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ABSTRACT

The Sturdard Ship Moticn Program, 3MP, was developed
et the David Taylor Naval Ship Research and Development
Center in 1981 as & prediction tool for use in the Navy's
ship design process. SMP provides predicticns of th
responses of a ship advancing at constant fcovard speed
with arbitrary heading in both regular waves and irregular
seas, Since 1981 a number of corrections and improvements
vere made to SMP vwhich are detailed in this report,

Corrections were made in the bilge keel viscous damping
calculation for ships that have both a bilge keel and &
skeg described on the same station, An improvement in
yaw-roll coupling was made by using a different theory to
compute hull 1lift damping. New predictions were incorpo-
rated into SMP to compute sta%.ilized ship responses for
active antiroll fina using fixed gains. Predictions of
vertical wave induced loads were also incorporated into SMP,
In addition, a new set of tables of severe ship responses
is provided as part of the cutput,

ADMINISTRATIVE INFORMATION

The David W, Taylor Naval Ship Research and Development Center (DTNSRDC) was
authorized and funded over a rumber of years to develop and improve the capability
and accuracy of a standard Navy ship motion prediction computer program snd other
associated computer programs. This report documents computer program changes and
additions to the report DTNSRDC/SPD-0936-01 entitled "User's Manual for the
Standard Ship Motion Program, SMP" known as SMPE)l, Funding was prov.ded by the
Surface Ship Hydromechanics Program under Project Flement 625L3N, Block
SF=L3-421-001, identified ms Work Unit Numbers 1506-103 and 1506-153, Funding was
also provided for wave induced vertical loads by Work Request NO00O24L83WR1LS26,
identified as Work Unit Number 1522-950.

INTRODUCTICN
The Standard Ship Motion Program, SMP.l. was developed at the David Taylor
Naval Ship Research and Development Ceater {DTNSRDC) in 1281 to provide a standard
ship motion predictior tool for use in the Navy's ship design process. This
program, also known as SMP81, provides predictions in irregular seas of the six

degree of freedom ship responses (surge, sway, heave, roll, pitch, and yaw) as well

*A complete listing of references is given on page 27.




as of the longitudinal, lateral, and vertical responses at specifisd locations on
the ship. Since 1581 a mumber of corrections and improvements were made to SMP
which are detailed in this report.

The modifications to SMP, known collectively as 1984 UPDATES, include:

1. A correction to bilge keel roll damping for ships that have botn a bilge
keel and e skeg on the same station.

2. An improvement in the roll prediction using a different theory to compute
hull lift cecefficients.

3. A new theory to compute stabilized ship responses using active antiroll
fins with fixed gains.

4, A new grediction of vertical shear force and vertical besding moment at
specified cross sections on the ship.

S. The lowest frequency of encounter computed in SMP is now restricted to
0.05 radians per second to avoid calculaticns of added mass, damping, excitations,
and motions at near zero radians per second.

6. A new set of Severe Motion Tables for selected responses is rvrovided as
part of the output.

It should be noted that no major alterations were made to SMP in either inmput,

output, files, or the manner in which the program is executed. The updated versjon
of SMP, known as SMPBL, will accept input decks prepared for SMP81 as well as files
previously generated by SMP81 using these decks. There are changes, however, to
both the input deck and some of the tiles when new features such as active fius
and/or vertical loads are selected.

‘The specific changes to input, output, and files associsted with active fins,
vertical loads, and severe motion tables are described ir separate sections of this
report.

A description is provided of the method used to make the program modifications
to SMP. The files associated with these program cruinges are stored on a disk pack
on the Control Data Corporation CYBER 176 st DTNSRDC. The last sectior of this
report descrives these T'lles and details the procedure used to retrieve the SMP84
file. A listing of the SMP8L source code UPDATES is provided in Appendix A.

This report only describes the changes made to SMPB1l. It is thus meant to be
used as a supplement, not a replacement, for the SMP User's Manual,l 1In addition,
the user is referred to Cox and Lloyd2 for more deteils concerning the design basis

for using active antiroll fins in roll motion stabilization.
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SHIP PARTICULARS
Four ships are used for illustrative purposes, these are:

n 1. USCG 210-ft Medium Endurance Cutter (WMEC) - bilge keel/skeg damping
_ correction
ot 2. DE-1006 - modification to hull 1ift terms

3, USCG 270~-rt Medium Endurance Cutter (WMEC) - active antiroll fins
k. DDG-51 - vertical loads
A listing of the hydrostatic characteristics of each ship is presented in Table 1

_-/ “

and Figure 1 contains the computer-drawn underwater hull shapes.

UPDATES [0 THEORY
1t is aszumed in this report that the user is elready familiar wita the ship
_ motion theory, variables, coordinate system, files, and irput/output scl.emes that
Ei are described in the SMP User's Manual.1 These details will not be repeated here.
Only the changes made to SMP81 are described below,

BILoR xrv;-r-Llnr-v-v- MALNTAN AADDI/AMY A
Al i DDLU/ ODLAF UARNIE LW LWillVuw LAV

v Most of the problems that users have experienced in running SMP involve the

' proper selection of input. Spline routines are used extensively t» fit the hull.
These spline fits are sensitive to curves with sharp corners or that have uneven

o point spacing (some points too close together and other puiats speced too far
apart). This type of problem is corrected by using a different point selection and

thus did not require a programming change.

A different problem occurred in the calculation of bilge keel viscous roll

gamping for ships that have both a skeg and a bilge keel on the same station. A

e
B 1’. )

variable called the "radius of the bilge" shown in Figure 2 was incorrectly com-
- puted near the centerline of the ship instead of near the bilge kcel, due to the
R rresence of the skeg. This error caused a wignificant increcse in bilge keel
damping even though the gkeg may have only overlapped part of the bilge keel.

This error has been corrected in SMPBL. An example illustrating the change in
the bilge keel component or roll damping is shown in Figur. 3 for a 210-foot United

e States Coast Guard cutter. A comparison of total damping betveen the SuPEL and

SMPBY4 predictions as well as measured damping from full-scale trisls is alsc shovn

e 8 4 8 0

in Figure 3. f%
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The SMPbi total damping preuiction for this ship reflects an additional
decrease in roll damping due to a change in the method of computing hull 1lif% which

is discussed in the next section.

MODIFICATIONS TO HULL LIFT TERMS

One of the improvements made to SMP in 1981 was the incorporation of Mull
and appendage 1lift terms in the lateral equaticns of motion. Validatien runs>
of SMP were made in 1981 for the DE-1006 which showed a definite improvement in
the prediction of the roll transfer functions at high speed. Although the
magnitudes of the peak values were predicted quite well, there was a general
tendency to shift the rcll transfer functions to longer wavelengths than showed
by experiment.

Subsequent checks of these validation runs were made for the DE--1006 at the
lovest M value, GM3, at zero-speed aand at 27 knots in beam waves. A discrepancy
was found between the zero-speed undamped natural ~oll period, TO‘ computed in
SMP and the measured roll period shown in Figure L (tuken from Reference 3) for
the GM3, BKM (no bilge keel) condition.

The undamped roll period was computed in SMP from the natural roll fre-

quency , u¢. as

w.g = A ﬁ/(lhh + Ahh) (1)
Ty = 2:/% {2)

where A is the ship displacement, GM is the rmetacentric height, I, is the
strucvural moment of inertia, and Ay, is the hydrodvnamic mement of inertia.

Here I)), is computed as

Ihh =M K¢2 (3)
where M is the mass of the ship and K¢ is the roll radius of gyration.

The measured value of K, provided as input to SMP for the validation runs

¢
was 35 percent of the beam. The GM value computed in SMP was 6 percent of the
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beam which agreed with the meacured value of GM. The roll period computed in
SMP for these valvzi of K0 and GM vas 12 seconds. The measured roll period
shown in Figure L was 9.3 seconds. This discrepancy in pericd wms resolved by

assuming that the measured value of K, already contained ¢ rydrodynamic com-

¢
pornient as well as a structursl component, i.e,, the patural roli frequency should
have been computed for this ship as

J% = A Eﬁ/lhhT (W)

wnere

I, = 2
Mg = M (K asunen’ . (5)

The structural radius of gyration, required a3 input for GMP was then recomputed as

)2 )2 - AM‘/M (6)

(K = (K
#STRUCTURAL ¢MEASURED

which gave a value of 32 percent of the beam. The new roll period was then com-
puted by SMY as 9.3 seconds which agreed with the measured roll period at zero
knots.

This modification to the radius of gyration corrected paqt of the shift of
the predicted roll transfer functiczas to longer wavelengths at speed but did not
eliminate 1it,

Similar roll validation runs were made hy Schmitkeh in 1978 for the DE-1006
using a computer program called ROLLRFT which alsc incorporated terms for hull
and appendage 1ift. These validation runs, made using ROLLRFT, showed a similar
good agreement in predicting the peak values of the roll transter functions at
high speed. In addition, the roll transter functions were predicted quite well
at each frequency, i.e., there was no vendency to shift the transfer functions
to longer wavelengths as shown in SMP.

A comparison was mede of the thecries for hull and appendage lift that were
implemented in SMP and ROLLRFT. It was determined that the only significant
difference in these lift theories was in the theory used to obtain hull lift. A
discussion of the differences of the two theories of hull lift as implemented in
SMP81 and ROLLRFT is provided next.
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The hull is trested in SMP81 as a low aspect mtio lifting surface that £ -
generates a sway lift force and & corresponding roll 1lift woment at the x,y,z2 -
location of the center of pressure ™~
o -
x(;p =0 (7a) =
Yep = O (7o) T
-
Z2ep = = (Vg + T/2) (Te) N
RN
where ch 1s the vertical center of gravity of the ship referenced to the . ;""'_
waterrlane and T is the draft of the ship. :';'
The hull lift terms that are aided to the left-haand side of the lateral ..
equations of motion are oa
L
by = F, sinl (8) f;i
Y
boyg, * - F, ¥ sinT {9) =9
-
ns
'..5 - - s
byop, = oy, (11) -
™
pi N
b, = F, 7 (12)
b
cgaL = V boal, (14) o
-
e ™ V bauL (15) &
\ -
begr = (Pl Paar (16) R
vhere the angle I that the hull makes to the horizontal axis is -390 degrees, y e
is the moment arm from the center of gravity to the center of pressure, V is the -
ship speed, and ©g is the wave frequency of encounter, .
6
e
'..; —
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The hull lift corrections to the sway exciting force, roil exciting moment,
and yaw exciting moment are determined at the center of pressure as

Fyp = f, sinT (17)
Fup =~ fp ¥ (18)
Fgr, = (V/iwg) Fyy (19)
where
f2 = F, wsin T sin uexplk z.p) (20) '

Here @ is the wave frequency and k is the wave mumber, The unit sway lift force,

Fz, is

F, = (p/2) AV L g (21)

where p is the mass density of water, A is the area (span x mean chord) and L g
is the lift curve slope,

The hull is also treated as a low aspect ratic lifting s¥rface in the Schmitke
ROLLRFT program which uses the theory of Mandel®. This theory assumes that a force
"couple" is generated by the hull at speed with no nev sway 1lift force or roll lift
moment. A yav moment is developed, however, due to the force couple.

xcp is computed at the centroid o>f area of the hull as

o o iy dn (22)
cp an dn

where Tn is the sectional draft, Yep and ) are assumed to be zero, The

moment arm used for the force couple is computed as

Cp Lypl?

vhere Cp is the prismatic coefficient and Lpp is the length between

perpendiculars.
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The ROLLRFT hull lift terms addec to the left-hand side of the lateral
equations are

boop, = F, sin® T (23)
Pog ® X.p Yopp, (2u)
€26 = = ¥ P (25)
Y621, * *cp P22L (26)
2L = V boor (21)
begy = (Cp Lpp/2) bopy + (V3/ wg?) P22t (28)

The additions to the sway exciting force and the yav exciting moment due to hull
1ift are assumed by Schmit.ke]‘ to be distributed along the length of the ship as

fT“dn
fln+ (V/ieg)] T, sinT fpy dn
Fe, = . A (30)
T, dn
where
fo;, = F, wsinl cosp exp [k(T/2) = in cos ) (31)
n

The hull lift theory of Mandel’ as implemented by Schmit.ke!‘ in ROLLRFT was
incorporated intc SMP84. New validation runs for the DE-1006 were made using
SMPEL and an improvement was found in the prediction of the roll transfer func-
tion at high speed. The SMP84 predictions agreed reasonably well with experiment
and with Schmitke's predictions for the DE-1006. A comparison of the SMP8L roll
transfer function predictions with experiment and with the SMP81 predictions is
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shown in Figure 5 for the DE-1006 in beam waves at O and 27 knots for the GM3, bKl
condition. It should be noted that the SMPB1 and SMP3L transfer function com-

parisons are identical at O knots.

ACTIVE ANTIROLL FINS
Appendages are input intc SMP in order to compute their contributions to roll
' damping due to 1lift. These appendages include fins, rudders, skegs, and propeller
shaft brackets. The appendages used in SMP are considered to be passive. One of
the improvements made to SMP was the incorporation of active antiroll fins in the
lateral equations of motion. The active fins use fixed gains which vary with
spead. The gains as well as controller characteristics are provided as input to
SMP by the user. A method for determining these gains is discussed later in this
section,

-+ +
The force, F, and moment, M, developed by the active motion of a f{in are

4 > -
F=n[- A(xp = xg) B+ 13 A = £V(xey, = xg)18 + 1,V28]
-
: = nF* (32)
’ » - *
M= rcp x F
> hd » N
-
= rcp x nF (33)
oo
where F* js the magnitude of the force due to the active fin motion, 8. The dots
used in Equation (32) stand for time derivetives so that 8 and H are fin rate and N .
: fin acceleration respectively. 31
- The variable V in Equation (32) is the ship speed and xg 1is the longitudinal =§f

location of the fin shaft referenced to the longitudinal location of the center of
~~
gravity of the ship. The longitudinal location of the center of pressure of the

fin, Xep® ic assumed to be at the fin shaft for a passive fin but to move aft of e
the fin shaft for an active fin, The longitudinal distauce, Xep )

to ve 1/6th of the mean chord for an active fin. Y

- Xgy 1S assumed S
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The fin added mmss term, %. is defirad as
Ay = v 8(Z/2)? (34)

where p i3 the mass density of water, s is the span, and © is the mean chord. The

term ro is defined as
£, = (p/2) AL, (35)

vhere A is the planform area of the fin, and L‘:8 is the fin 1ift curve slope. The

position vector, ¥ is defined as

cp®
+ + > »
Top = xgp + WVep * Kz (36)

where xcp, ycp. and ch are the locations of the center of pressure of the fin
referenced to the vertical center of gravity of the ship.
The vector, #, in Equation (32) is the unit vector normal to the fin, defined

as

+ + + *

n = 10 - jsinl + keosT (37)

where [ is the angle that the passive fin meakes with respect to the horizontal
axls. The unit vector, %, the angle I, and the position vector {cp are shown in
Figure 0.

The fin rate term, 3ApVé, in Equation (32) is known as the Magnus Lift term.6
This 1lift term occurs because an active fin behaves in & marner similar to a
rotating cylinder in a flcw. The general form of the Magnus Lift term is

Fyp, = 2x(V/V)(2rs){ pv2/2) (38)

where the tangential velocity at the trailing edge of the fin, Vir 18

Vy = (7418 (39)




The radius r of the rotating fia cylinder is
r=¢g/e (ko)

Substituting V, and r into Equation (38)
Fyp = 2x(3c/L)8 T s(p/2)V
= 3lxes(3/2)2) V8
= 3Apvé (41)

VA
obtainad by substituting the expressions for ?Ep and & into Equations (32) and (33)

The components of svay force, F roll moment, M.. and yaw moment, M*. are

Fy = - sinT F® {u2)

L v (L3)

M* = . xcp sin[ ** {Ly)
where

J = Yep cosT + z.p sinT (L5)

Tne fin stabilized lateral equations of motion uie obtained by adding F., My,

and M, to the left-nand sides of the sway equation, roll equation, and ysw

The commanded moiion of the fin, 8, is determined using a control law
operating cn the roll motion of the ship and its time derivatives es

B = Gy [X /(X3 X)) o (46)

where Gy is a speed~dependent gain factor. Xy, X,, and X, are complex coefficients

defined as

K = (K = wg? K3) + 4 ogko (L)
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xa-(a1°ﬁ-_’.2“3)+i°!':‘2 : (18)

Xy = (bl - uaa b3) + 1 wpbs (k9)
where K;, K,, and Ky are fin controller coefficients proportional to roll accelera-
tion, roll velocity, and roll angle; 8y, 8, and a; are fin servo coefficients; and
b1y by, and ‘o3 are fin controller compensation coefficients,

The coefficients Gy and KJ, a,, And bj. vhere )=l to 3, are required as input
in SMP. Hominal values for these coefficients were obtained from Reference 2 and
are shown in Table 2.

The free-stresm fin lift curve slope in Equation (35) is coaputed in uUMP as

Leg = 1.8 wa,/[cos 1\(ae2 sec A+ L)Y2 4 1.8) per raaian (sc)
where a, {s the effestive aspect ratio of the fin, l.e., 2s/c and A is the sveep
angle of the fin quarter chord.

The user can optionally input an ef’ective litt curve slope which tskes into
account [in performance degradation due wo the offects of hull toundary leyer,
fin/bilge keel, and fin/fin interference effects. The user is referred to
Reference 2 for methods that can be used .0 deteirmine these degradaticag effects,

One deyradaticn effect discussed in RNeference 2 that should not bz wsed involves
fin-induced sway and yaw motions. Rezferunce 2 used this particular effect tc
account for sway and yaw motions in a one degree-of-freedom roll equation to compute
stabilized roll for active fins, SMP does not require~ this degradation effect
because it uses a three degree-of-freedom mpth model to compute stablilized .svgv,
roll, and yaw directly using the fin sway force, fin roll moment, and fin yaw
moment from Fiuations (42), (43), and (Lb).

Finaliy, if the user does not have specific values for the fin gain factors
Gy, it 4114 be necessary to find them iteratively by making 2 number of runs of SwP
for & range °of Gy values using program option OPTN=3 and OPTN=5 in Data Card Set 2,
The user is referred to Reference 1 for the details of running SMP.

The proredure involves applying a specitic fin angle limit criteria, based ou
occurrence of fin stock strength, stall, cavitaiion, and/or reduced wise consider-

atione (see Reference 2), to the root mean square fin anrgles output by SMP ai the

12
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heading which produces the worst roll motion in a design seaway. It should be
noted that the significant wave height for this design seaway should be input by
the user in Data Card Set lLk. A root mean square statistic, STATIS=1.00, should
also be input in Data Card Set 14 when making the iterative runs of SMP.
Typically, the user selects a fin limit angle, By, (e.g., 21 degrees at 15
knots) for each speed with a one in ten probability of being exceeded. This means

that for 4 particular speed, the root mean square fin anglz, Bems 1s determined asg

Brus = Brym/2-146 (51)

where 2,146 is the Rayleigh constant used to compute this probability of
exceedance.

Next, the user plots the fin angle RMS values at the worst roll heading in the
design seaway as a function of the G values that were used in the various runs of
SMP. The fin RMS limit criteria, Bumg» for each speed ave then plotted. The

T iata wmdiio
Appropriate vaiue

<

£ Gy for emchi speed can inen be determined from the intersection
of Bpgg ot that speed and the curve of computed BMS fin angle as & function of G.
An example of this type of plot iz shown in Figure 7 for a 270-foot United States

Coast Guard cutter,

VERTICAL LOADS
The thesory of Salvesen, Tuck, and F&ltinsenT is use <& compute the ver-

tical wave-induced loads at specified cross sections of & ship advancing at

constant forward speed with arbitrary heading in regular sinuscidal waver

loads are eapressed for a given ship spzed, heading angle, and frequency of

eacounter, s, a5
- -
V,J tJ cos{wgt + ‘SJ) 152)

vhere bJ 1s the load amplitude with J=3 refzrring 1o the vertical shear force and
J=5 referring to the vertical bending moment. The phase angles {1 refer to the
phase lead of Jth load with regpect t¢ the maximum wave slevation at the origln of
the x,y,2 coordinate system shown in Figure 8. Tuis right-handed ronrdinate
system is moving with the constant mean forsward speed of the sh' with the origin

lying in the undigturbed frec surface and located at the longitudinal center of

13




gravity. The coordinate system is defined with z positive vertically upward
through the center of gravity of the ship, y positive to port, ‘and x positive in

the direction of forward motion ol the ship.

The zign convention of the vertical loads is also shown in FPigure 8. The
loads are located at the specified croso section with the vertical shear forc:,
V3. positive upward and the vertical bending moment, VS’ positive bow dowmn. It
should be noted that VS is actually the moment about the horizontal axia, It is
referred to as the vertical bending moment by convention since it is the moment
due to the vertical forces.

The vertical shear force is corputed ¢s the difference betveen the inertia
force and the sum of the external forces acting on the portion of the hull forward

of the specified cross section:

Vg = I3 - (Ry + E3 + Dg) (53)
where 13 is the inertial force, Ry 18 the static restoring, 23 is the exciting
force, and D3 is the hydrodynamic forze due to the body motion. Similarly, the

vertical bending moment is computed as the difference of the moment due to the
inertia force and the sum of the moments due to the external forces:

Vs = Is - (Rg + B + Do) : (54)
The vertical inertia force is equal to the mass times the acceleration:
I3 = [m (& - nf) dn (55)
where m is the sectior.l mass per unit length, E3 is the hzave acceleration, and 25
is the pitch acceleration. The sign convention of the six degree of freedom
mctions, c,j' are shown in Figure 8. The integration is over the portion cf the

ship forward of the specified cross section,
The vertical moment of inertia 1s defined as:

Is = - [m (nx") (¥ - n¥) dn (56)

1k




vhere x. is the longitudinal leccation of the croas section referenced to the origin
of the x,y.z coordinate system in Figure 8. )
The vertical hydrostatic restoring force and moment over the portion of the

ship forwvard of the cross~secticn at x. are given by:
Ry = - pg J b (&3 ~ nEg) an : (57)
»
Rs = og [ b (mx) (& - nks) dn (58)
where p is the mass density of water, g is the escceleration of gravity, and b is
the sectjonal beam,

The exciting force and moment over the portion of the ship forward of the

cross section at x. are defined as:
By = gy {f (f3 ¢ hyddn ¢ [(V/tag) ngdl "} exp(iagt) (59)
Es = - gy [1Cn=x") (f3 + hy) + (V/iwg)haldn exp(iougt) (60)

vhere g, is the wave amplitude and V is the ship apeed.
The sectional Froude-Kriloff "force" is given by:

1
fy =g exp(-ikncos ) IC Hq exp(ikvsiny) exp(kz)dl (61)
n

and the sectional diffraction force is given by:

hy = w exp(=ikncosp) jcn(iN3 - Npsiny} exp(ikysinu) exp(kZ) ¢y A1 (62)
Here k is the wave number and u is the ship heading angle relative to the incident
wave. N2 and N3 are the two-dimensional sectiornal normal components, C,.l denctes

the cross-section at longitudinal location n.
The hydrodynamic force and moment due to the body motion on the portion of the

ship forward of the cross section at x' are given by:
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D3 = = [ {e33({3 - nlf5) + v33(¥5 - nks)
= (V/ug)oggls + VagsEs) dn
- [va33 (&3 = nEs) ~ (V/ug?)bag( By ~ nis)

- (V2/%2)(&33E5 + b33.€5) ]TFK. (63)

and,

DS = f (W‘"x.) {333(€3 - nEuj) + b33(.€3 - "I'F.ﬁ)} dn
. . . -
+ [ {va3y(Eq - x.Es) - (V/uE2)(€3 - x &)
- (V8 ug?)(ag38s + bysks) | dn (64)

where a33 and b33 are the tvo-dimensional sectional added-mass and damping for
heave,

RESTRICTION ON ENCOUNTER FREQUENCY CALCULATION

The frequency of encounter, up, is computed as
wg * o= (w?V/g)coauI (65)

where V is the mean forwara speed of the ship, u i3 the heading angle, and e is the
wave frequency.

The tvo-dimensional velocity potentials &s well as the zero speed added mases
and damping coelficienis are calculated in GMP over & fized rangs of 10 encounter
frequencies from 0.05 to 10.0 redians per second. The 2-D velocity potentials and
added mass and damping coefficients are then spline fitted over this range of 10
encounter frequencies, The 2-D velocity potentials and added mmss and damping for
specific wp values, computed in Equation (65) fo: various ship speeds, headings and
wave frequencies, are then obtained by interpolation from the spline fitted poten-
tials and zero speed added mars and damping coefficients.

The spline interpolation routines in SMP do not allow extrapolation cutside
the range of the independent variable, i.e., the renge of encounter frequencies

from 0.05 to 10.0 radians per second, Howevar, it was found thet at high speed in
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quartering/following waves that wg Values near zero radians per second vere com-
puted using Equation (65) and that the 2-D potentials and added mass aad damping
coefficients were being extrapolated to these near zero encounter frequencies. The
extrapolation wes done because other source coding was used for interpolation
instead of the spline interpolation routines. This resulied in very large
unrealistic values for the wave excitations on the right hand side in the equations
of motion for these near zero encounter frequencies.

The wp values computed using Equation (65) in SMPEL are set to 0.05 if they
are iess than 0.05 radians per second. In addition, s separate range of 100
encounter frequencies used in SMP to interpolate encounter spectra was modified so
that the lowest encounter frequency would be 0.05. The modified set of encounter
frequencies is now 0.05 (0.01) 0.58, 0.60 (0.02) 1, 1.1 (0.1) 2, 2.2 {0.2) b, h.b

(0.4) 6. The variable frequency increment is shown in the parenthesis,

SMP PROGRAM CHANGES

INPUT

The inp.* “or SMP consists of hull form data, loading data, appendage datsa,
point location data, and environment data. This input is broken down into 15 Data
Card Sets which are described in Appendix C of Reference 1. The modifications to
SMP to incorporate vertical loads required changes to Data Card Set 2 (Program
Options) and Data Card Set 6 (Underwater Hull Geometry). Modifications for active
ar.iroll fins required changes to Data Card Set 11 (Fin). The changes to these

three data card sets are described below:

Data Card Set 2, Program Options

A new printing option (LRAOPR, integer, column 25) is provided to print out
the vertical shear force and vertical bending moment response amplitude operators
- (RAQ) and phase angles. A new load RAO file (TAPE10) is generated only when the
LRAOPR option is selected. The values of LRAOPR are
- 0 or blank - No load RAO printout.
1 - Print ocut the loed RAO's and generate & load RAU file when OPTN=2

TR 5
}

AR LR
ari

i

through 4. OPTN is the wajor program option specified in column §
of this data card set. A loac coefficient file (TAPEL) must be
attached when OPTN=b through 6. An origin file (TAPEll) must also
be attached when OPTN=6,




In addition, the load variable NLOADS, must be selected in Data Card Set 6 to
obtain the load RAQO printout. ‘

Data Card Set 6, Underwater Hull Geometry

A new option (NLOADS, integer, columns 9-10) is provided on the first card of
this data card set, NLOADS specifies the numb:r of stations (maximum of 10) where
vertical loads are to pe computed. No vertical loads are computed when NLOADS is
specified as either O or blank. If the load option iz selected (NLOADS > Q), two
additional sets of information must be provided at the end of this data card set
after the stations and hull offsets or Lewis forms have been input.

First, the statio~ welght (SWGHT, real array, 8F10.4) is input for each of the
stations specified previously in this data card set. The weight units are mirlc
tons (mass unit) if PUNITS="METER" or long tons {wveight unit) if PUNITS="FEET".

The variable PUNITS is specified in Data Card Set 3. The weight curve for the
2DG=51 is shown in Figu::. 9.

Second, the stations (YLDSTN, real array, BF¥l0.4) where loads are to be calcu-
tad are input. The variahle NLOADS determines the rnumber of load stationus that
are specified. A load station must correspond exactly to cne of the station num-
bers specified earlier in this data card set,

Data Card Set 11, Fin
Two new variables associated with active fins are provided on thz first card

of this Jdata eard set, The first variable (IACTFN, integer, columm 10) specifies
whether the fins are active (IACTFN=1) or passive (IACTFN=0O ). Thue second variable
(1FCLCS. integer, column i5) aliows the user (IFCLCS=l) to input an effective lift
curve slope for each speed and fin.

Four new cards, denoted as cards 1,1, 1.2, 1.3, and 1.4, must be input after
the first card when active fins are selected, These cards are skipped when
IACTFN=Q.

Card 1.1 -~ FORMAT (8F10.4)

(1) FGAIN (array), real, columns 1.10, 11-20, . « ., [(NVK-1)*10+1] -~ [NVK*10],

spsed-dependent fin gain factors, Gy. NVK is the number of ship

speeds.
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Card 1.2 - FORMAT (3F10.4)

(1) FK (array), real, columns 1-10, 11-20, 21-30, fin controller coefficients
vhere FK(1) is proportional to roll angle, FX(2) is proportionel to roll
velocity, and FK(3) is proportional to roll acceleration.

Card 1.3 - FORMAT (3F10.4)

(1) FA (array) reel, columns 1-10, 11-20, 21-30, fin servo coefficients

Card 1,4 - FORMAT (3F1C.4) B

(1) FB {array), real, columns 1-10, 11-20, and 21-30, fin controller
compensation coefficients.

Nominal values for FK, FA, and FB, taken from Reference 2, are shown in

Table 2. FGAIN is either known for existing ships or determined by meking itera-
tive runs of SMP following the procedure described in the active fin section of
this reqport.
The next card, denoted as 1.5, is required for each fin set if the user wants
to input (IFCLCS=1) and 2ffective lift curve slope, Card {.5 follows Card 1.k wvhen
1ACTFN=1 or Card 1 when IACTFN=0. Card 1.5 is skipped when IFCLCS=0. 3

Card 1.5 - FOPMAT (8F10.4)

(1) FCLCS, array, real, columus 1-10, 11-20, . . ., [(NVK-1)#10+1] - [NVK®10],
speed-dependent effective fin lift curve slope, Lcs' for a particuiar
fin set. The user is referred to Reference 2 es well as the section
on active fins for m2thods than can be used to determine L...

Note that Card 1.5 is input consecutively for each fin set prior to inputting Card
2, which provides tne geometric description of the fina.

OUTPUT
The basic tormat of the SMP ocutput remains unchanged in SMPB4. However, the
following sections were modified to provide ouiput for active antiroll fins and/or
vertical loads: p
1. Input Card Description for fins and loads. '
2. Response Amplitude Operators for loads.
3. Response Statistical Value (RSV)/Encountered Modal period (TOE) tablas
for fins and loads.
Two examples are provided to illustrate these cutput modifications. The first
example is for active antiroll fins on a 270-foot United States Coast Guard Cutter.
The SM{ input deck for this ship is shown in Table 3. Table § shows the change
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in the input card description for Data Card Set 11 to print wut the valuea of the
variables JACTFN, IFCLCS, FGAIN, FK, FA, FB, and FNCLCS. An effective 1lift curve
slope is provided in the speed-dependent input variable FNCLCS to allow for the
erfect of hull boundary layer as well as the fin performance degradation due to the
presence of a bilge keel aft of the fin. The procedure used to compute the effec-

"L

(A :’.:‘

AA

£ A

tive lift curve slope, taken from Reference 2, is

B 12424:

it

(Leg)p = lep1 (1~ eyp)]Leg (66)

T

. -
P LR

where L.g is the free stream fin lift curve slope defined in Equation (50). The
hull boundary layer correction, &1 18 defined aa

epy » 1 - 0.50(68/8)/L g (67)

oo

vhere s is the fin span. The boundery layer thickness, §, is defined as
§ = 0.37T xgp(R,)C-2 (68)
vwhere xpp is the distarice between the ship forward perpendicular and the longitudi-

nal location of the center of pressure of the fin, (xcp)fin' The Renolds mumber,
R

T S e B A 4 AT )

e is

Eﬂ! = x!rFJ,/ v (6!;)

-
o

O T T T WY

where V is the ship speed and v is the kinematic viscosity.
The bilge keel/fin degradation correction, oo 18 defined as

-~

e = 0:22 (8g)py {1 + (1 + (37dey)21¥2) (A, /5?)

vhere Ay, 1s the area of the bilge keel and dpy, is the distance between (xcp)fin and
the midlength location of the bilge keel, (xcp)bk' The aspect ratio of the bilge
keel, (a,)yy, 18 defined as

o

(8e)px = 2 8pk/Cpk (71)
wnere s, and ¢, are the bilge keel span and mean chord regpectively.
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The kinematic viscosity, v, is provided as part of the SMP input in Data Card
Set 2. The values for Ay, Spis Cpps 8s Lggs (xep)fin and (xcé)bk are printed out
in the Roll Damping Tables which can be obtained by specifying RLDMPR=1 in Data

Card Set 2. The reference for {(x and (xcp)hk is the longitudinal center of

cp)fin
gravity of the ship, LCG. LCG itself is referenced to the forward perpendicular
and is printed out in the Hydrostatic Table,

The values computed for €1 ®bk and (Lcs)E for the USCG 270-foot cutter were
0.9684, 0.1352, and 2.118, respectively, at a ship speed of 15 knots. Thus the
value used for the input variable FNCLCS at 15 knots was 2.118. The uncorrected
free stream value of 2.529 was used for FNCLCS at zero knots.

It is necessary for the user to make an initial run of SMP for the unstabi-
lized ship (fin gain of zero) using tha ro.. mrtion only option in Data Card Set 2
with RLDMPR=1 in order to obtain the Hydrostatic Table and the Roll Damping Table.
The values of FNCLCS can then be computed fro: {infcrrcation provided ir these tables
and provided in the SMP input for succeedirg 3.0 runs for active fins.

The values used for FK, FA, and FB are taken from Reference 2. The values for

TGAIN were obtained using the iteration procedure described in the section of this

report on active fins. A fin limit angle of 21 degrees was applied at a snip speed
of 15 knots, heading of 105 degrees (head seas equals O degrees), in short-crested
seas with significant wave height of 3.96 meters (13 feet) and modal wave period of
9 seconds. The nondimensional roll decay coefficients are shown in Table 5., The
short-crested RSV/TOE printout for unstabilized roll angle, stabilized roll angle,
stabilized roll velocity, fin angle, and fin velocity are shown in Tables & tlirough
10, Note that the significant single amplitude statistic (STATIS=2, Data Card Set
14) was used in this example,
The second example illustrates the vertical load cutput for the LDG-51, The
SMP input deck for this ship is shown in Table 11, Table 12 showvs the change in
the input card description for Date Card Set 2 to print out the value for LRAOPR.
LRAOPR=1 in this example specifies that the Response Amplitude Operators for
Vertical Shear Force and Vertical Bending Moment are to be printed out. Table 13
shows the change in the input card description for Data Card Set € for loads. The :
variable NLOADS on the first card of this card set specifies that the vertical .
loads for one station are to be computed, At the end of this card set, the weight

curve in units of long tons is printed out as a function of station. The specific -
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station, 10.5 in this example, wnere vertical loads are to be calculated is printed
out next after the weight cirve,

Table 1k shows the RAO's ii.d phase angles for the Vertical Shear Force,
called V.SHEAR(V3) on the p.ut.vt, und Vertical Rending Moment, callea V.MOM.(VS),
at a ship speed of 15 knots and a ieading angle of U5 degrees. This is the same
format used to print out the RAO's and phases for the six degree of freedom motions
in SMP. '

Table 15 shows the EGV/TOE values for the Vertical Shear Force, called
V.SHEAR FORCE in this printout, at station 10.5 in short-—crested seas for a signi-
ficant wave height of 10 feet, The force physical units are in long tons/100.
Table 16 shows the BSV/TOE values for the Vertical Bending Moment, callsd V.BEND,
MOMENT, for the same sea condition. The moment physical units are in fcot-long
tons/10000. The format for these load RSV/TOE values is identical to that used for
the other ship responses printed cut by SMP.

A new output section which provides tables for severe moticns is discussed in
the next section of this report,

SEVERE MOTION TABLES

For design purposes it is important to know the worst (maximum) values of the
most important ship responses; heave, pitch, svay, roll, yaw, and the vertical and
lateral accelerations for up to four locations on the ship specified by the user.
The new severe mption tables provide this information in botk long-crested and
short-crested seas for up to four seavays. Each seawvay is defined by a significant
wave height input by the user and a most probable wave period determined in SMP.
Table 17 shows the most probable periods used in SMP for various ranges of signi-
ficant wave height given in meters.

Each severe motion table is organized into two parts., The first part provides
the maximum Response Statistical Value (RSV) and associated Encountered Modal
period (Tggp) for each of the responses listed above. The ship apeed and heading
wvhere these maximum responses occur are also given in this first pert. The maximum
RSV/Tyg values are obtained from the standard response statistical tables that are
output by SMP, It should be noted that the statistic used for these tables (RMS,
SIGNIFICANT SINGLE AMPLITUDE, etc.) is input by the user.

Another set of information that is useful to know is what the associated

responses are at the conditions (speed and heading) where the mmximum responses
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::Z: occur. This information is provided in matrix form in the second part of each
severe motion table, Each rov of the matrix is assoclated with one of the maximm

;! responses vwhich is listed at the beginning of the rov, The speed and heading where
the maximum response occurs is listed next in the rov. The RSV-T,p values for all

_\ of the responses at this speed and heading are listed next in the row. B
AL example of the new severe motion table is provided in Table 18 for a

’_’ 270-foot United States Coast Guard Cutter,

\: FILES

o Three new files have been added to the SMP and onhe existing file has been

modified. The new new files are: (1) Load Coefficient file (LCOFIL,TaPEL); (2)
Load Response Amplitude Operator file (LRAFIL,TAPE10); and (3) Severe Motion file
) (SEVFIL,TAPEl1L). The existing file that was changed is the R‘!S/TOE file
r. (RMSFIL,TAPE13). A descripton of each file as to its coutents and vwhere it ie
generated and/or accessed in SMP is presented next. It should be noted that files
in SMP are identified by both name and number. The user can catalog and/or attach
files only by using the tape numbers.
(1) Load Coefficlent file - LCOFIL (TAPEY)
l This file igs generated in subroutine COFOUT when the p.sogram option
(OPTN in Data Card Set 2) is either 2 or 3 and the load option
(NLOAD in Data Card Set 6) is made greater than zero. This file
must be attached wnen tue user selects OFTN greater than 3 and
NLOAD is greater than zero.

The file contains the sectional heave exiting force, added-mass,
and damping for each station on the ship. This file is read in
subroutine RAQOPHS for the mms/tos calculations and in subroutine
— LRAOUT to print ocut the load respounse amyiitude operators.

(2) Load Response Amplitude Operator file - LRAFIL (TAPE1O)
This file is generated in subroutine LRAOUT and contains the response
amplitude operators for the vertical shear force and vertical bending
moment for load stations selected by the user, This file can be
cataloged by the user for the purpose of transferring this information
to suvme other computer program.

(3) Severe Motion file - SEVFIL (TAPELL)

This is a random acceas file generated in subroutine RMSOUT that

. 23




contains the Response Statistical Valuesa/Encountered Modal Periocds
(RSV/Tgp) for heave, pitch, svay, roll, yav, and the vertical and
lateral accelerations for up to four point locations specified by the
user. This file 1s read in subroutine SEVMOT, wvhich prints ocut the
Severe Motion Tables,

(4) RMS/Typ file - RMSFIL (TAPEL3)
This file contains the root mean square (RMS) values and the encountred
modal periods for all motions defined by the user in the input to
SMP. This file already exists in SMP but was modified to add new
responses for fins, fin angle and fin velocity, as well as the vertical
shear force and vertical bending moment for up to 10 stations specitl.ed
by the user.

SOURCE (ODE MODIFICATIONS

The Standard Ship Motion Program, SMP, was written in FORTRAN IV for the
CONTROL DATA CORPORATION, CDC, computers at CINSRDC. The listing cf the SMP source
code was provided in Appendix I of Reference 1. Each line in this listing contains
80 columns. The FORTRAN source code is contained in the first 72 columns. In
addition, a subroutine name and sequence rnumber are provided in cclumns 73 through
80.

A batch editor called Ul-"D}\'l‘I-,'8 was used to assemble the FORTRAN source code,
subroutine names, and sequence numbers, The same editor was used to generate the
changes to SMP described in this report. A listing of these changes is provided in
Arpendix A.

The changes inclu DATE &diting commands as well a5 new FORTRAN source
code. The editing commands are identified by an asterisk in columm 1. The editing
commands reference specific lines in the SMP listing by the subroutine names and
sequence numbers associated wvith thess lines, A description of these update

editing comrands follows:

#ID SMP8L ~ The nare SMP84 is given to the set of
modifications

®1 "NAME".N - The FORTRAN instructions which follow this command
are inserted in svbrontine "NAME" after line N

®*D "NAME".N( ,M) -~ Line N (optionally lines N through M) in

subroutine "NAME" are to be deleted. Any
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FORTRAN instructions which follow this
command are inserted after the deletion

®AF - New FORTRAN subroutinee -anich follow this command
are appended to the end of the SMP source code

#DECK "NAME" - Name to be assigned to the Fortran instructions
which follow this card

A listing of the segmentation cards required to load SMPB4 is provided in
Table 19.

DISK PACK STORAGE OF SMP UPDATES
Permanent storage of SMP and its UPDATES is maintained at DINSRDC on the CDC
CYBER 176 computer. Access to SMP and related files can be obtained by Pttacﬁing a
disk pack and copying the desired file to the main disk memory. The following is
an example of the CDC control cards required to retrieve SMPEB4 from the disk pack:
CHZM,CM55200,T5,P3.
CHARGE ,CHZM, XXXX00000.
PAUSE, JOB REQUIRES DISK PalK Dvigol
MOUNT,VSN=DV4901 ,SN=TAPKOG .
ATTACH ,A ,SMPBLASSOLUTE, ID=CHZM, SK=TAPKOG.
REQUEST ,SMP84 , *PF,
COPYE,A,SMPBL,
CATALOG ,SMP84 ,SMPBLABSCLUTE, 1D=CHZM ,MR=1,
EQF
Examples of CDC control cards required to run various options of SMF can be
found in Appendix E of Reference 1. The core requirement. to run SMEBL iz now
150000 octal. This represents & change from 100000 octal reguired to run SMP8L.
The CDC-6TUO computer at DINSRDC has been replaced by a CDC CYBER~176 computer
which is 10 times faster than the CDC-6T00. Thus the SMP run times specified in
Appendix E of Reference 1 should be reduced by a factor of 10.
The following files as3ociated with the SMP UPDATES are stored on the disk
pack and are available to the user:
1. SMPBLABSOLUTE - The absolute version of SMP8Y4 used for production runn‘ng.
2. ©SMPB4 CHANGES -~ The file containing the 1984 UPDATE modifications to

SMPB1.




3. SMPBLUPLDATE -~ The UPDATE file containing the original SMP81 source

code a8 well as tne 1984 UPDATES, '

L. SMPBUCOMPILE - The source file for SMP8Y4,

5. SMPBLOBJECT - The object file for SMP8L,

6. SMPGUSEGCARDS - The segmentution loader cards for SMPOL.

T. SMPSLLIBRARY - The library of object subroutines for SMPBA,

These seven files are stored on Disk kack TAPKO6 and user ID=CHIM. The set-
name (SN) for this disk pack is TAPKC6 and the Volume Serial Number (VSN) is
DVLG01. All seven files can be copied to the main disk memory using the COPYE
utility.

For further information regarding ©DC contrul cards, disk packs, and copy
utilities, the user i3 referred to the DINSRDC Computer Center CDC Reference
Manuall.
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. TABLE 1 - SEIP PARTICULARS
[
USCG USCe ]
210-1% DE-1006 270 ft DDG-51
WMEC WMEC E
Length (Lpp), meters 61.0 93.9 7.7 142.0
Seam, (B), meters . 10.1 11.0 11.6 18.0 q B
!‘.
Drafrt (T), meters 3.3 3.7 4.2 6.3
Displacement (A) S.W., 1025.2 1954.2 1818.7 8560.2 v :
metric tons ’
/\\\‘.- hats {
Mecacentric Helght (GM), %B 6.1 6.3 8.2 8.1 =
Center of Gravity (KG), %B 45.5 43.5 kk.S k1.3 . r
LCG*, %Lpp 51.6 51.T S1.3 50.1 -
Natural Roll Periad, (T4), 10.7 9.3 0.k 13.4 o
seconds =
B Pivcn fGyradius (Kgj, #Lpp 25.0 25.0 2u.0 25.0 =
Roll Gyradius, (Kg), %B 38.0 3.1 k1,1 40.0 "
Yaw Gyradius (KW)' $Lpp 25.0 25.0 5.0 25.0 E
Block Coefficient (Cp) 0.49 0.51 0.4T 0.52
Bilge Keel Length, $Lpp 32,5 29.6 20.4 26.3 ]
Bilge Keel Span, meters 0.59 0.47 0.61 .91 -
i
Fin Area, 8,. meters _— — 233 — o
-
&
#*Referenced to F.P. L . i
=
>
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o
&
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TABLE 2 - NOMINAL VALUES OF FIN CONTROLLER CCEFFICIENTS, Ky, FIN SERVO
COEFFICIENTS, ay, AND FIN CONTROLLER COMPENSATION coRPrItizaTs, by

, Ky = 1.0 a; = 1.0 b = L ]
!

Ky = 2.5 8> = 0.16 bo = 0.025

K3 = 1.0 a3 = 0.63 by = 0.0%2
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N
N
e
8"
AT
A
- TABLE 17 - DETERMINATION OF MODAL WAVE PERXODS AS # FUNCTIOR CF
_— SIGRIFICANT WAVE HEIGHT FOR THE SEVERE MOTIOE TABLES
¥ Significant Wave Height Modsl Wave Period
S maeters seconds
A 0 1.26 5
.‘. a 1.% - 202" 7
":: r.: 2-2" - 3.97 9
’ 3097 - 6.3}‘ 11
o 6.3 - 12.29 15
1
e > 12.29 17 or 19*
N
™~
| »
o
:

®Sglection depends on ths renge of modal wave periods used in SMP:
3~17 seconds for ships with roll periods < 1S ssconds
- 7-21 seconds for ships with roll periods > 15 secoads
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TABLE 19 -~ LISTING OF SMP84 SEGMENTATION CARDS

TREC SMPS1-(INPUT-(READ,HSTAT, HSTOUT) , REGWAV- (HYDCAL - (HYD2D, TIOAMD,
LCOFOUT) , SDRASE , ECNOTN) , IRGSEA , GUTPUT ~ (RAOGUT , LRAOUT , RMSOUT) )
SHPB1 INCLUCE SMPB1
INPUT INGLUDE INPUY
READ INCLUDE READ,AINPUT,GENGFS,BRWVSP BNAX,SPLNAR,SPLNT2, SPINTZ,PRELIK,
. CLisC02
MSTAT INCLUDE HSTAT,SPINTG,SPLVAL,SPFIT,SPLNT2,CUSCO2. MOVMAL , VUNIT2. CUNE
., ¥T,PDER, PADD ,RSOLVE , SPINT2, SPPLV2,MORNTS , ROCOMP , PHPY, FVAL ,PINT, TRINM, SPL
NEFT
HSTOUT INCLUDE HSTOUT
RESKAV INCLUDE REGYAV
MYDCAL INCLUDE MYDCAL
HYD20 INCLUSE HYD20, TWODPT,GRMLOG, GRNFRG,ALAG, EXPINT ,CPFLT ,wTPELM, COCOWS
« +CSOLVE,ATAN3
T3DAMG INCLUDE T30AMD,RFHIZU, T2DAMD,CPFIT, AMUPRN, SPFIT, SPINTQ, CPLVAL, SAL
VAL
COFOUT INCLUOE COFOUT,FINTSP,AMD,ROPELM,EXFOR,CPFIT,CPINTG,CPLVAL
ROBASE INCLUUE ROBASE,ROPRIM,WAVMAK,HLLIFY,RDLIFT,SKLIFT,BKLIFT,FNLIFT,S
LHNFRC,RDEDDY , HLEDOY , BIXEDDY , FNEDDY , SKFRSP , EDMKSP , REVAL , CEVAL , SECT, TANAKA
. V1S, SERAB, SERD, SERE ,FTWO,FIGS6,F[G7,FIGS,F1G10,FIG11,CALRGH, BILGEK  Bid
JAX,CRINR, FINTSP, SBEDDY,SBLIFT,SPFIT,CPLVAL,CPFIY
EOMOTN INCLUDE EQWOTN,LIMIT, SOLVE.CLIP, TRNLAT,RUEVAL,RVSLAT,LSCIF, REVAL,
. INERST . CSOLVE , CDCOMP . EDMKSP , SKFRSP . FINTSP _ACTFIN
IRGSEA INCLUDE IRGSEA,RMSTOE,WEDEFMN, RAOPHS, PRAD,ADRES, ATANZD, 0240, VELACC
. .RAOPHA , RELMOT ,RUS, TOE, PSPSC, ALGRNG, SCB2 . XHSSC, PSPLC, INTRPL , TEPEAK,
.FNRAD,LRAO,CPFIT,CPLVAL,CPINTG
OUTPUT INCLUDE OUTPUT, BSTITL
RQULOOUT INCLUDE RACOUT,RLITR,ORGRAO, TFFIT,RANPKA, ATANID.CPFLIT,CPLVAL , SPF
.17, SPLVAL ,ALGRNG
LRAGUY INCLUDE LRAOUT,LRAO,RAOPHA,ATAN2D,CPFIT,CPLVAL,CPINTQ
RMSOUT YNCLUDE RMSOUT ,RLITER,FEVCH,SPL.VAL,SPFIT,DKWSLM, RLITR, SETSEV,
, SEVMUT
HYDCAL GLOBAL STELEM

SLOBAL DATING,XD,PHYSCO, ENVIOR,RESPN, STATE, GEOM, APPENE . CH3D , INOEX

GLCIAL FINCON, LOADS

EMD
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AFPENDIX A
LISTING OF UPDATES TO SHP SOURCE CODE

«JD SMPd4
D DATINP.3 S
2 LRAOPR,GMNOW, KG, STATN(28) .NSOFST(28),
«0 10.3 -
2 ISCARD .BLKFIL,SCRFEL,SPLFIL . LCOFIL,LRAFIL,SEVIIL e
«D 10.9% :
2 ISCARD.BLKFIL,SCRFIL,SPLFIL,LCOFIL,LRAFEIL,SEVFIL
«D) INDEX.Z,4
COMON /INDEX/ PFIDX,LPFIDX,RRICK,LRMIDX,SYIOX, LSVIOX
INTEQER LPFIDX,LRMIDX,LSVIOX

REAL PFIDX{235),RMIDX( 183),SVIOX(3) -
D RESPN.2.3 - .
COMMON /RESPN/ NRESP,IPOINT(182),IMOTN( 132}, ITYFE(182),
2 ILIN(182).1ISYN(182) e
D RDGEOD.D
2 BKY(23),.AKS(2%),55TR{25)
«D SMPE1.3 b
2 TAPEQ, TAPES, TAPE1Q, TAPE 11, TAPE 12, TAPE13 TAPE 14, TAPE1S)
o] PRELIM. 19 -
LCOFIL = &
LRAFIL = 10 R
[ PRELIM.22 i |
SEVFIL = 14 .
*1 READ.11 .
*CA LOABS . R
*CA FINCON S

D READ.43.4% B
READ (ICARD, 1025) OPTN,VLACPR,RAOPR ,RLOWPR, LRADPH
1028 FGRRAT (1815) -
oD READ.47
2 4X,OHYLACPR,SX, BHRACPR, 4X , BHRLOWPR, 4K, GHLRAOPR/ST 1)
«I READ.83 B
c SPEED DEFINITION =
IF (PUNIYS(9) .NE. METER) UKMETR « VKMEYR/FTMEVR "
METRVK = 1, /VXKMETR \:
CON = VKNETR/SIRT(GRAVSLPP) "
IF (VKINC .EQ. G.) VKINC = S,
IV = 0
8 IV = [V + 1
VK{IV) @& (JV=~1)eVKINC
VFS(IV) = VKMETReVK()Y) .
FRNUM(IV) = CONsVK(IY)
IF (VK(IV) .LT. VKDES .AMC. IV LY. 6) GO TO & 5
NVK = IV .
FNGES - CiIN+VRDES
eD READ.87
1080 FORMAT (8F10.4) R
*D READ.73.74
READ (IC/AD,1020) NSTATN,NLOADS
YRITE (IPtIN,1100) NSTATN,NLOADS .
*D READ.77.78 %
2 THOFFSETS//19H MO, OF STATIONS o,13,4X,8HNLOADS =, 13// £
2 IX,THSTATION,SX, "NLEVWF , 86X, 4HBEAM 35X, SHORAF T, 4X , GHSECARE ,
2 5K, HO0LWL/)
«1 READ.136 3
IF (NLOADS .€Q. O) GC YO 8% ,
¢ READ WEIGHT CURVE o
READ (ICARD,1080) (SWGHT(K), K=t NSTATN) B
WRITE (IPRIN, 1333) . R
1333 FORMAT (//7X, 12HNEIGHT CURVE//3IX,THSTATION, 4X, SHWEIGHT/)
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DO 137 K={ ,NSTATN
WRITE (IPRIN, 1060) STATN(K), SWGNT(K)
187  CONTINUE
[+ READ LOCATIONS (STRTIONS) WHERE LOADS ARE TC KE CALCULATED
READ (1carD, 1080) (XLOSTN(K) K=t ,MLOADS )
VRITE (IPRIN,(336)
1336 FORMAY (//4X. 14ML0AD STATIONS-/)
WYRITE (IPRIN, 1080) {XLOSTN(K) . K=1,M.OADS )
A3 COMTINUE
*D READ.242,24%
READ (ICARD. 1020) MFNSET,IACTFN, IFCLCS
WRITY (IPRIN, 1230) NENSET,IACTFN. IFOLCS
1330 FORMAT ( ///38H DATA CARD SET 11 - FIN PARTICULARS//
2 4x.emmsn.u.stAcrme.GHIFCLcsI:H 10)
»1 READ,248
IF {IACTFN .€0Q. 0) GO TO 132
READ  (IGARD, 1080) (FGAIN(IV),IVai,MiK)
WRITE (EPRIN,2010) (VK(IV),Ive1,avk)
2010 FORMAT ( /22H SHIP SPEED (KNOTS) =,8F610.3)
YRITE (IPRIN,2020} (FGAIN(IV),IV=1, NVK)
2020 FORMAT ( 224 FIN GAIN FACTORS -, 8F10.3)
READ (ICARD, 1080) FK
WRITE (I1PRIN,2020) Kk
2030 FORMAT (//22H COMTRULLER COEFE. = ,3F10.3)
READ (1CARD, 1080) Fa
WRITE (IPRIN,2040) Fa
ADAL  FORBAT { /ZaM  SERVD COEFFICIENTS = arqp. 3)
READ (ICARD,10840) FE
WRITE (IPRIN,2050) F§
2050 FORMAT ( /22H COMPENSATION COEFF.=,3r50.3)
132 IF (IFCLCS .€Q. 0) QO TC 136
WRITE (IPRIN,2080)
2060 FORMAT (//39X,30HCORRECTED FIN LIFT CURVE SLOPE)
WRITE (IPRIN.2010) (VK(IV),Ever, M)
WRITE (IPRIN,1177)
U0 134 K=%,NFNSE™
READ (ICARD, 1080) (FCLCS(IV,K), EVa 1, Nvi)
WRITE (IPRIN,2070) K, (FCLCS(IV,.K),IVe1,NVR)
2070 FORMAT (TH FNSET,I2.134 - FCLLS »,8F10.3)
134  CONTINUE
136  CONTINUE
*0 READ.260
FNIMAG(K) = 1,
IF (FNRHB(K) .ME. 0.) FNIMAG(K) v 2.
*D READ.430, 442
1 READ.=1{1

c 12 = 2 FINS
*0 READ.St8
¢ ROLL

L =1

*D READ.%24,328
IF (.MJT.(VL.\CPR.GT.O.DR.STATM(|).E0.EQVLIN)) @0 TO 802
[+ ROLL YELOCITY
LeL s
“D READ.53¢
502 IF (IACTFN .EQ. 0) GO 1O 308
C FIN & FIN VELOCITY
Nt = 1
1F (VLACPR .GT. ©) M1 = 2
00 808 ITeq N1
Lo+ 0y
IPGINT{L) = 0o
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IMOTN(L) = ®
ITYPE(L) = IT
ILIN(L) = .FALSE,
ISYM(L) = .TRUE.
808 CONTINUE
808 NRESP = L
GO TO $80
ol READ.%544
AF (IACTEN .EQ. Q) GO TO 523
c FIN, FIN VELOCITY, AND FIN ACCELERATION
00 522 ITet,3
LetL s+t
IPOINT(L) = O
IMOTN(L) » @
ITYPE(L) = IT
ILINC(L) = _FALSE.
ISYM(L) = .TRUE.
822 CONTINUE
528 CONTINUE
+I READ.B884
IF (NLOADS .EQ. U) @O TO 700
LOADS AT SPECIFIED STATIONS
DO 620 K~t,NLJIADS
11D (H.SHEAR)
In19 (V.SHEAR)
I=12 (T.%O0M.)
I=t13 (V.MON.)
TIetd (H.MON.)
DU €10 110,14
IF {.NOT. (1.EQ.14.0R.1.£Q.13)) GO VO €10
Lot ¢
IPOINT(L) = K
IMCTIN{L) = I
ITYPE(L) ~
ILIN(L) « .TRUE.
ISYN(L) = ,TRUE.
610 COMTINUE
820 CONTINUE
700 CONTINUE
] READ.S590 .
IF (NLOADS .GT. 0) LDADS « _TRUE.
1 READ.S91
IF (I1SKIP .EQ. 1) ADDRES = _FALSE.
*D READ.802
LAMIDX = 183
] READ.803
LSVIOX = 3
CALL OPENMS (SEVFIL,SVIOX,LSVIDX,O)
el HSTAT.22

Qaono0n o

*CA LOADS
el HSTAT.28
REAL METER

DATA METER /4HNETE/
o] MITAT.18¢
IF (NLOADS .EQ. O) GO TO °9
c OBTAIN LOCATIONS FOR LOAD CALCULATIONS
D0 68 IP=? NLOADS
XLS = XLDSVN{IF)
Nt = NSTATN -
DO 63 Kvi, Nt

IF (NOT. (XLS.GE.STATN(K) .7 @, XLS.LT.STATM(K+1))) @@ TO €3

KLDSTN(IP) = O.8»(STATN(K) + STATN(K+1))
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X
GO 70 64 4
63 CONTINUE
64 XiOXPT{IP} » 'CB - XLDSTN(IP}eLPP/20 o
. LSTATN(IP) = NSTATN + t -~ K &
65 CONTINUE o
c COMPUTE SECTION MASS
L = NSTATN + 1 )
00 @8 Ku1 ,NSTATN -
L=l - -~
IF (PUNITS{4) .€Q. METER) SMASS(L) = SWGHT(K)e 1000 -
IF {PUNITS(1) .NE. METER) SMASS(L) = SWGHT(K)e2240/GRAV :
66 CONTINUE -
69 CONTINUE - -
*1 HYDCAL.3 -~
*CA STELEM . .
30 T20AMD.2 )
SUBROUTINE T20AMD (i¢,PH120,T20,720) -
«D T2DAMD. 12 &~
COMPLEX PHIZD(10,10.4),CTENP, T2D( 10, t0),T30( 10,10) -
sD T20AMD.30
CTEMP = (0.,0.) ~
«D T2DAMD.48 N
CTEMP w CTEMP + STDL(M,K)*NORM(IN,M,K)*PHIZID(ISIOMA M, yP) ~!
*D T2DAMD.49
TZO0{iSIGRaA, L) =~ Z.0vIt-RiGvSiuma(iSiomaJexFCTR*CTENF
*D T2DAMD.S1 &
TID(ISIGMA,L) = TID(ISIGMA,L) ¢ WTLI«T2D(ISIOMA,L) -
*1 TIDAMD.9 b
*CA STELEM
=1 T3DAMD. 14 .
COMPLEX T20(10,10) -~
+0 T3DAWOD.39 ~

CALL T20AMD (K,PHI20,T20,T30)
M e (K-1)}e10
00 25 L=LMIN,LMAX pos
LB B | =
CALL CPFIY (SIGMA T20{1.L).STELEM(1,1 M) NSIGMA&) -
2% COMTINUE
=1 COFCUT.?7

eCA GEOM -

*1 COFOUT.S =

*CA STATE -

«1 COFOUT. 12

*CA STELEM -

«l COFOUT.14 e
COMPLEX STV(3,3),COUM(3,3),S5FI(25),5H3(2S) 3

OIMENSION SA33(25),.5833(25)
«] COFOUT.31

IF (OMEGAE .LV. SIGKA(1)) OMEGAE = SIGMA(1) -

WE = OMEGAE e

WE2 = WEWE .
*1 COFOUT.32

DO 50 K=1 ,NSTATM .-

SAJI(K) = O, -

SBI3(K) = O. 2e

NPT = NOFSET(K)
IF (NPT .LT. 2) GO TO %0

Moo (K-1)e10 + ¢ L
CALL AMD (OMEGAE STELEM(1_ 1,M), STV, COUM)
SAII(K) = REAL(STV(2,2))/(-vwE2) L
SB33(K) = AINAG(STV(2,2))/wE
S0 CONTINUE -
~
S
A-4
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0 COFOUT.33
CALL AMD (OMEGAE, TELEM,TV,TL)
D COFOUT.36
CALL ZXFOR (OMEGA(IW),OMEQAE,EXCY,EXCL, MUV, ML, HT,3F3,543)
*1 COFOUT.37 :
IF (LOADS) “RITE (LCOFIL) (SFI(I),SHI(I),SA23(1),.SBa3(1),It,
2 NSTATN)
*D AMD.2
SUBROUTINE AMD (OMEGAE, YELEM, TV, TL)
0 AMD. 11
COMPLEX TELEM(4,9,10)
0 EXFOR.2
SUBROUTINE EXFOR(ONEGA ,OMEGAE,FXV, FXL,HJV, ML, HT,F3,HI)
«I EXFOR.18
COMPLEX CEP,F3(25),H43(28),TF3,TH2
*1 EXFOR.22
ARGLI = - WNeCOSMU
IF (ABS(ARGLI) .LE. TESY) ARGLI = O.
=) EXFOR.33
«I EXFOR.3¢
IF (.NOT. LOADS) GO TO 210
FI(K)=(0..0.)
HI(K)=(0,.0.)
210 CONTINUE
el CXFOR.5S
IF (.NOT. LOADS) GO TU 220
TE3=EKZeHORMISCARG
THISEKZe11+TODPHI20(3)
FI{K)=FIA(K)+WTOL(J,K)*TFI
K3(X)=HI{R)+WTOL(J,K)*THI
220 CONTINUE
0 EXFOR.87.69
«0 EXFOR, 88,90
I EXFOR.94
IF (.NOV. LDADS) GO TO 230
c SECTIONAL FROUDE-KRILOFF “FORCE", £3 W/C CEXP(-II=KaXeCOS(MJ))
FI(K)=22GRAV#F3I(K)
c SECTIONAL, GIFFRACTION °FORCE®" . H3 %/0 CEXP(-TIsKeX+COS(MU))
HI(K)=2eW*HI(K)
230 CONTINUE
D EXFOR. 100,101
*D EXFOR. 109
<D EXFOR.114,.118
D EXFOR. 123
1 EQMOTM, 12
«CA FINCCH
COMMON /HULL/ A28
I EQMOTN. 15
COMPLEX ZERD,TAF(3),CTEMP
NIMENSION T44T(8)
o] EQMOTN.20
ZERD = (0.,0.)
+«I EQMOTN.48
Wl = DMEGAE(IW)
WE2 = WEeWt
A22 o REAL{TL(1,1))/(-¥EQ)
822 = AtMAG(TL(?,1))/WE
A28V w NEAL(TL(1.,3))/(-wE2)
A26 = A28V - (V/WER)+B22
*D EQMOTN.83,72
CALL ROEVAL (IV,OMEGA(IW), OMEGAE(IW) NRANG, TLO,EXCLG,YLOC, EXCLEC,
2 V44T)
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IF (IACTFN .£Q. Q) GO TO 34
c ADD ACTIVE FIN COEFFICIENTS
OMGE = OMEGAE(IW)

OMGEQ = OMGE=OMGE

CALL ACTFIN (1V,2ERQ,V,OMGE,OMGE2,TAF)
DO 32 X«1,3
TLGC(1.2) = TLGC(1,2) + FGAIN(IV)*TaF(])
32 CONTINUE
34 CTEMP = TLGC(2,2)
c ADD VISCOUS/BILGEKEEL EDDY DAMPING
DO 40 IA=1{ ,NRANG
YLGC(2.2) » CTEMP + 11eT44T(IA)
CALL SOLVE (3,TLOC,EXCLOC,MOTLG, UL, 1# IPRIN)
D FNLIFT, 22
Q = FNINAG(K)
el FNLIFT,. 23
CR = XRTF - XRTA
CY = XTPF - XTPA
XRQC = XATF - 0.28«CR
XTGC » XTPF - 0,28sCT
DX = XRQC - XTQC
H © SORT(DX*DX > SPAN®SPAN)
COSLAM = SPAN/H
SECLAM = 1./COSLAM
c LAM = ACOS(SPAN/H} « QUARTER CMORD SWELP ANGLE IN BADTAMS
*D FNLIFT.40
LCS = 1.0ePI*EAR/(COSLANCSORT {(EAROSECLAN)Oe2 ¢ 4} ¢+ 1.8)
o] ROLIFT.24
CR = XRTF -~ XRTA
CT » XTPF - XTPA
XROC = XRTZ - 0.28eCR
XYQC = XTPE ~ G.25+CT
DX = XROC - XTQC
H = SORAT(DX=DX + SPANSPAN)
COSLAR = SPAN/H
SECLAN ~ 1,/COSLAN
[ LAM = ACOS(SPAN/H) = QUARTER CHORD SWwifP ANGLE IN RADIANS
0 ROLIFT.49
LCS = 1.8°PIoEAR/(COSLAN*SORT( (EAReSTCLAN)*+2 + 4) ¢ 1.9)
=1 MLLIFT 2
“CA DATING
o0 MLLIFY 02
MCHORT = LPP
o0 HLLIFT. 17
$S = 9
P = O
DO % LYt NSTATN
IF (L .EQ. 1) DX = {X(2} - x(1))/2
1F (L .EQ. NSYATN) OX = (X(NSTATN) - X{NSTATN-1))}/3
IF (L.GT.Y .AND. L.LT.NSATN) OX = (X(L*1) - X(L-1))/2
DX = ABS(DX)
NPT = NOFSET(L)
IF (NPT .LY. 2) GO 7O 8§
T = ABS(2(1.L))
A = TopX
SP v SP ¢ A
S5 = §S ¢ X(L)*aA
S CONTINUE
XCP o 5S3/5P
*D MLLIFT. 19
CP = 0.
¢«] LSCOF.8




c

-0

42

(L]

COMMON /HUM.L/ A28

*] LSCOF.8

COMPLEX VIV, ZERQ,.CTENP

*] LSCOF.10

LOQICAL HULL

o] LSCOF.12

2ERC - (C.,0.)
VIM = V/(11+OMEGAE)
VW2 » (V/OMEGAE)ee2

*1 LSCOF.23

HULL = FALSE.
IF {MCHORD .EJ. LPP) HULL = .TRUY,
IF (.NOT. HULL) GO TO 32

HLL

OF2 = 2ERD
OF4 = ZEROD

DF8 = ZERG

$p e 0

DO 42 Lei ,NSTATN

IF (L .€Q. 1) DX = (X(2) - x(1))/3

IF (L .EQ. NSTAYN) DX = (X(NSTATH} - X(NSTAYH-1))/2
IF (L.GT.1 .AND. L.LT.NSTATN} OX o (X{Le¢t) - x(L-1))}/2
OX = ABS(DX)

NPT = NOFSET(L)

IF (NPT LT, 2) GO 10 €2

T o ABS(Z(1,L))

22 « 2(v,L)/2

A = TeDX

P s SP ¢+ A

F2 o FZeOMEGAS(SINGAMCSINGLY -~ J1oCOSQAN)e
CEXDILNal(TT - TTax{1)arneer))

CTENP = FIeSiNGANeA

OF2 = DF2 ¢ CTEN®

OF8 = DFS & X(L)*CTIMP & VIWsCTEM
CINTINUE

DF2 « OF2/3P

OF8 = DFE/SP

CB = MEBLA/{LPP+BRANCDGRAPT)

CX v AREAMK/(GZANSQRAFT)

CP » CB/CK

Q0 10 €2

CONT INUE

LSCOF 38

CONT It

LSCOF . 80

IP { NOY. MULL) DBGS = RCPeACPDE22 ¢ VINI+D322
1E (e ) OB8E = (CPeLPP/2)eel o DBI2 ¢ Ved23 ¢ ViwdedH22

LIC0? 1§

1F ( aMOT sanlL) E2CLCCIT) ¢ EXRCLG(D) » OFG + VIWe(F2
19 (ML) EXCLAC(Y) = EXCLG(D) + DS

aWevaL 2

SRACUT 1A BOLIVAL IV CREQA . ONIGAE . NRAND, TLE, XX3LG, TLOC, EXCLAC,

3 Vaav)

*D SDEVAL .94

0 WA, »
oCa FINCON

COMPLEL TLG(3,.3), "ACLG(I), TLGC(D, D), ExCLOC(Y)
OIMENSION T44T{NRMLG)

«0 MDIVAL .90

TEWP » PLCII(K)
IF (1FCLCS .€Q. 1) YIMP = FCLCS(IV.X)
CALL LSCOF (OMIQA . OMIGAL.2 FIPAN(N].FNNCHD(K) . FAREA(K) . TENP,




2 CALL LB OF (OMZSA,QMEGAE, 2, FOPAR(K ), FIINID(K), FAREA(K) , TED,

- INTRPL.12

DENCN » XN(K)S) - XHKL)

SLOPE = 0.

IF (D& Q1. 0.) SLOPE = (VE(K) - YM(KL))/OEMOR
D 13TRPL.20

CENG » XI(KU) - XM(KL)

o€ 0 O,

IF CDENOR® .GT. 0.) SLOAE = (YM(KU) - VVIKL))/DEMON
*] ROCVAL .98

00 100 [A=1, NRAKG

*D RDEVAL. 102

*D RDEVAL . 122

»1 RDEVAL. 134
T44BE = O,

«3 RDEVAL. 117

*1 RDEVAL. 129

T44T([A) = TA4SFV + TA4EMV + T44BE

100 CONWTINJE
0 RMSTOE.25
CIMENSION XID(911)
D SMSTOE.2%
NID = 811t
«] RMSTOE.49
REWIND LCOFIL
¢ RAOPHS. 10
coup e SER{2%,30},5R5{%5,50)
OIMENSION SA33(2%,30).5833(23.30)
oI RAOPHS .34
IF (IP.EQ.0 .AND. IM.EQ.9) CA'L FNRAQ (IV.HY M3 ®WVL(Y, 1, 1A),
2 RAD{1,IA),PHS1(1,1IA) . NMOT  NOREGA , OMEQAE , IPHS)

=1 RAOPHS.62

IF (.NOY. (IP.GT.0 .AND, (IM.GE.10.AND.IM.LE.14))) OO TO 100
DO 40 IWey, NOMLGE
READ (LTOFIL) (SF3({r,I¥),SWN3(I,IW),SA33(L, 1¥),S833(1,1I¥),
2 Ie1,NSTATN)
40 CONTIMUE
CALL LRAD (IM.K1, M2 ,MOTV, SF3, SK3,5A37,5833, vrS(IV), casms,
2 OMEGA ,OMEGAE . 'P,RADY . PHS 1 HMDT MOMEGA, IPHS)

*7 RSTITL.4
*Ca LOADS
DIMENSICN LOAD(2.3) LTYPE(D, 2) LUNIT(2,3)
REAL LOAD,.LTVYPE.LINIT
«] RETIVL.2Y
DATw LUAD /4H H S, JMHNEAR 4H V.S, 4MHEAR, 4H T.4HORS, .44 V. B,
2 ZHENC . ,4H H.B,&HEND./
D. YA LTYPE /4MFORC, 4ME .4H L AMMICKE , SHMT L 4H /
CATA LUNIT /33X (T, 4MONS) ., 4H Lo (M-, 4HTONI , &) AW (FT,
2 4H-TON, 4NS) /
*D RSTITL, 1D
%0 Ir (ij& .NE. 9) GO TO 80
Cc ANTI-ROLL FINS
BTITL(1) = &N
RTITL(2) = 4+ FIN
IF (17 .EQ. 1) UT = &
IF {IT .CT. %) JT = IT
no 60 t=1.,2
60 RYYPE(J) « TYPE{I,JT)
JT e IT ¢ 3
DO 70 1-4,3
70 RUNIT(I) = UNIT(],uT)
IF (1Y .EQ. 1) FMOT ~ JINFIN
IF (17 .£Q. 2) FMOT = GHFINVEL
EF (1T .EQ. 3) ¥MOV = GiF INACC
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ENCODE (110, 2000, PANS) FBIT,EMDTY
$0 IF (.NQT. (I®.GT.0.AM) (IM.GE.10.AMD.IK LE.t4);) &0 TO OO
C LOADYS
’ g e IR~ @
RTITLEE) o LOAD(1,4¢N)
RTITL(D) = LOAC{Q.uM)
LY ©
I (IN QY. t1) LT » 2
MY o« LT
TP OJLY.EQ 2. ANG. (PUNRTS( V) ME MEYES)) ®Y = &
t3 &2 1e3,2
RYYPE(Z) » LTYVPE(R . LT)
RUNTT{T) = LUNIT(L WT)
82 CONTIMNLS
I (UM . EQ. 1) ENCOLE (110,303%,0ARS) PY(IP) ALDSIN(IF)
I (UM . EQ. 2) EMCODE (140,3022,PARS) FT(I8). XLOSYN(ID,
IF (U .tJ. ) ENGODE (110, 3993, PARSY CT(IP) XLOSYR{IF)
IF 4um EQ. &) ENCOQE (140,.3034,PARS) BTOIR) XLOSTN(I®)
IF (uM .EQ. S) ENCGDE (110,30233,PAKS) RY(IP) XLDSTN(IZ)
031 FORMT(GHHSHEAR A3, 11X, 20H00I2. SMZ&T FORACE AT 3ITAYLION,FS.2,88K)
3032 FORMAT(OHVIHI AR, A3, 11X, QGNVERT, SHEAN FORCE &7 $TAVION,TE.2,881)
3053 FORMAT(4HTMOW, AD, 12X, 28HTORGION:L WOMENT A1 STATICN,FS.2.83X)
3034 FORMAT(4MVMOM, AD, 13X, 29MVERT. BEND. M. AT STATIOM, FE&.2,.48K)
3035 FORKAT(4HHMOM, A, 13X, 290040812, BAEND. MOM. AT ITATION,PE.2,88K)
100 CONTINUE
=1 QUTPUT.I
-— *CA LOADS
el QUTPUT. 4
I¥ (NLOADS.GY.O .AND. LRAOPR.GTV.0) CALL LBACUT
] RMSOUT.9
*CA LOADS
*CA SEVERE
«D RMSQUT. 10
DIMENSION XIO(S11),YID(162,3).8T(BO}
DIMENSION IMODL(4) LSVRSP{13) RSPHNME(2,.13)
0 RMSOUT. 0
EQUIVALENCE (IPOINT . VID),(XID.MRESP)
o] RMSOUT.20
DATA LSVRSP /2.9.2,.4.6,.9,0.9.8,8,0,¢.0/
DATA RSPRME /4HHEAV, tNE 4HPIT. 1M, 4H SUA, THY, X BOL, ™ML,
2 AH VA 1R 4NRP VA, INC 4HP LA, IHC &PJVA, THC , 4MPILA, INC,
2 AMPIVA, IHC.&RPILA, THC, WHPAVA, ML, &HPALA, tHC/
eI RUSOUT.3I2
NSVRSP = 13
«D RMS0UY. 36
NID = Bt1
o] RMSOUT.37
L= LEMGTHIRMSFIL)
" (L-t)/%
- fRG MEAMT RMUFIL WAS GENERATID BY SHPR1
= 182 MEANS RMSFIL WAS GENCRATED BY Sawgd
K = 1
U0 750 Jv1,8
09 730 I=1. M
K =¥ + 1
vIO(Y.,2) o XID(NM)
790 COMTINUE
KRESP = MRESP
GO 770 1Set NSIGWH
c CIND WOSY PROGABLE PEALGD
SWH = SIGW(IS)
IF (PUNITS(1) .NE. METIR) SWH = SWeFYRITN

| 317

<
c

A-9




c STWUMIFICANT WAVE MEIGMT RANGES BELOW ARE IN METERS
c $EA STATE ¢

If (5%M .LE. O0.20) PER v 8.0
[ SKA STATS 2

IF (SWH.GV.0.89 . AMD. SWH.LE.1.24) PIR = 8.0
c SCA STATE 3

IF (SWN.GY.1.26 .AND. SWM.LE.1.73) PER » 7.0
c SEA STATE &

IF (SWN.GT.1.73 .AND. SWH.LE.2.24) PER « 7.0
C SEA STATE S

AF (SW.Q..1.2¢ .. S LE.Z.87) PER @ 9.0
c SEA STATE o

IF (SWN.GT.2.97 .AND. SW.LE.€.34) PER ~ 11.0
] SEA XtavE 7

iF (SWH.QT.8.34 .SHD. SWH.LE.13.20) PER » t8.0
[ s€a STAvI O

IF (SWHM.G7.12.29 .AND. SuM.LE.'R.T7) PER » 19.0
c GREAT'R THAN SE& STATE &

iF (SWM .GT. 10.77) PER « 19.0
IF (PER LT. \eDAL(1)) PER = THOOAL{1}
cF (g .QT. THODAL(NTWOD)) PER « TRODLL (NTEODD)
INOOL(E%R) = 9
00 780 LT=* NTHMDD
IF (ARS(PER-TMIDAL(LT)) LT, ©0.0001; IMOOL(1S) = LT
T80 CONTINUE
TTO CONTINUE
iSwFiv @ O
1F (TMOTR{1) .ME. 1) ISKPSY o 1
¢ ISKPSY = O ALL MUTIONS - OUTPYT SEVERE MOTION VARLES
c ISKPSY = ( ROLL NOTION OMLY - SKIP SEVERE DTI0MN VARLES
Ie {19PSY _EO. 1) GO VO 820
NIVESP < 4 + 2eiPTLOC
IF (NSVASP .G, 13) NSVISP o 1)
CALL SETSEV (NSVRSP (LSVRIP,
RRSIND = KEVRSP ¢
NSBIMD » NSIQUWH ¢ 1
820 CONTINJE
o] AWSOUTY_T0
Cart STEIMDX (SEVFIL RSIMNCXK, MRSIND)
00 7 Jut NRSING
SSINDX(L) = Q.
T CowtINUG
oy MWSQUY.72
SR -0
IF (1suPsSy .€Q. 1) QN YO 19
D0 18 LW=1, NSVARSP
IF (IR .ml. (SVRSPILE)) GO TO 18
Jo s LR
GG Y0 19
18 CONTYINUE
19 CONTIME
«] ARSOUY .88
1¥ (um .€0. ¢) @GO TO 11
CALL STINDX (SEVFIL SVYINDX. NSVIND)
DO 8 [e9 NSWIND
SWIMOR(I) = O.
8  CONTINUE
21 CONYINUE
o] WUV .04
SWEIAX = L J02«YMODAL(ITQ)e2
IF (PUNITS(1) .6Q. METER) SWOMAK ~ SUABARFTRETR
MMSOUT . 100, 101




*D RSOUY . 143, 152
00 120 Ivet NV
0O 110 IH=1 NHEAD
TEWP = RMSTEL{IN. ITO, 1IV)
IF (TESP .LT. RESSMIN) RNSMIN = TENP
IF (TEW" _LT. RMSMAX) GO TO 110
ANSHAX = TEMP
I (UR .EQ. O) @U YO 110
IF (ITO .ME. IMOOL{I3)) GO YO 140
IF (SYRMEY .AND. IH.GT.13} @O TO 110
uxXy « IV
MXH = 1IN
110 CONTINUE
"0  CONTIMUE
IF (JR .EQ. O) @G TC 130
IF (1TO .NE. IMODL(IS)) @D TO 9G
RSVTOE(1) « Mxv
RSVTOZ(2) = MAM
1€ v 2
00 130 lve1, NWK
00 130 IHat MM4EAD
1€ = 1€ + 1
WSVYOE(1E]} = AUSTAL(IN,1ITO,IV)
1€ = 1E &
RSVIOE(IE) = TOETRL(IN ITO . IV)
130 CONTIMUE

[4 WRITE TO SEVERC MOTION FILE
CALL WRITRT (SEVFIL . RSVTOE,ZE,iS)
130 CONTINUE .
D AMSOUT . 197
IF (IP.GT.0 .AND. 10.0LE.3) WRITE (IPRIM, 10.2) (PTIOAN(I.I1P),
] MISOUT. 202
1€ (1@ QT O AMD. (1M .GE.!Q .AMD. IM.LE.14)) WRITE (IPMNK, 107F),
2 KLOSTH{IP)
1072 FOMEMAT (/88X THSTATION,.FS. 1)
] @MSOUT. 208
I1F (§P.QY.0 .AND. (IN.GE.4Q .AMD. IR.LE. 1)) WRITE (IONIK, V683)
1082 FORMAT (/BTK. 14M(FORTE / 100 )}
IF (IP.GT.0 .AMD. (IM.GE. 12 .AND., IM.LE.14)) wRITE (IPRIN, 1088)
1088 FORMAY (/843 tSHN(MOMENT / 1GO0O))
o] AWSOUT. 222 v
IF (IP.GT.0 .AND. (IM.GE. VD . » RN.LE.91)) TEeRag(in)
2 TEMRS(IN)/ 100
1F (IP.GY. 0 .AND. (1N . GE.12 1N.LE. 94)) TEEREE(IN)
2 TEMRNS( 1)/ 10000
ol ANSOUY.260
I¥ (IP.GV.C .AWD. (IW.GE. 10
2 TEmeusS(1M)/ 100
IF (IP.GT.O .AND. (IN.7E. 17 .

. TW.LE. 08D ) TEMRNSEIN)
19.LE. 14)) TEAMPS( 1)

EE 53

] EMSOUT. 243
1F (J2 .€Q. O) GD YO 31D
CALL SYINDX (SEVFIL.RSINDX . NRSIND)
CALL wRITNS (SEVFIL, SWIRDX NSWIND, JA)
310  CONTINUE
o] wasouT.272
I (ISKPSV .£Q. 1) QO YO <10
CALL STINDX (SEVFIL.SVIODK . LSVIDX)
CALL WRITES (SEVFIL RSINDX MNRLIMD,IC)
410 COMY TMUE
ol RUSOUT . 37D

A-11
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of T aranctioe ("8

v

TEMLT T ser ST ARG -~

600 IF (1SKPSV .£Q. O) CALL SEVMOT ((SYRSP,LSVRSP, RSN . HONG, IN0DL )
*D CALRGM.54.€3 .
c FINOD INIMUN SLOPE FOR LEADRISE CALCULATION IN "BILGEK®

H2 = ys - ¢

LS = x2 - 4 .

SRS :’su(n.u) - 2ULS,K)) / (v(m2,K) - Y(LS.K))

Je ’

DO 130 12,2
N IRTRENN |
JEY = Y -
SLOPE = (Z(J.%) - Z(uS1.K)) / (Y(u.K) - Y{y3t,K))
IF (SLOPE .€EQ. 0.) GO TD 140
IF (SLOPT .QT. SME) QGO TO 140
LS= st
SHE = SLOPE
130 CONTINUE
c EXTRAPOLATE SLOPE TO CENTERLINE YO QCT LOCAL DRAFT
c (EXCLUDING SKXEG OFFSETS)
140 BXT(K)} & 2(LS.X) - SAS=v(LS.X)
IF (BKT(K) .LT. 2(1.K)) OKT(K) o Z(1.K)
*D BILGEX.3C
TLOCAL = ABRS(BXT(K))
*0 SECT. 1%
DIMENSION AA(Y.4). AR(10)
s1 SECT.a®
AR(I) =2 m
*0 SECT.8¢
IF (.MOT. (STATHN(HM).EO.BXSTR(J.1))) a0 TO 20
< STARUH FOW WMINIWUN RADIUS OF THE SILGE STANTING PRUN THE VATERLINT
RUIN = AR(MNM)
L = NNODES
DO 15 NN=2, NN
LeL -1
® o AR(L)
I¥ (R .QY. RNIN) QO TO 1
BUIN = &
19  CONTINME
17 ROK « EMIN
ITSX = 4
Qo TO 11
*D WEDEFN. 12
00 110 I+1,.%4
) WEOEFM, 14
110 WEVN(K) = 0.05 ¢ (1-1)eOWE
*D WEDEFN. 16
00 120 Is=t,29
*D VWEDEFN. IE
120 WEVN(R) o WEYN(E4) + [eDWE
LT 14
=COMDECK LOADS
CIRCION /LOADS/ NLOADS . SWQHT(2%),.%: $(28).XLDTTR( 90) . FLOXPFT(28),
2 LSTATN(2S)

*COMDECK F INCON
COMNEOM /FINCON/ [ACTFN. IFCLCS.FGAIN(S) . FX(3) . FA(D).FB{T).
2 FCLCS(8,2)
«CCMDECK STELEM
COaXON /SYELEN/ STELER
CONPLEX STELEM(4,9,2860)

*COMDECK SEVERE
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COMMDN /SEVERE/ NRSIND.RSINOX NSWIND, SWINOX, RSVTQE, RV, BH
REAL RSINDX(t4) . SWINDX(S).RSVTOE(40?)
INTEGER RV(13) ,RM(12)

*DECK ALTFIN
SUBROUTINE ACTFIN (IV,ZERO.V,OMGE,OMNGEZ,TAF)
*CA PHYSCO
o~ «CA APPEND
o *CA RLDOK
©CA FINCON
- COMPLEX TAF(3),FGC,CTERM, ZERO

Y

DO 10 1=1,3
TAF(I) = ZERD
10 CONTINUE
FGC = ((FK(1)-OMGE2eFK(3))+110MRE*FK(2))/(((FA(1)-LUGC2FA(S) D>
2 11°0MGE*FA(21)e((FB(1)-MGEI+FR(I))+II«OMGEFR(2)))
. DO 30 K=t NFNSE?
XCP = FXCPIK)
ARM = - FMNCHD(K)/6
.. YHAT e FYHATIK)
AP = PIRHOSESPAN(K )= (FMNCHD(K}/2)ee2
TEMP = FLCS(X)
If (IFELCS -CO. t) TEMP = FCLCS(IV,K)
FZ ° (RHO/2)FAREA{K)}oTERP
SINGAN = SIN{FGANMA(K)*DEGRAD)
CTERN = FQLe(ARMCAPSONGE2- 1T 2ONSE s (ARNF Z-J0AP ) eVeFRe ot )
Nt = 1
IF (FNIMAG(K) .EG. 2) M1 « 2
c SIN(180-GANMA ) «SIN(GANNA) FOR FIN OM STSD SIDE
00 20 M=1 M9
TAF(1) = TAF(1) - SINGAMeCTERM
TAF(2) = TAF(2) ¢ YHATCTERR
TAF(2) = TAF(A) - SINGAMeXCPeCTERN
26 CONTINUE
20 CONTINUE

oA}

P

T T T YR TR
'ﬂ'“ . - “ Y
cewd

-~

REVURN
TND
=DECK FNRAO
SUBROUTINE FNRAD (IV.NL.NU,MOTL.RAD, PHS AMUT  NEYNGA , GiFLUAT, 1PHS )
*CA PHYSCO
*CA FINCON
COMPLEX FGC,MOTL(NS. T, NOWEGR) ,BEYA,ROLL
CIMENSION ONEGAE(NOWEGA ), RAD(NOREGA ) , PHS(NOKZQA )

00 10 1=NL. NV
ROLL = MOTL(2,1)*RADOEG
OMGE = OMEGAE(L)
OMGE2 = NMGE *ONGE
FGC ® ((FR{T)-OMGEZ*FR{II )T I~ OMGE»FR{Z)i/I{iFRTI}~
2 IIOMGECFA(2))e((FR{ 1)-OMGE2FB(3)})+I1«CMIE=FR{2)))
BETA = FGAIN(IV)eFGC*ROLL
CALL RAOPHA (BETA RAG(!).PHS(1) . RADDEQG, IPUS)
10 COMYINUE

Wk IAFRADD I

RETURN
({7}
*OECK LRAO
SUBROUTINE LRAC (I1M,.NL. .MU ROTY, SFY, SHI,SA33, 833, Vv, COSRY,
2 OMEGA ,OMEGAE , [P, RAQ, PHS  NMOT ,NOMEGA , IPMS)
«CA DATINP

A-13




oCa PHYSED
¢S4 QEOM
«CA LRADS
COMPLEX MITV(MNXT, NOREGA ), 108, VIVE ,HEAVE ,HEAVEL , HTAACC,PRTCH,
2 PITVEL.PIVACC VEHVEL  VERACE, 2ERD, [HERT ,RESTOR,EXCLY,, CEP,
T HYDRI,LOAD  SFR{ 25, MOUEQA 5, SHO(Q3,NOWERA)
COMPLEX . EMS(28), CLENG(4, 28} TXF, SABI3Z(28 ), COUM, HYD, CTUN
CIMENSION RAQ(NOXEQA),PHS(NOKLGA ), OMEGA (NOMEGA ) , OMEGAE (NORESA )
OIKENSION SAI(ZS,NCSIEGA }, SOJ2( 28, KUMEQA )
REAL KIWTER
DATA BIYER /4rB2EYE/

FEMO = (C.,0.)

X8 = XLOXPY(IP)

KSTAVH & LSTATR(IP) - 1
NS o NETATN - NSTRATN ¢
V3 » Yeov

LON © 1007

1F (PUNTYS(1) .ME. METER) CON = 2340
RHOG - JHU-QRAY

060G 10S I MU

% & OEEQAIT)

W = Waw/Qnav

TESY = _QOSeTVRI/LPE

ARGLY e -~ WMSCOSMU

IR (ABS{ARGLE) .LE. TEST) ASOGLY = &,
WE v OWEGatii)

WEZ v wEeWE

W& « IJews

VIWE =~ V/IWE

VWE2 ~ V/WE2

VANES = VI/WER

PEAVE «w RITV(Z.I)

MEAVER = JWESHEAVE

HEAACG = [WERYAVEL

FITCH = BIVY(2. 1D

FETVEL o IWECFYTIN

PAVACC v 1/E*PITVE],

VERYVEL = MEAVEL - XFePRVANL
VERACC = MUAACT -~ XFaLYALC

[4 INZRYEA TERM
iRV e JERO
Y o KSTATHW + 1
00 0 KeR) NETATH
SYEMTE{K) w SMASS(K)e(i:dRECT ~ L(XKIePITACC)
IF (18 L EQ. 13) SVERF(X) o - {X{H)-XP)eSTEWP(K)
INERY » IMERT + STEMNF(K)

10 COoV IRE

¢ RESTONING TER®R
00 20 KoKSTATN MSYATH
NPT = MIFSETIR)
SDEAR « 2e¥(pF, . K}
STIRP(r) » SHEANVNTAVE - A(®)eDiYCH)
IF (Im .EQ. (1) STEMP(SL) = - STERS(X)
1t (I €0, 13) STOAP(K) = (n(K}-XP)e3TEMP(X)

23 COOTImF

TALL COFIT (X(KSTATIK), STEMP(NSTATR) E".EWS, 3,
CALL CPENIG (AP X(W:TATHN), 7 (NSTATH) KPS, ELENS 3., KT, fO6)
RESTOR = MUGSRESTORN




c EXCITING TERM
DO 30 XoKSTATM, NSTATN
STEMP(K)Y = SFI(K,1) ¢ SHA(K,))
IF (I1® .€Q. 13) STEMP(K) = - ((X(K)-XP)eSTEMS(K) ¢
2 VIWESHI(X,1)}) :
30 CONTINUE
CALL CPFIT (X{KSTATN),STEMP(KKSTATN) ELEMS, NPS)
CALL CPINTG (XP,X(NSTAYN) X(KSTATN) 1S, ELEMS, ARGLE,EFCEIT)
IF (.NOT. IM.EQ.11) GO TO 3%
CALL CPFIT (X(KSTAYN),SH3I(KSTATN,I),ELENS,NPS)
CALL. CPLVAL (X(KSTATN) wPS, ELENS XP, EXF COUM, IELN]
CEP = CEXP(11eXP=ARGLL)
EXCIT = EXCIT 4 VINESCEP+EXF
25 EXCIT = RHO«EXCIY

c HYDRODYNAMIC TERH
D0 40 KeHSTATN NSTATN
A3 » SA33(K,.I1)
833 = $333(K,1)
SAE3I(X) = A3Q < [I+83)
IF (1M .EQ. 11) STERR(K) ~ - (A3I+(HEAACC-X(¥)sPITACC) ¢
2 B3I (HIAVE . ~R(K)sPITVEL) - YWE2e83I3+PITACC ¢ Vea22+PITVEL)
IF (IN .EG. 13} STEMP(K) = (A(K)-AP)e(AIIe (HERACC-X(K)*PITACT)
2 ¢ 83IF(HEAVIL-X(K}oPITVELJ) + (VeAIIs¥ERVEL -~ YIE2eGIDVERACC oo
2 - VIWEQe(A2ISPITAGC ¢ BIZ*+PITVEL)) '
40 CONTINUE
CALL CPFIT (H(KSTATN),STENF(KSTAVN),ELENS ,NPS)
CALL ZPINTG (X M(NSVATR) ,X(XSTATN]) N®S ELENS,0.,KVOSRD)
IE ( ANT, IM_FO 11) GO YO 48
CALL CPFIT (XUKSTATH), SAB3B(RSTATH),ELEMT N23)
CALL CPLVAL (X(KSTATH) MPS,ELENS, X, HYD,COUN, IELN)
A33 ~ REAL(HYD)
§93 = AIMAG{NYD)
HYDRO & HYORO ~ (VeAIIeVERVEL - VWEZEIPeVERALS -
2 VIVE24(R33<PITACS + BIJ«PITVEL))
43  SUNTIKUE .

CSUKY = RESTOR + EXCIT + HVIMO

COLD =~ INERT - CSUNM

LOAD = LOAD/CON

CALL RAOPMA (LCAD,RBAD(1),.PHS(1), RADOKG, [FINS)
10O CONTINCE

REVURN
END
=LECK LRADUT
SULROUTIME LRAOUT
wCA DaTING
sCA QEOM
«CA STYatE
oCA PHRYZCO
<CA ENVIOR
*CA 10
“CA LOADS
CLMHLEX MOTV(D,30) MOTL(S, 50, 8)  Huvw (3, 303 H85(3 3O} WI{3),
2 SF3' 23,30},5K3(43,30)
DIMW NSION $SA33(324,30),5233(28, 30) , CRT3AL( 20}, VEFKSO( 335,
2 VSE$¢S(30), VBMIAQ(F0), VBRENS( 30}
REAL ™ .ER
DAT. WETER 4HNETE/

IF (PURKTS(1) _EQ. METER) UNITY « Tl -TiMy

A-1%




5F (PUNITS(1) .ME, WETER) UNITS » THFT-TOMS
SEWING LCOFIL
REWIMY DNGFIL
READ (IWGFIL) TITLE,NVK,NAL, NOMEGA , OMEGA . MRANG, RLANG , VRT , LAT,
ADDRES, LPP BEAN DRAFT DESPLM, GM, DELGIN,.KG . XROLL . LCS,GRAV, 0,
VKDES , VICTMG , DBLWL
WRIYE (LRAFIL) TITLE,NOMIGA,ONEGA . NVK ,NMU,LP®, BEAM DRAFT,DLSPLH,
G, DELGM, 13, MROLL , LGB, DBL WL, GRAV ,NSTATN, STATN, MLOADS , SYONT , SASS ,
ALOSTH. XLOXPY, X
N 300 TVe ], NWK
DO 200 Tiet NBMJ
RCAD (GRGRIL) VICNOTS, HEADNG, DMEQAE
IF {VRT) READ (ORGFIL) MUTV
i® (LAV) READ (ORIFIL) WOTL
IF (ALTACS) READ (ORUFIL) WUV HJL MY
HOMR o 0. - MAEADNG
CORNRY « COS(MU{IN,IV))
0O 1O (Wi, NDWEGA
HELD (LCOFILY (SFI(I,IW),SHI(L,1v), SA33(1.1v).3833{1, IV},
L Ee?, NITAVH)
9 CONT ENUL
0D 100 1P+ 1,NLOADS
™ =
CALL LRAG (TN, 1,NOWEGA,MOTV, SF3, SHD,SAYI, SB3I, VFS(1IV) ., COSIM,
4 DMEGA,OMEGAE , 1P, VSFRAD, YSFPHS , 3, NOMEGA , 1)
1 CICIRE
CALL LRAQ (INM, 1, NOMEGA MOTV,SFI, SH3, SAJD, SB853,VFS(IV),.COSMY,
2 ONLGA, REGAE, [P, VEMRAD, VBMPHS , 3, NOMEGA , 1)
WRITE (IPRIN, 1000) TITLE XLDSTN(IP),L VKNOTS HONG
100 FORMAT (e10/28X,.20A4///8$3X3L0AD RESPONSE AMPLITUDE OPERATORSe

Bk

Y

2 o (RAOS) AND PHASESe///BOXoSTATIONS, 1// /55X «SHIP SFELD =e,
2 F3.0~ KNOTS*/53XsSHIP HEADIMG =+FS.0+ DEGREESe)
WAITE (XPRIN, 1010} UNITS
1010 FOANAT {//20XeV.SHEAR(VI)@XoV MOM, (VS)e/2XeMEGA OMEGAE4X,
2 2(eArpL. PHASE €, 4X) /AX0RPSe4XoRPSedx e TONSSBX*OEQe4X AT,
2 SXeDEG+/)

00 20 IWs1, MONEGA
WRITE (IPRIN, 1020) CHMEGA(IW) .OMEQAE(IW),VSFRAG(1IW) VSFPRE(IV),
2 VEBMRAG(IW), VBUWPHS(IW)
1020 FURMAT (2F7.3.2(1PE12.£6,0PF7.1))
20 COMTIMUE
WRITE (IPRIN, 1030}
1030 FORDMAT (//I5MNOTE: sEanise cauwcavIon:. & OF8-HIAD, 80 O2@ss
2 » STBD BEANR, 18O DEGs FOLLOWING SKAS.e)
WRITE (LRAFIL) XLOTTN{IP), VKNOTS, HONG, OMEGAE , VEFRAD, VSFPKS,
2 VBNREO, VBMPHS
100  CONMTINUE
p1 CONT INUE
300 CONYINUE
REWIND ORGFIL
RESING LR&FIL

RETURN

END
*DECK SETSEV

SUBROUTINE SETSEV (NIVASP, LSVRIP)
oCA RESPN

DIKENSION LSVRSH{NSVRSP)

DG 183 LR=1,NSVRSP -

DO 140 1R=1,NRESF
1P = TPOINT(INE

A~16




-
e

4
. ‘l

IM = IMOTN(IR)

IT = YTYPE(INK)

GO0 To {(10,20.30.40,%0.60,70.80,90, 100, 110, 120, 130) LR
Q.3

10 IF (.NOT. (IP.EQ.0 .AND. IN.E .AND. 1T7.EQ.1)) GO TO 140
c HEAVE :

GO TO 1%0
20 IF (.NOT. (IP.€Q.0 .AND. IM.EQ.85 _AND. 1T.€Q.1)) GO TO 140
c PITCH

GO TO 150
30 IF (.NOT. (iIP.EQ.O .AND. IM.£Q.2 .AND. IT.EQ.1)) QO TO t40
C SKAY

. GO TO 150

<0 IF {.NOT. (IP.EQ.O .AND. IN.EQ.4 .AND. IT.EQ.1)) @O YO 140
¢ ROLL

GO TO 1%0
30 IF (.NOT. (IP.EQ.Q .AND. IM.EG.6 .AND. IT.£G.1)) QO TO 50
c YAW

GO TO 130 :
60 IF (.NOT. (IP.EQ.1 .AND. IM.EO.3 .AND, iT.£Q.3}) @D Y0 140
c VERTICAL ACCELERATION AT POINT 1 (P%)

G0 TO 150
70 IF (.NOT. (IP €Q.1 .AND. IN.E2.2 .AND. IY_.£Q.3)) Q0 TO 140
c LATERAL ACCELERATION AT POINT ¢ (P1)

GO TO 150
20 1IF (.NOT. (IP.EQ.2 .AND. IM.EQ.3 .AND. (T.£0.3)) WU D 140
[~ VERTICAL ACCELERATIOM AV POINT 2 (PZ)

GO TO 130
20 IF (.NOT. (IP.EQ.2 .AND. IM.EQ.2 .AMD. 1T.£Q.3)) GO TO 40
c LATERAL ACCELERATION AT POINT 2 (P2)

G T0 150
100 IF (.NOT. (IP.EQ.3 .AND. IM.EQ.3 .AND. 17.2Q.3)) 10 140
VERTICAL ACCELERATION AT POINT 3 (P3)
GO TO %0
110 IF (.NOT. (IP.EQ.3 .AND. IM.€G.2 .AND. IT.£Q.3)) U YO 140
c LATERAL ACCELERATION AT POINT 3 (P3)
GO T0 150
120 IF (.NOT. (IF.€Q.4 .AMD. IM.EQ.3 .AND. 1T.£0.3)) GO YO 140
c VERTICAL ACCELERATION AT FOINT 4 (P4)
GO T0 180
130 1F (.NOY. (IP.EQ.4 .AND. IM.€Q0.2 .AND. IT.EQ.3)) @O TO 140
c LATERAL ACCELERATION AT POINY 4 (P4)
GO TO 1%¢
140 CONT INUE
130 LSVRSP(LR) = IR
160 CONTINUE

(2]

RETURN
END
*DECK SEVMOT
SUBROUTINE SEVMOT (NSVASP, LSVRSP ARSPMME ,HONG, IRODL )
*CA DATINP
«CA INDEX
*CA GEON
«CA PHYSCO
«CA 10
*CA ENVIOR
oCA SEVERE

DIMENSION ASV(13,13),70E(13, 13),TEMV{ 13), TEMN( ¢3), TRMR( 13),
2 TEMT(13),LSVRSP{13),RSPNNZ(2, 13)  HONG{24), INOOL(4)

INTEGER TEMT

REAL METER
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OATA METER /4HNETE/
NHEAD = 24 3
Nt = NHEAD + ¢ :
NDATA = 2 + NieNVK*2
DO 800 1ICe4,2 . 'c
DO 400 IS=1 NSIGWH A
LT » IMODL(1S) -
D0 300 IR=1,NSVRSP
DO 200 JR=1,NSVRSP
CALL FEYCH (IC,JR,IS,RSVTQE,SVIOX,RSINDX, SWINDX,NDATA,LSVIDX,
2 NRSINO . NSWIND,SEVFIL)
IF (IR .GT. 1) GO TO 10
RY(JR) = RSVTOE(1) + .001
RH(UR) = RSVTOE(2)+ .001%
10 IF (JrR .GT. 1) GO To 20
IV « RV(IR)
IH = RHI{IR)
20 1E = 3 + (IH~1)22 % (IV-1)*NHEAD®2
RSV(UR,IR) = RSVTOE(IE)
TOE(JR,IR) = ASVYOE(IE*t)
200 CONTINUE
300 CONTINUE
WRITE (IPRIN,1000) TIVLE
1000 FORMAT (e1e/20X,20A4///48X*S EVERE NOTION TABLS
2 ¢E¢)
IF (1C .EQ. 1) WRITE (IPRIN, t010)
17 {iC .EG. 2) wrkiTt (iPRIN, 020)
1010 FORMAT (//80X, { THLONGCRESTED)
. 1020 FORMAY (//60X, 12HSHORTCRESTEDR)
IF (PUNITS(1) .NE. METER) WRITE (IPRIN, 1030) SIGMN(IS)
IF (PURITS(1) .EQ. METER) WRITE (IPRIN, 1040) SICWMI{IS)
1030 FORMATY (/42X+SEA STATE: SIGNIFICANT WAVE KEIGHT eef@. 20 FEET o)
<0M0 FORMAT (/42XeSEA STATE: SIGNIFICANT WAVE HEIGNT nef@_2¢ METERSe)
WLITE (IPRIN, 1050) TRQUAL(LT)
IF (NSVRSP .EQ. 8) GO TO &0
NP = NSVRSP - 3
] NP = NP / 2 -
! WRITE (IPRIN. 10285) X
1025 FORMAT (//34X+POINT LOCATIONS:e) A
00 30 IP=1. NP
WRITE (IFRIN,1028) IP, (PYNAME(L,!P), 1=1,8),XPTLOC(IP), \
2 YPTLOC(IF), ZPTLOC(I?) oM
1026 FORMAY (22XePelie- «8A4.2X.*XFF @oF7 2. 2XeYCL weB7 2 23X, N
2 *ZBL 3+F7.2)
S0 CONTIMUE
60 CONTINUE >~
1050 FURMAY (S4XeMOC'). YAVE PERIND ©oF4. Qs SECOMDSe)
WRITE (IPRIN,1C:Y) (STATNR(I), I=t,3)
1053 FORMAT (//40X,3..',¢ VALUE / ENCOUNTERED MODAL PERIOD (VOE)+)
WRITE (IPRIN.108. ) ((RSPNME(I. IR} Jwi 2), 1Rt NSVRSP) -
1060 FORMAT (//4DXeMAXIMUM RESPONSES AND COMCITIONSe/1X, 120( tH-)//
2 * RESPONSE *, 13(4X A4, A1)) <
00 210 IR=1, NSVASP
IV ® RV(IR)
IH = RM(IR) -
TEQV(IR) o VR(IV) -~
TEMH(IR) = MDNG(IN) .,
TEMR(IR) = RSV{IN,IR)
IF (Im .QT. S) TEMR(IR) = TEMM(IR) » 10U
TENT(IR) = TOE(IR, IR)
290  COMTINUE
WRITE (IPRIN,1070) (TEMR(IR),VEMT(IR), IR=1 NSVNSF) -

Coon

o
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1.

1070
1080
1080
1100

2 « MAX, SPEED /»/« RESPM. HEADING®, 3X, A4 A1, 12(4X, Ad,A1))

1110

320

2 JR=1,NSVRSP)
1120 FORMAT (11X, A&4,A1,2X,12,4H/,13,43(F8.2,1H/,12)})

k2o
1130
2
2
2
1140
2
1180

2
400
o)

FORHAT (/+ (MAX.RSV)/TOEe*, 13(1X,F8.2,1H/.12))

WRITE (IPRIN,1080) (TEMV(IR),IR=1,NSVRSP)

FORMAT (> AT SPEED (KNOTS)e,F@.1,12F9.1)

WRITE (IPRIN,1090) (TEMH(IR),IR=1,NSVRSP)

FORMAT (* AT HEADING (DEG)e,F8.0,13FR.0)

WRITE (IPRIN,1100) ((RSPNME(I,UR),I=1,2),.J%et ,NSVRSP)
FORMAT (//%4X+ASSOCIATED RESPONSESe/iX,130(*H-)//

WRITE (IPRIN,1110)

FORMAT (1X)

00 330 IR=1{,NSVRSP

IV = RVY(IR)

IM = RH(IR)

MV ® VvK(IV) + 001

M4 = HONG(IH) + .001

IfF {IR.EQ.6 .OR. IR.EQ.6 .QR. IKR.EQ.10 .OR. IR.E0.12)

WRITE (IPRIN,1110)

DO 320 JURe1,NSYASP

TEMR(JR) = RSV(UR,IR)

IF (uR .aT. 5) TEMn({un) « TEMR(UR) * 100 ,
TEMT(JR) = TOS(JR,IR) :
CONTINUE

WRITE (IPRIN,1120) (RSPNME(I.IR),.I=1,2) MV . MH, (TEMR(UR) TERV(UR),

CONT INUE

WRITE (IPRIN,1130)

FORMAT (//2XeNOTES: 1) RESPONSES ARE IN PHVSICAL WNITS:¢/
22X.*HEAVE AND SUAY ARE IN WAVE WNEIGNT UNITS; PITCN, »

sROLL, AND YAW ARE IK DEGREES;*/22X,*AND THE POINT VERTICAL =
SAND LATERAL ACCCLERMATIOMS ARE IN UNITS OF Q-3 +,tMe, ¢ 100.¢)
WRITE (IPRIN, 1140}

FORMAT (@Xe2) POINT LOCATIONS: XFP 1S IN STATION MUMBERS: »
sYCL AND Z8L ARE IN VWAVE HEIGNT UNITS.®)

WRITE (IPRIN, 1180)

FORMAT (9Xe3) HEADING CONVENTIONM: O DEG™MEAD. 90 DEG-STSD BEAM.c©
¢ 180 DEG-FOLLOWING SEAS.*)}

CONTINUE

CONT INUIE

RETURN
END
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OTNSROC ISSUES THREL TYPES OF REPORTS

1. DTNSRDC REPORTS, A FORMAL SERIES, CONTAIN INCORMATION OF PERMANENT TECH-
NICAL VALUE. THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION 0% THE ORIGINATING DEPARTMENT.

2. DEPARTMENTAL REPORTS, A SEMIFORMAL SERIES, CONTAIN INFORMATION OF A PRELIM-
INARY, TEMPORARY, OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE.

THEY CARRY A DEFARTIMERTAL ALTHANUMERICAL IDENTIFICATION,

3. TECHMICAL MEMORANDA, AN INFORMAL SERIES, COMTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST. THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN-
TERNAL USE. THEY CARRY AN IDENTIFYING NUMBER WHICH IMDICATES THEIR TYPF AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT. ANY DISTRIBUTION QUTSIOE DTNSKDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-EY-CASE
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DEPARTMENT OF THE NAVY CARDERCCK DIVISION HEADGUARYERS

NAVAL SURFACE WARFARE CENTER DAVID TAYLOR MODEL BASIN
CARDEROCK DIVISION BETHESDA, MD 20084-3200
IN REFLY REFER TO:
504
29 SEP 1995

Detense Tachnical Information Center
Bidg #5, Cameron Staticn
Alexandria, VA 22304-5145

Gantiemen:

Carderock Division, Naval Surface Warfare Center, report DTNSRDC SPD-
0936-04, "SMP84: Improvements to Capabuhty and Predciction Accuracy of the
Standard Ship Motion Program SMP81," by William G. Meyers and A. Erich
Baitis has been Approved fer Public Release as of 19 Jun
amend your copies cf the report to reflect this change,.

. 2 R
Sincerely,

... &5 Moy~

W. B. MORGAN
Head, Hydromechanice Directorate
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DEPARTMENT OF THE NAVY CARDEROCK DIVISION HEADQUARTERS

NAVAL SURFACE WARFARE CENTER DAVID TAYLOR MODEL BASIN
CARDEROCK DIVISION BETHESDA, MD 20084-5000
%“’\“ IN REPLY REFER TO
S AD- 809607 o
= 504
29 SEP 1998

Defense Technica! information Center
Bldg #5, Cameron Station
Alexandria, VA 22304-6145

Gentlemen:

Carderock Divisicn, Naval Surface Warfare Center, report DTNSRDC SPD-
0936-04, "SMP84: improvements to Capability and Prediction Accuracy of the
Standard Ship Motion Program SMP81," hy William G. Meyers and A. Erich
Baitis has been Approved for Public Release as of 19 June 1990. Please
amend your copies of the report to reflect this change. (QB"EBOQ(-P O‘[C))

- o

Sincerely,
<
5\ L. B 47‘7 —
¢
\1 W. B. MORGAN
0 Head, Hydromechanics Directorate
)
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