintaining the input metacentric height GM. The hull
depth is raised or lowered to obtain the design payload volume VP (payload

density = WP/VP). A flow chart of the optimization process is presented

in Appendix A.



Possible default conditions are as follows:

'eD) LP/V1/3 less than 4 or greater than 10,

(2) an greater than 4,

(3) ALT’ BPX’ or Hh not converging after 10 iterations for each variable.

A default may occur if the initial values of ALT’ BPX’ and Hh are not close
to the optimums. Therefore, the program user may be wise to begin a new
design with several fixed hull sizes to aid in the selection of initial

values for the optimization process.

FINAL HULL

Weights, VCG's, and volumes for the final (or fixed) hull form are
printed from Subroutine PRTOUT at the BSCI 3-digit level. Also output are
offsets and hydrostatics for the final hull, speed-power predictions for a
range of speeds, and some vertical acceleration predictions in various
sea states based on empirical equations in Reference 12. A sample printout

is shown in Appendix B.
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LOWER PLATFORM $ ROOM . e et / H
3 : e 7 7] :
| | | ] ] BL
0 0075Lp 015Lp 0.30 Lp 045 La 0.60 Lp 075 Lp 0875 Lp Lo

HULL DEPTH
(D 10FToR LESS
® 10FT-20FT
@

20 FT OR MORE

PLATFORM DECKS

NONE

ONE PLATFORM 8 FT BELOW MAIN DECK.
EXTENDS FULL LENGTH OF HULL,
EXCEPT ENGINERQOM.

LOWER PLATFORM 16 FT BELOW MAIN DECK.
UPPER PLATFORM 8 FT BELOW MAIN DECK,
EXTENDS FULL LENGTH OF HULL,

EXCEPT ENGINEROOM.

FUEL TANKS
COMPARTMENT E, KEEL TO MAIN DECK.

COMPARTMENTS A, 8,C, E, F BELOW PLAT—
FORM. EXTEND TANK E TO MAIN DECK (F
MORE VOLUME REQUIRED

COMPARTMENTS A, B, C, E, F BELOW LOWER
PLATFORM. EXTEND TANK E TO UPPER PLAT-
FORM |F MORE VOLUME REQUIRED.

Figure 2 - General Arrangement of Typical Planing Hull

MAIN DECK
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Figure 3 - General Arrangement of Typical Landing Craft
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DESIGN LINES POR ALUMINUM AND STEZL
USZD FOR HULL SIDES ONLY
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Figure 5 - Weight of Stiffened Plating for Hull Sides
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Figure 7 - Propulsion Plant Foundation Weights

4.0
‘g
< 30
g cﬁg’
s X
1~ B P
2 <
& g @&'\
= O
E__:. 20 N
3 w
W
o b
W
I
)
a 10
2
<
1 ! | [ 1 ! | ! 1
0 20 40 60 80 100
TOTAL WEIGHT OF GROUPS 3, 4, 5, 6 (long tons)
Figure 8 - Auxiliary and Other Equipment Foundation Weights

13



RESISTANCE/WEIGHT R/W

0.20

0.12

0.08

7/
1 A0

0.06

0.04 '
MEAN VALUES OF RESISTANCE-WEIGHT RATIO R/W
FROM SERIES 62 AND 656 HARD-CHINE PLANING HULLS
DATA PUBLISHED IN NSRDC REPORT 4307, APR 1974
LCG VARIATION FROM 1/3 TO 1/2 L FWD OF TRANSOM

0.02 —t

DISPLACEMENT IN SEAWATER AT 59 F = WEIGHT = 100,000 Ib
/V e , -
1
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SPEED-DISPLACEMENT COEFFICIENT Fop

Figure 9 - Mean Values of Resistancé/Weight Ratio from
Series 62 and 65 Data

14

4.0



WETTED AREA COEFFICIENT /vy 2/3

k-4
MEAN VALUES OF WETTED AREA COEFFICIENT s/v 2/3 "0
4+ FROM SERIES 62 AND 65 HARD-CHINE PLANING HULLS
DATA PUBLISHED IN NSRDC REPORT 4307, APR 1974
LCG VARIATION FROM 1/3 TO 1/2 L FWD OF TRANSOM
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

SPEED-DISPLACEMENT COEFFICIENT Fov

Figure 10 - Mean Values of Wetted Area Coefficient
from Series 62 and 65 Data
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FLOW CHART OF EXECUTIVE ROUTINE PHFMOPT

‘ START >

Y r—

READ PARENT FORM
AND DESIGN CONSTANTS

CALL READIN -

Y —
CALL PARENT — — | NONDIMENSIONALIZE
PARENT HULL FORM

O——

FIXED LENGTH; INITIAL
READ HULL ’
PARAMETERS — =—— | VALUES OF DISPLACEMENT,
BEAM, AND HULL DEPTH

y = =
BEGIN DISPL OPTIMIZATION
10 ITERATIONS MAXIMUM

DOS0OKK=1,10 » — —

B ~ THREE DISPL;
- FINALDISPL =} __ | nNpT=1 NDT=3 |—— | CURRENT VALUE,
SURRENT DISPL + INCREMENT
Y ]
L FCALCULATE HULL FORMS
AT 1 0R 3 DISPLACEMENTS
BEGIN BEAM OPTIMIZATION
T 7| 10 ITERATIONS MAXIMUM
) THREE BEAMS:
FINAL BEAM = NBX = 1 NBX =3 | ——| CURRENT VALUE,
CURRENT BEAM + INCREMENT
A \ 4
CALCULATE HULL FORMS
DO 60J =1, NBX ) ——
WITH 1 OR 3 BEAMS

!

®
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FINAL DEPTH =
CURRENT DEPTH

NVD =1

CALL NEWHUL | ——

Y

CALL POWER —_——

v o

FCALCULATE OFFSETS AND
HYDROSTATICS FOR CURRENT
LENGTH, BEAM, DISPL

—

CALL CREWSS __ ___| DEFINE SHIP'S COMPLEMENT

AND SUPERSTRUCTURE SIZE

ESTIMATE POWER REQUIREMENTS
CALCULATE PROPULSION SYSTEM

BEGIN DEPTH OPTIMIZATION
10 fTERATIONS MAXIMUM

THREE DEPTHS;

NVD =3 |—~—| CURRENT VALUE,

* INCREMENT

CALL NEWVOL | _

A

CALL STRUCT —_——

CALL ELECPL

\

CALL COMCON —_——

CALCULATE HULL FORMS
WITH 1 OR 3 DEPTHS

’—CALCULATE ENCLOSED VOLUME
AND HULL DENSITY AT
CURRENT HULL DEPTH

FCALCULATE STRUCTURES
FOR CURRENT HULL

—
CALCULATE FUEL LOAD,
CREW, AND PROVISIONS

r—CALCU LATE ELECTRIC
PLANT COMPONENTS

-

CALCULATE NONMILITARY
COMMUNICATION AND CONTROL




(&

-
CALCULATE
CALL AUXIL AUXILIARY SYSTEMS
Y -
| cALCULATE OUTFIT
CALL OUTHIT AND FURNISHINGS
¥ B
CALCULATE TOTALS FOR
CALL TOTALS |— — | BSCI GROUPS 1 THROUGH 6,
USEFUL LOAD, AND PAYLOAD

Y

END 40 LOOP >

{

vEs NO CALCULATE INTERPOLATED
NEW — — | AT DESIGN
HULL DEPTH PAYLOAD DENSITY
s
NO CHANGE IN
DEPTH
l <1%
?
END 50 LOOP
Y
END 60 LOOP
YES NO CALCULATE INTERPOLATED
" NEW — — | AT DESIGN VCC
BEAM OF PAYLOAD
IS
NO CHANGE

IN BEAM
<1%
?

y

END 70 LOOP—>

»

\4

@




YES

END 80 LOOP >

y

NO

NO

CALCULATE
NEW
DISPLACEMENT

IS
CHANGE

\d

END 90 LOOP>

\

CALL COSTS —_

Y

CALL PRTOUT _—

IN DISPL
< 1%
?

—

LAND LIFE COSTS

d

ESTIMATE EMPTY SHIP

PRINT RESULTS FOR
FINAL HULL FORM

INTERPOLATED
AT DESIGN
PAYLOAD



NAME:
PURPOSE:

SUBPROGRAMS CALLED:

INPUT:

IOPT

PL

DTONS

BPX

HDM

WPDES

VPDES

ZPDES

DELDT

DELBX
DELHD
BXMIN

BXMAX

*Weights in long tons will generally be referred to simply as "tons'
in this report. 1 ton

PROGRAM PHFMOPT

Executive routine for planing hull feasibility

model.

If hull size is fixed, estimate weight,

volume, and vertical center of gravity VCG of
major ship components and determine the resultant
payload availability. If hull size is to be op-
timized, vary hull depth, beam, and/or displace-
ment as specified until the design payload re-
quirements are met.

READIN, PARENT, NEWHUL, CREWSS, POWER, NEWVOL,
STRUCT, LOADS, ELECPL, COMCON, AUXIL, OUTFIT,
TOTALS, YINTE, COSTS, PRTOUT

Via COMMON blocks and Card Set 29
See Subroutine READIN

Control for optimization of displacement A

LT?
P

maximum beam B < and/or hull depth Hh, from Card

dALT

dBPX

dH

min

max

= 1 long ton

projected chine length of ship in ft,
from Card 29

initial value of displacement in long
tons,* from Card 29

initial value of maximum chine beam
in ft, from Card 29

initial value of hull depth at midships
in ft, from Card 29

design payload weight in tons, from
input Card 9

6

design payload volume in ft3, from input

Card 9

VCG of design payload in ft above main
deck at midships, from Card 9

increment of displacement in tons, from

Card 28
increment of BPX in ft, from Card 28

increment of Hh in ft, from Card 28
minimum value of B in ft, from

Card 28 PX

maximum value of BP
Card 28

< in ft, from

-
1

= 2240 1b = 00,9842 metric tons

-
e
AN
‘o
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HDMIN
HDMAX

OUTPUT:
WPLBS

PLDEN
ZPDES

NDT

NBX

DT (L)

BX(J)

PROGRAM PHFMOPT

= minimum value of Hh in ft, from Card 28

min
= maximum value of Hh in ft, from Card 28
max
Via COMMON blocks
(WP)D = design payload weight in 1b
= 2240 (Wé in tons)
(WP/VP)D = design payvload density in lb/ft3=2240wé/vé
(ZP)D = design payload VGG in ft above main deck
= input ZP

Index for outer DO LOOP IL=1,NDT -
Index for middle DO LOOP J=1,NBX
Index for inner DO LOOP 1I=1,NVD

Number of displacements calculated in outer loop
If IOPT < 3, then NDT = 1, and final ALT = ALT

Otherwise, NDT = 3, and ALT is optimized
Number of beams calculated in middle loop

< = { =
1f IOPT 2 then NBX 1, and final BPX BPX

or IOPT = 44 o

If BPX f-Bmin’ then NBX = 1, and final BPX = Bmin
> = 1 =

If BPXO —-Bmax’ then NBX 1, and final BPX Bmax

Otherwise, NBX = 3, and BP is optimized

X
Number of hull depths calculated in inner loop

If IOPT < 11 then NVD = 1, and final Hh = Hh
or IOPT > 3 o
If 8 <H ., then NVD = 1, and final H_ = H_,
ho- min h min
If o > H , then NVD = 1, and final H_ = H
ho — "max h max

Otherwise, NVD = 3, and Hh is optimized

ALT = displacement of current hull

If NDT = 1, then ALT = ALTO

If NDT = 3, then ALT = ALTO—dALT , ALTO s
ALTO+dALT

BPX = maximum chine beam of current hull

If NBX = 1, then BPX = BPXO or Bmin or Bmax

If NBX = 3, then BPX = BPx —dBPX s BPX ,

o o

BPXO+dBPX

26
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HD(I)

PDEN(TI)
ZPL(J)

WPD(L)
HDM

PDENS
BPX

DTONS

PROGRAM PHFMOPT

Hh = hull depth at midships of current hull
If NVD = 1, then H_L = H or H , or H

h ho min max
If NVD = 3, then Hh = Hho+dHh , Hho s Hho—dHh
WP/VP = payload density of current hull
ZP = VCG of payload for current hull
wP = weight of payload for current hull

final hull depth in ft

o

If NVD 3, interpolate from the array of WP/VP

versus Hh to obtain a new Hh which approximates
o
the required (WP/VP)D. Iterate until the new
Hh agrees with the old Hh within one percent.
0 o}
wP/VP = payload density of final hull

BPX = final maximum chine beam in ft
If NBY = 3, interpolate from the array of ZP versus
BPX to obtain a new BPXO which approximates the
required (ZP)D. Iterate until the new BPX agrees
with the old BPX within one percent. ©

o
A = final displacement in tcns

LT

If NDT = 3, interpolate from the array of WP

versus A to obtain a new AL which approximates

LT To
the requ;red (WP)D. Iterate until the new ALT
agrees with the old ALT within one percent.

o
A maximum of 10 iterations is set on each loop.
If the initial values of ALT . BPX , and/or Hh
o 0 o)
are too far from the design requirements, con-
vergence may be unattainable with this optimiza-~
tion procedure. Therefore, it is well to run a
matrix of fixed hulls (IOPT=0) first to aid in the
selection of appropriate initial values.

See Subroutine PRTOUT for complete output from
final hull.
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NAME:
PURPOSE:

CALLING SEQUENCE:
SUBPROGRAMS CALLED:

DATA REQUIRED:
PARENT
PL

BPX

DZs
NN
N
M
M40
M25
NTB
MTB (1) 3
MTB (2)

: >

MTB (NTB)
XLP (I)

YC (1)
YS (I)
ZK (I)
ZC (1)
zZS (1)
YK (I)

SUBROUTINE READIN

Read inpuﬁ data from"punched cards, and echo the
input. Store data in COMMON blocks for use by other
routines,

CALL READIN
OWKTQ, CAVKTQ

‘Via Punched Cards Card Coluﬁns
Identification for hull design 1 1-50
Projected chine length L, of parent 2 1-8
form

Maximum chine beam BPX of parent 9-16
form . '
AZ¢ of parent form, see Figure 1 17-24
Total number of sections input < 27 3 3-4
Index of section at X/LP =1.0 7-8
Index of section at X/LP = 0.5 11-12
Index of section at X/LP = 0.6 15-16
Index of section at X/LP = 0.75 19-20
Number of transverse bulkheads < 15 4 3-4
Indexes of Sections at which trans- 7-8
verse bulkheads are located, from 11-12
transem to bow. Value of NTB must

be Y and values of MTB must be 1, 4,

6, 9, 12, 15, 18, 21, 26 for con- ‘
ventional planing hulls, but may be ‘
varied for landing craft

Nondimensional longitudinal locatien  5(I) 1-8
of section X/LP

Half-breadth at chine YC 9-16
Half~-breadth at main deck YS 17-24
Height of keel above baseline ZK 25-32
Height of chine above baseline 2c 33-40
Height of main deck ZS' - AZS = ZS 41-48
Half-breadth at keel Y 49-56

K

Format for Card 1 is (5 A 10).

Format for Cards 3, 4, and 6 is (20 I 4).

Format for all other cards is (10 F 8.2).

Data read from each card is immediately echoed, i.e., printed on output
page, for use in tracing errors.

e
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SUBROUTINE READIN
Card Columns

Card Set 5 contains NN cards, one for
each section, in order from transom
to bow.

For conventional planing hulls, value
of NN must be 27 and sections re-
quired are X/LP = 0, 0.025, 0.05,

0.075, 0.1, 0.15, 0.2, 0.25, 0.3,
0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.65,
0.7, 0.75, 0.8, 0.85, 0.875, 0.9,

95 g
0.925, 0.95, 0.975, 1.0, and LOA/LP

Values of N, M, M40, M25 are 26, 13,
15, 18. Sections for landing craft
are not restricted.

Dimensions of offsets on Card Set 5
must be consistent with values on
Card 2. The parent form is nondi-
mensionalized before geometric vari-
ations are made.

The planing hull form is approximated
by straight line segments as shown in
Figure 1. The general arrangements
used for conventional planing hulls
and landing craft are shown in
Figures 2 and 3, respectively.

Control for hull structural material 6 4
IMAT = 1 for aluminum hull
IMAT = 2 for steel hull
IMAT = 3 for GRP single skin hull,
with single skin bulkheads*®

IMAT = 4 for GRP single skin hull,
with sandwich plate bulkheads*

for GRP sandwich plate hull
with sandwich plate bulkheads#®

1
w

IMAT

*
GRP is glass reinforced plastic, i.e., fiberglass.
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IOPT

IPRT

IPM

. SUBROUTINE READIN
Card Columns
Control for optimization of displacement 6 8
A, maximum beam Boys and hull depth H 3
length LP is fixed in each case,
IOPT 0 if A, BPX’ and Hh are fixed.
I0OPT =1 1f A and B__ are fixed but

PX
Hh is varied to meet required

payload density Wf/@%.
if A is fixed but

]
[y

I0PT
BPK is varied to meet required

VCG of pavyload ZP and

Hh is varied to meet WP/VP.

[}
w

IOPT if A is varied to meet

required payload weight WP

and BPX and Hh are varied

to meet ZP and WP/VP.

if BPX and Hh are fixed but

A is varied to meet Wy
if Hh is fixed but

A is varied to meet WP and

BPX is varied to meet ZP'

it
~

IOPT

n
w

IOPT

Control for printed output 6 i?
IPRT = 0 for minimum output, major

weight grours only, & pages

for each hull
IPRT = 1 for complete S-page output

per hull, including BSCI

3-digit level of weight and

hull offsets

Control for type of engines 6 16
IPM =1 for diesel prime movers
IPM = 2 for gas turbine prime movers

IPM 3 for CODOG System, gas
turbine’ prime movers with
auxiliary diesels

IPM = 4 for COGOG System, gas tur-

bine prime movers with

auxiliary gas turbines

- : » _1}
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SUBROUTINE READIN

Card Columns
IPROP Control for type of thrusters 6 20

IPROP = 1 for segmental section props
(Gawn=Burrill type)
IPROP = 2 for Newton-Rader type props
(Dot is fu.:.'.‘;f‘fa.vaé/(f. - Se w4 ot ol
IPROP = 3 for airfoil section propellers
(Wageningen B-Screw type) ‘
IPROP = 4 Fer B-Screw f}’r"-’-, gy .,.m.n&- Ne C«L'.;}')-(‘J*‘it,'l
LPReP = 5 For Wwaterict+s

ILC Control for type of vehicle 6 24
ILC = 0 for conventional planing hull
ILC = 1 for landing craft with well

Structural calculations for conventional
planing hulls or landing craft are performed
by interclian>eable subroutines labeled STRUCT.
Program users must ensure that the appropriate
routine is loaded consistent with values of
ILC and IMAT,

IFT Control for fuel tanks 6 28

IFT = 0 1if fuel tanks are an integral
part of the hull structure

IFT = 1 for separate fuel tanks

IFRM Control for framing of GRP hulls 6 32
IFRM = 1 for transverse framing
IFRM = 2 for langitudinal framing

rRw Ll Contrel (o Wieribew of fralls & 38
Tl =) (e Mcnck?.l! M —thLLL,’?\
XLWELL Length of well deck in ft o Cibom, 62 1-8
KLBOWR Length of bow ramp in ft h 9-16
BWELL Breadth of well deck in ft 17-24
BBOWR Breadth of bow ramp in ft 25-32
BAFTR Breadth of aft (drive-through) ramp 33-40
in ft
ZWELL Height of well deck above baseline 41-48
in ft
ZAFTR Height of aft ramp above baseline 49-56
in ft
See arrangement of landing craft in
Figure 3
seck sk oa Omit Card 6A when ILC = 0 Aok k% %
pe, LY TF . . .
;;uLufi- VDES Design (maximum) speed Vd in knots 7 1-8
DRANGE Range at V, in nautical miles 9-16

B d
Not required if cruise range is .

dominant or 1F Fuel we,t({L{- 'S mfu‘i'

H13D Significant wave height at Vd in ft 17-24
VCRS Cruise speed VC in knots < Vd 25-32
CRANGE Range at V in nautical miles 33-40

Net veqaired W F
b e
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H13C
SDF

DCF
*  RWF(1l)

*  RWF(2)

SPEED(1)
SPEED(2)

WPDES
VPDES

ZPDES

GM

CGACC

wFurel
ACC

* K

* CREW

* CPO

& OFF
DAYS
WSFMIN

WSLOPE

*_

SUBROUTINE READIN

Card Column

Significant wave height at V_ in ft 7
Must be Seeme o5 113D C
Standard deviation factor for resis-

tance prediction, if R/W not input,
Program uses R/W derived from Series

62 and 65, If SDF=0.0, the mean R/W
curves are used; 1f SDF=1,645, the min-
imum curves are used, SDF can be varied
to approximate the bare hull resistance
for a particular hull form,

Correlation allowance CA’ generally O,

Bare hull resistance-weight ratio R/W
at design speed
Bare hull R/W at cruise speed

Array of 10 speeds, or less, in knots 8
at which power data and accelerations
are to be computed

Design payload weight wé in long tons 9
Design payload volume Vg in ft3

VCG of deéign payload in ft above main
deck at midsnips, positive up

Required metacentric height GM in feet

1/10 highest acceleration criterion at

the CG in g's; generally 1.0 or 1.5 g
\be"‘ L—‘\' ok F‘u_r,l in Tons
Total accommodations 10

= CREW + CPO + OFF

Number of enlisted personnel

Number of CPO's

Number of officers

Number of days for provisions

Minimum unit weight of stiffened 11

plating in lb/ft2

WSFMIN = 4.0 for medium range aluminum
WSFMIN = 7.0 for steel

WSFMIN = 3.25 for single skin GRP
WSFMIN = 2.5 for sandwich plate GRP

Slope of stiffened plating curves
as function of load
WSLOPE = 0.066667 for aluminum

WSLOPE = 0.20 for steel
WSLOPE = 0.192 for single skin GRP
WSLOPE = 0.140 for sandwich plate GRP

Parameters preceded by an asterisk will be calculated by program if

blank spaces are left on input card.
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41-48
49-56

65-72

7380
1-8

1-8
9-16

17-24

25-32
33-40

1-8

8-16
17-24
25-32
33-40

9-16



o

DMAT

STRESS

FVOLSS
FKW

PEMAY

REMAX

PROPNO

PROPDI

PD
EAR
Z
TCDES

SUBROUTINE READIN

Card Columms

Density of structural material in 11

1b/£t3

DMAT = 166 for aluminum
DMAT = 492 for steel
DMAT = 103 for GRP

Stress limit in lb/in.2 t

STRESS = 18000 psi for aluminum

STRESS = 30000 psi for steel

STRESS = 8000 psi for GRP

Volume of superstructure in ft3 {1
Power of electric plant in KW~ 1
Maximum power of each prime mover Pé 1

max
Maximum rpm of prime movers Ne Iy
max

Maximum power of each awgiliary engine i
I

Maximum rpm of (Lu4ﬂi£&rﬂ enqlnas A“
!

Number of propellers or waterjets 12

= number of prime movers

Diameter D of propeller or 12
waterjet impeller in inches

Propellé}_ﬁitch-diameter ratio P/D 12
Propeller expanded area ratio EAR

Number of blades per propellerv

Value of Tc/ 95,7 for sizing prop:

T /o =0,6 corresponds to Gawn-Burrill
¢ "0.7R o . X .
10% back cavitation criteriaj
value not required if D is input

AUXNO

PRoFDA

Number of auxiliary engine§;~if";ny 1
Do
Diamete~Yn thches of propeller 12

U-Sfci o A MY—(’(C\-V‘% C-ﬂi(n&.
F/D, Eﬂ/ll 2 assum eJ Saume oS main r)rur’S-

e aupelian cnﬁ{nc US &S Same

Pr‘c(u:“«w- s f’r‘:.ma Mover 'inf'-‘+ DQ—: 0.0

17-34

25-32

33-40
41-48

$¥9-5¢
57-¢4
65-7%

73-50

1-8

q-16

17 =24
25-32
33 -4e
J1-4¢§



i

*

AJET

XK3

DHD

TLC

STp

124

Constant (KZ) for inlet heagd
recovery (IHR); K

2 1.0 for
maximum~IHR; KZ = (.

3 = 0.0'for
3 = 1.0 for mixeqd flow

12A 41-48
i int; not used
when A .

J 1S inpyt
Impeller tip Velocit
TIP) at desig
generally OfIP * 0.0¢
Note: If OTIP = 0.06 and K3 =1.0

then v+ o]

1-8

17-2¢4

124 49-56
n point;

25-32

/A 33-40



™1
™2
™3
M4

™5
FMé

GEARC

GEARK

GEARE

3 GREMN

£ G ALLX

SUBROUTINE READIN

Multiplier for specific weight of
prime movers '

Multiplier for specific weight of
auxiliary engines

Multiplier for specific fuel con-
sumption SFC of prime movers

Multiplier for SFC of auxiliary
engines

Multiplier for rpm of prime movers
Multiplier for rpm of auxiliary
engines

General equations for engines are
multiplied by above constants. Use
values of 1.0 unless a particular
series of engines are required. The

Card

13

general equations may be bypassed with

inputs on Card 15.

Constant in gear weight equation
GEARC = 16000 for single reduction
gears

GEARC = 9500 for planetary gears

Gear tooth K~factor, generally‘
use 200

Exponent in gear weight equation
GEARE = 0.9 for single reduction
gears

GEARE = 1.0 for planetary gears

6’&02-0“" Y‘Ks{‘l'e ™ 8 ‘:n‘ CLUM/_; “‘kr‘,’

Cv\“'unf—'i

14

1y

n*\(5 For ()p{m(—: Mgy try l'-/

4

Columns

9-16
17-24
25-32

33-40
41-48

1-8

9-16

17-24

25-3L

33-4c

*Parameters preceded by an asterisk will be calculated by program if
blank spaces are left on input card.,
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® FWE

* FWG

* FWEA

* Wea

® FVOLE
* FVOLEZ
* FVOLEA
* FVQLA2
* FSFCD
® FSFCC

SUBROUTINE READIY

Weight in 1b for each prime mover

Weight in 1b of gears for each prime
mover

Weight in 1b of each auxiliary
engine

Weight in 1b of gears for each
auxiliary engine

, 3 . .
Volume in ft~ of engine room for
prime movers

. 3 .
Volume in ft~ of inlets and ex~-
hausts for prime movers

Volume in ft3 of room for auxiliary
engines

. 3 ,
Volume in ft~ of inlets and ex-
hausts for auxiliary engines

SFC in 1b/hp/hr of each prime
mover at its full power

SFC in 1b/hp/hr of each auxiliary
engine at its full power

Weights and volumes for each BSCI
3-digit group and each load derived
from the general equations are
multiplied by appropriate K con-
stants on Cards 16 through 25. Con-
stants are generally 1.0, except

for special cases. For items not

to be included, the constant should
be set to O.

A multiplier of 1.15 for the total
of a major (single-digit) group in-
dicates a 15 percent margin which is
added to the weight only, not to

the volume.

Card Columns

15

9-16
17-24
25-32
33-40
41-48
49-56
57-64
65-72

73-80

*Parameters preceded by an asterisk will be calculated by program if
blank spaces are left on input card.
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XL(1)

XL(2)
XL(3)

XL(4)

XL{5)
XL(6)

X1(1)

X1(2)
X1(3)
X1(4)
X1(5)
X1(6)
X1(7)
X1(8)

X1(9)

X1(10)
X1(11)

X1(12)

X1(13)
X2(1)

X2(2)

X2(3)

X2(4)

K1
K6
K12

~

100a
1008

~ R

101

~ N

107

~ =

114A

1148

K11
K12

113

Katt

201

203

Ky
205

103A
103B

>

Multiplier
KU must be

Multiplier

Multiplier
effects

Multiplier
stores

Multiplier
Multiplier

must be 1.0

Multiplier
structure

Multiplier
Multiplier
Multiplier
Multiplier
Multiplier
Multiplier

Multiplier
bulkheads

Multiplier
bulkheads

Multiplier
Multiplier

for
1.0

for

for

for

for

for

for

for
for
for
for
for
for

for

for

for

for

SUBROUTINE READIN

Card Columns

useful load; 16

fuel

crew and
personnel

potable water

payload; KP
total hull 17

hull bottom
hull sides
framing

upper platforms
lower platforms
main deck

transverse
longitudinal

superstructure

propulsion 18

plant foundations

Multiplier for other

foundations

Multiplier for attachments

Multiplier
propulsion

Multiplier
units

for

for

total 19

propulsion

Multiplier for shafting,
bearings, propellers

Multiplier for combustion air

supply, uptakes

37

1-8

9-16
17-24

25-32

1-8

9-16
17-24
25-32
33-40
41-48
49-56
57-64

65-72

73-80
1-8

9-16

17-24
1-8

9-16

17-24

25-32



X2(5)

X2(6)

X2(7)

X2(8)

X2(9)

X3(1)

X3(2)

X3(3)

X3(4)

X3(5)

X4(1)

X4(2)

X4(3)

X5(1)

X5(2)

X5(3)

X5(4)

X5(5)

206
208
210
211

K250,
251

300
301
302

%303

400

401

KSOO,
502

501
503

505

SUBROUTINE READIN

Multiplier for propulsion
control equipment

Multiplier for circulating and
cooling water system

Multiplier for fuel oil ser-
vice system

Multiplier for lubricating
01l system

Multiplier for repair parts,
and operating fluids
Multiplier for total electric
plant

Multiplier for electric power
generation

Multiplier for power distribu-
tion switchboard

Multiplier for power distribu-
tion system cables

Multiplier for lighting system

Multiplier for total non-
military communication and
control

Multiplier for nonelectronic
navigation equipment

Multiplier for interior com-
munication system

Multiplier for total auxiliary
system

Multiplier for heating,
air conditioning
Multiplier for ventilation
system

Multiplier for refrigerating
spaces

Multiplier for plumbing
installations

38

Card Columns

20

21

22

33-40

41-48

49-56

57-64

65-72

1-8

9-16

17-24

25-32

33-40

1-8

9-16

17-24

1-8

9-16

25-32

33-40



X5(6)

X5(7)

X5(8)

X5(9)

X5(10)

X5(11)

X5(12)

X5(13)

X5(14)

X5(15)
X5(16)

X5(17)
X5(18)

X5(19)
X5(20)

X6(1)

X6(2)
X6 (3)

X6 (4)

X6(5)

Multiplier for

SUBROUTINE READIN

Card Columns

firemain,

flushing, sprinkling

Multiplier for

fire extin-

guishing system

Multiplier for
and ballast

Multiplier for
system

Multiplier for
deck drains

Multiplier for
oil filling

Multiplier for
system

Multiplier for
plant

Multiplier for
systems

Multiplier for

Multiplier for

drainage

fresh water

scuppers and

fuel and diesel 23

compressed air

distilling

steering

rudders

mooring,

anchor, deck machinery

Multiplier for

Multiplier for
at sea

Multiplier for

Multiplier for
fluids

Multiplier for
and furnishing

Multiplier for

Multiplier for

stores handling

replenishment

repair parts

operating

total outfit 24

hull fittings

boats,

stowages, handling

Multiplier for
canvas

Multiplier for
grating

39

rigging and

ladders and

41-48
49-56

57-64

1-8

9-16
17-24
25~32

33-40
41-48

49-56
57-64

65-72
73-80

9-16
17-24

25-32

33-40



X6(6)

X6(7)
X6(8)
X6(9)
X6(10)

X6(11)

X6(12)
X6(13)

X6(14)
X6 (15)

X6(16)

CKN(1)

CKN(2)

CKRN(3)

CKN(4)

CKN(5)

CKN(6)

CKN(7)

SUBROUTINE READIN

Card Columns

K Multiplier for nonstructural

604 bulkheads
K605 Multiplier for painting
K6O6 Multiplier for deck covering
K6O7 Multiplier for hull insulation
K Multiplier for storerooms,
608
stowage, lockers
K609 Multiplier for equipment for 25
utility spaces
K610 Multiplier for workshops
K6ll Multiplier for galley, pantry,
commissary
K612 Multiplier for living spaces
K Multiplier for offices, con-
613
trol center
K614 Multiplier for medical-dental
spaces
Cost factor for hull structures 26

CKN(1) = 2.191 for conventional
aluminum hull

CKN(1) = 1.000 for conventional
steel hull

Cost factor for propulsion

CKN(2) = 1,000 for most cases
Program makes adjustment to general
equations in case of diesel prime
movers and/or waterjets

Cost factor for electric plant
CKN(3) = 2.036 for most cases

Cost factor for communication and
control
CKN(4) = 1.000 for most cases

Cost factor for auxiliary systems
CKN(5) = 1.528 for most cases

Cost factor for outfit and
furnishing
CKN(6) = 1.000 for most cases

Cost factor for payloéd
CKN(7) = 1.000 for most cases

40

41-48

49-56
57-64
65-72
73-80

1-8

9-16

C17-24

25-32
33-40

41-48

9-16

17-24

25-32

33-40

41-48

49-56

o4 -
S orrand ¢
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E

*

QPHRS
QPYRS
XUNITS
TIMED

TIMEC

FUELR

DELDT

DELBX

DELHD

BXAMIN

BXMAX

HDMIN

HDMAX

PL
DTONS

BPX
HDM
A1=RWF (1)
A2=RWF(2)
A3=FVOLSS

Card Set 29 is actually read
here for convenience,

SUBROUTINE READIN

Operating hours per month
Total vehicle operating years, @ 15
Number of vehicles to be built

Portion of time operating at maximum
speed

Portion of time operating at cruise
speed

Cost of fuel per ton in dollars
Note: TIMED + TIMEC = 1.0

Increment of displacement in tons
for optimization routine if IOPT = 3
Increment of max beam BPX in ft for
optimization routine if IOPT > 1
Increment of hull depth Hh in ft for
optimization routine if IOPT > 0
Minimum value of BPX in ft
If not restricted, make BXMIN

1}
(]

Maximum value of BPX in ft

If not restricted, make BXMAX
very large

Minimum value of Hh in ft

If not restricted, make HDMIN

1
o

Maximum value of Hh in ft

If not restricted, make HDMAX
very large

Ship projected chine length LP in ft

Initial value of displacement AL

in long tons T

Initial value of beam BPX in ft
Initial value of hull depth Hh in ft
Bare hull R/W at design speed

Bare hull R/W at cruilse speed

Volume of superstructure in £t

Blank card is inserted at end to terminate program,

*

Card Columns

27

28

29

1-8

9-16
17-24
25-32

33-40

41-48

9-16

17-24

25-32

33-40

41-48

49-56

1-8
9-16

17-24
25-32
33-40
41-48
49-56

by;the main routine PHFMOPT, but is included
One card is read for each hull variation desired,

Optional parameters to supersede corresponding values on Cards 7 ard 11,

41

LY {58¢

.

»

v
iy .

< - r,
Jeo 4140d ¢

.
W

.
N
A

Y Ny



CONSTANTS:
RHO

VIS

GA

RHO2
RG

TON
DPR
RPD
ZERO
HALF
WO
FOUR
EIGHT
TWELVE
THIRD
THIRD2
NL

N1

N2

N3

N4

N5

N6

SUBROUTINE READIN

Set by DATA statements

Water density p in 1b X secz/ft4
p = 1.9905 for sea water at 59 F

Kinematic viscosity of water Vv in ftz/sec
v =1,2817 X 10_5 for sea water at 59 F

Acceleration of gravity g in ft/sec2

g = 32.174 at 45 deg north latitude

p/2

Density in lb/ft3 =pg

Pounds per ton = 2240

Multiplier to convert degrees to radiaﬁs
Multiplier to convert radians to degrees

0.0

6 = dimension of arrays for loads

57.29578
0.01745329

14 = dimension of arrays for structures, Group 1

10 = dimension of arrays for propulsion, Group 2

6 = dimension of arrays for electric plant, Group 3

4 = dimension of arrays for communication and

control, Group 4

21 = dimension of arrays for auxiliary systems,

Group S
17

t

Group 6

dimension of arrays for outfit and furnishings,

First item in each array is total for the group.
Last item in each array, except loads, is the margin.
Intermediate Items are BSCI 3-digit groupings.

42



SUBROUTINE READIN

Array of numerical identification for loads

Arrays of numerical identification for items in
Groups 1, 2, 3, 4, 5, 6 respectively, corresponding
to BSCI codes in most cases. The margins are
arbitrarily appended with 99.

43 L5303
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NAME: SUBROUTINE PRTOUT

PURPOSE: Print out weights, volumes, VCG's and other per-
tinent data for fixed-size hull (I0PT=0) or op-
timized hull (IOPT>0)

CALLING SEQUENCE: CALL PRTOUT
SUBPROGRAMS CALLED: PRCOEF, PHRES, SAVIT, PRINTP, SIMPUN, YINTX
INPUT: Via COMMON blocks

Data for ship of length LP from Program PHFMOPT

If hull depth, beam, and/or displacement has been
optimized (IOPT>0), only the results of the final
hull is printed.

OUTPUT: Via 132-Column printed pages
Subroutines

PAGE 1 { Minimum Printout {5 Pages | ord &) where defined

1. DTONS ALT = ship displacement in long PHFMOPT
tons
PTITLE Identification for propeller series READIN
or waterjets
TPARENT Identification for hull design READIN
2. SLR LP/V]‘/3 = slenderness ratio NEWHUL
RLB L/B = length-beam ratio L_/B NEWHUL
2/3 PopK
APV AP/V = loading coefficient NEWHUL
PL LP = ship projected chine PHFMOPT
length in ft
BPX BPK = maximum chine beam in ft PHFMOPT
BPA BPA = average chine beam in ft NEWHUL
13104 T = draft at midships in f¢t NEWHUL
HT Tt = draft at transom in ft NEWHUL
DIN Diameter of propeller in inches, or PROPS
diameter of waterjet impeller, inches WJIETS
The following are printed for propellers:
FD P/D = propeller pitch ratio RFADIN
FAR EAR = expanded area ratio READIN
z z = Aamber o F hladeg LEADIN
NPR npr = number of propellers READIN
EE = shaft angle in degrees PROPS
SHL Lo, ="shaft length in ft PROPS
SHDO dO = outer diameter of shaft POWER

in inches
Numbers 1., 2., Indicate beginning of new line.

|~ ‘\_u_y_‘lla_ru‘ ene\nw wti e fc"f’n-rpvh: WFCFCHCK) +e Jramc Tery m‘c
15/11,772_'/ Oy O SfFL}"A'(& ll]ii

¢‘l
At
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SUBROUTINE PRTOUT

Subroutines
where defined

The following are printed for waterjets:

AJET AJ = area of jet in ftz . WJETS
XK1 K, = bollard jet velocity/ship READIN
Speed at design point
XK2 KZ = constant for inlet head READIN
recovery
" XK3 K3 = constant for T vs OTIP READIN
cavitation criferia
DHD Dh/D = diameter of impeller hub/ READIN
diameter of impeller
TLC T = thrust load coefficient READIN
€4 at design point
STIP CTIP = impeller tip velocity READIN
d cavitation number ar
P ntet For ethen coger design point
IOPT Control parameter for optimization KEADIN
3. DLBS A = ship displacement in 1b NEWHUL
DAYS D3ys for provisions READIN
OFF - Number of officers READIN or
CREWSS
CPO Number of CpQ's READIN or
_ CREWSS
CREW Number of enlisted men READIN or
CREWSS
ACC Total accommodations READIN or
CREWSS
GM GM = Mmetacentric height in ft READIN
KM jo = baseline to metacenter NEWHUL
in ft
KG KG = net VCG of ship in ft NEWHUL
= R1 - on
XCG LCG/LP -= longitudinal center of NEWHUL

gravity forward of
transom / ship length

VOLH Vh = hull volume, up to main NEWVOL

deck, in ft3

46



VOLSS

NTB

IFRM

WSFMIN

WST.OPE

DMAT

STRESS

CLOAD

IThuobl

XioH
BoA
Xees
6Cs

agev)

SUBROUTINE PRTOUT

Subroutines
where defined
vss volume enclosed by CREWSS
superstructure in ft
ooy number of transverse STRUCT
bulkheads
IFRM = 1 or 2 for transversely READIN
or longitudinally framed
GRP hull
Structural material: READIN
Aluminum IMAT = 1
Steel IMAT = 2
GRP (A-4) IMAT = 3
GRP (A-B) IMAT = 4
GRP (B-B) IMAT = 5
A indicates single skin GRP
B indicates sandwich plate GRP
lst letter refers to the hull
2nd letter refers to the bulkheads
S . minimum unit weight of READIN
min 2
plating in 1b/ft
SP slope of unit weight READIN
curve, Figure 4
Y density of structural READIN
mat 3
material in 1b/ft
Olimit stress ll?lt of material READIN
in 1b/in.
CA bean’ loading coefficient PRTOUT
3, _ 3
A/(p g Boy ) = V/BPX
nHu-ils Number of holig READ )N
LGH /enf/L sveredl /'a €
60/4 AC—“'-/" ou&r‘x-(-/ /h F‘f‘
L’C..S /5’17%"’ c‘p
BCS br‘Cﬁ—‘{f%’ C_c..:('c»ma-r'n-z
. Cross-structere
Hes /1:1?A1“

. ‘7'
Soarean

. .
AV S !

EEEEEET I
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SUBROUTINE PRTQUT

Subroutines
where defined

Sa, VKT(1) v = design Speed in knc’fl‘::' REadTN
d Cinpgat oo Comud 7D
FNV(1) an = speed-displacement POWER
coefficient
SIG(1) o = propeller cavitation number  PROPS
or waterjet cavitation no.
based on inlet velocity WJETS
H13(1) Hl/3 = significant wave height in POWER
ft specified for design speed
RWB(1) (R/W)b = resistance-weight ratio POWER
of bare hull
RWA(L) (R/W) = resistance-weight ratio POWER
a of appendaged hull
RWW(1) (R/W) = resistance-weight ratio POWER
v of appendaged hull in
seaway at wave height H1/3
The following are printed for propellers:
TWF (1) l1-w = thrust wake factor POWER
= torque wake factor
TDF (1) 1-t = thrust deduction factor POWER
THLD(1) KT/J2 = thrust loading coefficient POWER
TJI(1) J = propeller advance coefficient PRINTP
EP(1) Ny = propeller efficiency PRINTP
PC(1) Ny = propulsive coefficient PROPS
The following are printed for waterjets:
TWEF (1) l-w = wake factor = 1.0 ) POWER
TDF (1) 1-t = thrust deduction factor POWER
]
XJ(1) J = effective advance coefficient WJETS

o
Notes: The letter C printed to the right of KT/J“ indicates that the
Gawn-Burrill 10% back cavitation criteria is exceeded.
A star * printed to the right of KT/J2 indicates thrust limit
due to cavitation.
A star * printed to the right of n_ indicates that the propeller
is operating at a J greater than maximum efficiency.
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SUBROUTINE PRTQUT

Subroutines
where defined

' —
QC(1) Q = mass flow in gal/min x 10 3 WJETS
$S(1) S = suction specific speed x 1070 WIETS
TCD Toax Te = (maximum thrust load coeff- WIETS
icient at cavitation point) -
(zctual thrust load coefficient);
v :vative value indicates cavitatien
The follicwing are printed for eiti.  sropellers or waterjets:
PCO(Lo 0rC = ¢ 311 performance ccefficient POWER
THRUST (. T = - . thrust requirement in 1b POWER
TORQUE(L) Q = . tor::e in shafts POWER
.-1b
T (1) N - 2f p.o-pellers or PZOPS
ats i rpm or WJETS
EHP(1) PE = I Feacti-e power POWER
DHP (1) z = total pow  deliv.. . a- P2ODS
propellers . - wateric:. or WJETS
BHP (1) Fl = total brake nc PrIER
5b, VKT(2) v = :~uise sr-:. :n knots ZADTN
¢ ( LT e~ L -v‘d' 7)
Line 3b contz . : parazeters for cru--e ST
i~ same order :: lire 5a for desig:n speed.
ine 5b not ;v .nted if cruise speed same as design,
6a. SPEED(I) VK = speod 1in knots READIN

6b.

7. VMAX

Th, VMAKA

Lines 6a, 6b, etc, cor iin same parameters as
lines 5 for array of s:-:eds input on Card 8,

v = maximum spe=d in knots PRTOUT
max

Line 7xcontains same parameters as lines 5 & §
for speed attainable at maximum powerof Frhﬂe mavers

d ——
v‘tt}-'y, = Cz-f{’r‘.’l x_lmyj& \S(JCL‘.'__//L id k‘_,qc‘fs Pﬂ-l cuweT
attaineble w i Ho gy ((’[\f‘-’] E,\t]&\AQS

bine 76 CinFains sime Vi eters ay
[ines v & v Sk 0/4,,,‘»./:"7,,7 -

M 1Y
(}'Wy}!((gv"“] f_l‘\b;n ey 6‘7\1\11
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8a,

8b.

= m‘kﬁllm&m Sf'Cfo[ in knc‘f’S—

SUBROUTINE PRTOUT

Type of prime movers

number of prime movers

maximum horsepower of
each prime mover

speed of prime movers
in rpm

specific fuel comsump-
tion of prime movers
at design speed in
1b/hp/hr

Range in nautical miles at design

speed on prime movers with full

fuel load

PMTIT
D Vv
VDES may
PRN n

Pr
PE : P

e
RE N

_ e

SFCD SFCd
RANGED
SWE SWe
WE 1%)

e
GR m

g
WG W

g
WPR W

pPTr
WSH wsh
WB wb
GEARC
GEARK
GEARE
VCRS v

c
AUXNO n

aux

specific weight of
prime movers in 1b/hp

weight of each prime
mover in 1b

gear ratio for prime
movers

weight of gears for .ach
prime mover in 1b

weight of each propeller
or waterjet in 1b

weight of each propeller
shaft in 1b

weight of couplings,
bearings, etc. for each
shaft in 1b

Gear constants from input Card 14

cruise speed in knots *

number of auxiliary
engines, if any

”

Subroutines
where defined

PRTOUT
READIN

POWER
POWER

POWER

POWER

POWER

POWER

POWER

POWER

POWER

POWER

POWER

POWER

READIN
READIN
READIN

READIN
READIN

* [F a—wiﬁ.z {(‘:—r‘u’ er\j-:ru:s o re u.se.i} L ////LJ ‘MJ“& o/
Crois « j/ﬂc'ci 15 ’5“'10&"5&46'1 1’”/ -5/£ e atra n—/-’/C,'
V) lH“’ oo \,L('[('a;r‘? t’r‘sl nes .
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10.

PEA

REA

SFCC

RANGEC

SWA

WEA

GRA

WGA

WPLBS

VPDES

ZPDES

PLDEN

VDENS

SFC =
c

SUBROUTINE PRTOUT

maximum horsepower of
each auxiliary engine

speed of auxiliary
engine in rpm

specific fuel consump-
tion at cruise speed in
1b/hp/hr

Range in nautical miles at cruise

speed with

sW =

a

full fuel load

specific weight of
auxiliary engines in
1b/hp

weight of each auxiliary
engine in 1b

gear ratio for auxiliary
engines

weight of gears for each
auxiliary engine in 1b

If there are no auxiliary engines,
only Vc’SFCc’ and RangeC are

printed on

line 8b and SFCC and

RangeC apply to the prime movers

operating at cruise speed

Wy, =
)

), =

it

(Wy/75)

A/Vh =

design payload weight
in 1b
design payload volume
. 3
in ft

design payload VCG

design payload density
in 1b/ft>
vehicle density in

1b/fe>
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Subroutines
where defined

POWER
POWER

POWER

POWER

POWER

POWER
POWER

POWER

PHFMOPT

READIN

READIN

PHFMOPT

NEWVOL

PR
T aviegy ¢

Tetegs "
LTSNS



SUBROUTINE PRTOUT

Subroutines
where defined
11. ©PDENS WP/VP = payload density in lb/fts; PHFMOPT
should agree with (WP/VP)D
within one percent if
IOPT = 1, 2, or 3,
12, DLBS ' A = displacement (total NEWHUL
weight) in 1b
R(1) Wl/WT = Group 1 weight fraction TOTALS
R(2) WZ/WT = Group 2 weight fraction TOTALS
R(3) ' W3/WT = Group 3 weight fraction TOTALS
R(4) WA/WT = Group 4 weight fraction TOTALS
R(5) WS/WT = Group 5 weight fraction TOTALS
R(6) W6/WT = Group 6 weight fraction TOTALS
R(7) WE/WT = Empty ship weight TOTALS
fraction
R(8) WU/WT = Useful load weight TOTALS
fraction
R(9) W._./W = Crew and provisions TOTALS
CE''T X .
weight fraction
R(10) WF/WT = Fuel weight fraction TOTALS
R(11) WP/WT = Payload weight fraction TOTALS
13a. HDM Hh = hull depth at midships
in ft
G(1) Z1 = Group 1 VCG / hull depth TOTALS
G(2) z, = Group 2 VCG / hull depth TOTALS
G(3) Z3 = Group 3 VCG / hull depth TOTALS
G(4) z, = Group 4 VCG / hull depth TOTALS
G(5) Z5 = Group 5 VCG / hull depth TOTALS
G(6) 26 = Group 6 VCG / hull depth TOTALS
G(7) Zg = Empty ship VCG / hull TOTALS
depth
G(8) ZU = Useful load VCG / hull TOTALS
depth

: > . :I‘v 5 ._ | (N 1AL o
[../I,ze (2 b ?/uds ua¢17'L+b 1A “:) Cor c,‘pw\j‘ - [ e 2
/ /L e Giees Wdlyﬂ’S 7ra Tons,
i -

: e
Line 136 grees

VCL's in FF abee bé-}‘e.“ne.) Corfcnvv*i"'jilv [ine !
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SUBROUTINE PRTQUT
Subroutines
where defined

G(9) ZCE = Crew and provisions VCG TOTALS
/ hull depth
G(10) ZF = Fuel VCG / hull depth TOTALS
G(11) Zy = Payload VCG / hull depth TOTALS
l4g. VOLT VT = total volume, includigg NEWVOL
superstructure, in ft
S(1) Vl/VT = Group 1 vol?me fraction TOTALS
S(2) VZ/VT = Group 2 volume fraction TOTALS
S(3) V3/VT = Group 3 volume fraction TOTALS
S(4) VA/VT = Group 4 volume fraction TOTALS
S(5) VS/VT = Group 5 volume fraction TOTALS
S(6) V6/VT = Group 6 volume fraction TOTALS
S(7) VE/VT = Empty ship volume TOTALS
fraction
5(8) VU/VT = Useful load volume TOTALS
fraction
S(9) VCE/VT = Crew and proYisions TOTALS
volume fraction
. S(10) VF/VT = Fuel volume fraction TOTALS
PAcs Q\; S(1L) VP/VT = Payload volume fraction TOTALS
f-, C(1) Cl = cost of Group 1 COSTS
- C(2) c, = cost of Group 2 COSTS
C(3) C3 = cost of Group 3 COSTS
C(4) C4 = cost of Group 4 COSTS
C(5) C5 = cost of Group 5 COSTS
C(6) C6 = cost of Group 6 COSTS
c(?) C7 = cost of empty ship COSTS
c(8) Cq = cost of payload COSTS
2. ¢(9) C9 = base cost of first ship COSTS
Cc{10) Clo = average cost per ship COSTS
C(11) Cll = life cost of personnel COS8TS

~pay and allowances
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SUBROUTINE PRTOUT

Subroutines
where defined

PAGE & - Hull Geometry

1. TPARENT Identification for hull design READIN
2. DLBS A = displacement in 1b NEWHUL
DTONS LT = displacement in tons PHFMOPT
PL LP = pfojected chine length in ft  PHFMOPT
BPX BPY = maximum chine beam in ft PHFMOPT
M T = draft at midships in ft NEWHUL
HDM Hh = hull depth at midships in ft PHFMOPT
DZ§ AZS in ft (see Figure 1) NEWVOL
KB KB = vertical center of buoyancy NEWHUL
above baseline in ft
BM BM = transverse metacenter above NEWHUL
center of buoyancy in ft
4yl e = transverse metacenter _NEWHUL
above baseline in ft
GM ‘Eﬁ = transverse metacentric READIN
height in ft
KG .EE = vertical center of gravity NEWHUL
above baseline in ft
XLCG AG = longitudinal center of NEWHUL
gravity forward of transom
in ft
3a. XLP(1) X/LP = longitudinal location of READIN
section, nondimensionalized
XFT X = distance of section forward PRTOUT
of transom in ft
t .
Z5(1) Zg = deck height in ft NEWVOL
ZC(1) ZC = chine height in ft NEWHUL
ZK(1) ZK = keel height in ft NEWHUL
YS(1) Ys = half-breadth at deck in ft NEWVOL
YC(1) YC = half-breadth at chine in ft NEWHUL
YKR(1) Y, = half-breadth at keel in ft NEWHUL
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SUBROUTINE PRTOUT
Subroutine
where defined
3 C(12) C12 = life cost of maintenance COSTS
C(13) C13 = life cost of operations, COSTS
except energy
;3 C(14) C14 = life cost of major COSTS
support
3 C(15) Cis = life cost of fuel
' C(16) C16 = total life cost ' COSTS
3 BeTTOM oF flres 2 _
Endorance witle Prme Mouers st sfce:is C/“n/)u—‘; P ATouTT
; PAGES 3 end U - BSCI 3-digit Breakdown
Column 1 Identification » ' PRTOUT
3 Column 2 BSCI number READIN
&
Column 3 Weight fractions = weight / WT PRTOUT
Column 4 Volume fractions = volume / VT PRTOUT
Column 5 VCG / hull depth TOTALS
-7 Column 6 Weight in 1b PRTOUT
_3 = 2240 (weight in long tons)
Column 7 Weight in long tons TOTALS
‘3 Column 8 Weight in metric tons PRTOUT
: = 1.016047 (weight in long toms)
‘3 Column 9 Voiume in ft3 TOTALS
» Column 10 Volume in M3 PRTOUT
2 = 0.0283168 (volume in ft3)
3 Column 11 K-factor from input Cards 16-25 READIN
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SUBROUTINE PRTOUT

Subroutines
where defined

PARENT
degrees
AS(1) AS = sectional grea below NEWVOL
deck in ft
VOLX VS = volu?e from current - PRTOUT
section to transom in ft
X
Vg = f Ag dX
0
3b. XLP(2) etc. One line printed for each of NN
a sections in same order as line 3
3 PAGE 4 - Additional Printout for Landing Craft Only
XLBOWR Lbow = length of bow ramp in ft READIN
BBOWR B = breadth of bow ramp in READIN
bow fr
. 2
j ABOWR Abr . = area of bow ramp in ft STRUCT
: 4b, XLWELL LWell = %ength of well deck READIN
in ft
j BWELL Bwell = ?Zeadth of well deck in READIN
ZWELL Z = height of well deck READIN
well . .
:3 above baseline in ft
’ AWELL Abw = area of well deck in ft STRUCT
7 4e,  XLAFTR L = length of aft (drive- STRUCT
, aft )
. through) ramp in ft
. BAFTR Baft = breadth of aft ramp READIN
3 in ft
- ZAFTR YA = height of aft ramp above READIN
aft .
baseline in ft
3 AAFTR Aba = area of aft ramp in ft STRUCT

4%
$s
4

BETA(L)

= deadrise angle in
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SUBROUTINE PRTOUT

Subroutines
where defined

PAGE £ - Accelerations

57

5. SEA STATE ss sea state number PRTOUT
6. H13-FT H significant wave height PRTOUT
1/3 . .
in ft corresponding to
upper bound of sea state
7a. SPEED(1) VK speed in knots READIN
RY R/W resistance-weight ratio PRTOUT
from Savitsky equations
TRIM T trim angle in degrees PRTOUT
from Savitsky equations
CG ACC a0 average 1/10 highest PRTOUT
vertical accelerations at
center of gravity in g's
BOW ACC 250 average 1/1C highest " PRTOUT
vertical accelerations at
90% L forward of transom
o0 JOA
in g's
. 4
i FIXED TRIM T fixed trim angle of 2.5 deg PRTOUT
]
CG ACC ane accelerations at center of PRTOUT
! ” gravity when trim is 2.5 deg
BOW ACC a = bow accelerations when PRTOUT
BOW ..
trim is 2.5 deg
; 7b. SPEED(2)
T~
A} = One line printed for each input speed
- 0.25 -1,
j Notes: ass = 7.0 (Hl/3/BPX) (L + 1/2) (LP/BPX) (an)
0.5 -0.75 0,
= ) F :
300U 10.5 (Hl/3/BPX) (1 +1t/2) (Lp/Byy) (F o)



:!
]
]
]
]
H
i

‘ . | i . 8 .. N " R | )

TANG(I)
COSG(I)
BETA(I)
TANB(I)
COSB(I)

tan Y

cos Y

tan B

cos B

= (YgYQ)/(2g2)

deadrise angle in deg

(2g-2) 1 (T -¥,)

60
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NAME :
PURPOSE:
CALLING SEQUENCE:
SUBPROGRAM CALLED:
INPUT:

PL

BPX

NN

OFFSETS

DZS

-

ZS (M)

OUTPUT:
AAP

BPA
BPXBPA
DZSZSM

I

YCBPA(I)
YKBPA(I)
ZCBPA(I)

ZKBPA(I)

ZSZSM(I)

GAMA(I)

SUBROUTINE PARENT

Nondimensionalize offsets of parent hull form
CALL PARENT

SIMPUN

Via COMMON blocks

LP = projected chine length of parent form,
from input Card 2

B = maximum chine beam of parent form, from

PX .
input Card 2

n = total number of sections, from input
Card 3

m = index of section at midships, from input
Card 3

YK’ ZK’ Yc, ZC’ YS’ ZS at each section X/LP, from

Card Set 5
AZS of parent, constant at all sections, from input
Card 2

ZS = (hull depth - AZS) of parent at midships
m

Via COMMON blocks

A

projected planing bottom area of parent
= J’YC dX
ﬁPA = mean beam over chine of parent = AP/LP

(BPX/BPA)

(Azs/zS )
m
Index for DO LOOP I = 1, NN

(YC/BPA) = nondimensional half-breadth at chine

(YK/BPA) = nondimensional half-breadth at keel
(Z./B,,) = nondimensional height of chine from
C’'"pPa ,
baseline
(Z.,/B_.) = nondimensional height of keel from
K’ "pA .
baseline

(ZS/ZS ) = nondimensional deck height
m

Y = angle of hull sides from vertical in deg

115
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NAME:
PURPOSE:

CALLING SEQUENCE:
SUBPROGRAM CALLED:
INPUT:

PL

BPX
DTONS
GM

NN
Other
3 OUTPUT:
DLES

VOL
RLB

SLR
BPA

AAP

APV
I
YC(I)

} YK(I)
: ZC(1)
:! ZK(1)

GKC(L)

SUBROUTINE NEWHUL

Calculate offsets and hydrostatics for hull with
new length, beam, and displacement from nondimen-
sionalized parent form

CALL NEWHUL
SIMPUN, YINTX
Via COMMON blocks

‘LP = projected chine length of new hull in ft,
from input Card 29

BPX = maximum chine beam of new hull in ft,
from PHFMOPT *

ALT . = displacement of new hull in long tons,
from PHFMOPT

oM = required metacentric height in ft, from
Card 9

n = total number of sections, from Card 3

Nondimensional data from Subroutine PARENT
Via COMMON blocks

A = displacement in 1b = ALT x 2240

) = displaced volume in ft3 = Afpg

L/B = length~beam ratio = LP/BPX
'LP/Vl/3 = slenderness ratio

B = average chine beam of new hull in ft

PA = B,/ (B_,/B_,)

PX PX’' "PA
AP = projected planing bottom area of new
hull in ft
= Bpa X Ip

AP/VZ/3 = loading coefficient of new hull

Index for DO LOOP I = 1, NN

new half-breadth at chine in ft

YC =
= (Yc/Bpy) * By,
YK = new half-breadth at keel in ft
= (Yp/Bpy) X By,
ZC = new height at chine in ft
= (2¢/Bp,) x By,
ZK = new height at keel in ft = (ZK/BPA) X BPA
All hulls have same deadrise angles B as parent
GKC = half-girth of hull bottom in ft, keel
centerline to chine = Y + (Y.-Y,)/cos B
K C K
/.. ;‘-l’; : i::
[ *
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YA

AW(I)
AWZ(I)

AWX(I)

YW3(I)

VOLW
XCG
XLCG

KB

BM

KG

HT

HTM
CB

VOLSM(K) ,
ZSMZWL(K),
(K=1,6)

SUBROUTINE NEWHUL

Zw = height of still waterline above baseline
in ft

Program calculates displacements at six arbitrary

waterlines, and interpolates to obtain the water-

line for the required displaced volume V. Only
waterlines parallel to the baseline are considered.

Aw

Mz = moment of Aw abput the baseline

Each section is divided into triangles and rec-
tangles below the waterline to calculate Aw and M

total sectional area below waterline in ft

7
MX/LP = moment of about the transom
= AW X (X/LP) .
b3 = half-breadth at waterline, cubed = YW3
v = check of displaced volume in ft3 = .wa dax
LCG/LP = J(MX/LP) dX /_{-AW dX
LCG = distance of center of gravity forward
of transom in ft
X3 = vertical center of buoyancy VCB above
baseline in ft
. =J‘Mde/J‘Ade
BM = vertical distance from VCB to metacenter
in ft
=2/3J‘b3 dX/J’Ade
K = height of metacenter above baseline in ft
= KB + BM
KG = vertical center of gravity VCG above
baseline in ft
= KM - GM
= draft at midships in ft = Zw
Tt = draft at transom in ft = Zw - ZKl
'l‘t/'l’
CB = block coefficient = V/(LP BPX'r)

Array of hull volumes calculated at six arbitrary

deck heights -
Not used in current program, see Subroutine NEWVOL
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s NAME:
3 ' PURPOSE;:
n

CALLING SEQUENCE:

INPUT:
HDM

Other

Other

Other
OUTPUT:

ZS (M)

DZs

Z5(1)

Z25(1)
YS(I)

GCS(I)

AS(I)
ZIM(I)

VOLH

VOLSS
VOLT

VDENS

SUBROUTINE NEWVOL

Calculate enclosed volume and hull density for new
hull depth

CALL NEWVOL
Via COMMON blocks

Hh = new hull depth, keel to main deck at midships,
in ft from PHFMOPT

Keel and chine offsets for new hull from Subroutine
NEWHUL

Nondimensional deck offsets from Subroutine PARENT
Superstructure dimensions fronm Subroutine CREWSS
Via COMMON blocks

ZS
m

hull depth at midships - AZS in ft
B L+ 2z 0]

AZo of new hull in ft = zg (Azslzsm)

Index of DO LOOP I = 1, NNm _
Zg = deck height - AZS in ft = (ZS/ZSm) x ZSm
ZS’ = new deck height in ft - ZS + AZS
YS : 3ew+h?;f:§r§ag§2 it deck in ft

c S °C
GCS : i;rtz ?; S;e)jigz,Ychine to deck, in ft

S S °C

Sides maintain same slope Y as parent form.
AS = total sectional area, keel to deck, in ft2
CS = height of centroid of As above baseline in ft

Each section is divided into triangles and rectangles

to calculate A, and C..
S S 3

Vh = hull volume, up to main deck, in ft
= J.AS dX 5
ss volume enclosed by superstructure in ft
v = total volume in ft3 =V +V
T h ss
A/Vh = vehicle density in lb/ft3
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ZSSTT

2SS

ARSS

ZPC

8S

Z
ss

SS

SUBROUTINE NEWVOL

height of centroid of superstructure above

deck in ft

6.0if H = 8.0; Z ' =9.0if H = 16,0
ss ss ss

superstructure centroid above baseline ]
hull depth
1 ]
(Hh+zss )/Hh
area of profile up to main deck in ft =:LP X Hh

area of profile of superstructure in ft

L X H
ss ss

height of profile centroid above baseline /
hull depth

(0.5 Ah+zss Ass)/(Ah+Ass)

height of machinery box, main engine room,
in ft

T
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NAME: SUBROUTINE CREWSS
PURPOSE: Define ship's complement if not specified on input
. cards
3 Define superstructure dimensions
CALLING SEQUENCE: CALL CREWSS
3 INPUT: Via COMMON blocks
DTONS ALT = ship displacement in long tons, from PHFMOPT
3 PL . LP = ghip length in ft, from input Card 29
ACC Total accommodations--optional input on Card 10
: CREW Number of enlisted men--optional input on Card 10
] CcPO Number of CPO's--optional input on Card 10
OFF Number of officers--optional input on Card 10
a FVOLSS Volume of superstructure in ft3——optional input on
Card 11
OUTPUT: Via COMMON blocks
W W = total ship weight in long tons = ALT

DMULT MA = multiplier for items which vary with ship size
= [2n (W+90)-2.551/4.92 for W < 2000
= 1.0 for W > 2000
NACCM Number of personnel concerned with military payload
NACCM = 0.052 W if W < 100

NACCM = 0.012 W+ 4 4if W > 100
NACCS Number of personnel for operation of ship = 0.035W + 4

ACC Total accommodations = NACCM + NACCS, rounded up
unless ACC has been specified on Card 10

i i i
(@]
&
=

Number of enlisted men = 5/7 x ACC unless CREW has
been specified on Card 10

CPO Number of CPO's = 1/7 x ACC unless CREW has been
specified on Card 10
OFF Number of officers = 1/7 x ACC unless CREW has been

specified on Card 10

Note: CPO and/or OFF can be set to 0 by input card
if CREW is specified greater than 0. However, if
CREW is set to O or blank space left on input card,
then CREW, CPO, and OFF are calculated from above
equations.

]
]
3
]
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VOLSS

HSS
BSS
XLSS

ARSS

VSSW

SUBROUTINE CREWSS

VSS = volume enclosed by superstructure in ft3

If input value of FVOLSS > 0, then Vss = FVOLSS
Otherwise, V. = 70 X W x M

ss A

Hss = height of superstructure in ft = 8.0 initially
B = breadth of superstructure in ft = B

ss PA
L__ = length of superstructure in ft = V_/(H_ xB )

ss ss’ " 'ss ss

1f LSS calculated is greater than 0.7 LP’ increase

H__ by increment of 8 ft, and recalculate B. and L
ss ss ss

Ass = profile area of superstructure in ft
= L X H
ss sS
vss/w
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NAME :
PURPOSE:

CALLING SEQUENCE:
INPUT:
IMAT

WSFMIN

WSLOPE

STRESS

DMAT

Other

OUTPUT:

A. GENERAL EQUATIONS
PRES

*  UNITWT

* THICKN

* DEPTHA
* DEPTHS
DPMIN

*UNITWT, THICKN,

SUBROUTINE STRUCT (to be used when ILC=0 and IMAT<3)

Calculate weights, volumes, and VCG's of major

structures, Group 1, for conventional planing hull
of alumi t

CALL STRUCT uminum or steel

Via COMMON blocks

Control for type of structural material, from input
Card 6

IMAT =1 for aluminum °

IMAT = 2 for steel

S . = minimum unit weight of plating in lb/ftz,

min .
from Card 11

SP = Slope of unit weight curves for stiffened
plating as function of design load, from
Card 11

O,. . = Stress limit of material in lb/in.z, from

Iimit
Card 11

Ymat = density of structural material in lb/ft3,

from Card 11
Hull geometry from Subroutines NEWHUL, NEWVOL, etc.
Via COMMON blocks

P = design pressure on plating in lb/in.2
,

<

= unit weight of stiffened plating in 1b/ft
S =5 .+ (PXS_) for hull bottom, decks, and
min P

bulkheads
Curves shown in Figure 4 for different
materials

S = f(LP) for hull sides

Curves shown in Figure 5 for different
materials

= thickness of plating in inches = 12 S/Ymat
= depth of Plating web in ft

(S-1.45)/12 for aluminum

= (3.040.1 P)/12 for steel

= minimum depth of plating web = 0.25 ft

U U o g m
]

min

DEPTHA and DEPTHS are Statement Functions defined at

beginning of Subroutine STRUCT.

=

Tioggg, 30
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B.

PLATFORM DECKS

NPL

ZSP1
ZSP2

pl
npl
npl
pl

pl

pl

5,1
A

TRANSVERSE BULKHEADS

NTB

ZKS

ZF

ey

SUBROUTINE STRUCT

number of platform decks, excluding main
deck
0 if Hh is 10 ft or less

1 if Hh is between 10 and 20 ft

2 if Hh is 20 ft or greater

distance from lower, upper platforms to
main deck

8 or 16 ft - see location of platforms in
Figure 2 )

= design pressure on platform in 1b/in.
= 64 (le+4)/144

unit weight of platform in lb/ftz, Figure 4

area of platform in ft2

Platforms extend length of hull, except
engine room

depth of platform web in ft
use general equations for aluminum or steel

= weight of platform in 1lb
=A . X 8§

pl pl 3
= volume of platform in ft
= Apl X Dpl
= VCG of platform in ft

(ZS at X/LP=O.75) - H

*

pl

number of transverse bulkheads input = 9

see location of transverse bulkheads in
Figure 2

number will be reduced later if displacement
is less than 70 tous

Index for DO LOOP J = 1, NTB

th

ey

N

= height of transverse bulkhead in ft

(ZS—ZK) at location of bulkhead

height of fuel tank coincident with bulkhead
see location of fuel tanks in Figure 2

= design acceleration in g's at bulkhead
= 2.0, 4.0, 5.5 g's for aft, mid, forward

fuel tanks
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iy

sy

) i s

PRES

WSF
AS

DTB
WTB(J)

VIB

ZTB(J)

WIBJ

VIBT

ZTBT

SUBROUTINE STRUCT

Ptb = design pressure on bulkhead in lb/in.2
= 64 (H ,+4)/144 or
tb
52 (Hft N)/144 whichever is greater
Stb = unit weight of transverse bulkhead, Figure 4
Atb = area of transverse bulkhead in ft2 = AS

= total sectional area from Subroutine NEWVOL

Dtb = depth of bulkhead web in ft
W = weight of transverse bulkhead in 1b
tb = A x g N
tb tb 3

th = volume of transversge bulkhead in ft

= Ay ¥ Dy
th = VCG of transverse bulkhead in ft = CS

= centroid of section from Subroutine NEWVOL
Zwtb = total weight of all transverse bulkheads

in 1b

Zth = total volume of transverse bulkheads in ft3
th net VCG of all transverse bulkheads in ft

= L(Z W /I

LONGITUDINAL BULKHEADS

NLB

WSF

Moy = number of longitudinal bulkheads
noy = 0 if hull depth is 10 ft or less
RIIR = 1 if midship chine beam is 20 ft or less
n = 2 if midship chine beam is between 20 and
b
30 ft
Teb = 3 if midship chine beanm is greater than
30 ft

Longitudinal bulkheads are equally spaced across
breadth of hull; a single bulkhead is on centerline,
Longitudinal bulkheads extend full length of hull
below the lower platform deck. Bulkheads not on
centerline are watertight; centerline bulkhead is not
watertight,

Szb = unit weight of non-centerline bulkheads in

1b/£t2
= unit weight of lower platform deck (same
design pressure)

»\",’A--‘ N
Jeo 11403 *
I8
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WSFMIN

AREAP
WLB(J)

DLB

ZLB(J)
WLBT

VLBT

ZLBT

b

= unit weight of centerline bulkhead in 1b/ft

SUBROUTINE STRUCT
2

= Smin (design pressure = 0, since not

watertight)

Index for DO LOOP J = 1, NLB

A
W

b
A

Dob
Vab
Zob

TNy,

ngb

Zob

HULL BOTTOM - KEEL TO

PRESHH

GKC(M40)

PRESF

PRESA

WSF1F

WSF1A

Phh

Neo
Pog

ba

bf

ba

"

area of longitudinal bulkhead in ft2
weight of longitudinal bulkhead in 1b

Aon X Sap
depth of longitudinal bulkhead web in ft

volume of longitudinal bulkhead in ft3

A5 < Dgp

VCG of longitudinal bulkhead in ft

total weight of all longitudinal bulkheads
in 1b

total volume of all longitudinal bulkheads

in ft3

net VCG of all longitudinal bulkheads in ft3
2OV Zgp) /Ty,

CHINE

]

pressure due to hydrostatic head in lb/in.2
64 (ZS +4) /144

m
half-girth from keel to chine in ft at

X/L, = 0.6
design acceleration at CG in g's = 3.0

design pressure on forward 40 percent of

bottom in lb/in.?

9A (l+NCG)/(2Gb LP)/144 or Phh

design pressure on aft 60 percent of bottom

in lb/in.2

1/2 be or Phh whichever is greater

unit weight of forward bottom plating in

lb/ftz, Figure 4

if greater

unit weight of aft bottom plating in
lb/ftz, Figure 4

e
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ABOTTF

ABOTTA

WBOTT

| VBOTT

ZBOTT

Ay =

“ba

(]

HULL SIDES - CHINE TO MAIN

WSF2

ASIDE

WSIDE
DSIDE
VSIDE
ZSIDE

MAIN DECK

PRES

WSF3

ADECK
DDECK
WDECK

= volume of bottom plating in ft3 = wb/y

SUBROUTINE STRUCT

area of forward 40 percent of bottom ip ft2
L

P
2 f GKC dX

0.6 LP

area Bf aft 60 percent of bottom in ft2
0.6 LP

2 j GKC dx

0

= weight of bottonm ﬁlating in 1b

(A XSpe) + (&, x5, )

mat
VCG of bottom plating in ft

DECK

Ss = unit weight of side plating in lb/ft2,
. Figure 5
Aluminum hull: SS = 2.4+ 0.022 LP’ if LP-i 150 ft
S =1.2+ 0.030 L » 1f L_ > 150 ft
s P P
Steel hull: Ss = 5.5 + 0.0188 LP’ for alil LP

minimum value of SS is §

min
) (P
area of both sides in ft° = 2 -[ GCS dX
0
A
s

x S

weight of side plating in 1b = s

depth of side plating web in f¢t
volume of sgide Plating in ft”° = A x p

VCG of side plating in ft

design pressure on main deck in lb/in.2
64 x 4/144
unit weight of main deck in lb/ftz,
Figure 4
area of main deck in ft2 = 2 J.YS dX
depth of main deck web in ft
weight of main deck in 1b = Ad X Sd
‘/- ll';O)' 'a
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SUBROUTINE STRUCT

VDECK Vd volume of main deck in ft2 = Ad x Dd

ZDECK Zd = VCG of main deck in ft

STRESS CALCULATION AT MIDSHIPS

T1 t = thickness of bottom plating in inches
1 =125 /Y
ba' 'mat
T2 t = thickness of side plating in inches
2 =12 S /vy
s’ 'mat
T3 t3 = thickness of main deck in inches
=12 Sd/Ymat
Y1 ll = half length of bottom at midships in inches
= 12 GKC
m
Y2 22 = half length of sides at midships in inches
=12 C
CS
m
Y3 23 = effective half length of deck at midships
in inches=(2/3) (12 YS)
Al Al = half area of bottom plating at midships
L. 2
in in. = tl 21
A2 A2 = half area of side plating at midships in
.2 _
in.” = t2 22
A3 A3 = half area of main deck at midships in
in.2 =t, %
373 1
yAN Zl = VCG of Al in inches = 12 [ZK + E-(ZC -ZK )}
m m m
.. _ 1
z2 22 = VCG of A2 in inches = 12 [ZC + > (ZS —ZC )}
m m m
Z3 Z3 = VCG of A3 in inches = 12 X ZS
m
222 222 = vertical height of sides in inches
= 12 (2. -2
S C )
m m
ZNA ZNA = height of neutral axis at midships above

keel in inches

= (AlZl + A222 + A3Z3) / (Al + A2 + A3)

72



minimum value of SS is §

ASIDE A =
S
WSIDE WS =
DSIDE DS =
VSIDE VS =
ZSIDE. Z =
s
MAIN DECK
PRES Pd :
WSF3 Sd =
ADECK Ad =
DDECK Dd =
vDE =
WDECK Wd

SUBROUTINE STRUCT

ABOTTF Abf = area of forward 40 percent of bottom in ft2
v LP
=2 GKC dX
0.6 LP
ABOTTA Ab = area of aft 60 percent of bottom in ft2
a
0.6 L
P
=2 f GKC dx
0
WBOTT Wb = weight of bottom ﬁiating in 1b
, = (yerSpe) + (A xs, ) ;
VBOTT Vb = volume of bottom plating in ft~ = Wb/Ymac
ZBOTT Zb = VCG of bottom plating in f¢
HULL SIDES - CHINE TO MAIN DECK
WSF2 Ss = unit weight of side plating in lb/ftz,
. Figure 5
Aluminum hull: SS = 2.4 4+ 0.022 LP’ if Lp.i 150 ft
S =1.2 +0.030 L » 1 L, > 150 ft
s P P
Steel hull: SS = 5.5 + 0.0188 LP, for all LP

min
2 LP
area of both sides in ft° = 2 ~[ GCS dX
0
A
s

x S

weight of side plating in 1b = s

depth of side plating web in ft
3

volume of side plating in ft~ = As X DS
VCG of side plating in ft

design pressure on main deck in 1b/in.?2
64 x 47144

unit weight of main deck in lb/ftz,
Figure ¢4

area of main deck in ft2 =2 J.YS dX

depth of main deck web in ft
weight of main deck in 1b = Ad X 8

L: %
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SUBROUTINE STRUCT
2

VDECK Vd = volume of main deck in ft~ = Ad x Dd
ZDECK Zd = VCG of main deck in ft
STRESS CALCULATION AT MIDSHIPS
Tl t = thickness of bottom plating in inches
1 =12 S, /v
ba’ 'mat
T2 t = thickness of side plating in inches
2 =12 s_/v ‘
s’ 'mat
T3 t = thickness of main deck in inches
3 =128 /v |
d’ 'mat
Y1 21 = half length of bottom at midships in inches
= 12 GKC
m
Y2 12 = half length of sides at midships in inches
=12 C
Cs
m
Y3 23 = effective half length of deck at midships
in inches&(2/3) (12 Y)
Al Al = half area of bottom plating at midships
e . 2
in in.” = tl 21
A2 A2 = halr area of side plating at midships in
AN
in.” = t2 22
A3 A3 = half area of main deck at midships in
, 2
in.” = t, %
373 1
Z1 Zl = VCG of Al in inches = 12 [ZK + E‘(ZC -ZK >]
m m m
A _ 1 _
Z2 Z2 = VCG of A2 in inches = 12 [ZC + 5 (ZS ZC )]
nm m m
Z3 Z3 = VCG of A3 in inches = 12 X ZS
m
222 Z = vertical height of sides in inches
22
=12 /2, -Z
S C
m m
ZNA ZNA = height of neutral axis at midships above

keel in inches
= + +
(AlZl + A222 + A323) / (Al A2 A3)
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il

SI

SM

PSI

WSF1A

WSF3

SUBROUTINE STRUCT

I = sectional inertia in in.4
"’ =2 (A2 2 + A Z 2 + A Z 2 + A Z 2/12)
171 272 373 2722
2
- (Al+A2+A3) Zya ,
Sm = least section modulus in in.
= l/ZNA or l/(Hh—ZNA) whichever is smaller
NB = design bow acceleration in g's = 7.55
Noo = design CG acceleration in g's = 3.0
Mb = bending moment at midships in in.-1b
= 12 LP A (128 NB-178NCG-50)/1920
o] = maximum stress in lb/in.2 = Mb/S
max m
Ifo <0,, . , original plating thicknesses are OK
max — limit
If Umax > Olimit and ZNA < 0.5 Hh’ increase t3 by

0.02 in. and recalculate o
max

If o
max

tl by 0.02 in. and recalculate Gm

> > i
Olimit and ZNA 0.5 Hh’ increase t3 and

ax

Sba = unit weight of aft bottom plating in lb/ft2
=t, Y /12 recalculated if t. is increased

1 'mat 1

Sd = unit weight of deck in lb/ft2

£y Ymat/lz recalculated if t3 is increased

FRAMING ~ LONGITUDINAL AND TRANSVERSE

WERAM

VFRAM

Wfr = total weight of framing in 1b, Figure 6
Aluminum hull: W_ = 0.70 V
fr h 4
Steel hull: wfr = 2.1 Vh; if Vh.i 3 x 10
4
Wfr = 1.1 Vh + 3 x 107,
3x10% <7, <1 x10°
W, = 0.93 7 +4.7 x 10%;
fr h 5
1f V. >1x10
h
vfr = volume of framing in ft3
Aluminum hull: VY. = 0.06 W
fr fr
Steel hull: V.. =0.03 W
- fr fr .
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SUBROUTINE STRUCT

ZFRAM Z = VCG of framing in ft
fr .
centroid of Vh

SUMMARY OF STRUCTURES--Group 1

W1(2) wlOOA = weight of plating for hull bottom in tomns
= Wb/2240
21(2) ZlOOA = VCG of bottom plating / hull depth = Zb/Hh

V1(2) leOA = volume of bottom plating in ft3 = Vb
W1(3) wlOOB = weight of plating for hull sides in tons
, = WS/2240
Z1(3) ZlOOB = VCG of side plating / hull depth = ZS/Hh
V1(3) VlOOB = volume of side plating in ft3 = Vg
W1(4) W101 = weight of framing in tons = WEI/ZZAO
Z1(4) ZlOl = VCG of framing / hull dgpth = Zfr/Hh
V1i{4) VlOl = volume of framing in ft~ = vfr
W1(5) W103A = weight of upper platform in tons
=W ., /2240
pl,
Z1(5) le3A = VCG of upper platform / hull depth
= Zplz/Hh
- . 3 _
V1(5) leBA = volume of upper platform in ft~ = vplz
; W1l(b) wlOBB = weight of lower platform in tons
=W 1 /2240
1 .
: Z1(6) ZlO3B = VCG of lower platform / hull depth = Zpll/Hh
a V1(6) leBB = volume of lower platform in ft:3 = Vpll
W1(7) wlo7 = weight of main deck in tons = Wd/2240
3 z1(7) Z,57 = VCG of main deck / hull depth = Zd/Hh
: V1(7) VlO7 = yvolume of main deck in ft3 = Vd
} NTB nté = revised number of transverse bulkheads
] _ .
Dy =1, if ALT < 10
1 = i <
! n.y 3.663 in (ALT/S.l), if 10 ALT < 70
\ = 4 >
n oy 9, if ALT-— 70
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W1(8)

Z1(8)

V1(8)

W1(9)

A Gl R

Z1(9)

V1(9)

bl AE e

had g

SUBROUTINE STRUCT

W = weight of trar:verse bulkheads in tons
A8 T (a1 /9) /2740
tb “tb o
le&A = VCG of transverse bulkheads / hull depth
= 2/, 5
% = volume of transverse bulkheads in ft
4 5y . /9)
tb ‘tb
W = weight of longitudinal bulkheads in tons
1148 _
= Wy, /2240
le4B = VCG of longitudinal bulkheads / hull depth
= zlb/Hh : ;
VlléB = volume of longitudinal bulkheads in fr
= szb

Subscripts are BSCI 3-digit code

The Superstructure, foundations for pPropulsion and

other equipment, and attachment are calculated in
Subroutine TOTALS. - .

75



NAME : SUZROUTINE STTICT (t¢ be used when ILC=0 and. IMAT>2)

PURPOSE: Calculate weights, volumes, and VCG's of major
structures, Group 1, for planing hulls of glass
reinforced plastic (GRP)

CALLING SEQUENCE: CALL STRUCT
INPUT: Via COMMON blocks
IMAT Control for type of construction, from input
Card 6
IMAT = 3 for GRP single skin, with single

skin bulkheads
4 for GRP single skin, with sandwich
plate bulkheads
IMAT = 5 for GRP sandwich plate, with sandwich
plate bulkheads '

IMAT

IFRM Control type of framing
IFRM = 1 for transverse framing
ITRM = 2 for longitudinal framing
WSFMIN Smin = minimum unit weight of plating in lb/ft,2
from Card 11; 2.5 1b/ft2 for sandwich
plate; 3.25 1b/ft? for single skin
WSLOPE SP = slope of unit weight curves for boctom
plating as function of design load,
from Card 11
STRESS O,., . = stress limit in lb/inz, from Card 11
limit
DMAT Y = density of material in lb/ft3, from
mat
Card 11
Other Hull geometry for subroutines NEWHULL, NEWVOL, etc.
OUTPUT: Via COMMON blocks
A. GENERAL
PRES = design pressure on plating in lb/in2
UNITWT = unit weight of plating in lb/ft2

Curves of unit weight for GRP single skin and
sandwich plate are shown in Figures 4 and 5.

B. PLATFORM DECKS

NPL noq = number of platform decks, excluding
P main deck
npl i'O if Hh is 10 ft or less
n =1 1if H_  is between 10 and 20 ft
pl h :
npl =2 |if Hh is 20 ft or greater

oy
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c.

ZSP1 }
ZSP2

PRES
WSF
APL1 }
APL2
WPL1 }
WPL2
ZPL1
ZPL2

TRANSVERSE BULKHEADS
NTB

ZKS

ZF

PRES

WSF

AS

WIB(J)

pl

rl

pl

pl
pl

pl

tb

Index

th

ft

.o

tb

tb

tb

tb

SUBROUTINE STRUCT for GRP

distance from lower, upper platforms to
main deck

8 or 16 ft - see location of platforms in
Figure 2

2

design pressure on platform in 1b/in.
64 (H .+4)/144

pl 2
unit weight of platform in 1b/ft°, Figure 4
2.50 + 0.140 Ppl for sandwich plate (IMAT=5)
3.25 + 0.192 Ppl for single skin (IMAT=3 or4)

area of platform in ft2; platforms extend
length of hull, except engine room

= weight of platform in 1b

non

Apl X Spl

VCG of platform in ft

(zS at X/LP=O.75) - le

number of transverse bulkheads input = 9
see location of transverse bulkheads in
Figure 2

number will be reduced later if displace-
ment is less than 70 tons

for DO LOOP J = 1, NTB

= height of transverse bulkhead in ft

(ZS-ZK) at location of bulkhead

height of fuel tank coincident with bulkhead
see location of fuel tanks in Figure 2

design acceleration in g's at bulkhead
2.0, 4.0, 5.5 g's for aft, mid, forward
fuel tanks

design pressure on bulkhead in lb/in.2

64 (th+4)/144 or
52 (Hft N)/144 whichever is greater

unit weight of transverse bulkhead,
Figure 4

2.50 + 0.221 Ptb for sandwich plate
(IMAT=4 or 5)

3.25 + 0.280 Ptb for single skin (IMAT=3)

area of transverse bulkhead in ft2 = A

= total sectional area from Subroutine NEWVOL

= weight of transverse bulkhead in 1b

Aep ¥ Sep

o -

: .
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SUBRCT”TINE STRUCT for CRP
ZTB(J) th = VCG of transverse bulkhead in ft = C

S
‘; = centroid of section from Subroutine NEWVOL
WTBJ ZWtb = total weight of all transverse bulkheads
in 1b
,i ZTBT E;b = net VCG of all transverse bulkheads in ft
= T,
L2yl )20,y
} D. LONGITUDINAL BULKHEADS
NLB oy = number of longitudinal bulkheads
3 Dow = 0 if hull depth is 10 ft or less
- ng, = 1 if midship chine beam is 20 ft or less
| n, = 2 if midship chine beam 1is between 20 and
b
30 ft
n, = 3 if midship chine beam is greater than
b
; 30 ft
Longitudinal bulkheads are equally spaced across
breadth of hull; a single bulkhead is on centerline.
] Longitudinal bulkheads extend full length of hull
below the lower platform deck. Bulkheads not on
centerline are watertight; centerline bulkhead is
not watertight. )
WSF Sﬂb = unit weight of noncenterline bulkheads
= 2.50 + 0.221 sz for sandwich plate
} (IMAT = 4 or 5)
= 3.25 + 0.280 Plb for single skin (IMAT=3)
i where sz = design pressure on bulkhead
) = pressure on lower platform deck
3 WSMIN . Sgp, = unit weight of centerline bulkhead in lb/ft?
= § ., (design pressure = 0, since not
min .
watertight)
j J Index for DO LOOP J = 1, NLB
ARFAP AQb = area of longitudinal bulkhead in ft2
} WLB(J) wlb = weight of longitudinal bulkhead in 1b
= A X Sgp
1 ZLB(J) ZRb = VCG of longitudinal bulkhead in ft
WLBT ngb = total weight of all longitudinal
bulkheads in 1b
ZLBT Egb = net VCG of all longitudinal bulkheads in £e3
= Z(wﬁbxz%)/Z\.JSLb

- N .
ey
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SUBROUTINE STRUCT for GRP
E. HULL BOTTOM - KEEL TO CHINE

PRESHH Phh = Pressure due to hydrostatic head in lb/in.2
= 64 (ZS +4) /144
m
GKC (M40) G = half-girth from keel to chine 1in fr . at
b
X/LP = 0.6
NCG = design acceleration at ¢G in g's = 3.0

PRESF p = design pressure on forward 40 percent of
bf . .
bottom in 1b/in.

= 9A (1+NCG)/(2Gb LP)/144 or Phh if greater

PRESA Pba = design pressure on aft 60 percent of bottom
in 1b/in.

=1/2 be or Phh whichever is greater
WSF1F Sbf = unit weight of forward bottom plating
= 2.50 + 0.140 be for sandwich plate (IMAT=5)
= 3.25 + 0.192 be for single skin (IMAT=3 or4)
WSF1A Sba = unit weight of afe bottom plating
= 2.50 + 0.140 Pba for sandwich plate
= 3.25 + 0.192 Pba for single skin

ABOTTF Abf = area of forward 40 percent of bottom in ft2

_ L
=24 % 6 ax

KC
0.6 L

P
ABOTTA Aba = area of aft 60 bpercent of bottom in ft2

T e Sy, s, )

ZBOTT Zb = VCG of bottom plating in f¢

F. HULL SIDES - CHINE TO MAIN DECK

WSF2 Ss = unit weight of side plating in lb/ftz,
Figure 5

= 1.4 + 0.0350 L, for sandwich plate (IMAT=5)

= 2.3 + 0.0395 LP for single skin (IMAT=3 or 4)

minimum value of S is S . )
s min

3 WBOTT Wb = weight of bottom Plating in 1b
3

S
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SUBROUTINE STRUCT for GRP

L
ASIDE A = area of both sides in ft2 = 2 j‘ P G dx
s 0 cs
WSIDE ' W, = weight of side plating in 1b = A&_ xS
ZSIDE ZS = VCG of side plating in ft
G. MAIN DECK
WSF3 . Sd = unit weight of main deck in lb/ftz, Figure 5
= unit weight of side plating SS
ADECK Ad = area of main deck in ft2 = 24;YS dX
WDECK Wd = weight of main deck in 1b = Ad X Sd
ZDECK Zd = VCG of main deck 4n ft
H. FRAMING - TRANSVERSE OR LONGITUDINAL
WFRAM wfr = weight of framing in 1lb, Figure 6
= 0.75 Vh for transverse framing (IFRM=1)
:; = 1,20 Vh for longitudinal framing (IFRM=2)
' ZFRAM Zfr = VCG of framing in ft = centroid of Vh
i I. STRESS CALCULATION AT MIDSHIPS
: WFLE wfle = longitudinally effective framing weight in 1b
v = 0.36 W for transverse framing
] = 0.48 Wfr for longitudinal framing
AFLE Afle = 10ngi§udinally effective framing half-area
5 in ft
= wfle / 1.40 / 2
_ AlP Al' = effective half-area added to bottom at
] midship
= 0.80 Afle for transverse framing
a = 0.90 Afle for longitudinal framing
. A3P A3' = effective half-area added to deck at
midship
= 0.20 Afle for transverse framing
= 0.10 Afle for longitudinal framing

Y
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Tl

T2

T3

Y1

Y2

Y3

Al

A2

A3

Z1

zZ2

SUBROUTINE STRUCT for GRP

constant to take care of weight in
core of stiffeners which are not effective
in strength

0.94 for single skin, longitudinally
framed

0.94 x 0.90 for sandwich plate, longitudinally
framed

0.60 for single skin, transversely
framed

0.60 x 0.70 for sandwich plate, transversely
framed

thickness of bottom plating in inches

(12 sba/Ymat) X Kf

thickness of side plating in inches

(12 Ss/Ymat) X Kf

thickness of main deck in inches
(lz‘sd/ymat) x Kf

half length of bottom at nidships in inches

12 GKC

m
half length of sides at midships in inches
12 GCS |

m
effective half length of deck at midships
in inches

(2/3) (12 YS)
half ayea of bottom plating at midships
in in.

1
tl ll + Al | ,
half area of side plating at midships in in.

£, %,

half area of main deck at midships in in.

'
t3 23 + A3

VCG of Al in inches

12[2K + 1/2 (zC -zK Y]
m m m

12[2C + 1/2 (zS -zC Y]
m m m

VCG of A2 in inches

e s,
2N TTPE- I
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M el bkl e Gkl sl

Z3

222

ZNA

ST

SM

PSI

WSF1A

WSF3

J. VOLUME LOST
VI(1)

SUBROUTINE STRUCT for GRP

Z3 = VCG of A3 in inches in 12 x ZS
m
222 = vertical height of sides in inches
= 12 (zS -Z, )
m m
VA = height of neutral axis at midships above
NA i .
keel in inches
= +
(AlAl + Az, A323) / (Al + A+ A3)
I = sectional inertia in in.4
n 2 2 2 2
= 208,27 + A2, ; A2, + Azz.22 /12)
- (A1+A2+A3) ZNA
Sm = least section modulus in in.3

= l/ZNA or l/(Hh—ZNA) whichever is smaller

= design bow acceleration in g's = 7.55

B

NCG = design CG acceleration in g's = 3.0
Mb = bending moment at midships in in.-1b

=12 LP A (128 NB—178 NCG—;O)/192O
loj = paximum stress in 1b/in.” = Mb/S
max m

- < . s . .
If Fmax“ Olimit’ original plating thicknesses are OK
> < Q. i

If gmax climit and ZNA 0.5 Hh’ increase t3 by

0.02 in. and recalculate <

be
> .
1f Umax> Oy imit and ZNA 0.5 Hh, increase t3 and

t; by 0.02 in. and recalculate O ax
2

S

ba unit weight of aft bottom plating in 1b/ft

=t; O /[ 12/ K¢

recalculate if tl is increased
S = unit weight of deck in lb/ft2
sy Ot / 12/ Ke

recalculate if t3 is increased

Vv = total volume of structure in ft

0.11 Vh +(wfr / 43)
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i B =G

1
]
j
1

K.

ATOT

VSIDE
VBOTT
VDECK
VPL1
VPL2
VIBT
VLBT
VFRAM

W1(2)

Z1(2)
Vi(2)
W1(3)

z1(3)
V1(3)
W1(4)
Z1(4)
V1{4)
Wi(5)

Z21(5)

V1(5)

W1(6)

tot

<A
AT o

R R IR B
thoo ot g o
R O O e

NI

1004

21004
Viooa
Yio0B

100B
1008
101
101
101
103A

= <9 N

=<9 N

2103A

V103A

Y1038

SUBROUTINE STRUCT for GRP

total area of hull side, bottom,
main deck, platforms, and bulkheads

Agt At A FA + Apll + Ap12
+ ZAtb + ZARb
volume of 51d§s = Vl AS/Atot

volume of bottom = Vl (Abf + Aba)/Atot
volume of main deck = Vl Ad/A

tot
volume of lower platform = Vl Apll/Atot
m = v
volume of upper platform 1 Apl /Atot

volume of transverse bulkheads = Vl(ZAtb)/Atot

> * 3 =
volume of longitudinal bulkheads vl(ZAib)/Atot

volume of framing = W_ /43 = 0.02326 W
fr fr

SUMMARY OF STRUCTURES--Group 1

= weight of ‘plating for hull bottom in tons

wb/2240
VCG of bottom plating / hull depth = Zb/Hh
’ 3

volume of bottom plating in ft° = Vb

weight of plating for hull sides in tons
WS/2240
VCG of side plating / hull depth = ZS/Hh
volume of side plating in ft3 = Vq
weight of framing in tons=wfr/2240
VCG of framing / hull depth = Z_ /H

3 fr’'"h
volume of framing in ft~ = vfr

weight of upper platform in tons

W . /2240

pl,
VCG of upper platform / hull depth
zplz/Hh
volume of upper platform in ft3 = Vpl

. 2

weight of lower platform in tons
W . /2240

ply

84
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SUBROUTINE STRUCT for GRP

i i 21(6) ZlOBB = VCG of lower platform / hull depth = Zpll/Hh
' V1(6) ZlO3B = volume of lower platform in ft3 = vpll
3 Wi(7) Wig7 = weight of main deck in tons = Wd/2240
Z1(7) Zi07 = VCG of main deck / hull depth = Zd/Hh
} V1(7) V107 = volume of main deck'in ft3 = Vd
NTB Btp! =7revised number of transverse bulkheads
3 ntb' =1, if ALTElO
ntb' = 3.663 ln(ALT/B.l), if 10 < ALT < 70
; n,' =9, if 4,.>70
W1(8) wll&A = weight of transverse bulkheads in tons
:! = zwtb (ntb'/9)/2240
Z1(8) 2114A = VCG of transverse bulkheads / hull depth
3 = Zep/My
V1(8) vll&A = yolume of transverse bulkheads in ft3
= IV, (ntb/9)
W1{9) W114B = weight of longitudinal bulkheads in tons
= ZW2/2240
21(9) le4B = VCG of longitudinal bulkheads / hull depth
= Zop/Hy
V1(9) v114B = volume of longitudinal bulkheads in ft3
Zvﬁb

Subscripts are BSCI 3-digit code

The superstructure, foundations for propulsion and
other equipment, and attachment are calculated in
Subroutine TOTALS.

1
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NAME:

PURPOSE:

CALLING SEQUENCE:
INPUT:

IMAT

WSFMIN

WSLOPE
DMAT

XLWELL

XLBOWR
BWELL
BBOWR
BAFTIR

ZWELL

ZAFTR

Other

OUTPUT:

A.

GENERAL EQUATIONS

SUBROUTINE STRUCT (to be used when ILC=1 and IMATX3)

Calculate weight, volumes, and VCG's of major
structures, Group 1, for landine craft with well

CALL STRUCT
Via COMMON blocks

IMAT = 1,2 for structures of aluminum or steel,
from Card 11

S in = Dinimum unit weight of plating in lb/ftz,

m from Card 11

SP = slope of unit weight curves, from Card 11

Ypar = density of structural material in lb/ft3,

from Card 11

L = length of well deck in ft, excludine aft
well °
ramp, from Card 6A
Lbow = length of bow ramp in ft, from Card 6A
Bwell = breadth of well deck in ft, from Card 64
Bbow = breadth of bow ramp in ft, from Card 6A
Baft = breadth of aft (drive through) ramp in ft,
from Card 6A
ZWell = heignt of well deck above baseline in ft, .
. from Card 6A
Zaft = height of aft ramp above baseline in fe,

from Card 6A
Hull geometry from Subroutines NEWHUL, NEWVOL, etc.
Via COMMON blocks

Same as Subroutine STRUCT for conventional planing
hulls,

GEOMETRY OF WELL AND RAMPS

XLAFTR
I
HWELL(I)

Laft = length of aft ramp in ft = LP - L

Index for DO LOOP I = 1, NN

well

= depth from main deck to well deck or aft ramp

H
well in ft

ZS - Zwell if X > La
i <
g Zaft if X —-La

ft
ft

]
[
[
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AWELL(I)

VOLWE

PLATFORM DECKS

Awell

vwell

none

TRANSVERSE BULKHEADS

NTB

ZKS
PRES

WSF
AP

DTB

WTB(J)

VIB

ZTB(J)

WTBT

VTBT

ZTBT

Bep

Index

tb
tb

Stb
Atp

tb
tb
tb

th
ZAtb

Zth

o3t

th

SUBROUTINE STRUCT
for Landing Craft

sectional area below main deck, not enclosed,
in ft

B if X > L

well x Hwell aft

Baft * Hwell if X f-Laft

. . 3
volume below main deck, not enclosed, in ft

Ae11 X

number of transverse bulkheads input <15
may be adjusted later so that bulkheads are
spaced about 6 ft apart under well deck

for DO LOOP J = 1, NTB

height of bulkhead in ft = Zs - ZK

design pressure on bulkhead in 1b/in.
64 (th+4)/l44

no addition required for fuel tanks
unit weight of transverse bulkhead, Figure 4

area of transverse bulkhead in ft2
AS - Awell

depth of bulkhead web in ft--from general
equation

weight of transverse bulkhead in 1b

Ay * Sep

volume of transverse bulkhead in ft3
A x D

tb . Ttb
VCG of transverse bulkhead in ft

[(ASXCS) - Awell(zwell-*-l/2 Hwell)]/
(Ag=Aue11)
total weight of all transverse bulkheads
in 1b
total volume of all transverse bulkheads
in ft3
net VCG of all transverse bulkheads in ft
L <2 e) W
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SUBROUTINE STRUCT
for Landing Craft

LONGITUDINAL BULKHEADS

NLB Doy = number of longitudinal bulkheads
number of propulsion units npr -1

Longitudinal bulkheads extend from transom to aft
end of well deck and from bottom of hull up to bottom
of aft ramp.

ZKS sz = mean height of longitudinal bulkheads in ft
=7 -2
aft K2 - <
PRES sz = design pressure in lb/in.2 = 64(H2b+4)/144
WSF Slb = unit weight in lb/ftz, Figure 4
ALBT ZAlb = total area of longitudinal bulkheads in ft2

= Hpp X Lape X Tgy

DLB Doy = depth of longitudinal bulkhead web in ft
WLBT ngb = total weight of longitudinal bulkheads in 1b
= HAgy X Sp \
VLBT ' Zvlb = total volume of longitudinal bulkheads in ft
_ T Ry X Dy
ZLBT ZQb = net VCG of longitudinal bulkheads in ft
=2z, ++w
K2 2 b

HUTL. BOTTOM - KREL TO CHINE

Same as Subroutine STRUCT for regular planing hull

WBOTT Wb = weight of bottom plating in 1b
. . 3
VBOTT Vb = volume of bottom plating in ft
ZBOTT Zb = VCG of bottom plating in ft
HULL SIDES - CHINE TO MAIN DECK + WALLS OF THE WELL
WSF2 S = unit weight of outer side plating, Figure 5
so
WSFMIN ow - unit weight of plating for well walls = Smin
ASIDE s = area of both outer sides in ft
o
LP
= 2 J. GCS dX
0 -

- Py
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SUBROUTINE STRUCT
for Landing Craft

ASWELL Asw = area of both sides of well in ft2
L
P
= 2 J Hwell dX
0
DSIDE . DSO = depth of side plating web in ft
WSIDE WS = weight of side plating, including well walls,
in 1b
= +
(Asoxsso) (Aswxssw)
VSIDE Vs = yolume of side plating, including well walls,
. 3
in ft
= (AsoxDso) + (AswxDmin)
ZSIDE z = VCG of side plating in ft, assumed same as
s
well wall
MAIN DECK
PRES Pd = design pressure on main deck in lb/in.2
= 64 X 4144 :
WSF3 Sd = pnit weight of main deck, Figure 4
- . 2 _
ABWELL Abw area of bottom of well in ft~ = Lwell X Bwell
AAFTR Aba = area of bottom of aft rgmp in ft = Laft X Baft
’3 ADECK Ay = area of main deck in ft
LP
] S2 g gy
0
DDECK Dd = depth of main deck web in ft
3 WDECK Wd = weight of main deck in 1b = Ad X S
VDECK Vd = yolume of main deck in ft3 = Ad X Dd
ZDECK Zd = VCG of main deck in ft

I. STRESS CALCULATION AT MIDSHIPS
Not required for landing craft

J. WELL DECK, INCLUDING AFT DRIVE-THROUGH RAMP

PRES P = design pressures on well deck in lb/in.2
wd
= 70.0
WSF4 S,y = unit weight of well deck, Figure 4

tgssy
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ADECKW

DDECKW
WDECKW
VDECKW
ZDECKW

BOW RAMP
WSF

ABOWR
DBOWR
WBOWR
VBOWR
ZBOWR

SUBROUTINE STRUCT
for Landing Craft

A = area of well deck, including aft ramp, in ft2
wd -
\ a
A Ay
Dwd‘ = depth of well deck web in ft
wwd = weight of well deck in lb3= AWd x Swd
v = volume of well deck in ft° = A X D
wd wd wd
de = VCG of well deck in ft
= [(Awazwell)+(AbaxZaft)]/(Abw+Aba)
Sbr = unit weight of bow ramp in lb/ft2
Aluminum hull: Sbr = 25.0
Steel hull: S = 41.3
br 2
Abr = area of bow ramp in ft° = Lbow x Bbow
Dbr = depth of bow ramp in ft
wbr = weight of bow rampAln lb2= Abr X Sbr
Vbr = volume of bow ramp in ft° = Abr X Dbr
Zbr = VCG of bow ramp in fc = 1.4 x Zwell

FRAMING - LONGITUDINAL AND TRANSVERSE

WFRAM

VFRAM

ZFRAM

Same as regular planing hull, e€xcept that volume of

well V
we

Wfr

Vfr

zfr

11 is subtracted from hull volume Vh

total weight of framing in 1b, Figure 6
f(Vh') where Vh' = Vh - vwell

volume of framing in ft3

0.06 Wfr or 0.03 wfr for aluminum or steel

VCG of framing in ft

SUMMARY OF STRUCTURES--Group 1

W1(2)
W1(3)

W1(4)
W1(5)
W1(6)

Y1004
Y1008

Y101
Y1074
1078

= weight of bottom plating in tons = Wb/2240

weight of side plating, including walls of
well, in tons = ws/zzao

weight of framing in tons = Wfr/2240

= weight of bow ramp in tons = Wbr/2240

= weight of well deck, including drive-through

ramp,. in tons = wwd/zzao

-
-
Bl 1 4
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W1(7)
NTB

W1l(8)

W1(9)

Z1 array

V1 array

SUBROUTINE, STRUCT
for Landing Craft

W107C = weight of main deck in tons = Wd/2240
nté = reversed number of transverse bulkheads
= (Lwell/G.O) + 2
wlléA = weight of transverse bulkheads in tons
= t
Zwtb (ntb/ntb)/2240
wll&B = weight of longitudinal bulkheads in tons

= ZWlb/ZZAO
VCG/Hh of structural components in same order as
Wl array

Volume in ft3 of structural components in same order
as W1 and Z1 arrays

The superstructure, foundations, and attachments are
calculated in Subroutine TOTALS.

Subscripts are BSCI 3-digit code
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NAME : SUBROUTINE POWER

PURPOSE: Estimate power requirements at design and cruise
speeds. Calculate weights, volumes, and VCG's of
major components of propulsion system, Group 2.

g _ Calculate fuel required for range specifications.
zi CALLING SEQUENCE: CALL POWER
p SUBROUTINES CALLED: PHRES, PRCOEF, SAVIT, PROPS, WJETS
3 INPUT: Via COMMON blocks
VDES v = design (maximum) speed in knots, from

input Card 7

(=9

VCRS VC = cruise speed in knots f_Vd, from Card 7
RANGED Ranged = range requirement at design speed in
nautical miles, from Card 7
May be Q if cruise range dominates
RANGEC RangeC = range requirement at cruise speed in
‘ nautical miles, from Card 7
H13D Hl/3 = maximum significant wave height in ft
.0 7d specified for operation of ship at V_,
d
from Card 7
H13C H = maximum significant wave height in ft
1/3 C s X )
c specified for operation of ship at Vc’
from Card 7
IPROP Control for type of thrusters, from card 4
IPROP = 1 for Gawn-Burrill type propellers
IPROP = 2 for Newton-Rader type propellers
IPROP = 3 for Wageningen B-screw tvpe propellers
IPROP = 4 Fc.r‘ B"xr‘c-v 7‘74/(’& a—bSkmlI\c’ ne Ca ‘hv._.{-,c—r-
TPlof =5 Fpr weter;cts
IPM Control for type of englnes from Card 6
IPM = 1 for diesel prime movers
IPM = 2 for gas turbine prime movers
IPM = 3 for CODOG system (qass {wrbin<s wfawpilary diesels)
IPM = 4 for COGOG system(jb_s Firbines "J/‘“"?L 9 o5 +«.ur"uuc’.a,‘
DLBS A = ship displacement in 1b, from Subroutine
NEWHUL
PRN L = number of prime movers = number of
P thrusters, from input Card 12 or Sub-
routine PROPS
AUXNO Rk = number of auxiliary engines, from Card 12
Other Various constants relating to engines and gears
from input Cards 13, 14, and 15 &l il.
\}\:FLMEL wr_x = p;“-ﬁ pb_if wa_giLA’ -ln +cn51 F"A)’V\ Cc’ful ‘T

[of+{nnJ fnf“f)

A
A
L -
- -
; A A
[y 93 2, s s
b2 Vo Y
{ PSRN



SUBROUTINE POWER

] QUTPUT: Via COMMON blocks
\ A. POWER REQUIREMENTS AT DESIGN AND CRUISE SPEEDS
3 NV Number of speeds = 2 (if V_<V,) ; 1 (if V_=V,)
’ I Index for DO LOOP I = 1, NV
3 VKT (I) VK = ship speed in knots = Vd’ VC when I = 1,2
VFPS v = ship speed in ft/sec = 1.6878 Vi
FNV(I) F = gpeed-displacement coefficient
; nv 1/3,1/2
= V/(g"V"' ™)
H13(I) Hl/3 = significant wave height in ft
i ADF(I) na = appendage drag factor
TDF (1) 1-t = thrust deduction factor
3 TWE (1) 1-w = thrust wake factor = torque wake factor
' Propellers: na, 1-t, 1-w from Subroutine PRCOEF
! Waterjets: na = 1.0; 1-t = 0.95; 1-w = 1.0
: TAU(I) T = trim angle in degrees from Subroutine
SAVIT
RWS (1) (R/W)s = resistance-weight ratio from Subroutine
SAVIT, not used for the power predictions
' RWB(I) (R/W)b = resistance-weight ratio of bare hull
i - &2
RWA(TI) (R/W)a = resistance-weight ratio of appendaged
‘} hull = Ra/A
¥ RWW(I) (R/W)w = resistance-weight ratio in seaway
= R_/A
' T
j RBH Rb = bare hull resistance from Subroutine PHRES
or input from Card 7 or Card 29
x Ra = appendaged hull resistance = Rb/na
; RT RT = total resistance at H1/3 = Ra + Raw
Raw = added resistance in waves
; EHPBH PE = bare hull effective power = Rb v / 550
b
3 EHP () Py = total effective power = R,V / 550
THRUST(I) T = total thrust in 1b = RT/(l-t)
DHP(I) PD = total power delivered at thrusters
_ 0.5 1/3,-2.5
Note: Raw/A = 1,3 (H1/3/BPX) (LP/V ) Fy
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SUBROUTINE POWER

SHP(I) PS = total shaft power
RPM(I) N = speed of thrusters in revolutions per
minute
PC(I) U = propulsive coefficient = PE/PD
For propellers: PD’ PS’ N, ny from Subroutine PROPS
For waterjets: PD’ PS’ N, nb from Subroutine WJETS
BHP(I) PB = total brake power
PCO(I) oPC - = overall performance coefficient = PE /PD
. b
TORQUE(I) Q = total torque in ft-1b = 33000 PD/(ZR M)
BHP (1) Pd = total brakepower at Vd
BHP (2) Pc = total brakepower at Vc
B. PRIME MOVERS AND GEARS
PE _ Pe = maximum brake power of each prime mover
= Pd/npr (or velue of PEmAX lﬂ[’v‘-{' o C'u-raL ”)
1
THP Pd = total brake power of prime movers = Pe X npr
SWE SWe = specific weight of engines in 1b/hp
Diesels: SWé = FM1 (25.1/Peo'207)
Gas Turbines: SWe = FM1 (O.42+2.88X106/Pe2'67)
WE We = weight of each prime mover in 1b

swe x Pe (ar‘ Value c7’ FwE ;n")‘\;.':}" e~ Coril lf)

RE N
e

Plesels: N, = Fus (2.09x10% p O884yy ) /o yaine oF
REMAX japuts

speed of prime movers in rpm

Gas Turbines: Ne = FM5 (5.4X105/Pe0'49) v Cooprd 11
RD Nd = speed of thrusters at Vd in rpm
GR g = gear ratio = Ne/Nd (er CRENG input e Cont 53
. _ 3
QE Qe = gear we%ght factor (Pe/Ne)(mg+l) /mg

N oo /,,/,m,/ Velwes Sﬂf’drSf’Jﬂ' (‘?e”e“’J {c’““d”’m 1 e )
/ : ' 4 -~ - NS {' §ous 0'1
[u’,{g,, /,/’/,‘\_f- UA_/‘ke., +3 Lla.n k o r D~'0j gfn env/‘ 7 ot ome |

;

PO
PEASREEY

.

N

2 dlec) T
.
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SUBROUTINE POWER

WG W = weight of gears for each prime mover
g in 1b
= 16000 (Qe/K)O'9 for single reduction o Fuwi
gears Frenm
= 9500 (Qe/K) for planetary gears Coordd 1S
K = gear tooth factor input on Card 14

C. AUXILIARY ENGINES AND GEARS (By-pass if IPM < 3)

N
>

. AHP PC = total horsepower of auxiliary engines
.. = FG— » n(,!-u'\p
-- PEA P = horsepower of each auxiliary engine
a =P /n ; PAmA fod C_ ". [:)
: ¢ Maux ( or 1 AX Vaduwe o~ o
SWA SW = Specific weight of auxiliary engines
a .
in 1b/hp
Diesels: SW_ = P2 (25.172_%+2%)

Gas Turbines: SW_ = M2 (0-42+2.88X106/P32'67)

Wi S el D assieu s W

weight of each auxiliary engine in 1b

Wa from general equations may be superseded by

WEA Wa

value of FWEA input on Card 15

REA N = speed of auxiliary engines in rpm
2 4  0.884
Diesels: N_ = FM6 (2.09x10° P, /) (Dr IZAmA)c>
. 5,, 0.4
Gas Turbines: Na = FM6 (5.4%10 /Pa 9) Coval |
RC Nc = gpeed of thrusters at VC in rpm
GRA mga = gear ratio = Na/Nc ( e cﬁ(}w)( e Covcd H‘)
= ; - 3
QE Q, gear weight factor (Pa/Na)(mga+l) /mga
WGA W = weight of gears for each auxiliary
s engine in 1b .
= 16000 (Qa/K)O'9 for single reduction [ o, & GA)
gears , {
'= 9500 (Qa/K) for planetary gears o~ Cond 1S
K = gear tooth factor input on Card 14

Ve
PR
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SUBROUTINE POWER

PROPELLERS, SHAFTING, BEARINGS, ETC. (By-pass if IPROP = 4)

DFT

EAR

WPR

SHL
QD

SHDO

SHDT

WSH

NSEG

SEGL
WB

FrlrorbA

WrEA

D

EAR

pr

Lsh
Qsh

wsh

max

seg

L
seg

= diameter of propeller in ft from
Subroutine PROPS

= propeller expanded area ratio
input on Card 12

= weight of each propeller in 1b
=D (5.05 EAR + 3.3)
= shaft length in ft from Subroutine PROPS

torque per shaft in ft-1b = Q at Vd/npr

shear stress due to torsion in lb/in2
14000

shaft inner diameter/outer diameter

nn

"

initial value of 0.67 used for hollow shaft

= outer shaft diameter in inches
- _,4y11/3
p192 Qup/ (M8 )/ (1-5%)]
If d, < 6 inches, set =0 for
solid shaft, and recalculate dO
= inner shaft diameter in inches = z dg,
= weight of each shaft in 1b
_ 2 2
= 3,396 LSh (do di) /4

= maximum length of unsupported shafting
in ft

~ 1/2
= 178.5 (do/Nd)

= number of shaft segments = Lsh/L

max
rounded up

= length of each segment in ft = L /n
sh’ "seg
= weight of coupling, bearings, etc. for
each shaft in 1b
=n (0.00792 @, +5.04 L )
seg d 0 seg

= G{(ti-mt’-'{""( o R a g, ’l.l.LrL/ F.*c/’f-//t'r' in ['t/‘
/./‘)/au.f Uk [1)«.9{, /A

= L,v‘illcl}dl x‘f € oed— o, fr\,_;;fr. ia b
= :bo? (5705 EAL + 3.3:)
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WATFRJET PUMPS (By-pass if IPROP <4&)

DFT

AJ
WIW

WJL

WJH

V2(3)

22(3)

WSH

D =

AJ =
wj

L .
wl

W]

<1
[

wj

SUBROUTINE POWER

diameter of waterjet impeller in ft
from Subroutine WJETS

area of jet in ft2 from Subroutine WJETS

= breadth of each waterjet unit in ft
= 1.10D

length of waterjet unit inside of hull, in ft
4,8D

height of waterjet unit in ft
1.8 D

internal volume required for waterjets in ft3

+ .+

[npr Bwj + c(1 nprﬂ [HwJ ¢l [ij]

where ¢ is clearance of 1.5 ft around units
VCG of waterjets above baseline in ft

Z, +0.5(Z. -2 )Y+1.,15D
Xy 1 X

= maximum input horsepcower per unit

(DHP at Vd) / Nor

weight of each complete waterjet unit in 1b*

e e: e e
P L 2 2
1.4 0 A; (bOPd 0+ bl A b2Pd + b3Pd )
where bO = -695241, eO = =1,0556
b1 = 4321.3 e = -0.0556
b2 = 1.2156 e, = 0.9444
b3 = -0.0000395 ey = 1.9444

0 | Weight of shaftings, bearings, etc.

included in ij;

¢ Factor of 1.4 in equation for waterjet

weight takes care of steering-reversing
gear.
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F.

VOLUME REQUIRED FOR PROPULSION SYSTEM

SUBROUTINE POWER

VOLE Ve = volume of main engine room for prime
3
movers in ft
. . _ 0.228 1.37
Diesels; Ve = 31.95 Pd ALT /Vd
Gas Turbines: Ve = 0.274 Pd
VOLEA Va = volume of space for auxiliary engines
3
in ft
Diesels: V, =31.95p a 0-228, 1.37
a ¢ LT c
Gas Turbines: Va = 0.137 Pc
VOLE2 Ve2 = volume of inlets and exhausts for
prime movers in ft3
Diesels: V., =0.0357 p
el d
Gas Turbines: V = 0.06135 P
e2 d
VOLEA2 Va2 = volume of inlets and exhausts for
auxiliary engines in ft3
Diesels: va2 = 0.0357 Pc

Gas Turbines: VaZ = 0.06135 P

v,V

e a’ "e2?

v vaZ from general equations above may

be superseded by values of FVOLE, FVOLEA, FVOLE2,
FVOLA2, respectively, input on Card 15,

Space for all other components of propulsion system

assumed to be included in main engine room V

except for waterjets.

e’

See Section D for additional

volume required for waterjets,
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SUMMARY OF PROPULSION--Group 2

W2(2)

W2(3)

W2 (4)

W2(5)

W2(6)

Ww2(7)

w2(8)

W2(9)

V2(2)

V2(3)

V2(4)

VPR

Z2(4)

FUEL REQUIREMENT
SFCD

=
I

1]

=
f

¥)04,205

%206 =

W09 =

¥110 =

W11

Wys0,251 ~

Vool -

V203 =

V204,205

v
pT

Subscripts

204,205

SFCd =

Diesels:

SUBROUTINE POWER

weight of propulsion units, engines and
gears in tons

1
[(we+wg) npr + (wa+Jga) naux]/2240

weight of shafting, bearings, and
propellers (or waterjets) in tons

[t 49 ) n 2260]  + [lpr, N, /22¢0]

weight of combustion air supply and
uptakes in tons = 0.0002 Pd

weight of propulsion control equipment

in tons = 0.00005 Pd

weight of circulating and cooling water
system in tons = 0.000036 Pd

weight of fuel o0il service system in
tons = 0.000076 Py T W

weight of lubricating oil system in tons

0.000036 Pd

weight of repair parts and operating
fluids in tons = 0.000118 Pd

volume of propulsion units in ft
V +V
e a
0.0 except when waterjets are used;
see section on waterjets

= volume of air supply and uptakes in ft3

Va2 * Va2

total volume of propulsion system in ft3
V201 * V203 * V204,205
are BSCI 3-digit code

VCG of air supply and uptakes / hull
depth = 1.13

specific fuel consumption of prime
movers at design speed in lb/hp/hr

SFCy = M3 [0.859-0.247 log P,
+0.0309(1log Pe)z]

Gas Turbines: SFC, = FM3 [1.565-0.488 log Pe

d 2
+0.0501 (log Pe) |
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el

SrcC

SFCC

FRD

FRC

HOURS

HOURSD

WF

WEFDES

SUBROUTINE POWER
SFCd from general equations may be superseded by
value of FSFCD input on Card 15,

SFCC = specific fuel consumption of prime movers
at cruise speed in 1b/hp/hr (by-pass if
auxiliary engines are used)

, . _ 0.214
Diesels: SFCC = SFCd [0’853/(Pc/Pd)
' 3
+0.147 (Pc/Pd) ]
Gas Turbines: SFCc = SFCd [(-0.181 Peo'll+0.762)

. p
/(PC/Pd)O'825+O'377 Pe 0.0734]

SFCC : = specific fuel consumption of auxiliary
engines with maximum power at V in
1b/hp/hr €

Diesels: SFCC = FM4 [0.859-0.247 log Pa

+0.0309 (log pa>2]

Gas Turbines: SFCC = M4 [1.565-0.488 log Pa
+0.0501 (log pa)2]

SFCC from general equations may be superseded by

value of FSFCC input on Card +15,

FRd = total fuel rate in 1b/hr at design speed
= SFCd x Pd
FRC = total fuel rate at cruise speed in 1b/hr
= SFC x P
c c
Hc = operating time for cruise speed range in
hours
= Rangec/VC
Hd = operating time for design speed range in
hours
= Ranged/Vd
Wf = fuel required for cruise speed range in
c tons
= H x FR /0.95/2240
c c
Wf = fuel required for design speed range in
d tons

= 2
Hd X FRd/O.95/2-4O

oA
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SUBROUTINE POWER

=
1]

weight of fuel in tons

wf or Wf , whichever is greater
c c

Rangec or Ranged is recalculated based on the

dominating fuel weight Wf.

wft = weight of fuel tanks in tons

If IFT = 0, then W__ = 0, since fuel tanks,

ft
are included with the hull structures,
If IFT = 1, then Wft = 0.15 Wf, for

separate fuel tanks (1.0 1b / gallon of fuel)
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NAME : SUBROUTINE ELECPL
PURPOSE: Calculate weights, volumes, and VCG's of the major
components of the electric plant, Group 3
CALLING SEQUENCE: CALL ELECPL
3 INPUT: Via COMMON blocks
v FKW KW = electric power in kilowatts, optional input
. on Card 11
;! W W = total ship weight in tons = ALT’ from PHFMOPT
HMB Hmb = height of machinery box in ft, from Subroutine
; NEWVOL
HDM Hh = hull depth at midships in ft, from PHFMOPT
- PL LP = ship projected chine length in ft, from fnput
Card 29
BPA BPA = average chine beam in ft, from Subroutine
%’ NEWHUL :
¢ VOLT VT = total enclosed volume, including superstruc-
ture, in ft3, from Subroutine NEWVOL
3 OUTPUT: Via COMMON blocks
PKW KW = electric power in kilowatts = 4,29 x w0'79
or value of FKW input on Card 11
W3(2)- w300 = weight of electric power generation in tons
_ = 0.352 + 0.0408 KW if Kw < 40
] = 1.8 + 0.0046 Kw if KW > 40
Z3(2) 2300 = VCG of electric power generation / hull depth
fz = (2.0 + 0.63 Hmb) / Hh
B W3(3) W30l = weight of power distribution switchboard in
A tons
3 = 0.0033 KW
Z3(3) 2301 = VCG of power distribution switchboard / hull
_ depth
’3 = 0.786 H_, /H_
B W3(4) W302 = weight of power distribution system cables
= 0.000085 VT
vg Z3(4) 2302 = VCG of power cables / hull depth = 0.699
W3(5) W303 = weight of lighting system in tons
*} = 0.0000265 Lp X Bp, x H
Z3(5) Z303 = VCG of lighting system / hull depth = 1.383

No volume is added for electric plant assumed to be
included in volume of main engine room,

Subscripts are BSCI 3-digit code
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SUBROUTINE COMCON

Calculate weights, volumes, and VCG's of the non-
military components of communication and control,

Group &

} CALLING SEQUENCE: CALL COMCON
© INPUT: Via COMMON blocks
j’ VOLT VT = total enclosed volume, including superstruc-
‘ ture, in ft3, from Subroutine NEWBOL

PL LP = ship projected chine length in ft, from
) input Card 29

BPA BPA = average chine beam in ft, from Subroutine
a ' NEWHUL :
: HDM H, = hull depth at midships in ft, from PHFMOPT
1 ZPC ZPC = centroid of profile above baseline / hull
'; depth, from Subroutine NEWVOL

OUTPUT: Via COMMON blocks
a W& (2) WéOO = weight of non-electronic navigation equipment
in tons

0.0000035 VT

Z4(2) 2400 = VCG of navigation equipment / hull depth
=2.18 2
PC
V4 (2) V&OO = yolume of navigation equipment in ft
= 0,10V
T
W4 (3) wAOl = weight of interior communication system in
tons
= 0.0000465 LP BPA Hh
Z24(3) 2401 = VCG of communication system / hull depth
o = 0,786
V4 (3) V4Ol = volume of communication system in ft
= 0.0036 VT

Remainder of communication and control is considered
part of the payload.

1
i
1
1
!
]
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NAME : SUBROUTINE AUXIL
PURPOSE: Calculate weights, volumes, and VCG's of major
components of auxiliary systems, Group 5
CALLING SEQUENCE: CALL AUXIL
INPUT: Via COMMON blocks
VOLT VT = total enclosed volume in ft3, from
Subroutine NEWHUL
PL LP = ship length in ft, from input Card 29
BPA BPA = average chine beanm in ft, from Subroutine
NEWHUL _
HMB Hmb = height of machinery box in ft, from
Subroutine NEWVOL
HM H = draft at midships in ft, from Subroutine
NEWHUL
DMULT MA = multiplier for ship size, from Subroutine
4 CREWSS i
ZPC ZPC = centroid of hull profile above baseline /
. Hh’ from Subroutine NEWVOL
. ACC acce = total accommodations, from input Card 10
or Subroutine CREWSS i
DAYS days = number of days for provisions, from Card 10
WF WF = weight of fuel in tons, from Subroutine

3 POWER
W W = total ship weight in tons = ALT from PHFMOPT
CUTPUT: Via COMMON blocks
] A. GENERAL NOTATION
. W denotes weight in long tons
3 Z denotes VCG / hull depth
V denotes volume in ft3
3 Subscript is BSCI 3-digit code
i

B. HEATING AND AIR-CONDITIONING SYSTEMS

W5(2) W500, 502 =0-000036 v,
75(2) 2500 502 = 1271 Zpe

;l C. VENTILATION SYSTEM
W5 (3) Wsor = 0.000025 7
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1
]
H
3
1

25(3) Zo1
V5(3) vSOl
. REFRIGERATING SPACES
WS (4) LI
Z5(4) 2503
V5(4) V503
PLUMBING INSTALLATIONS
W5(5) Wsgs
25(5) Zsos
V5(5) Veos

it

1.528 ZP
0.03 VT

C

MA (0.26 + 0.0113 acc)
0.465

0.69 acc x days

0.0267 acc
1.29 ZPC
26.4 acc + 100.0

FIREMAIN, FLUSHING, SPRINKLING

W5(6) w506
Z5(6) 2506
FIRE EXTINGUISHING SYSTEM
W5(7) W507
Z5(7) 2507
DRAINAGE AND BALLAST
W5(8) w508
Z5(8) 2508
V5(8) V508

FRESH WATER SYSTEM
W5(9) W
Z5(9)

509
2509

SCUPPERS AND DECK DRAINS

ws(10) - W
Z25(10) s

510
510

FUEL AND DIESEL OIL FILLING

w3(11)
Z5(11)

Ws11
2511

0.00004 VT
0.6689

0.0000131 VT
0.750

0.0000194 VT
0.292

. 004
0.00438 VT

0.023 acc

1.005 ZPC

0.00000333 VT
0.9806

0.0003 WF
.418

(@]
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COMPRESSED AIR SYSTEM

W5(12) W513
25(12) 2513
DISTILLING PLANT
W5(13) w517
25(13) 2517
V5(13) v517
STEERING SYSTEMS
W5(14) w518
25(14) 2518
V5(14) v518
RUDDERS

W5(15) w519
Z5(15) z519

]

SUBROUTINE AUXIL

0.0
0.0

0.000848 (15 acc)l-021
0. 540
H . [160.0 + 0.0031 (15 acc)]

0.001205 H LP
0.656

0.2176 BPA LP

0.00313 H LP
0.382

MOORING, TOWING, ANCHOR, DECK MACHINERY

W5(16) WSZO
Z5(16) 2520
V5(16) VSZO
STORES HANDLING

W5(17) wSZl
Z5(17) 2521
V5(17) V521
REPLENISHMENT AT SEA
W5(18) WSZS
Z5(18) 2528
V5(18) V528
REPAIR PARTS

W5(19) wSSO

0.C0002 VT
0.702
0.5 W

0.00000865 VT
1.0
0.00088 VT

0.0000025 VT
0.807
0.00168 VT

0.0053 (wsoo,502*”501+w503+wsos+w506+w507

5095134 Ws 1 7 Wg o H WL, )

107



SUBROUTINE AUXIL

25(19) Z550 = 0.5335
v5(19) VSSO = 0.004 VT
T. OPERATING FLUIDS
W5 (20) WSSl = (.04 (Sum of all preceding Group 5 weights)
75(20) 2551 = (0.9039

Volumes of items not specified are assumed to either
be negligible or included in the machinery box.

Weights and volumes from these general equations for
the auxiliary systems may be changed or eliminated

by appropriate multipliers (K-factors) input on Cards
22 and 23. The multiplications are performed in Sub-
routine TOTALS together with the summation of all
Group 5 weights.

,
]
]
1
I
3
!
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NAME :
PURPOSE:

CALLING SEQUENCE:
INPUT:
VOLT

VPR

\'23

PL
BPA

DMULT

ZPC

ACC

CREW

CPO
OFF
OUTPUT:
A. GENERAL NOTATION

B. HULL FITTINGS
w6 (2)
26(2)

W6 (3)
26(3)

SUBROUTINE

OUTFIT

Calculate weights, volumes, and VCG's of major com-

ponents of

outfit and furnishings, Group 6

CALL OUTFIT

Via COMMON

[
]

acc =

crew =

CPO's

officers

Via COMMON

blocks

total enclosed volume in ft3, from
Subroutine NEWVOL

total volume of propulsion system in ft3,
from Subroutine POWER

volume of fuel tanks in ft3,.from Sub-
routine LOADS

ship length in ft, from input Card 29

average chine beam in ft, from Subroutine
NEWVOL

multiplier for ship size, from Subroutine
CREWSS

centroid of hull profile above baseline /
hull depth, from Subroutine NEWHUL

total accommodations, from Card 10 or
CREWSS

number of enlisted men, from Card 10 or
CREWSS

number of CPO's, from Card 10 or CREWSS
number of officers, from Card 10 or CREWSS
blocks

W denotes weight in long tons
Z denotes VCG / hull depth

V denotes volume in ft3

Subscript is BSCI 3-digit code

¥e00

2600

Weo1 =
Z601 =

0.00034 LP B
1.064

PA

C. BOATS, STOWAGES, AND HANDLING

0.02232 acc
1.248
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RIGGING AND CANVAS

SUBROUTINE OUTFIT

0.005 (sum of all Group 6 weights)

2.

15 ZPC

0.000032 MA 3 Vpr+ VT)

0.
0.

469

10 MA (VT—V

pr_vF)

0.0000209 MA VT

1.

0.
0.

0.
1.

438 Zpc

00003348 VT
958 ZPC

0000368 VT

W6 (4) Voo
26 (4) Ze 0o

LADDERS AND GRATING

W6 (5) W o3

26 (5) Zeos

v6(5) V603
NONSTRUCTURAL BULKHEADS AND DOORS
W6 (6) W4

26 (6) Zeos

PAINTING

W6 (7) We o

26 (7) Zeos

DECK COVERING

W6 (8) We o

76(8) Zg 06

HULL INSULATION
W6 (9) Weo7
Z6(9) Z6O7

0.
1.

331 ZPC

00022 VT
271 ZPC

STOREROOMS, STOWAGE, AND LOCKERS

W6 (10) Weos
26(10) 2608
V6 (10) Veos

EQUIPMENT FOR UTILITY SPACES

W6 (11) %)

609
Z6(11) 2609
V6 (11) V609
EQUIPMENT FOR WORKSHOPS
W6(12) WélO

0

0.
1.

.0688 acc

633
125 acc

0.01 acc
0.728
0.552 acc
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SUBROUTINE QUTFIT

Z26(12) 2610 = 1.207 ZPC
V6(12) v610 = 8.0 (100.0 + 0.00025 VT), if VT > 300,000
= 8.0 (0.000585 VT) , 1if VT < 300,000
M. GALLEY, PANTRY, SCULLERY, COMMISSARY
W6 (13) wéll = 0.01833 acc
Z6(13) Z6ll = 1.45 ZPC
V6(13) vﬁll = 29.6 acc
N. LIVING SPACES
W6 (14) W612 = 0.03693 (Crew + 1.55 CPO's + 4,35 officers)
+ 0.00529 (Crew + 4.17 CPO's + 6.36
officers)
26(14) 2612 = 1.32 ZPC
V6 (14) V612 = 8.0 [19.8 (Crew + 1.55 CPO's + 2.75

officers) + 140.0 + 4.46 (Crew + 3.36 CPO's
+ 4.68 officers)]

0. OFFICERS, CONTROL CENTER

W6(15) W6l3 = 0.02 acc
Z6(15) 2613 = 1.538 ZPC
3 V6(15) ‘v6l3 = 149.3 W613
' P. MEDICAL - DENTAL STACES
3 W6 (16) w614 = 0.0035 acc
' Z6(16) 2614 = 1,38 ZPC
3 Vé(16) v6l4 = 149.3 W614
i Volumes of items not specified are assumed to be
negligible.
j} " Weights and volumes from these general equations for
: the outfit and furnishings will be multiplied by
appropriate K-factors input on Cards 24 and 25.
k These multiplications and summations of all Group 6
weights are performed in Subroutine TOTALS.

\ : 3ie
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NAME: SUBROUTINE LOADS
PURPOSE: Calculate weights, volumes, and VCG's of the fuel
i load, crew and effects, personnel stores, and potable
water
CALLING SEQUENCE: CALL LOADS
‘! INPUT: Via COMMON blocks
WF WF = weight of fuel in tons to meet range require-
; ment(s), from Subroutine POWER
’ HDM H, = hull depth at midships in ft, from PHFMOPT
, ACC acc = total accommodations, from Card 10 or Sub-
3 routine CREWSS -~
DAYS days = number of d;ys for provisions, from Card 10
3 XL array K-factors for the loads, from card 16
OUTPUT: Via COMMON blocks
3 WL(2) WF = weight of fuel in tons
ZL(2) ZF = VCG of fuel / hull depth, see Figure 2
a ZF = centroid of midship section Csm/Hh if Hh f_l0.0
ZF = (Hh—8.0)/Hh if 10.0 < Hh < 20.0
ZF = (Hh—l6.0)/Hh if Hh > 20.0
VL(2) VF = yolume of fuel in ft3 = 42,96 X WF X 1.05
WL(3) W = weight of crew and personnel effects in tons
L1
= 0.120 x acc
ZL(3) ZLl = VCG of crew and effects / hull depth = 0.732
VL(3) le = yolume of crew and effects in ft3
= 0,344 x acc
WL(4) st = weight of personnel stores in tons
= 0.00284 x acc X days
ZL(4) Zig = VCG of personnel stores / hull depth = 0,536
VL(4) VL6 = volume of personnel stores in ft3
= (1.05%accxdays) + (0.265Xaccl/zxdays)
+ (4.38Xaccl/zxdaysl/2) + (0.4xdays) + 8.0
WL(5) WLlZ = weight of potable water in tons
= 0.1485 % acc (40 gal per man)
ZL(5) Zle = VCG of potable water / hull depth = 0.138
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VL(5)

WCE

ZCE

VCE

SUBROUTINE LOADS
Vle = volume of potable water in ft3 = 5.35 X acc
Weights and volumes of loads from the preceding
general equations are multiplied by appropriate K-
factors input on Card 16. Normally the K values are
1.0. VCG's are not affected by the multipliers.

W = total weight of crew and provisions in tons
R
L1 L6 L12
ZCE = net VCG of crew and provisions / hull depth
= OpaZiy ¥ WgZig V020, / )
My + W + W) p
v = volume of crew and provision in ft
v 4V 4y
L1 L6 L12
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NAME : SUBROUTINE TOTALS

PURPOSE: Calculate remaining weights for Groups 1 through 6
and apply multipliers from input Cards 17 through 25.
Calculate margins and totals for each weight group.
Calculate weight, volume, and VCG of the resultant
useful load and the payload.

CALLING SEQUENCE: CALL TOTALS
INPUT: Via COMMON blocks
W WT = total ship weight, full load, in tons =
A from PHFMOPT
LT
VOLT VT = total volume of ship, including superstruc-
ture, in ft3, from Subroutine NEWVOL
KG KG = net VCG of ship in ft, from Subroutine
NEWHUL
HDM Hh = hull depth at midships in ft, from PHFMOPT
HMB Hmb = height of machinery box in ft, from Sub-
routine NEWVOL
ZPC ZPC "= centroid of hull profile above baseline /
Hh’ from Subroutine NEWVOL
ZSS Zss = VCG of superstructure / Hh’ from Subroutine
NEWYOL
VOLSS vss = volume enclosed by superstructure in ft3,
- from input Card 10 or Subroutine CREWSS
Wl array Weight in tons
Z1 array VCG's / hull depth Structural components, Group 1,
V1 array Volumes in fc3 from Subroutine STRUCT
W2 array Weight in tons

22 array VCG's / hull depth Propulsion components, Group 2,

V2 array Volumes in ft from Subroutine POWER
W3 array Welght in tons
Z3 array VCG's / hull depth Electric plant components,

V3 array Volumes in ft Group 3, from Subroutine ELECPL

Non-military communication and
control components, Group 4
from Subroutine COMCON

Z4 array VCG's / hull depth
V4 array Volumes in ft

W5 array Welght in tons
Z5 array VCG's / hull depth Auxiliary systems, Group 3,

from Subroutine AUXIL

]
]
3
]
]
]

W4 array Welght in tons }

V5 array Volumes in ft
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SUBROUTINE TOTALS

W6 array Weight in tons

Z6 array VCG's / hull depth } Outfit and furnishings, Group 6,
b .

V6 array Volumes in ft3 from Subroutine OUTFIT

X1 array Group 1

K-factors for each BSCI 3-digit group

Xg array group § from input Cards 17 through 25. Weights
§4 array Group 4 and. volumes from the general equations
array roup will be multiplied by the corresponding
X5 array Group 5
K-factor
X6 array Group 6
WF Weight in tons
ZF VCG's / hull depth } fuel load, from Subroutine LOADS
VF : Volume in ft3
WCE Weight in toms total of crew and effects,
ZCE VCG's / hull depth } personnel stores, and potable
VCE Volume in ft3 water from Subroutine LOADS
OUTPUT: Via COMMON blocks
A. PROPULSION-~Group 2
22(2) %201 7 %206 = 2209 = Z210 = %211 = %250, 251
etc. = VCG of machinery box / hull depth = 0.615 Hmb
Z2(3) 2203 = VCG of shafting, bearings, and propellers /
hull depth
= 0.0, propellers assumed at baseline, if
IPROP < 3
= VCG of waterjets / Hh’ if IPROP = 3
L Index for DO LOOP L = 2,9
W2 (L) Weights in tons of propulsion components from
general equations in Subroutine POWER multiplied
by corresponding K-factors from input Card 19
Z2(L) VCG's / hull depth of propulsion components from
general equations, Not affected by K-factors
V2(L) Volumes in ft3 of propulsion components from general
equations multiplied by corresponding K-factors
W2(10) Wzm = weight margin for propulsion in tons
= (K2 - 1.0) (sum of weights of propulsion
components)
22(10) sz = VCG of margin / hull depth
= net VCG ratio of all propulsion components
V2(10) va = volume margin for propulsion = 0.0
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SUBROUTINE TOTALS

w2(1) W = total weight of propulsion, including margin,
in tons

Z2(1) 22 = net VCG of propulsion / hull depth

v2(1) V2 = total volume of propulsion in ft3

ELECTRIC PLANT--Group 3

L Index for DO LOOP L = 2,5

W3(L) Weight in tons, VCG's / hull depth, volumes in ft3

Z3(L) of electric plant compecnents. Weights and volumes

V3(L) from general equations multiplied by K-factors from

Card 20 ’
Ww3(6) W3m = weight margin for electric plant in tons
= (K3 - 1.0) (Sum of weights of electric plant

components)

Z3(6) Z3m = VCG of margin / hull depth = net of all
components

V3(6) V3m = volume margin for electric plant in ft3 = 0.0

W3(1l) W3 = total weight of electric plant, including
margin in’ tons

Z3(1) Z3 = net VCG of electric plant / hull depth

V3(1) V3 = total volume of electric plant in ft3

COMMUNICATION AND CONTROL--Group 4 (Non-military)

L Index for DO LOOP L = 2,3

W4 (L) Weight in tons, VCG's / hull depth, volumes in ft3

Z4 (L) of non-military communication and control components.

V4 (L) Weights and volumes multiplied by K-factors from

Card 21
W4 (4) Wam = weight margin in tons
= (K4 - 1.0) (Sum of non-military weight

components)

24 (4) Zl“n = VCG of margin / hull depth = net of components

V4 (4) v&m = volume margin = 0.0

W4 (1) W4 = total weight of non-military communicatiocn
and control, including margin in tons

Z4(1) Z4 = net VCG / hull depth

v4(l) V4 = total vo}ume in ft3
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L

' W5(L)
g Z5(L)
V5(L)

g WS (21)

Z25(21)

V5(21)
W5(1)

Z5(1)

V5(1)

L

Wé (L)
Z6(L)
V6 (L)

W6(17)

26(17)

V6 (17)
W6 (1)

Z6(1)

V6 (1)

SUBROUTINE TOTALS

D. AUXILIARY SYSTEMS--Group 5

Index for DO LOOP L = 2,20

Weight in toms, VCG's / hull depth, volumes in ft3
of auxiliary systems. Weights and volumes from
general equations multiplied by K-factors from
Cards 22 and 23

W5 = weight margin in tonms
m (K5 - 1.0) (Sum of all auxiliary system weights)

ZSm = VCG of margin / hull depth = net of components
VS = volume margin in ft3

- 0.06 (Sum of all auxiliary system volumes)
WS = total weight of auxiliary systems, including

margin, in tons
Z5 = net VCG of auxiliary systems / hull depth

VS = total volume of auxiliary system, including

margin, in ft3

E. OUTFIT AND FURNISHINGS~~Group 6

Index for DO LOOP L = 2,16

Weight in tons, VCG's / hull depth, volumes in ft3

of outfit and furnishings. Weight and volumes
multiplied by K-factors from Cards 24 and 25

W6m = weight margin in tons

= (K6 = 1.0) (Sum of all outfit and furnishings
weight)

N
[]

6m ~ VCG of margin / hull depth = net of components

V6m = volume margin in ft3
= 0.06 (Sum of all outfit and furnishings volume)

W6 = total weight of outfit and furnishings, includ-
ing margin, in tons

Z6 = net VCG of outfit and furnishings / hull depth

Vé = total volume of outfit and furnishings, includ-

ing margin, in ft3 -

TSR
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SUBRCUTINE TOTALS

STRUCTURES-~Group 1

W1(10)
Z1(10)

V1(10)

W1(11)

Z1(11)

vi(l1)

W1(12)

21(12)
V1(12)

W1(13)

Z1(13)

V1(13)

Wlll = Weight of superstructure in tons = vss /2240
lel = VCG of superstructure / hull depth = ZSS
v = volume of structural materials for super-
111 . .
structure, assumed negligible
wllz = weight of foundations for propulsion plant in
tons, Figure 7
W = 0.04911 W , 1f W,<10.0
Aluminum Hull} 112 2 2=
wll2 = 0.1785 + 0.03125 wz, if W2>lO.O
W = 0.06371 W if W,< 5.5
112 2 ? 2—
Steel or GRP } ,
WllZ = 0.1785 + 0.03125 w2, if w2> 5.5
Z = VCG of propulsion plant foundation / hull depth
112 _
= 0.15
\% = volume of propulsion foundations, assumed
112 ..
negligible
wll3 = weight of foundations for auxiliary and other
equipment in tons, Figure 8
Aluminum hull: wll3 = (0,03884 WA (WA = w3 + w5 + W6)
Steel or} W4 = 0.05179 W,, if Wy, < 10.0
l-‘ = . . i ‘¢ “O.
GRP hull Wll3 0.1295 + 0.03884 WA’ if VA > i0.0
le3 = VCG of other foundations / hull depth = 0.78
vllB = volume of other foundations, assumed negligible
watt = weight of attachments in tons

Aluminum or Steel: Wétt = 0.05 x total structures

GRP hulls: Waer = 0.02 x total structures
z = VCG of attachment / hull depth
att _ net of other components
e = volume of attachments, assumed negligible
a

The attachments, which encompass several BSCI codes,
are arbitrarily designated 198 in this program.
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L

Z1(L)

W1(L) ]
V1({L)

W1(14)

Z1(14)
V1(14)

W1(l)

Z1(1)
V1(1)

EMPTY SHIP
WEL

MOMENTS
ZKG

WZKG

WZEl

USEFUL LOADS

WU =
WL(1)

SUBROUTINE TOTALS

Index for DO LOOP L = 2,13

Weight in tons, VCG's / hull depth, volumes in ft
of structural components.

3

Weights and volumes from

general equations multiplied by K-factors from
Cards

wlm

17 and 18

= weight margin for structures in tons

_(Kl - 1.0) (Sum of weights of structural
components)

VCG of margin / hull depth = net of components
volume margin for structures = 0.0

total weight of structures, including margin,
in tons

net VCG of structures / hull depth

. 3
total volume of structures in ft

weight of empty ship, less fixed payload items,
in tons

Wl + W2 + W3 + w4 + W5 + W6

VCG of empty ship / hull depth

(WlZl + W222 + W3Z3 + W424 + WSZS + W626)/WE
volume of empty ship in ft3

Vl + V2 + V3 + \74 + VS + V6

VCG of total ship weight / hull depth

K_G/I-lh

total weight moment

empty ship weight moment

useful load in tons = wT - WE

total of fuel, crew and effects, personnel
store, potable water, and payload
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U = yA

U
ZL(1)
VU = v
VL(1) v
PAYLOQOAD
WP = W
WL(6)
ZP = Z
ZL(6) P
VP = "
VL(6) P

VCG of useful load / hull depth
W2y =WpZ o)/ (W)

volume of useful load in ft3

Vo = Vg

weight of péyload in tomns
Wy = Wp = Weg
VCG of payload / hull depth

(WTZT“WEZE'WFZF'WCEZCE) /W

P
volume of payload in ft3

Vo - VE VeE

SUBROUTINE TOTALS

Payload includes the armament, Group 7, the military
portion of communication and control, Group 4, and
ammunition loads in addition to any special loads
required for the ship's mission, such as the tanks
carried by a landing craft.

This prcgram does not break down the payload into its
various compenents.

WEIGHT FRACTIONS
R(1)

Wy
R(2) W,
R(3) W,
R(4) W,
R(5) W
R(6) W
R(7) W
R(8) Wy
R(9) Wep
R(10) W
R(11) Wy

e e T e T

o =5 =
H 3 3

" R = 5 = o= 5
L T T o TR o S o B T

éﬂ
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VCG / HULL DEPTH RATIOS

I\

G(L)

1
G(2) z,
G(3) Zy
G (&) z,
G(5) Zg
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NAME : SUBROUTINE COSTS
PURPOSE: Estimate base cost of ship by major weight groups.
Also estimate life costs of ship
CALLING SEQUENCE: CALL COSTS
INPUT: Via COMMON blocks
CKN array Cost factors for weight Groups 1 through 6 and pay-
load input on Card 26
OPHRS Operating hours per month, from input Card 27
OPYRS Total vehicle operating years, from Card 27
XUNITS Number of vehicles to be built, from Card 27
TIMED Portion of time operating at maximum speed, from
Card 27
TIMEC Portion of time operating at cruise speed, from
Card 27
FUELR Cost of fuel in dollars per ton, from Card 27
.QUTPUT: Via COMMON blocks '
c(1) C1 =.cost of structures
c(2) C2 = cost of propulsion
c(3) C3 = cost of electric plant
Cc(4) C4 = cost of non-military communication and control
: c{5) C5 = cost of auxiliary systems
; C(6) C6 = cost of outfit and furnishings
c(7) C7 = cost of empty ship = Cl + C2 + C3 + C4 + C5 + C6
3 Cc(8) Cg = cost of payload
c(9) C9 = base cost of first unit = C7 + C8
} c(10) Clo = average cost of XUNITS
c(11) Cll = life cost of personnel pay and allowances
'] c(12) C12 = ]life cost of maintenance
c(13) C13 = life cost of operations, except energy
C(14) Cl& = life cost of major support
.3 C(15) Cls = life cost of fuel
‘ C(16) C16 : éotai éife+cgst e s wc
} 10 11 12 13 14 715

Cost estimates are in millions of FY 77 dollars.




i

SUBROUTINE COSTS

The cost equations used are based on statistics de-
veloped under the ANCVE project and are not for public
release,

Cost data from this program should be used only for
comparative purposes, i.e., percentage change from
some parent configuration, and not as absolute cost
figures.
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NAME:
PURPOSE:

CALLING SEQUENCE:

INPUT:
DLBS
FNV

SLR
DCF
SDF

' ” - b b b

OUTPUT:
RLBS

PROCENURE:
XFNV array

ZSLR array
YRWM matrix

YWSR matrix

SD array

RWM

SUBPROGRAMS CALLED:

SUBROUTINE PHRES

Estimate the bare-hull, smooth-water resistance of
a hard-chine planing hull from synthesis of Series
62 and 65 experimental data

CALL PHRES (DLBS, FNV, SLR, DCF, SDF, RLBS)
DISCOT, YINTX, C1DSF

ship displacement in 1b

2
an = speed-displacement coefficient V/(gvl/B)l/“
LP/V]'/3 = slenderness ratio
CA = correlation allowance; may be 0

Standard deviation factor

SDF = 0.0 ccrresponds to mean resistance-weight R/W
curves derived from Series 62 and 65 data

SDF = 1,645 corresponds to minimum R/W curves

SDF can be used to approximate the resistance

curves for a particular hull form

R = bare-hull, smooth-water resistance in 1b
= A(mean R/W - SDF X )

ag = standard deviation of Series 62-65 data
from mean R/W

Tabulated values of an from 0.0 to 4.0

1/3 from 4.0 to 10.0

1/3
nV’ LP/v )

for 100,000~1b planing craft derived from Series 62
and 65 experimental data. See Table 1 and Figure 9

Tabulated values of LP/V
Tabulated values of mean R/W as f(F

Tabulated values of mean wetted area coefficients

S/VZ/3 from Series 62 and 65 hulls. See Table 2
and Figure 10

Tabulated values of standard deviation ¢ as £(F

)
v
See Table 1 and Figure 9 "

R/W for 100,000-1b planing craft interpolated from
YRWM matrix of mean R/W values at input an and

1/3 -
Ly/V
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WSR

SDM

RWM

DLBM

XL

VFPSM

VFPSS

PIM

PLS

REM

RES

CFM

CFs

SM

SS

RM

SUBROUTINE PHRES
5
S/V"/3 interpolated from YWSR matrix at input an
and LP/Vl/3

Subroutine DISCOT used for the double interpolation
O interpolated from SD array at input an
Function YINTX used for single interpolation

(R/W)_ = corrected R/W for iO0,000—lb planing craft
m = (mean R/W interpolated) - (SDF x 0 inter-

polated)
o = displacement of 100,000-1b ‘planing craft
A = linear ratio of actual ship to 100,000-1b
crafc
_ 1/3
= (A/Am) ,
Vm = speed of 100,000-1b craft in ft/sec
= 19.32 (input an)
.. _ 1/2
VS = speed of actual ship in ft/sec = Vm A
Lm = length of 100,000-1b craft in ft
= 11.6014 (input L /73
LS = length of actual ship in ft = Lm A
R = Reynolds number of 100,000-1b craft
"n =V_ L /v
m mm
R = Reynolds number of actual ship =V L /v
n s 8 ’s
s
C = Schoenherr frictional resistance coefficient
P for 100,000-1b craft
C = Schoenherr frictional resistance coefficient
Fs for actual ship

Function CI1DSF used to obtain Schoenherr frictional
resistance coefficients

Sm = wetted area of 100,000-1b craft in ft2
= 134.5925 g/y2/3
Ss = wetted area of actual ship in ft2 = Sm AZ
Rm = resistance of 100,000-1b craft in 1b
= (R/W)_A -
m m
126 _ €€£62133
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CT™ C

T
m
CR cR
CTS Cr
S
RLBS Ry
VIS vy
VISM v
m
RHO2 p /2
S
RHO2M pm/z

SUBROUTINE PHRES

total resistance coefficient of 100,000-1b
craft

2
R/ =S 0 /2)

residual resistance coefficient = CT - CF

m m
total resistance coefficient of actual ship
+ + :
R S
S
resistance of actual ship in 1b
2
CTS Vs Ss ps/2

kinematic viscosity for actual ship, input
via COMMON

kinematic viscosity for tabulated data =
1.2817 x 107°

1/2 water density for actual ship, input via
COMMON

1/2 water density for tabulated data = 1.9905/2

127 R
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TABLE 1 - MEAN VALUES OF RESISTANCE/WEIGHT RATIOS FOR 100,000-POUNDS PLANING CRAFT

From Series 62 and 65 Experimental Data Published in NSRDC Report 4307
with LCG Ranging from 1/3 to 1/2 L, Forward of Transom

L. (FT)
“won | s2.2 | sso | ens | 69.6 75.4 8l.2 | 87.0 | 92.8 | 104.4 | 1160 |
LP/ZIQB 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10.0 peviation
sreep | ) ) ) ) ) X 0 ) 8. : )
(KNOTS) nV
0.00 | 0.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
s.72 | 0.50 | 0.0120 | 0.0100 | 0.0085 | 0.0075 | 0.0070 | 0.0065 | 0.0060 | 0.0057 | 0.0055 | 0.0050 | 0.0045 | 0.0065
8.59 1 0.75 | 0.0420 | 0.0345 | 0.0280 | 0.0235 | 0.0200 | 0.0170 | 0.0150 | 0.0135 | 0.0125 | 0.0110 | 0.0100 | ©.0080
5 11.45 { 1.00 | 0.1050 | 0.0875 | 0.0715 | 0.0580 | 0.0480 | 0.0405 | 0.0350 | 0.0305 | 0.0270 | 0.0220 | 0.0190 | 0.0089
@ 14.31 | 1.25 | 0.1800 | 0.1420 | 0.1140 | 0.0940 | 0.0795 | 0.0675 | 0.0585 | 0.0510 | 0.0450 | 0.0360 | 0.0305 | 0.0095
17.17 | 1.50 | 0.1980 | 0.1550 | 0.1255 | 0.1065 | 0.0930 | 0.0815 | 0.0730 | 0.0660 | 0.0600 | 0.0500 | 0.0425 | 0.0100
20.03 | 1.75 | 0.1995 | 0.1602 | 0.1350 | 0.1165 | 0.1025 | 0.0910 | 0.0820 | 0.0755 | 0.0700 | 0.0610 | 0.0530 | 0.0106
22.89 | 2.00 | 0.1900 | 0.1630 | 0.1430 | 0.1275 | 0.1135 | 0.1020 | 0.0930 | 0.0855 | 0.0795 | 0.0705 | 0.0630 | o0.0112
25.76 | 2.25 | 0.1775 | 0.1642 | 0.1505 | 0.1375 | 0.1260 | 0.1150 | 0.1060 | 0.0985 | 0.0915 | 0.0815 | 0.0745 | 0.0121
28.62 | 2.50 | 0.1690 | 0.1645 | 0.1575 | 0.1475 | 0.1375 | 0.1280 | 0.1200 | 0.1125 | 0.1060 { 0.0950 | 0.0880 | 0.0132
11.48 | 2.75 0.1620 | 0.1610 | 0.1550 | 0.1480 | 0.1405 | 0.1330 | 0.1270 | 0.1210 | 0.1110 | 0.1040 | 0.0148
34.34 | 3.00 0.1610 | 0.1590 | 0.1565 | 0.1520 | 0.1465 | 0.1415 | 0.1365 | 0.1280 | 0.1205 | 0.0170
37.20 | 3.25 0.1590 | 0.1595 | 0.1600 | 0.1585 | 0.1560 | 0.1530 | 0.1465 | 0.1400 | 0.0199
40.06 | 3.50 0.1610 | 0.1665 | 0.1695 | 0.1700 | 0.1700 | 0.1670 | 0.1620 | 0.0231
42.93 | 3.75 | 0.1735 | 0.1795 | 0.1825 | 0.1840 | 0.1850 | 0.1830 | 0.0266
45.79 | 4.00 0.1890 | 0.1930 | 0.1960 | 0.2005 | 0.2030 | 0.0300
vy 17
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TABLE 2 - MEAN VALUES OF WETTED AREA COEFFICIENT.S/V2

/3

FOR PLANING HULLS

From Series 62 and 65 Exparimental Data Published in NSRDC Report 4307
with LCG Ranging from 1/3 to 1/2 LP Forward of Transom

LP/\71/3

4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 9.0 10.0
Fo |— SR [ p—
0.00 | 5.80 | 6.151 6.50 | 6.85 | 7.20 | 7.55 | 7.90 | 8.25 | 8.60 | 9.30 | 10.00
0.50 | 5.95 | 6.33 | 6.70 | 7.07 | 7.43 | 7.77 | 8.09 | 8.42 | 8.75 | 9.42 | 10.10
0.75 | 5.99 { 6.38 | 6.77 | 7.15 | 7.50 | 7.85 | 8.18 | 8.50 | 8.82 | 9.48 | 10.15
1.00 | 5.99 | 6.40 | 6.80 | 7.20 | 7.57 | 7.90 | 8.23 | 8.56 | 8.88 | 9.54 | 10.21
1.25 | 5.92 | 6.37 | 6.80 | 7.22 | 7.60 [ 7.93 | 8.27 | 8.61 | 8.93 | 9.60 | 10.28
1.50 | 5.76 | 6.29 | 6.78 | 7.21 | 7.60 | 7.95 | 8.30 | 8.65 | 8.97 | 9.65 | 10.34
1.75 | 5.50 | 6.16 | 6.72 | 7.17 | 7.59 | 7.94 | 8.29 | 8.67 | 9.00 | 9.70 | 10.41
2,00 | 5.20 | 5.97 | 6.59 | 7.08 | 7.54 | 7.92 | 8.27 | 8.65 | 9.01 | 9.75 | 10.48
2.25 | 4.76 | 5.70 | 6.41 | 6.97 | 7.46 | 7.85 | 8.23 | 8.62 ] 9.00 | 9.78 | 10.55
2.50 | 4.20 | 5.37 | 6.18 | 6.81 | 7.35 | 7.75 | 8.15 | 8.56 | 8.99 | 9.80 | 10.62
2.75 4.95 | 5.89 | 6.60 | 7.17 | 7.61 | 8.04 | ‘8.48 | 8.94 | 9.80 | 10.68
3.00 5.55 | 6.35 | 6.94 | 7.42 | 7.89 | 8.37 | 8.85 | -9.79 | 10.75
3.25 6.06 | 6.65 | 7.17 | 7.68 | 8.21 | 8.73 | 9.76 | 10.80
3.50 6.30 | 6.87 | 7.43 | 8.00 | 8.58 | 9.71 | 10.85
3.75 6.53 | 7.10 | 7.75 | 8.37 | 9.62 | 10.88
4.00 6.70 | 7.40 | 8.10 | 9.50 | 10.90




NAME:

PURPOSE:

CALLING SEQUENCE:

]
} SUBPROGRAM CALLED:
INPUT:
DISPL
:g LCG
g; VCG
VFPS
:; BEAM
1

BETA

TANB
COSB
SINB
HW

WDCST

i

3 RHO
VIS

1 i
DELCF

3 QUTPUT:

| R

} TD
NT

3 CLM

]

SUBROUTINE SAVIT

Estimate the bare-hull, smooth-water resistance
and trim for a hard-chine planing hull using
Savitsky's equations for Prismatic planing surfaces

CALL SAVIT (DISPL, LCG, VCG, VFPS, BEAM, BETA, TANB,
COSB, SINB, HW, WDCST, RHO, VIS, AG, DELCF, R, 1D,
NT, CLM, GDB)

C1DSF
A = ship displacement in 1b
AG = distance of center of gravity

transom in ft

K = distance of

= speed in ft/sec

= beam in ft
= maximum chine beanm BPK in Program PHFMOPT

B = deadrise angle in degrees
= deadrise at midships Bm in Program PHFMOPT
tan B .
cos B
sin B
QJ = height of center of wind drag above baseline
in ft
C.' = horizontal wind force in 1b / V2

= 0.0 in Program PHFMOPT; wind drag neglected

= water density in 1b x secz/ft4

p
, 2
v = kinematic viscosity of water in ft“/sec
. . . 2
g& = acceleration of gravity in ft/sec
CA = correlation allowance; may be 0
Rb = bare hull, smooth-water resistance in 1b
T = trim angle in degrees

Number of iterations to obtain trim angle

A = mean wetted length-~beam ratio L /b
not used by Program PHFMOPT m
,_‘._ ‘n.u;'n .::‘
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GDB

PROCEDURE:

TD

Ccv
CIM

CLO

CLB

XK

XC

GDB

CLD

RE

CF

SUBROUTINE SAVIT

Kf = longitudinal center of pressure, distance
forward of transom, in ft
not used by Program PHFMOPT
T = trim angle of planing surface from horizontal
in deg
first approximation of T = 4 deg
e 1/2
CV = speed coefficient = V/(gb)
A = mean wetted length-beam ratio
= Lm/b = (LK + LC)/Zb
CL = 1ift coefficient for flat surface
° = 11 0012 AM? + 0.0055 A3 %/c?)
c = 1ift coefficient for deadrise surface
Lg 2 .2 0.6
= A/[V™ b" p/2] = CL - 0.0065 CL :
; o o}
CL and A obtained by Newton-Raphson iteration
o
first approximations: CL = 0.085; A = 1.5
o
LK = wetted keel length in ft
= b[X + tan B/(27 tan T)]
LC = wetted chine length in ft = 2 b A - LK
LK - LC = (b tan B)/(7 tan T)
AP = longitudinal center of pressure forward of
transom in ft
= b A[0.75 = 1/(5.21 €2 /A + 2.39)]
C = dynamic component of 1lift coefficient
L 1/2 _1.1
= 0.012 X T
Y = mean velocity over planing surface in ft/sec
n 0.6 1/2
=V{l—(€ - 0.0065 B C >/<>\ cos T>J
L L
d d
Rn = Reynolds number for planing surface
=V b A/v
m -
CA = Schoenherr frictional resistance co-

efficient as f(Rn) plus correction
allowance ’

-
. o “
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DFX D
F
CK Cp
CK1 C
5
Al a1
TANp tan ¢
THETA 6
DLM ‘ AX
RE R
n
S
CF C
Fs
DSX D
S
DWX D
W
DTX D
T
DB P
PDBX T

1]

- [sinzT(l—ZCK)+CK2tan2T(l/sinZB—sinzT)]

SUBROUTINE SAVIT

viscous force due to wetted surface, parallel
to the planing surface, in 1b

(CF+ C,) (p/2) (V ) (b Alcos B)

1.5708 (l - 0.1788 tan 8 cos B - 0.09646
tan R sin B)

CK tan 1/sin 8

1/2

cos T + Ck tan T sin T

a.+C ) (l-a C )

( 1 Kl // 1 Kl

angle between outer Spray edge and keel in
radians

arctan(tan ¢ cos 8)

effective increase in length-beam ratio due
to spray

[tan B/ (7 tan T) - 1/(2 tan 8)1/(2 cos 8)
Reynolds number for spray
V b/(3 cos B sin 8)/v

Schoenherr frictional resistance coefficient
for spray drag

viscous force due to Spray drag, parallel to
the planing surface, in 1b

Co (0/2) (V%) b M / cos 8)
)

component of wind drag ﬁarallel to planing
surface in 1b

CD' Vz/cos T
W

total drag force parallel to planing surface
in 1b

+D_ +
DF DS Dw

total pressure force perpendicular to surface
in 1b

AJcos T + DT tan T

133 {{45;1?5
N MY k4



1
]

]
]
]
|

EDB

FF

FW

RMT

NT

By

M

SUBROUTINE SAVIT
moment arm from center of pressure to
center of gravity in ft
AG - AP
moment arm from center of viscous force to
center of gravity in ft
G - (b tan B/ 4)

moment arm from center of wind drag to
center of gravity in ft

T(E—Hw
sum of moments about CG in ft-1b

P + (D 4D ) £+ D f
r & T (PgtDg) £+ Dy L

Iterate with small changes in T until IM < 0.001 A

Number of iterations requircd to obtain equilibrium
trim; maximum of 15 iterations

R
b

total horizontal resistance force in 1b

D cos T+ P sin T
T T

w

R



NAME:

'] PURPOSE:

CALLING SEQUENCE:
SUBPROGRAMS CALLED:
INPUT:

FNV
OUTPUT:

. TDF

ADF

TWF
REFERENCE:

E‘ By '

PROCEDURE:

FV array F
TDF 1-¢
TW array l-w
AD array n

SUBROUTINE PRCOEF

Estimate propulsion coefficients for planing hull
with propellers on inclined shafts
CALL PRCOEF (FNV, TDF, ADF, TWF)

MINP, YINTE

1/2

o
i}

nv speed-displacement coefficient = V/(ng/3)

1-t = thrust deduction factor

= total horizontal resistance of appendaged hull
/ total shaft-line thrust
n = appendage drag factor

= resistance of bare hull / resistance of
appendaged hull

1-w thrust wake factor = torque wake factor

Blount, .D.L. and D.L. Fox, "Small Craft Power
Predictions," Western Gulf Section of the Society
of Naval Architects and Marine Engineers (Feb 1975)

1-t, 1-w, and na interpolated from following table
of values at input value of an. The tabulated

data represent mean values from a bandwidth of data
collected for numerous twin-screw planing craft and
reported in the above reference.

= 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

=0.92 0.92 0.92 0.92 0.92 0.92 0.92 0.92
=1.05 1.06 1.04 0.99 Q.97 0.975 0.98 0.975
=0.951 0.948 0.942 0.934 0.925 0.913 0.900 0.885
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NAME:

PURPOSE:

REFERENCE:

CALLING SEQUENCE:
INPUT:

IPROP

PD
EAR
Z

OUTPUT:
N

JT

KT

KQ

SUBROUTINE OWKTQ

Calculate propeller open-water characteristics as
function of pitch ratio, expanded area ratio, and

number of blades from coefficients derived from
Wageningen B-Screw Series for airfoil section propellers
or modified coefficients for flat face, segmental
section propellers,

Oosterveld and Van Oossanan, '"Recent Development in
Marine Propeller Hydrodynamcis,' Proceedings of the
Netherlands Ship Model Basin 40th Anniversary (1972)
and "Further Computer Analyzed Data of the Wageningen
B-Screw Series,'” International Shipbuilding Progress,
Vol. 22 (July 1975).

CALL OWKTQ

Control for type of propellers
= 1 for Gawn-Burrill type
(flat face, segmental sections)
34 for Wageningen B-Screw type
(airfoil sections)

3— Fer /erfrr’Zanr fyf& *

nu

P/D propeller pitch/diameter ratio (0,6 to 1.6)
EAR = propeller expanded area ratio (0.5 to 1.1)
Z = number of propeller blades (3 to 7)
n; = number of J values generated -- max of 60
J = array of propeller advance coefficients in
ascending order from (J=0) to (J at Kf=0)
in increments of 0.025 if P/D<1.2
in increments of 0,050 if P/L>1.2
KT = array of open-water thrust coefficients
= f (p/D, EAR, Z, J )
KQ = array of open-water torque coefficients
= f (P/D, EAR, Z, J )

KT and KQ developed from equation in above references

for airfoil section propellers. For Gawn-Burrill type
propellers (IPROP=1) the equations are modified to

produce slightly higher KT and KQ than B-Screw Series,
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NAME : SUBROUTINE CAVKTQ

PURPOSE: Calculate propeller characteristics in cavitation
regime as function of pitch ratio, expanded area
ratio and cavitation number.

REFERENCE: Blount and Fox, "Design Considerations for
Propellers in a Cavitating Environment," Marine
Technology (Apr 1978)

CALLING SEQUENCE: CALL CAVKTQ

SUBPROGRAMS CALLED:TQMAX

INPUT:
IPROP Control for type of propellers
= 1 for Gawn-Burrill type
(flat face, segmental sections)
= 2 for Newton-Rader types .
= 3 for Wageningen B-Screw (airfoil sections) |
=¥ for B-Scren 7“/&1 aSSwming pe Coay, +taticn
PD P/D = propeller pitch/diameter ratio
EAR ' EAR = propeller expanded area ratio
NJ njy = number of J values input from open-water
curves -- max. of 60
JT dJ = array of propeller advance coefficients
KTO KTo = corresponding array of propeller
open-water thrust coefficients
KQO KQO = corresponding array of propeller
open-water torque coefficients
NS ng = number of cavitation numbers -- max. of 8
== at which propeller characteristics are
to be computed and printed from this
routine (if ng = 0 only the constants
are computed)
SIGMA c = array of cavitation numbers

R -
=1 7E2L )
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SUBROUTINE CAVKTQ

GENERAL NOTATION FOR PROPELLERS:

Vi = propeller speed of advance
n = rate of revolution
D = propeller diameter
T = thrust
Q = torque
p = water density
Po = pressure at center of propeller = pp+py-py
J = advance coefficient = Vy/ (n D)
Kt = thrust coefficient = T / (pn? D”)
Kq = torque coefficient = Q@ / (p n2 D5)
Kp/J2 = thrust loading = T / (P D2Vy2)
Kq/J2 = torque loading = Q/(p D3 Vy2)
] Kq/J3 = power loading = Q n/ (pD2 V;3)
o = cavitation number based on advance velocity
] = po / (172 pVy 2)
V0.7R2 = velocity 2 at 0.7 radius of propeller
3 = Vg2 + (0.7mnD)2 = Vy2(J2+4.84)/92
- %.7R = cavitation number based on Vg 7R
= Po/(1/2 Vg 7g2) = 0J2/(J2+4.8)
; AP = projected area of propeller
= (m D2/4) EAR (1.067-0.229 P/D)
3 Ta = thrust load coefficient
=T /(12 p A Vg.7R 2)
j = Ky / [1/2 (& /D2) (J2+u.8u)]
a Qe = torque load coefficient

= Q /(1/2 pD Ay Vy 557)
= Kq / [1/2 (8p/D2) (32+4.84)]

R
4

FAN o
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T1

T2

;i Q1
1 .
E! TCX

QCX

]
5! RMAX

OUTPUT:

SUBROUTINE CAVKTQ

MAXIMUM THRUST AND TORQUE LOADS:

Blount and Fox (see reference) give equations for
maximum thrust and torque load coefficients in a
cavitating environment based on regression of
experimental data for the three propeller series used
herein.

Ten = maximum thrust load coefficient

= aog,7p” (transition region)

* Tey(fully cavitating region)
Qcm = maximum torque load coefficient

= ¢ 00.7Rd (transition region)

= ch (fully cavitating region)

IPROP
a = 1.2 1
a = 0.703 + 0.25 P/D 2
a = 1.27 3
b = 1.0 1
b = 0.65 + 0.1 P/D 2
b = 1.0 3
e = 0.200 P/D 1
e = 0.240 P/D - 0.12 2
c = 0.247 P/D - 0.0167 3
d = 0.70 + 0.31 EARO.9 1
d = 0.50 + 0.165 P/D 2
d = 1.04 3
Ty = 0.0725 P/D - 0.0340 EAR 1
T = 0.0833 P/D - 0.0142 EAR 2
TeX = 0.0 3
Q = [0.0185 (P/D)2 - 0.0166 P/D + 0.00594]
X - /3
/EART

Qe = 0.0335 P/D - 0.024 EAR1/2 2
ch = 0.0 3
k = 0.8

Since full-scale trial data (see Figures 5 and 6 of
reference) indicates actual thrust and torque in the
transition region less than the maximums derived from
the propeller series data, the factor k is applied to
Top @nd Qo in the transition region. The factor
k is not applied to Tcx and ch'
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N b Gl Y ek b

APD2 Ap/D2/2

J J

OPEN WATER } KTO}

KT KQ Kq,,

SIGMA e)

KT . KT
KTm
Top

LC

KQ Kq
KQE!
Qcm

SUBRQUTINE CAVKTQ
Constant for calculation of T, and Qg
advance coefficient from input array

input values of open-water
thrust and torque coefficients

cavitation number from input array

thrust coefficient as f (J, 0)
Ky or Xr_, whichever is smaller
) ‘m

To, (1/2 Ap/D?) (J2 +4.8Y4)

whichever is greater

1 character identifier for propeller

cavitation
C indicates more than 10% back cavitation

. 0,
for Gawn props: Tci>0.494 99.7R 88

* indicates thrust limit due to cavitation
K. =K

T T
m

.

torque coefficient as f (J,0 )
Kq. ©or Kq whichever is smaller
o m

Q. (1/2 AL/D2) (J2 + 4.84)
cm P

(k ¢ 0g.7g9) or (Qg)s
whichever 1is greater

KTp and KQm generated by Function TQMAX



NAME:

PURPOSE :

CALLING SEQUENCE:

FUNCTION TQMAX

Calculate maximum thrust or torque coefficient in a
cavitating environment as function of cavitation
number and advance coefficient

‘X = TQMAX (SIGMA, JT, ITQ)

)

g = cavitation number

J = advance coefficient"

i = 1 if maximum thrust coefficient required
i = 2 if maximum torque coefficient required

Variables: a, b, c, d, Teys QCx’ k, 1/2 Ap/DZ

INPUT:
SIGMA
Y JT
ITQ
OUTPUT:
TQMAX KTrrl
Tep
KTm
ng
4KQ

generated by Subroutine CAVKTQ

or K depending on value of i

O
=]

maximum thrust load coefficient
k a OO.7R s OT Tcx if greater

Te, (172 Ap/D2) (J2+4.84)

maximum torque load coefficient
kc GO.7R , OY QCX if greater

Qe (172 Ay/D2) (J244.84)
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NAME:

PURPOSE:

CALLING SEQUENCE:

SUBPROGRAMS:

INPUT:
Ip

PCOZF

SIGMA

NJ

JT

KT

KQ

SJBROUTINE PRINTP

Interpolate for propeller performance at specified
value of (1) advance coefficient J, (2) thrust
loading Kp/J2, (3) tor%ue loading, Kg/J2, or

(4) power loading Kg/J3.

CALL PRINTP (IP, PCOEF, SIGMA)
TQMAX, YINTE

Option =1, 2, 3, or 4

input propeller ccefficient,
dependent on value of IP

PERFORMANCE AT SPECIFIC J:

JTP

KTP

KQP

Jp = advance coefficient, input if IP=1

KT/J2 = thrust loading, input if IP=2

Kq/J2 = torque loading, input if IP=3

KQ/J3 = power loading, input if IP=4

g = cavitation number

ng = number of J values defining propeller
characteristics ’

dJ = .array of advance coefficient, in
ascending order

LS = array of open-water thurst
coefficients

KQo z array.of open-water torque
coefficients

Jr = input advance coefficient

thrust coefficient at Jp
open-water thrust coefficient
interpolated from input array of
KTO versus J, or maximum thrust
coeéfficient in cavitating regime
Kt calculated by Function
TQHAX, whichever is smaller,

K

torque coefficient at Jp
open-water value interpolated from
Kq. vs J, or maximum cavitation
value KQm calculated from TQMAX,
whichever is smaller

&
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SUBROUTINE PRINTP

PERFORMANCE AT SPECIFIC LOADING:

PLOG 1n(Kt/J2) if IP=2 natural log of
1n(Kg/J2) if IP=3 input loading
1n(Xq/J3) if IP=4 coefficient

XLOG ln(KTO/Jg) if IP=2 array of natural logs
ln(KQO/J3) if IP=3 of open-water loading
In(Kq_ /J7) if IP=4 coefficient at J value

© from input array

JTP JTO = open-water advance coefficient interpolated

from array of open-water loading .
coefficients versus J at the specific
loading required (logs are used because of
the rapid change of loading coefficient at
low J's)

“If JTO is in non-cavitating region (KTO< KTm)

iy

KTP Kr l thrust and torque coefficients at JTO

KQP KQ l interplated from arrays 6f KTO and KQO vs J

If JTO is in cavitating region (KT0 > KTm)

:l XLOG In(Ky_ /J2) if IP=2 array of natural logs
In(Kq /J2) if IP=3 of loading coefficients
ln(KQm 7d3) if IP=Yy based on KT_ or

j KQm as func%ion d

. JTP JTm = advance coefficient interpolated from array

‘3 of cavitation loading coefficients vs J at

i the specific loading required

KTP KT} maximum cavitation thrust and torque
KQP KQ coefficients at JTm calculated from TQMAX
] QUTPUT:
JTP J7 = final advance coefficient
); KTP Kt = final thrust coefficient at propeller
performance
KQp Kq = final torque coefficient point
specified by
EP . Mo = propeller efficiency PCOEF and
= JT Kp/(2TKg) SIGMA

s
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TAUC T

SIG7 UO.7R

7R

LT

XSIGT  4.94 o 0.88 -

SUBROUTINE PRINTP

thrust load coefficient
2 .
K, / [sa/0?) (3%+e,80]

cavitation number based on velocity
at 0.7 radius of propeller

2
o} JZ/(JZ+4.84) 4.84=(0.77)

term representing 10% back cavitation line for
Gawn-Burrill propeller series

1 character identifier for propeller cavitation

% indicates thrust limit due to cavitation:

Kr = Kp
m

C indicates more than 10% back cavitation for
Gawn-Burrill propellers, but less than
thrust limit cavitation

0.88

'rc > 0,494 05.7R

PACTIIPIN
AR SN |



NAME

PURPOSE:

CALLING SEQUENCE:
SUBPROGRAMS CALLED:
INPUT:

PROPNO

PROPDI

AUXNO
FRer Pa

PEMAX

PL

HT

NV
VKT (I)

TWF(I)
THRUST(I)

EHP(I)
APD2
TCDES

CONSTANTS:
PRA
PRV

SUBROUTINE PROPS

Estimate powering requirements for ship at design
and cruise speeds with propellers on inclined
shafts. Select appropriate number of propellers
and/or propeller diameter, if not already specified

CALL PROPS
YINTX, PRINTP
Via COMMON blocks

n_ = number of propellers--optional input on
P Card 12
D, = propeller diameter in inches--optional input
in
on Card 12
naux = number of auxiliary propulsion units for

- cruise speed operation, from input Card 12

D( i 3 N - * ” / - j fe
diometer of ct.u):.{l,(m/.'j Pial) -/_/c»r: Frem Cocrdd {2

maximum horsepower of ‘edch prime” mover,

“nax from input Card 12

d
nou

LP = ship lengﬁh in ft, from input Card 29
Ht = draft at transom in ft, from Subroutine
NEWHUL
Number of speeds, from Subroutine POWER
’VK = ship speed in knots, from Subroutine POWER

= design speed Vd’ cruise speed VC when I = 1, 2

1-w = thrust wake factor, from Subroutine PRCOEF
T = total shaft-line thrust in 1b, from
Subroutine POWER .
PE = total effective power, from Subroutine POWER
2

%A,/D"= propeller constant, from Subroutine CAVKTQ

(TC/UO 7R)* = constant for sizing propeller, from Card 12
= 0.6 for Cawn-Burrill 1n% back cavitation
criteria
Py, = atmospheric pressure in lb/ft2 = 2116
Py = vapor pressure in lb/ft2 = 36

-
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PRH

EEMAX

orC
QUTPUT:

PRSHP

NPR

s Gkl s ———— A W

vAa(I)

SIG(I)

TIMAX

DM

i
]
]
]
]
]

SUBROUTINE PROPS

= gtatic water pressure at propeller center in

P
B gp/sel
=pghpr
h = depth of propeller center below waterline
PT .
in ft
= Ht +0.75 D = 1.5 Ht’ if D not defined
€ = maximum shaft angle in degrees = 15
max

Preliminary estimate of nm = 0,55

preliminary estimate of total brake horsepower

rJ
It

° 0.55 PE at design speed

number of prime movers = number of propellers

o
1]

Py /Pe (rounded up)

or v%luemégecified on input Card 12
Limits: &4 < n < 2

Index for DO LOOP I=1, XV

VA = gpeed of advance of propeller in ft/sec
= 1,6873 VK (1-w)
) 2
fof = cavitation number = (pA+pH—pv)/(%p VA )
5 *
(KT/J“) = upper limit on thrust loading
2 *
= L
:(a,/D7) @ (t./9;, 78
Dmin - diameter in inches of smallest propeller
capable of producing required thrust

at current speed
2 2,4 1/2
=2 [T/ eV n, B/

l 5 O ,":"' "l‘l::')) -



DIN

XSH

XSF

CRUD

DMAX

PRN

DINMAX

DFT
XSA

D75

SUBROUTINE PROPS

o]
]

po number of propellers in operation

n__ at design speed
pr g P
= npr at cruise speed, if no auxiliary engine

n at cruise speed, if n >0
aux aux

final»propeller diameter in inches

(e
]

in
= 1.05 D . at design speed
min

or 1.05 D . at cruise speed, whichever if
min
larger

or value specified oﬁ input Card 12

>
1]

longitudinal distance from transom to point
sh . . .
where shafting enters hull in ft = 0.2 LP

~
1]

of longitudinal distance from transom to forward
end of shafting in fr = 0.3 LP

(@)
I

chord length of rudder in ft
0.03464 L_/n_ /2
P’ "pr

Trailing edge of rudder assumed flush with transom

Projected area of each rudder = 0.0016 Lpz/npr
= 4/3 ¢ 2
r

DmaX = maximum propeller diameter in inches,
limited by Emax and 0.25 D tip clearance

<

= 12 (Xsh-Cr) tan Emax/0.75 (1+tan €max)
If D, >0D , N is increased and D, is recal-
in max’ ~pr in
culated, unless n . is a fixed input value or up to
the limit of 4
npr = final number of propellers, prime movers
Dma = maximum propeller diameter in inches, limited
® by hull breadth over chines at transom
= + 0. -
12 (2 Ycl) / [npr 0.25 (npr ]

\' . e
¢ Avie0d *

IfD, > D v set final D, =D '
in max ', in max
D = final propeller diameter in ft = Din/l2
= longitudinal distance from transom to aft end
sa of shafting at propeller centerline
= 0.75 D + C_, assuming 0.25 D from rudder to
propeller
H = height from aft end of shafting to hull in ft
sa
= (0,75 D, assuming 0.25 D propeller tip
clearance
151 :
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SUBRCUTINE PROPS
EE € = shaft angle in degrees
= arctan[Hsa/(Xsf—Xsa)]

SHL L = shaft length in ft = (XS —Xsa)/cos €

sh £
2 2 2
THLD(I) K /9% = /a0 vE - DY)
= thrust loading of final propellers
TJ J = advance coefficient, from Subroutine PRCHAR
EP(I) Mo = propeller efficiency, from Subroutine PRCHAR
RCF NCorr = rpm correction factor, from Subroutine
PRCHAR
RPM(I) N = propeller rpm‘= 60 V (1-w) Ncorr/(J D)
PC(I) N = propulsive coefficient = Ny Ny g
Ny = hull efficiency = (1-t)/(1l-w)
nR = relative rotative efficiency = 1.0 since
thrust wake and torque wake are assumed
equal
DHP (I) . PD = total horsepower developed at propellers
TP Th
SHP(I) PS = total shaft horsepower = 1.02 P_ assuming

2 percent shaft transmission losses

. i e 7 . , : + Sy eS
,P /(/,/1 et 4{_0"/3///_“_/}, /,’7,r~_,,/ac//f.l"; xS ez’ w/r%— ERVE ) //:-/7 [ 7/:7 /s
1%

/f“ﬂ/(//é'-r' é‘/“/.'z./»rze/"ew v = SEopPA (”7/“’% o (’M‘?//L>

/ fovr Crouse SpEed ot ot ations.

75 S 8e

i
i
]
1
]
i
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NAME :

PURPOSE:

REFERENCE ;

CALLING SEQUENCE:
SUBPROGRAMS CALLED:
INPUT:

PROPNO

AUXNO

PEMAX
PROPDI

AJET
XK1
XK2
XK3
DHD
TLC

STP

HT

NV
VKI(I)

SUBROUTINE WJETS

Design waterjet pumps capable of producing required
thrust at design and cruise speeds and estimated
powering requirements. Select appropriate number of
waterjets if not already specified.

Denny, S.B. and A.R. Feller, "Waterjet Propulsor

Performance Prediction in Planing Craft Applications,’

DTNSRDC Report SPD-0905-01 (Aug 1979)

CALL WJETS
YINTE
Via COMMON blocks

B, = number of prime movers = number of waterjet
pumps -- optional input on Card 12

Lk number of auxiliary propulsion units for
cruise speed operation, from input Card 12
Pe = maximum horsepower of each prime mover, from

max Card 12; required if npr not specified

D, = impeller diameter in inches —- optional -
in
input on Card 12
A, = area of jet in ft2 -— optional input on
J Card 124
Kl = bollard jet velocity/ship speed at design
point, input from Card 12A
K2 = constant for inlet head recovery IHR, from
Card 12A
K = constant for T_ vs. o cavitation criteria,
3 c TIP
from Card 124
Dh/D = diameter of impeller hub/diameter of
impeller, input from Card 12A
Teq = thrust load coefficient at design point,
from Card 12A; not used if AJ is input
UTIPd = impeller tip velocity cavitation number at
design point, from Card 12A
Ht = draft at transom in ft, from Subroutine
NEWHUL
Number of speeds, from Subroutine POWER
VK = ship speed in knots, from Subroutine POWER

il

design speed Vd' cruise speed VC, when I=1,2
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THRUST(I)

CONSTANS:
PRA
PRV
PRH

OPC
RHO
GA

OUTPUT:
PRSHP

NPR

VFPS(1)

VEPS(2)
THI(1)

THI(2)

VJB

DvJ

vJ

SUBROUTINE WJETS

T = total thrust required in 1b, from Subroutine
POWER
Py atmospheric pressure in 1b/£t% = 2116
P.. vapor pressure in lb/ft2 = 36
pH statig water pressure on rotating axis in
1b/ftc =pg hra
h derth of rotating axis .elow waterline in
ra : -
ftz 0
Pre 'iminary estimate of N, = 0.4
0 = watar deasity in lbs x secz/ft4= 1.9905
g = acce Ler tion of gravity in ft/sec2 = 32.174
Pa = preliminary ustimate of cotal brake power
o = 0.4 PE at design speed
n. 0= number of prime movers = number of waterjets
P = Py /Pe (rounded up)
or°valﬁ%xspecified on Card 12
Limits: 6 € n__ 22
pr
« = design ship speed in ft/sec = 1.6878 VK
“d . 1
Vg = cruise ship speed in ft/sec = 1.6878 V¢
TdC = thrust requirement in 1b for each waterjet
at design speed = Tl/npr
Tc = thrust in 1b for each waterjet at cruise
speed = T2/naux or TZ/npr when N S 0
VJB = bollard jet velocity in ft/sec at full power
=K Y
d
AV = increase in jet velocity due to IHR at V
I ~1.737 S
=K, Vg [(Vyp /Vg ) +1] 77
d d “d
Vv = jet velocity in ft/sec at VS
d = VJB + AVJ d
d d
Q4 = mass flow in ft3/sec at Vg
. s d
= AJ VJd, if AJ is input

= T,/l0 (Vy= V)], if A

3 is not specified
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AJ

Al

VID

DMAX

DFT

aad

DIN

DHPMAX

RPMMAX

HP(J)
VIB

1
E’
1
i
]

v

max

in

max

Ind ex

SUBROUTINE WJIETS
= area of jet in ftr = Qd/VJ or value from
Card 12a d
= open area of pump inlet in ft2
= (w%/4) (1 - Dh2/D2), if D is input
=Ty CTIPd /rcd/(pA+pH-pv), if D not specified
= average flow velocity into pump inlet at
design point in ft/sec = Qd/AI

= maximum impeller diameter in ft, so that
the center of rotating axis will not be
above the still waterline

= H_'/1.25, where Ht‘ is draft at 1/4 buttock
at transom

diameter of pump impeller in ft
D, /12, if D, is input
in in

[AAI/n(l-th/Dz)]llz, if Din not specified

If D calculated>D s, Set D=D
max max

= diameter of pump impeiler in inches
= 12D, or value input on Card 12

= maximum input horsepower
= ©A, v 3/620.517)0-94733
J JBd

= pump.speed in rpm at full power

60 [pA+pH—pv)/(l/2 QOTIPd) - VId
for DO LOOP I=1,NV (NV = number of speeds = 2)

2]1/2/(nD)

= ship speed in ft/sec (design speed, cruise
speed, i = 1,2)

for DO LOOP J=1,NHP (NHP = 4)

Calculate thrust at 4 selected values of horse-

power

Interpolate to obtain horsepower required at
specified speed

P,

3
VJB.
J

= selected horsepover = (J/4) Pd

]

bollard jet velocity in ft/sec at Pj

[620.517 p 19536 (54 39173
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DVJ

vJ

Q

TH(J)

DHP(I)

RPM(I)

VJB

DvVJ

vJ
Q

Vi

SIG(I)
RPS
SIGTIP

TAUC

TCMAX

TCD(I)

QG(T)

SUBROUTINE WJETS

AVJ = increase in jet velocity at Pj and VS
J _ -1.737 1
= Ky Vg [V Vg ) +1]
i ] i
VJ' = jet velocity at Pj and VS. = VJB. + AVJ'
i 1 J J
Qj = mass flow at Pj and Vsi = AJ VJ.
Tj = thrust in 1b at Pj and Vg
i
=p Qj (VJ, - VS.)
3 i
Pi = input horsepower for required thrust at
specified ship speed, interpolated from
array of Pj vs Tj at input value of Ti
Ni = pump speed in rpm
= 1/3
ax (Pl/ max)
VJB = bollard jet velocity at required input
i horsepower in ft/sec
= [620.517 P, L. 0556'(9A )] 1/3
AVJ = increase in jet velocity due to IHR
i _ -1.737
= Ky Vg [y 1) + 1]
VJ{ = jet veloc1ty 1n ft/sec = VJB. + AVJi _
Qi = mass flow in ft /sec = AJ VJ
VI. = average flow velocity into pump inlet in
i ft/sec = Qi/AI )
oy = cavitation number = (pA+pH-pV)/(l/2 oV,
ny = pump speed in rps = Ni/60
Orip. = impeller tip velocity cavitation number
= (PA+PH PV)/[1/2 e (v 24 nzniz DZ)]
Ii
T = thrust load coefficient
i
2 2 2
= T./[1/2 0 A (V; 2 +1% 0% 09
i
Tnax. cavitation limit on thrust load coefficient
i
= OTIPi + 0.14 K3
(Tmax - T ) negatiée value indicates cavitation
i i
Q'i = mass flow in gal/min = 448.828 Q
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SUBROUTINE WJETS

XNPSH(I) NPSHi = net positive suction head
= (V. *2)(1 + o)
SS(I) SS = suction specific speed
i _ Ni(Q'i)l/z/(NPSH)3/4
XJ(I) J'i = effective advance coefficient = v /niD
PRNN n. = number of pumps in operation t
PO = , at design speed (i = 1)
= af at cruise speed if n >0 (i=2)
aux aux
= n at cruise speed if n = 0 (i=2)
pr aux
DHP(I) PD = total horsepower developed at pumps
i =P, n
i po,
SHP(I) PS = total Shaft horsepower = PD
i : i

- *
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NAME:

PURPOSE:

CALLING SEQUENCE:

SUBPROGRAMS CALLED:

INPUT:
XA

ZA

TABX array
TABY array
TABZ array
NC

NY

NZ
OUTPUT:

ANS

SUBROUTINE DISCOT

Single or double interpolation for continuous or
discontinuous function using Lagrange's formula

CALL DISCOT (XA, zA, TABX, TABY, TABZ, NC, NY, NZ,
ANS)

UNS, DISSER, LAGRAN
These subroutines are concerned with the interpo-
laticn, and are not documented separately

x value (first independent variable) for interpolated
point ’

z value (second independent variable) for interpolated
point
Same as x value for single-line function interpolation

Table of x values--first independent variable
Table of y values--dependent variable

Table of z values--second independent variable
Three digit control integer with + sign

Use + sign if NX

NY/NZ = points in X array
NY

"

Use - sign if NX

Use 1 in hundreds position for no extrapolation
above maximum Z

Use O in hundreds position for extrapolation
above maximum Z

Use 1-7 in tens position for degree of interpolation
desired in X direction

Use 1-7 in units position for degree of interpolation
desired in Z direction

Number of points in y array

Number of points in z array

v value (dependent variable) interpolated at x, z

DISCOT is a "standard" routine used at DINSRDC.
Consult User Services Branch of the Computation,
Mathematics and Logistics Department for additional
information.

N N
. ;
_ .
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NAME : FUNCTION MINP

PURPOSE: Select index of minimum x value to be used for
Lagrange interpolation, from an array of x values
greater than required

CALLING SEQUENCE: I = MINP (M, N, XA, X)
INPUT:
' M m = number of points required for interpolation of
degree m-1
N n = total number of points in x array > m
XA x value to be used for iﬁterpolation
X array Table of x values, must be in ascending order, but
need not be equally spaced
OﬁTPUT:
MINP Index of minimum x value from the array to be used by

FUNCTION YINTE for Lagrange interpolation of .
degree m-1

SAMPLE PROGRAM USING FUNCTIONS MINP AND YINTE:
DIMENSION X(10), Y(10)
N =10
M =4
READ (5, 10) (X(J), J=1, N), (Y(J), J=1, N), XA
I = MINP (M, N, X4, X)
YA = YINIE (XA, X(I), Y(I), M)

ALTERNATE PROGRAM USING FUNCTION YINTX:
DIMENSION X(10), Y(10)
N =10
M =4
READ (5, 10) (X(J), J=1, N), (YWJ), J=1, N), XA
YA = YINTX (XA, X, Y, M, N)

The result from either program is the same. In either case, only the -
M points closest to XA are considered in the interpolation formula. The
first combination should be used whenever several dependent variables are
to be interpolated at some value of the independent variable, since MINP
need only be called once. FUNCTION YINTE may be used alone whenever
N = M,

P
.
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NAME :

PURPOSE:

INPUT:
XA

X array

Y array
N

. OUTPUT:
YIXNTE

CALLING SEQUENCE:

FUNCTION YINTE

Single interpolation of degree n-1 for function
represented by n (x,y) points using Lagrange's
formula

YA = YINTE (XA, X, Y, N)

x value (independent varigble) for interpolated point
Table of x values--independent variable

x values can be in either ascending or descending
order and do not need to be equally spaced

Table of y values--dependent variable

n = number of (xX,y) values defining the function

Interpolated y value (dependent variable) derived
from Lagrange formula of degree n-1

For example, when n = 4, cubic interpolation is
performed

Lagrange's Interpolation Formula

) (x-xl) (x—xz) . e (x-xn)
y (xg=%p) (xg=%5) - (%g=x_) Yo
(x—xo) (x—xz) . . (x—xn)
(xl—xo) (xl-xz) (xl—xn) 71
. (x—xo) (x-xl) (x—x3) . e . (x~xn) .
(xz—xo) (xz—xl) (xz—x3) . . (xz—xn) 72 :
.\ (x—xo) (x—xl) (x~x2) .. (x-xn_l) ,
(xn—xo) (xn-xl) (Xn-xz) e (Xn—xn—l) n
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NAME :

PURPOSE:

CALLING SEQUENCE:

INPUT:
XA

X array
Y array
M

N
OUTPUT:
YINTX

FUNCTION YINTX

Single interpolation of degree m~1 for function
represented by n (x,y) points using Lagrange's
formula. If n > m, only the m closest points are
considered in the interpolation formula

YA = YINTX (X4, X, Y, M, N)

x value (independent variable) for interpolated point

Table of x values--independent variable x values must
be in ascending order, but need not be equally spaced

Table of v values--dependent variable

m = number of (x,y) values considered for the
interpolation process of degree m-1
n = total number of (x,y) values >m

Interpolated y value (dependent variable) derived
from Lagrange formula of degree m-1

FUNCTION YINTX may be used instead of FUNCTION MINP
and FUNCTION YINTE together

See Sample Programs using these three functions

el
- .
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NAME :

PURPOSE:

CALLING SEQUENCE:

INPUT:

X array

Y array
N
OUTPUT:

SIMPUN

NAME:

PURPOSE:

CALLING SEQUENCE:

INPUT:

XN1RE

OUTPUT:

C1DSF

PROCEDURE:

FUNCTION SIMPUN |
Numerical integration of area under curve defined by
set of (x,y) points at either equal or unequal

intervals

AREA = SIMPUN (X, Y, N)

Table of x values--independent variable
x values must be in ascending order

Table of y values--dependent variable

Number of (x,y) values

.3
Area under curve=x [y dx

FUNCTION C1DSF

Calculate Schoenherr frictional resistance coefficient

CF = C1DSF (XN1RE)
Rp = Reynolds number = VL /v
Cp = Schoenherr frictional resistance coefficient

teration with Newton-Raphson method
Schoenherr formula: 0.242 / /Cp = logyg R, Cf

. -
[P 2
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LIBRARY SUBPROGRAMS:

ABS
AMINI
ALOG
ALOG10
ATAN

cos
EXP
SIN
SQRT
TAN

Note:

|al

Min(a, b, ...)

]

"

loge(a)

[

loglo(a)

[

arctan(a)

(]

arctan(a/b)
cos(a) =
a

e =
sin(a) =
(a)l/2 =

tan(a) =

Angle A must be in

absolute value of a
smallest value in list
natural logarithm of a
common logarithm of a
arctangent of a
arctangent of a/b
trigonometric cosine of a
exponential of a
trigonometric sine of a
square root of a

trigonometric tangent cf a

radians for trigonometric functions SIN, COS, TAN,

167

Example

B = ABS (A)

C = AMIN1 (4,B)
D = ALOG (A)

E = ALOG1O (a)
F = ATAN (A)

G = ATAN (A,B)
P = C0S (A)

Q = EXP (&)

R = SIN (A)

S = SQRT (A)

T = TAN (a)



]
]
]
]

APPENDIX B

SAMPLE INPUT AND OUTPUT
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SAMPLE 1 Fe7™ Fol FROGEAM PHEACPT

R
N9
~ 5 paoe
d < FHFHIF3,T200.
v | JUSER
~ /CHARGE
J 3 ATTACH FPHFHKLGO,
I % ) HarcoFF)
~ = | LDSET,FRESET=ZERC.
® 3 FHFMLGO,
SR /EOR
SAMFLE (0CT 32
92,00  15.25 0.00
27 26 13 1% 18
? 1 4 6 ® 12 1% 18 21 26
3 0.000 7.63 7.21 0.73 1.89 \Sé 0.00
0.0253 7,62 7.24 0.73 1.86  7.S6
0.050 7,41 7.27 0.69 1.84  7.64
0.075 7,040 7.30 0.67 1.86 7.648
: .0.100 7.49 7.32 0.58 1.88 7.72
3 0.150 7.58 7.92 0.54 2,00 7.76
, 0.200 7.54 g.04 0.44 2,08 7.80
0.250 7.50 8.13 0,38 2.16 7.84
0,300 7.38 8.2 0.2 2,29 7.88
; 0,350 7.29 8.33 0.16 2,38 7.92
2 0,400 .21 8.54 0.04 2,45  7.96
0.450 6.96 9,88 0.01 2.54  8.08
0.500 &+48 9,13 0.01 2.75  8.29
0.550 6.54 9.32 0.01 2,83 8.%50
a 0.600 6.01 2.10 0.01 3.05 8.8
0.650 5.58 9.04 0.01 3,25 2.80
0.700 4.88 g.92 0.01 2,31 %.00
0.750 4,20 8.75 0.01 3.38 9.2
0,800 3,54 g.28 0,13 3.40 9,25
0,850 3,13 7.88 0,23 3,42 9.50
0.875 2.29 7.54 0.50 3.44 9.52
0.960 1.94 7017 0.52 3,45 9.53
0.925 1.29 5.88 1.25 1,48 9.32
0.950 0.53 4,95 2,090 3,50 9.88
0.975 0.21 4.44 3.21 2.52 10,04
1,000 0,08 ° 3,92 3.54 2.54 10,17
1,087 0.00 0,00 10.50 0.0¢ 10,50
E' S 4 1 2 1 0 1 1 1
40,00 0.00 0.00 25,00 0.00 0.00 0.00 0.00 0.00 0.00
10.0 15.0 20.0 22.5 25.0 27.5 20.0 35.0 40,0 45.0
5.0 1000.0 4,00 2,00 1.50 50,00
10.0 8.0 1.0 1.0 3.0
3 2.50 0,14 103. 80090, 0.00 0.00 3000, 1200. 0.0 0.0
2 2.0 0.0 1.0 .7 3.0 0.4
1.00 1,00 1.00 1,90 1.00 1.00
15000, 200, 0.90 0.0 0.0
! 2800, 4450, 0.0 0.0 0.0 0.0 0.0 0.0 .51
3 1.0 1.0 1.0 1.0 1,0 1.0
1.10 1.0 1.0 1.0 1.0 1,0 1.0 1.0 1.0 1.0
1.0 1.0 1.0 .
1.00 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
il 1.10 1.0 1.0 1.0 1.0
1.16 1.0 1,0
1,10 1.0 1.0 0.0 1.0 1.0 1.0 0.0 1.0 1.0
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
:] 1.10 1.0 0,0 1.0 1.0 1.0 1.0 1.0 0.9 1.0
1.0 0.0 1.0 1.0 1.0 0.0
2,191 1,000 2,035 1,000 1,528  1.000  1.000
100,0 15.0 20.0 1.0 0.0 100,
5.00 1,00 1.00 0.00 50.0 ¢, 00 20,0 :
; 0.0 120,06 1£.0 10.0
g 100.0  120.0 18.¢ 10.0
110.0 120,90 13,0 10.0

-~EOR~~
END OQF FILE

i .



THFUT DATH

SAHPLE (OCcT 22
92,00 15,75 0.00
27 e 13 15 19
? 1 4 & ? 17 15 18 o1 248
0,000 7.43 7.21 W73 1.80 7.56 0,00
L0285 82 7.24 e 73 1.80 7.56 0.00
. 050 7,61 V27 Ay 1.84 7.84 0.00
,075 7,40 7.30 &7 1.86 7.483 0.00
L 100 7.59 7.33 .50 1.388 7.72 0,00
V150 7.58 | 7.92 W54 2,00 W76 0,00
. 200 7.56 8.04 VA6 2,08 7.80 0,00
L2850 7.50 8.13 38 2,14 7.84 0,00
L300 .28 8,21 .29 2,29 7.88 0,00
L350 7.2 g.32 W16 2,32 7.92 0.00
. 400 7.2 8.54 NOE 2,44 7.76 0,00
450 5,94 8.2 01 2.99 8.08 0.00
LS00 boAt 9,13 .01 2,75 8,2 0,00
LS50 5.54 9,33 , 01 2,83 8.50 0,00
L6500 6,01 9,10 L01 3,08 8.58 0.00
650 5,498 9,04 .01 3.25 8,80 0.00
200 4.38 8.92 .01 3.31 9,00 0.00
L 750 4,29 8,75 V01 1.32 9.2 0.00
100 3,94 g, .14 3,40 V25 0.00
LG50 3,11 7.88 .33 3.42 9.50 0.00
75 2.0 7,54 50 3,494 9.98 0,00
V700 1.96 7,17 58 3.46 9,43 0.00
L9205 1.29 5.68 1.25 2,43 9 .81 .00
L9550 58 4.96 2,00 3.50 9.88 0.00
97Y L e 2 4,46 3.21 3.52 10.04 0.00
1.000 .08 3.92 3.54 3.5 10,17 0.00
1.087 0.00 0.00 10.50 0.00 10,50 0,00
) 4 1 2 1 0 1 1 1
40,00 0.00 0.00 25,00 0.00 0.00 0.00 0.00 0.00 0.00
10,00 15.00 20,00 22,50 25,00 27.50 10,00 35.00 40,00 45,00
5,00 1000,00 4,00 2.00 1,50 50,00
10,00 8.00 1,00 1,00 3.00
2.50 W14 103,00 8000,00 0,00 0,00 1000.00° 1200.,00 0,00 0.00
3,00 0.00 1,00 W70 2,00 VA0 56,00 0,00
1,00 1.00 1,00 1.60 1.00 1,00
16000,00 200,00 +90 0.00 0,00
2500.00 4450.,00 0.00 0.00 0,00 0.00 0,00 0.00 .51 0.00
1.00° 1,00 1,00 1,00 1.00 1,00
1.10 1,00 1,00 1.00 1.00 1.00 1,00 1.00 1.00 1.00
1.00 1.00 1.00
1,00 1.00 1,00 1.00 1,00 1,00 1.00 1,00 1.00
1,10 1.00 1.00 1.00 1.00
1.10 1.00 1.00
1,10 1.00 1.00 0,00 1.00 1.00 1,00 0.00 1.00 1.00
1.00 1.00 1.00 1,00 1.00 1,00 1,00 1,00 1.00 1.00
1,10 1.00 0.00 1.00 1,00 1,09 1,00 1,00 RD) 1.00
1,00 0,00 1,00 1,00 1.00 0,00
2,019 1.00 2,04 1.00 1,53 1.00 1.00
190,00 15,00 20,00 1.00 0,00 100,00 '
5.00 1,00 1.00 0,00 50,00 0,00 20.00

S CMHo OF VAT DT Frlom S o pPowT i NE RESDIN
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buskiisiad
PROFPELLER CHARACTERISTICS
T1 T2
1.2000 1.0000
OFEN-WATER
3 £ K0 EF
L000 490 0734 ,000
L0CS .488 ,0732 . 005
L 010 .487  .0730 W011
L0155 .485  ,0728 016
L0720 . 483 ,0726 V021
L0095 .482  ,0723 0268
L0315 .478 L0719 037
.05 473 L0712 053
L0675 454  ,0700 V079
,100 . 455  ,0688 «10%
V105 444 L0674 £ 131
15 4186 L0663 V157
W 175 426 L0650 .183
200 V416 L0636 ,208
205 406 08623 234
. 250 /3986 L0409 . 259
V275 .385 L0594 .284
. 300 .374  .0580 . 308
L3209 V363 L0565 .333
350 352 ,0550 L3157
W 375 v 341 ,0525 380
. 400 L3I0 D520 . 404
425 .318  ,0504 V427
L 45 V305 ,0488 + 449
CA75 £295 ,0473 471
, 500 .283  .0457 . 493
925 271 0441 .514
LS50 V259 ,0424 . 534
VG975 .247  ,0408 1553
600 +234  ,0392 572
629 $2220,0375 +SB9
65 .210  ,0359 609
675 2197 ,0342 620
. 700 J185  ,0325 434
V725 173 ,0309 645
750 160 L0292 655
V775 .148  ,0275 642
.800 +135  ,0259 Y-
829 .123 ,0242 bbb
05 110 ,0224 662
875 .098  ,0209 V653
. 700 .086 .0193 637
725 073 0176 $612
VP50 041  .0140 577
975 .04%  ,0144 .527
1.000 ,037 ,0128 AS57
, 1.025 025 L0112 . 359
1,08 013 ,0097 221
S 1:075 .001  ,0081 019
Wl

a1
+ 2000

CHARACTERISTICS
RT7480

0,000
0,000
0,000
0,000
0.000
0.000
5,000
0,000
82,506
45,499
28.522
19,381
13,919
10,407
8.021
6,230
5.092
4,159
3,440
2,875
2,425
2,060
1,751
1.513
1,206
1,131
983
.855
V746
V651
569
497
1433
378
.328

. 285
.246
211
180
1153
1128
1106
086
068
051
037
024
012

. 001

PROPFLLE R

IFROF =

1

a2

naq
L5249

SIGHA= &.00

KT
+054%
J054%
0G4¥
05 1x%
+054%
+054%
«054¥
+054¥
054x
+054%
+054%
055X
+ 0557
OS5y
067%
+ 083 %
+100%
119%
+140%
163X
187%
+212%
+240%
1 269%
« 296C
+283C
1 271C
+ 25%C
+ 247

234

anD

.210
L1197
,185
.173
+160
,148
135
,123
. 110
, 098
. 086
,073
(081
1049
,037
,025
,013
. 001

KR
0098
0098
D098
0098
0098
L0098
0098
0098
., 0098
Q099
L0099
0099
0099
0111
0138
0148
+0200
0235
0273
0313
0355
0401
0148
+ 0498
+0473
+ 0457
0441
10424
+ 0408
0392
+ 0375
0359
0342
0328
03079
0292
03275
L0259
0242
+0226
0209
0193
01726
0160
0144
0128
0112
+0097

. 0081

F/D =

TCX
0427

SIGMA= 3,50

KT
+054%
054
054%
+054%
054%
«054%
054%
+054%
+054%
054%
+0S4¥
+055%
+055%
+OSS¥
RN 4
+055%
1059%
1 070%
0827
1 095%
1 109%
c124%
+140%
+157¥
v 175%
' 194%
f213%
234X
. 247C
+234C
2220
«210C
o197
+ 185
173
+150
+ 148
0135
123
+110
098
+086
+073
061
1049
037
» 025
013
. 001

1.000 E
[e1094
0088
SIGHA=
KQ KT
0090 L054¥
0078 054%
0093 NONEE ¢
0098 «054%
G098 +054%
00728 «054x%
0098 NSRS
0098 L054%
0093 +054¥
0079 L0549
0099 L054¥
+ 0099 +055%
10099 ,055
0099 +055%
+0092 035
01062 055
0121 +O05%
0143 ,055%
WO148 AR ¢
0190 NSNS ¢
0216 052%
20243 J071%
L0272 +030%
0303 +OF0¥
+0335 1100
10348 J111%
0403 122
10424 1344
.0408 «1446%
0372 159%
0375 W173%
+0359 .187%
0342 «197C
20325 +185¢C
0309 +173C
0292 «150C
0275 1148
0259 1325
20242 0123
10226 +110
0209 098
0193 1086
10174 +073
+0160 061
:0144 049
10128 037
20112 1025
L0097 013
0081 +001

AR =

RM&X
+8000

2.00
K@
0078
0098
.0098
0098
0098
0098
0098
0098
0098
0099
+0099
0099
0099
0099
0097
0100
. 0100
0100
0101
0113
0129
0145
+01482
+0180
01929
0219
0240
L0282
+0284
0308
0332
10357
0342
20325
L0309
0292
0275
0259
+ 0242
20228
0209
0193
0176
.0160
0144
0128
0112
+00727

0081

+ 700

3.

AFD2

»230

SIGHA=
KT

.+ 054¥

+054%
054X
1035 4%
«054%
054%
+054%
PRUSEE |
+054%
+054%
+05a¥
2 055%
055

+055%
+050X
+050%
055X
+053%
+O55%¥
+054%
056X
1058
1050
1 057%
1 075%
083x%
W091%
+100¥
+110%
119%
+130%
+140%
+153%
+173C
+150C
«148C
. 135C
123

110

. 098

«ND86

+ 073

061

049

2037

025

012

001

q

1.50
KQ
. 0098
0098
+ 0098
0098
.0098
0098
0098
0098
+0098
0099
0099
+0099
+ 0099

0099

10099
0100
0100
+0100
0101
0101
+0101
0111
0124
0138
0153
10148
+0184
G201
0218
0234
0255
0274
0294
0314
+0309
L0292
10275
L0259
0242
0224
+0209
0193
20176
0140
0144
0128
20112
0097
0081

ELADES

SIGHA=
KT
«054%
+054%
054%
004X
+054%
s054%
J054%
JO054X%
+054%
L054%
R ¢
+055%
+055%
+055%
L055%
+OS0¥
+055%
«055%
+056%
056X
+0546%
006X
+O057%
«057%
057X
J061%
067%
1 073%
L080%
10934
W101%
+108%
v116%
+124%
133%
+135C
.123C
+110€
098
088
073
041
1049
037
025
013
001

1.00
NG
0098
0098
0098
, 0098
0098
+0098
0098
0098
0098
0099
0099
10099
0099
0099
0099
+0100
+ 0100
0100
+0101
0101
0101
10102
10102
0102
0105
0116
V0127
0138
0150
0182
L0179
.0188
10202
0216
022
L0244
0241
0259
0242
10224
L0209
10193
0176
0140
0144
,0128
0112
0097
, 0081

SIGHA=
KT
+054%
+054%
054%
+054%
«054%
1 054%
1054%
«054%
054K
«054%
+054%
L055%
«Q55%
055

CL055%

+055%
D55x%
055

«055%
[OIT-Y ¢
056X
055%
056%
057y
W057%
+Q57%
+007%
050%
11
1060%
050
+070%
078X
081 %
L087¥
07
1004
L1046
«113%
+110C
0780
088

1073

10481

1049

+037

£ 025

013

001

75

KQ
+ 0098
0098
0098
Q098
0098
.0098
0098
0098
0098
+0099
0099
+00929
100929
0099
0099
20100
0100
<0100
+0101
0101
0101
0102
0102
0102
+0103
0103
0104
20106
0118
«0124
0124
0144
0185
0144
0177
.0183
«02¢0
» 0212

L0225

0228
L0209
0193
0174
L0140
.0144
.0128
L0112
L0097
, 0081

SIGMA=
KT
05¥
R R
OS5 Ak
054%
JO54%
+054%
MEE
NER
<054%
+054x
0S¥
050X
R S
W 055%F
055%
POSTE S
055
OS5
+Q55%
+056%
LO0548%
y0548%
JOGER
057%
W05 7%
+057%
0G7%
058
L0564
058%
0594
+059%
L059¥
+050%
+050%
J082%
J045%
O 1F
JO75Y
»GBO¥
085K
L0240
+0750C
V061
049
+037
025
011
001

ool Fimiad

50
Ka
0098
0098
0098
.0098
0098
0098
0098
0098
0098
0099
0099
0099
Q079
0099
+ 0099
0100
<0100
0100
0101
0101
0101
0102
0102
+0102
0103
201073
0104
0105
£ 0105
0104
0104

-+ 0107

0108
0114
0121
0129
0138
0146

0155

0081

OPEA = LVATER AND> Cav)TrATr08 CHAALACTER ISTIES Flom SuBLonTwe CAVETL
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HULL STRUCTURES GRF (E-I) SAMPLE - (0CT 82)
DESIGH P UNIT UT. AREA WEIGHT T
(FST) (LE/SQ.FT)  (SQ.FT) (LE) C(IN)
TRANSVERSE RULNHEADS
1 X=0.000 5.45 3,70 133.8 194,
2 X= ,075 5,54 1.7 136.8 510,
3 Xs . 150 5,45 3.75 143,$ S8,
4 X= 300 5.85 3.79 145.9 554,
5 X= 450 6,10 1.85 151.2 582,
6 X= 56060 5,37 3.91 145,7 571,
7 X= 750 4,71 3.98 129.9 517.
8 X= .87% 6,65 3.97 97.9 389,
9 X=1.000 5,37 3,49 39.4 145,
~1 FRAMING (LDNG.+TRANSVERSE) 9984,
"2}
kY
STRESS(FSI) = 745,
TCINY) = .27 .12 13
HULL EOTTOM (BELOW CHINE) 22,01 5.58 1044.0 9540, .27
44,03 Jhé 414,3
HULL SIDES (ABDVE CHINE) 2,50 1677.8 4194, .12
MAIN DECK 1.78 2,75 1965.3 5402, - .13
STRUCT WAL DATA oM S BRLATING ST R0 7 ( Pris ted on /7 WF Los 7= 0)
RS




5 Y

124,94-TON FLANING HULL FEASIBILITY MODEL

GAWN-BURKIT

FROFELLERS

_/_0'4‘:6‘ /O FRoM SitBLoCT INE

i

SAMFLE

G G

(OCT B2)

ki

LF/V1S  LF/BFX  AF/Y23  LF-FT  EBFX-FT  BFA-FT  HH-FT  HT-FY  D-IN  F/D EAR  Z  NFR  ASH-DEG LSH-FT DSH-IN 1DFT
6.12 5.54 5,01 100,00 18,00 13,38 4.88 4,01 61.8 1,00 ,700 3, 3 15,3 25.02 1,56 a
DISFL-LES  FROV-DAYS OFFICERS CFO  ENL-HEM  ACC. GM-FT  KH-FT  KG-FT  LCG/LF  VOLH-FT3  YOLSS-FT3  NTE IFRM
279876, 3.0 1.0 1.0 8.0 10,0 2,00 10,51 8.51 ,381 13312, 5014, 9 1
STRUCT.MAT.  MIN.LES/FT2  SLOFE  DENS.LES/FT3  STRESS-FSI  C-LOAL HULLS  LOA-FT  BOA-FT  LCS-FT  FES-FT  HES-FT
GHF (B-E) 2.5 140000 103, 8000, 749 1 108,70 22,24 0.00 0,00 0.00
V-RT FNV  SIGMA H13-FT RE/W  RA/W  RW/H  1-W  {-T KT/JSQ JT EF  FC  OFC  T-LE Q-FT.LE FRFH-F  EHP IHF EHF
BESIGN SFEED WITH FRIME MOVERS
40,0 2.94  ,40 0.00 .1503  .1644 1644 .974 920 ,073  .942 ,589% ,557 ,509  S0003.  £5492, 814, 5647, 101464, 10556,
CRUISE SFEED WITH FRIME MOVERS
2H.0 1.8B4 1,44 0,00 ,1017 .1086 1086 1,006 ,920 114  .B38 ,545% 590 .S53 33042, 37247, 557, 2332, 3I950. 4110,
SFEEDS WITH FRIME HOVERS
10,0 .74 8.14 0,00 ,017% .0189 .0189 1,058 .920 .114  .891 .&43% .559 531 735, 6503, 234, 142, 289,  301.
15,0 1,10 3,62 0,00 .0588 05821 .0421 1,058 .920 .146 837 ,445% .578 ,547 18880, 19482, 171,  800. 1384. 1440,
20.0 1,47 2,10 0.00 .0879 .0933 ,0933 1,042 ,920 .145  .858 ,£80¥ .S83 ,549 28383, 30207, 478, 1403, 2750, 2841,
22,5 1,66 1,71 0,00 ,0948 ,1009 .1009 1,025 .920 ,128  .875 .653¥ ,584 L5501  30691.  33490; 519, 1950, 3327, 3461,
25.0 1.84 1,44 0,00 ,1017 1086 .10864 1,008 .920 116 .888 ,845% 590 .S53 32042, 37247, S§57, 2332, 32950, 4110,
27.5 2,02 1,23 0.00 .1099 1177 ,1177 .988 920 .108  .B898 ,A38% ,594 LS55 35797, 41237,  S94., 2779, 4677. 486E.
30,0 2,21 1,06 0,00 1189 ,1278 .1278 ,978 .920 .100  ,907 431k ,593 ,552  3888B. 45757, 637, 3294, S650. €774,
15,0 2.58 .79 0.00 1358 41471 1471 ,970 ,920 ,08&  .924 413k .5BD 537 44745,  SS246., 723, 4421. 7403, 7910,
40,0 2.94 .60 0,00 ,1503 ,1644 1644 ,974 .920 .073  .942 .589% ,557 509 50003, 65492, B14. 5647, 10146, 10556,
9.0 3,31 .47 0,00 L1559 1723 L1793 ,979  ,920 .040  .962 ,SS&¥ ,522  ,473 52416, 74282, 901, 3855, 12748, 13053,
MAYIMUN SFPEEL ATTAINAELE WITH FRIME MOVERS
37020 2,73 4700 0,00 41425 L1549 L1549 971,920 .020  ,93I2 ,403¥ ,572 ,526 47129,  59630.  761. 4944, £&4S., B§99s.
U-KT ND, WP RFM-E  SFC  RANGE-NH.  SW WE BR MG MFR USH WE  BGEARC  GEARK GEARE
CAS TURE 37.2 3, 3000, 1800,  .510 B&1. .93 2500, 2,2 4650, 932, 1387, 916, 16000, 200, .9
CRUISE 25,0 V663 976, .
FAYLOAD REQUIREMENTS WT= 11200, LRS YoL= 1000, FT3 VCG= 4,00 FT + HULL LEFTH FAYLOAD TENSITY= 11.20 LES/FT3
VEHICLE LENSITY = 21,02 LES/FT3  GROUF 1 GROUF 2 GROUF I GROUF 4 GROUF S GROUF &  ENPTY  USEFUL CREY FUEL FAY -
FAYLOAD BENSITY = 9.77 LES/FT3  STRUCT.  FROF, ELEC. COMM.,  AUX.SYS. OUTFIT SHIF  LOAD +PROV, LOAT LOAD
WEIGHT/TOTAL WT. ( 279876, LES) 1708 .2095 L0452 L0040 -,0507 ,0554 5376 L 4524 0222 4002 410400
WEIGHT IN LES 47803, 58358, 12933, 1691, 14176, 15510, 150471, 129405, 6205, 112000, 11200,
ULIGHT IN TOMS 21,341 24,053 5,773 V755 6.329  &,924 87,174 S7,770 2,770 50,000 5,000
VCG/HULL DEFTH ¢ 10,00 FT ) V6770 .5483 .8231 .8755 7222 .8486 V6838 1,04677 V1076 6054  4,0s58
e VGG INOFT FROM BL ' 6477 5.43 8.23 8.76 7.22 8,49 6,64 10,68 4.08 6,05 60.54
5 tOULUME/ZTOTAL VOL.( 18326, FT3) L0926 V1847 0,0000 1036 1731 2737 8076 11924 . 0068 11231 0425
P tEUNLUME TN FTXx3 169¢.5  3018.2 0.0  1892,6 3171,8 S015.4 14800.,4  3%05.5 124.1  2255.4  114¢.0
»\‘;'..:C)‘ v .
FPLTrwr ]



SL/

N YS222 0323022328834 2X 22220 CRRRR2RR2 L)

22E2235328232228223233 2233332822322 20 0]

)

124.94-TON FLANING HULL FEASIRILITY MODEL

UEHICLE DENSTTY
BarLOnnl DENSITY

C051 - MILLIONS

LIFE COSTS

- M1

EHIURAN

il g hcsad i P— il

= 21,02 LBS/FT3 GROUF 1 GROUF 2 GROUF 3 GROUF 4 GROUF S
= 9,77 LES/FI3 STRUCT, FROF . ELEC, ConM, AUX.SYS,
OF FY77 DOLLARS 531 1.86% + 506 061 +412
FIRST AVERAGE FERSONNEL MAINTE- OFERATIONS
UNIT UNTT FAY» ETC, HANCE  W/0 ENERGY
LLIONS 1.704 2,240 +493 222 2.286

CE WITH PRIME MOVERS

EHF SFC RANGE-HH HOURS

in1., 3.082 1146, 114,42
1440, 1,099 1009, 67.2

2Bét., 773 962, 48,10
3481, VAR 973, 43.23
4110, 663 976, 39.046
48456, 622 967, 15.18
G774, . 589 944, 21.48
7910, 531 887. 25.35
1055 492 820, 20,591
13263, 487 774, 17.2

7000, 510 8461, 23.18

/246367’ 2 =120/

GAWN-RURRILL FROFELLERS

SUBLRonT /A

SANFLE

GROUF &
OUTFIT

+ 302

MAJOR
SUFFORY

229

AT 0T

EMPTY
SHIF

3.4678
FUEL

Cosy
4,326

(0CT 82)

**i**X********Y#i**********ﬁ**i##1*Y********##*******************t********Y**#i**********

USEFUL CREW FUEL FAY-
LOAD +FROV, LOAD LOAD
.028
TOTAL
cosY
11,105

*#Y##*W****!******##X***********X*******W*****************************Y*#*#************i*
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124,94-T0H FLANING HULL FEASIRILITY HODEL GAWH-BURRILL FROFELLERS SAMFLE (0CT 82)
.
FERREF AR RNERFRYRF RO 00 F XN £ #3005 000000KEOCEF 3001 R0F 00K O0K 000N 3000 000000K 80K X 000K 00K K 300K 00K 00K 030K0K 000 KKK ook ook kokoEkokokok X
EKSCI WEIGHT VOLUNME VCG / WEIGHT WEIGHT WEIGHT VOLUKE VOLUME
NO. FRACTION FRACTION HULL DEFTH (LES) (L.TONS) (H.TOHS) (FTH¥Z) ‘&H*XJ) MULT
Loans
USEFUL LOAD 0 +h624 11924 1.0477 129405, 57.770 58,697 2525.5 29.83 1.00
FUEL 0 +4002 +1231 + 6054 112000, 50,000 50.802 2285.4 63.87 1.00
CREW AND EFFECTS 1 0096 L0002 - 7120 2488, 1,200 219 3.4 10 1.00
FERSOMNEL STORES & 0007 + D037 - . .5340 191, 2085 087 67.2 1.90 1.00
FOTARLE WATER 12 0119 0029 +1380 3326, 1.485 1,509 53.5 1.51 1.00
FAYLOAD 0 +0400 0625 ° £,0558 11200, 94000 5.080 11456.0 32.45 1.00
HULL STRUCTURE
1 1708 07224 6770 47803, 21.341 21,683 1696.5 48.04 1,10
100 «0341 0189 1689 2537, 4,258 4.326 3446.9 ?.82 1,00
100 0150 0215 16930 4194, 1.873 1,903 393,2 11,13 1.00
101 0257 0127 16260 ?984. 4,457 4,529 232,2 6,57 1.00
103 0.0000 0.0000 0.0000 0. 0.000 0.000 0.0 0.00 1.00
103 0.0000 0.0000 0.0000 0. 0.000 0,000 0.0 0.00 1.00
107 0193 0251 1.0270 5402, 24412 2,451 460.6 13,04 1.00
114 + 0154 10144 61568 4304, 1.921 1,952 263.7 7,47 1,00
114 0.0000 00,0000 0.0000 0, 0.000 0,000 0.0 0,00 1.00
111 0179 0.0000 1.,6000 G014, 2,238 2,274 0.0 0.00 1.00
112 0079 0.0000 +1500 2224, 9293 1,009 0.0 0,00 1.00
113 »0070 0.0000 + 7800 1945, +868 882 0.0 0.0Q0 1.00
198 + 0030 0.0000 4770 852, + 380 387 0.0 0.00 1.00
199 0155 0.,0000 56770 4346, 1.940 1,971 0.0 0.00 0,00
FROFULSION
2 42085 114547 + 5483 58358, 25,053 26,471 3018,2 85,45 1.00
201 0766 1348 ¢ 6150 21450, ?2.576 2,730 2446640 69.83 1.00
202 0347 0.0000 0.0000 9706, 4,333 4,403 0.0 0.00 1.00
204205 0144 » 0301 1.1200 4032, 1.800 1.829 552.2 15,54 1.00
206 0036 0.,0000 + 41350 1008, 450 . ,AS7 0.0 0.00 1,00
209 + 00248 0.0000 + 61350 726, v 324 329 0.0 0.00 1.00
210 20655 0.0000 + 4150 18332, 8,184 8,315 0.0 0.60 1,00
211 40026 0.,0000 6150 . 726, 324 ¢ 329 0.0 0.00 1,00
250251 0085 0.0000 + 6160 . 2379, 1.062 1,079 0.0 0.00 1.00
299 0,0000 0.0000 ¢ 5483 0. 0.000 . 0,000 0.0 0.00 0.00
ELECTRIC FPLANT
3 0442 0.0000 . 8231 12933, $.773 5.846 0.0 0.00 1.10
300 0216 0.,0000 8300 6036, 2,695 2,738 0.0 0,00 1.00
301 0051 0.0000 7850 1438, 642 652 0.0 0.00 1,00
302 20125 0.0000 16990 3489, 1.558 1,983 0.0 0.00 1.00
303 0028 0.,0000 1,3830 794, 355 240 0.0 0.00 1,00
399 0042 0.0000 8231 1176, 525 533 0.0 0.00 0.00

i) Prce 2 FRo1 SR idowT /NE FRTouT
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124,94-T0N FLAHNING HULL FEASTEILITY MODEL

GAWH-EURRILL FROFELLERS

SAMFLE

(OCT 82)

(EARLEER LR R LR AN ARASEALARAR RS2SR R Rttt e gttt ettt et ettt I I MMM

COMHUMICATION AND CONTEROL

AUXYTLIARY

OUTFIT AND

5

YETEHMS

FURNISHINGS

ESCI
NO .

400
401
4929

S

500502
501
503
505
506
507
508
509
510
911
913
517
$18
519
520
521

528

)

25

599

607
610
611
612
613
614
699

UEIGHT

FRACTION

0080
10005
0050
0005

0507
+ 0053
0027
0,000
0021
0059
0019
00,0000
0018
0009
+0001
0.0000
0011
0047
0122
0029
0013
0004
0002
0019
0048

s
L0554
0038

0.0000
L0003
0040
» 0018
0049
0054
0161
+00G55
0008

0.0000
0015
0049
0015

0.0000
«0050

VOLUME

FRACTION

11038
» 1000
0038
0.0000

1721
0.0000
0300
0,0000
0199
0.0000
0.0000
0.0000
0.0000
0,0000
0.0000
0.0000
0876
0157
0.0000
0034
0009
0017
0040
0.0000
0098

\27227
0.,0000
0.0000
0,0000

,0408
0.,0000
0.0000
0.0000
0.,0000

0006

0003
0.,0000

0162

.1987

L0018
0.,0000

.015%5

veeG /

HULL DEFTH

+B7GS
1.7437
W 7R560

8785

7223

1.0166

1,2222
14650
1.0318
6489
7500
2220
.80383
7306
+4180
0.0000
+ 3400

15560

+ 3820 -

7020
1.0000
8070
V5335
7039
7223

8434
1.0640
1.2480
1.7197
4590
1.1502
17463
1.064¢6
1.0144
6320
V72320
19854
1.1598
1.05658
1.,2302
1.1038
8484

WEIGHT
(LES)

1591,
144,
1274,
154,

14176,
1478,
102¢.

0.
598,
1642,
518,
0 L
915,

1172,

34,
0.
317,
1316.
3418,
821,
S5,
1923,
46,
945,

1289,

15510,
1019,
00
70,
1129,
472,
1374,
1511,
4516,
1541,
224,
0.
411,
1349,
448,
0.
1410,

WEIGHT

(L.TONS)

755
064
622

069

6,329
16460
45

0.000
2487
733
0240

0,000
230
1061
015

0.000
141
587

1.526
2347
159
1048
021
«243

W H78

5,924
+ 455
0,000
031
+ 502
220
614
674
2,014
. 638
100
0.000
183
511
+200
0.000
629

PACE ¥ Flom SUBPRCUTIVNE iy

WEIGHT
(H.TONS)

747
L 065
632
«070

6,430
v570
1446

0,000
271
V745
244

0.000
234
062
+015

0.000
144
597

1.550
.372
v 151
047
021
' 247

. 585

7,035
vA82
0,000
L0032
0510

e el

+ 623
ABS
2.048
1 699
+ 102
0.000
186
521
203
0,000
+640

VOLUME

(FTk%3)

1898.4
1832,

66.0

0.0

—
« e * s e e e e

J
~
WOV OoOT-OU=mOoOOoCOOCDCOOWU

. e

VMO VWO>POQOUNWOOOTIIOO O

34

-

r

P

"2
x

VOLUNE
(Hxx3)

53.76
51.89
1.87
0.00

89.81
0.00
15.87
0.00
10.31
0.00
0,00
0.00
0.00
0,00
0,00
0,00
45,44
8.24
0,00
1,77
A6
+87
2,08
0.00
S.08

142,02
0,00
2,00
0.00

21.19
0,00
0,00
0,00
0.00

.32
18
0,00
8,33
103,09
B85
0.00
8.04

MULT

1,10
1.00
1.00
9.00

1.10
1.00
1,00
0.00
1.00
1,00
1.00
0,00
1.00
1.00
1,00
1.00
1,00
1,00
1.00
1.00
1.00
1,00
1,00
1.00
0.00

1.10
1.00
0.00
1,00
1.00
1.00
1.00
1,00

50
1.00
1,00
0.00
1,00
1,00
1.00
0.00
0.00



124.949-TON FLANING HULL FEASIEBILITY HODEL GAUN-RURRILL FROFELLERS SAMPLE (OCT 82)
**f******V**‘*****Y***Yf**l***************Yﬁ*********W************************************W***************************************
LOA-FT LE-FT EOA-FT BEPEX-FT LP/BFX RFA-FT HH-FT DZS-FT HULLS LCS-FT BRCS-FT HCS-FTY
108,7 100,00 22.2 18,00 S.54 13,38 10,00 0.00 1 0,00 0.00 0,00
DISFL-LE DISFL-TOHS HM-FT AF/VU23 LF/V13 KEB-FT BM-FT KM-FT GM-FT R6-FT LCG-FT
2798748, 124,94 4,88 S5.01 65412 317 7.34 10,51 2.00 8,51 38.14
X/LF X-FT ZS-F1 2C-FT ZK-F7T YS-FT YC-FT YR-FT BETA DEG AS-FT2 VOL-FT3
0,000 0,00 ?.12 2.12 84 8.50 2.01 0,00 7.98 133,80 0,00
025 2.50 ?.12 2-12 94 8.53 8,92 ° 0,00 7.9% 133,94 324,469
050 5.00 ?.22 2417 81 e.57 B.98 0.00 B.59 135.82 671,21
078 7.50 ?.26 2,20 79 8,61 8,97 0.00 B8.90 134,84 1012,23
.100 10,00 ?.31 2,22 ) 68 8,44 ?.08 0.00 ?.60 139,60 1357. 41
«150 15,00 ?.36 2,36 54 2,36 8.95 0.00 10,90 143,57 2066417
200 20,00 ?.41 2,46 + 54 9.51 B.92 0,00 12,09 145,22 2789.11
¢~JO 25.00 ?.46 2.5% A5 ?.862 8.89 0,00 13,35 146,19 3517.93
. 300 30,00 ?.51 2,70 34 ?.72 8.71 0.060 15,14 145.94 4242.,78
350 39.00 2,95 2.81 .19 ?.,93 8.40 0,00 146,94 147,54 4981,77
+400 40.00 Q.60 2.90 05 10.13 B.51 0.00 18,95 1492.17 9723.460
+ 450 45,00 ?.79 3.00 .01 10,55 8,22 ¢.00 19.98 151,20 6474,33
~ 500 50,00 10,00 3.25 01 10,68 7462 0.00 22.98 149,64 7227.93
~N « 550 55,00 10,25 3,24 .01 11,12 7.72 0.00 23,33 155.94 7988.,461
OQ + 600 60.00 10,35 3,50 +01 10.87 7409 0,00 24.83 146.57 8751.62
550 45.00 10,462 3,84 01 10.81 659 ¢.00 30.14 143,14 9473,76
v 700 70.00 10.86 3.91 01 10,69 S.74 0.00 34,07 134,79 10174.,74
750 75.00 11.11 1.99 + 01 10,51 4.96 0.00 38.74% 129,88 10841.,¢64
+800 80.00 11,16 4,01 19 10.09 4,18 0,00 42,73 118,07 11453,57
850 85.00 11,46 4,04 + 39 ?.49 3,49 0.00 44,62 111,37 12035,03
+B75 87.50 11,56 4,054 159 ?.11 2.70 0,00 52,08 97.94 12298,07
+ 9200 ?20.00 11,62 4,08 68 8.67 21 0.00 55,74 90.63 12532,5
.925 ?2.50 11.846 4,11 1.48 7412 1-g 0,00 592,995 71,03 12737.13
250 925,00 11-93 4.13 20346 6.03 .63 0.00 . 68.84 53,50 12292.36
2975 ?7.50 12 4,15 3.79 5.43 W25 0,00 55.87 45,30 13013,91
1,000 100,00 ~cu7 4.18 4.18 4,78 09 0,00 0.00 39.43 13119.34
1.087 108,70 12.67 0.00 12,47 0.00 0,00 0,00 0.00 0,00 13312,26
***W********************************************************Y*#*************************************************4*****************
SEA STATE 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
H13-FT 1.92 4,13 S.66 7.36 1.92 4,13 5,46 7,364 1,92 4.13 5,84 7,36 1,92 4.13 5,48 7.34
SAVITSKY CG ACC () . BROW ACC (6) FIXER CG ACC (G) BOW ACC (G)
YV-KT /W TRIM mmmmm e e e TRIM  mmmmmce o o L
10,00 +0538 2,77 .08 17 24 + 31 +38 82 1,12 1,48 2,50 .08 17 .23 + 30 37 79 1,09 1.4t
15.00 10643 3.06 W12 W 2 36 A7 «S3 1,14 1,56 2,03 2,50 12 25 v 35 45 +50 1,08 1.47 1,92
20.00 0775 3,44 17 v 34 49 53 &8 1,47 2,01 2,462 2.50 16 34 47 60 52 1,33 1.83 18
22,50 0850 3.68 19 +40 + 55 72 76 1,64 2,2 2.922 2,50 .18 .38 o2 68 38 1,48 2,00 2.6
29.00 10928 3.94 21 43 62 .81 .84 1,81 2,43 3,23 2.5 +20 42 ' 58 W76 73 1.5 2,146 2,81
\“-,27-50 .1008 4,21 24 v 51 IX-%4 70 923 1,99 2,73 v 59 ;.uo £ 22 147 54 .83 79 1,469 2,30 3,02
KRS 30 00 1085 4.48 26 36 76 99 1.01 2,17 2,97 3,87 50 024 51 W70 91 .84 1,81 2,48 22
J.S} 5& 00 1219 4,88 31 x-Y-) 71 1418 1.172 2.5 3.44 4,47 2.50 .28 59 81 1,04 24 2,03 2,78 3,42
Lo 90 6o 1213 5.01 35 76 1,014 1,35 1,30 2,80 3.84 4,99 2.50 32 68 23 121 1.04 2,24 3,08 4.00
e }J-OO +1180 4,90 + 40 8% 1,16 1.5 1.41 3.04 4,14 5,41 2.50 + 36 765 1,05 1,38 1.14 2.,4% 3,35 4,17
a3 ! N

FrRrLeE s FrRom S RowTIts FRT 8T
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PFLANTHG HULL FEASTRILITY HODEL SAMFLE (0CT 823
LARAARAS ARSI R R R R RAREREE 2RSS RS 2R 22 R SRRt it ittt s ittt et e R Y t8222332328833283832228;

1LuA LF YFX HH HT DISFL-LDE EBETA LCG VEG Wl u2 W3 Wa WS Wé WF WCEe Wrk W-LT cosT
¢7.8 20,0 18,00 10,00 4,22 273923, 23,0 34.6 8.2 20.0 25.8 5.6 7 é.,0 6.5 50.0 2.8 5.0 122.3 3.60
108,72 100.0 18.00 10.00 4,01 279876, 23,0 33.1 8.5 21.3 2641 5.8 x: 6.3 6.9 50.0 2.8 5:0 124.9 3.68
119.6 110,00 18,00 10.00 3,80 286163, 23,0 41.7 8.8 227 24645 6.0 8 6.7 7.3 50.0 2.8 5,0 127.8 3.76

SUmpARY FREE AT EXMD Forl ALl CASES
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DTNSRDC ISSUES THREE TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIéS; CONTAIN ll\iFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTIFICATION.,

3. TECHNICAL MEMORANDA, AN INFORMAL SERIES, CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY-CASE
BASIS.
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