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I. ANALYTIC APPROACH

Naval architects and hydrodynamists take considerable pride in designing hull forms that are
“seakindly.” There are, however, few tools available to quantify their success and to relate their
efforts to the operational environment of the seafarer. The problem is particularly difficult when
considering the impact of motion on the effectiveness of the crew, sensors, and weapon systems of
the warship. This paper presents a methodology for quantitatively assessing the operational effects
of ship seakeeping characteristics, which is believed to represent a step toward an eventual
systematic treatment of this problem.

The approach suggested is a relatively simple one. It requires estimates of the motions of a
ship in various seaways. As would be expected, these motions are dependent on a ship’s design and
speed, and the heading of the sea relative to the ship, as well as the characteristics of the seaway
itself. If we also identify allowable motion limits based on the ship’s mission, a reasonable
seakeeping assessment can then be calculated. This paper describes the analytic approach and the
computer model used to carry out these calculations.

TERMINOLOGY

Before proceeding with a general discussion of the approach, some terms need to be
defined:

e Significant wave height. The average height of the highest one-third waves
present in a seaway. This is a commonly used oceanographer’s term and is
thought by many to be the height normally “seen’” by mariners making wave
height observations. Technically, wave height is defined as the vertical distance

~  from the crest of a wave to the bottom of the succeeding trough.

e . Significant. The significant roll is the average of the greatest one-third rolls. The
term significant is thus applied to ship motions in the same manner as it is for
waves.

e Single amplitude. The one-way displacement from the normal rest position. For
roll, this is the same as the phrase ‘“vertical-to-out.”

e Double amplitude. The peak-to-peak displacement. It is equivalent to twice the
single amplitude.

e Heading angle. A 000° heading angle is a following sea, while a 180° heading
angle is a head sea. This is the convention used by the Naval Ship Research and
Development Center where the heading angle is equivalent to the angle of
incidence between the heading of the ship and the direction in which the
predominant sea is moving.

® Head sea. A head sea is herein defined as the 45° sector centered at the bow,
i.e., heading angles from 157.5° to 202.5°.
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e Head sea criteria. Criteria that are only considered valid in head seas. To some
extent this is because ship motion data required to evaluate the criterion at
other headings is not available.

e Modal wave period. The period of the waves associated with the maximum
spectral energy of a seaway.

e Limiting wave height. The maximum significant wave height in which a ship can
operate without violating a specified criterion. This is a function of ship design,
ship speed, heading angle, and modal wave period.

e Simple criterion. A simple criterion is herein defined as a seakeeping criterion
whose evaluation is a function of a single motion parameter. For example, ten
degrees average roll is a simple criterion.

e Complex criterion. A complex criterion is herein defined as a seakeeping
criterion whose evaluation is dependent on two or more motion parameters. For
example, a criterion might be stated as a combination of conditions, such as 7
feet per second velocity at the flight deck, and 3° single amplitude pitch, where
both of these conditions must be exceeded before the criterion itself is violated.

DISCUSSION AND OUTPUT DESCRIPTION

The seakeeping evaluation described in this paper requires a set of selected seakeeping
criteria, i.e., explicit statements of motion thresholds, such as 12 degree average roll, which reflect
considerations of personnel or system effectiveness. There may be many such criteria that reflect a

variety of seakeeping considerations.

The SEAMON computer program is designed to evaluate these criteria at discreet
combinations of ship speed, heading, and modal wave period. The program identifies the criterion
that is violated before all others in each case, and estimates the significant wave height at which
that criterion is exceeded. This concept might best be understood by considering the “seakeeping
matrix”’ shown in figure 1. The matrix shows the ship represented at the center with concentric
speed bands of 5, 10, 15, 20, and 25 knots. Also shown are arcs, in 15 degree increments, which
represent the heading of the sea. Thus, there are 120 cells representing unique combinations of ship
speed and heading of the sea. SEAMON uses estimates of the ship motion to evaluate every
criterion in each cell of the matrix and thus provides a comprehensive seakeeping assessment for a
ship. An individual matrix may also be displayed as a three dimensional seakeeping contour.

The program is also supplied with oceanographic data reflecting frequencies of observed sea
conditions in a specified environment. Using this data, and straightforward assumptions regarding
ship speeds and headings, the program calculates the percent of time that a ship can expect to
operate in the environment without violating any criterion.

The foregoing description is best understood by observing the computer program output.
Table 1 shows the first form of output that consists of two matrices and explanatory

information. The top matrix contains codes as a function of ship speed and heading (i.e., incidence
angle) of the seas. These codes identify the limiting seakeeping criterion as defined in the list

<3







i o 2
LS G 4

immediately below the matrix. The bottom matrix identifies the significant wave height (in feet) at
which the specified criterion (from the top matrix) is being exceeded. Thus, the two matrices are
complementary. The top matrix explains what criterion is being exceeded first, and the bottom
matrix identifies the level of ocean wave activity at which that criterion is exceeded. (The
maximum wave height is limited by the variable WAVMAX (i.e., 32 feet). These tables are unique
for the specified ship, modal wave period of the sea, and the selected criteria actually being
considered, as identified in the title heading at the top of the page.

Figure 2 shows the second form of output, the three dimensional seakeeping contour. A
contour is actually a picture of the lower matrix presented in table 1. Thus, it too is unique to a
specified ship, modal wave period of the sea, and the selected criteria.

A contour represents the seakeeping qualities of the ship in seas from zero to 32 feet and at
speeds from zero to 28 knots, and is visualized in the following manner. Consider that the ship is
proceeding from left to right,* and that a specific direction of the sea is represented by its
corresponding radial directed toward the center of the contour plot. Consider also that speed is
represented by concentric circles in the contour. Thus, the center of the contour represents a speed
of zero knots, while the outer radius represents a speed of 28 knots. (A convention adapted in
drawing the contours is that, at speeds less than 3 knots, the ship will broach into beam seas.)

The height of the contour reflects the maximum significant wave height, at the particular
speed and heading, that the ship can accept without exceeding any of the specified seakeeping
criteria. The fuller the contour, the “better” the seakeeping qualities of the ship.

The label on the vertical axis of the contour is the significant wave height in feet.

Table 2 shows the third form of output. This table presents the basic seakeeping box scores
for a ship operating in the North Atlantic. The scores are determined by evaluating all of the “table
1 type” matrices given the expected sea conditions in the environment specified. The numbers
reflect the percent of time that the ship can operate in that environment without exceeding any
criterion. The box scores are based on two assumptions:

1. The probability of encountering a sea at a specific heading angle is equally
likely for all headings.

2. The speed at which the ship desires to operate is equally distributed at 5, 10,
15, 20, and 25 knots.

This second assumption can easily be relaxed by exploring the effect of speed on the box
score; this is displayed for the “All Criteria case shown in table 2. Note that the current program
prints this speed information for the “All Criteria” case only. Program modifications to print the
speed effect for other groupings of criteria are discussed in section III.

*The contour is symmetric about this left-to-right axis.
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E TABLE 1
PROGRAM OUTPUT EXAMPLE

LIMITING FACTORS FFG 7 ALL SEAKEEPING CRITERIA
(1-10)
13,0 SECOND MODAL WAVE PERIOD

: SHIP © FOLLONING BEAN HEAD
3 SPEED * SEA A SEA SEA
(KNOTS) ®
9 13 30 &5 60 75 90 10% 120 135 150 165 180
SSVPPIFBPPPPPPUP SO IPPI TIPS IORLIPIVIIIDINSBIIBIIIIISIIBIBIBLITIININNS
I ®
8 5 te [ 7 4 | AR 4 7 4 7 ? 14 s
10 * 8 [} (] 7 7 7 14 7 7 7 14 [ s
L
15 8 [} [ 7 4 7 7 7 7 7 s 10 10
‘ 20 * 8 [ 8 8 7 7 4 7 3 3 3 10 18
: 28 9 & @B & T ¥ ¥ 3 3 3 § 3 1
i3 LIMITING SEAKEEPING FACTORS
: [} NO SEAKEEPING THRESHOLO EXCEEDED FOR WAVES WITH
g SIGNIFICANT HEIGHTS UP TO 32.8 FEET
: 1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
£ 2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOT ION SICKNESS INDICATOR
(20 PERCENT GF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)
I8 BOTTOM PLATE OAMAGE
L] 3 SLANS IN 100 MOTION CYCLES
6 ONE DECK WETNESS EVERY TWO MINUTES
7 12.8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
; [ 6.0 DEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH
g i 9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK

10 SONAR OOME EMERGENCE CRITERION
(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMFICANT WAVE MEIGHT (FEET)
SIS SEENININEUIIIINIIIIINIININIIBIINIISS

SHIP HEAOING ANGLE IN OEGREES

SHIP
SPEED 0 1S 30 45 680 75 90 105 120 135 150 165 188
(KNOTSH
L] 19 19 12 7 6 6 7 7 T ‘7 9 15 16
- 10 20 20 20 12 7 ?? 8 8 &8 9 12 15 18
15 24 21 21 20 10 8 10 10 {1 13 15 13 13
20 22 22 23 23 16 7T 10 11 12 13 13 12 12
2s 23 23 2% 25 16 7 11 11 10 10 0 10 11
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DATA REQUIREMENTS

The program requires estimates of RMS (root mean square) motion responses in modal wave
periods of 7, 9, 11, and 13 seconds for heading angles from 000° to 180° in 15°-increments, and at
speeds from 5 to 25 knots in 5-knot increments. It assumes that the RMS values are for seas having
a significant wave height of 1 foot, and that responses for other wave heights can be obtained by
multiplying the unit RMS response by the wave height. Because of the requirements for motion
responses in different modal wave periods, the data base requirements would typically be generated
from a two-parameter sea spectra, such as the Bretschneider spectra.

The reader may wonder whether or not this extensive data requirement can be satisfied.
Fortunately, for a large variety of Naval warships and motion parameters, the answer is yes. Data
already exist for the DD 963, FFG 7, FF 1052, FF 1040, and CG 26 classes of naval warships.
(See work by Baitis, reference 1.) A somewhat limited data base for a conceptual 3,400 ton Small
Waterplane Area Twin Hull (SWATH) frigate has also been developed (reference 2). Table 3
identifies the parameters for which motion data exist for the monohulls, while table 4 identifies the
availability of SWATH motion responses. The specific motion parameters evaluated by the program
are determined by the seakeeping criteria selected by the user.

SEAKEEPING CRITERIA

The reader is reminded that this paper presents a methodology to assess the seakeeping
qualities of ships. This methodology is quite general and is in no way unique to the specific criteria
identified in this paper. Thus, a detailed discussion and justification of these particular criteria is
not presented here. Such a discussion will be provided in a forthcoming CNA memorandum
(reference 3), which specifically addresses a seakeeping evaluation of four selected monohulls and a
representative Small Waterplane Area Twin Hull (SWATH) design.

Evaluating a criterion is solely dependent on the availability of the appropriate ship motion
data. If the data is available, imposing the criterion is straightforward. The only manipulation
required is to convert the selected criterion to an equivalent RMS value using table 5. (See
references 1, 7, 8, and 9, for discussions of ship motion statistics.)

For example, suppose we believe that personnel effectiveness is significantly degraded when
the average roll of a ship exceeds 10° single amplitude. From table 3, the correct RMS threshold is

8.0 (i.e, = 10/1.25).




1 TABLE 3
MOTION DATA PREPARED BY BAITIS ET AL.
FOR THE DD963, CG 26, FF 1052, FFG 7,
AND FF 1040 SHIP CLASSES

Displacement Velocity Acceleration
Rall X
Pitch X
Vertical motion X X X
Lateral motion X X : X
Longitudinal motion X X | X

Source: Reference 1

Note: The above data are provided for both longcrested and shortcrested seas, as described by the Bretschneider spectra, and for
modal wave periods of 7 through 21 seconds in 2-second intervals. The data is provided for three points on each ship: (1) the center
of gravity, (2) the helicopter landing spot, and (3) the location of the aft perpendicular at the main deck.

TABLE 4

MOTION DATA AVAILABLE FOR
A 3500 TON SWATH

RMS roll in degrees
RMS pitch in degrees

RMS vertical acceleration at the Combat Information Center (CIC) in units* of
100-G. The CIC is located 51.7 feet forward of the center of gravity (CG).

e RMS vertical velocity at the helicopter landing spot in feet per second. The
landing spot is located 66.5 feet aft of the CG.

e RMS relative** vertical displacement at the bow (i.e., 4 feet forward of the
strut, 102.5 feet forward of the CG) in feet.

e RMS relative vertical displacement at the propeller (i.e., 148.5 feet aft of the
CQG) in feet.

Source: Reference 2
*G = Acceleration due to gravity at the earth’s surface.
**Relative means the distance from 2 point on the ship to the top of a wave.
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TABLE §
CONSTANTS FOR SINGLE-AMPLITUDE STATICS

Single Amplitude Statistics

Root mean square amplitude, rms 1.000
Average amplitude 1.250
Average of highest 1/3 amplitudes, significant 2.000
Highest expected amplitude in 10 successive amplitudes 2.150
Average of highest 1/10 amplitudes 2.550
Highest expected amplitude in 30 successive amplitudes 2.6l
Highest expected amplitude in 50 successive amplitudes 2.800
Highest expected amplitude in 100 successive amplitudes 3.030
Highest expected amplitude in 200 successive amplitudes 3.250
Highest expected amplitude in 1000 successive amplitudes 3.720
Definitions
o2 = Statistical variance of time history
N = Number of successive amplitudes
CONSTANT = \/f(Qn N)%, where CONSTANT relates 0 to the highest expected amplitude
in N successive amplitudes.

Source: Reference 1 (page 27)
Notes:

d itude in N litudes is the most probable extreme value in N am-

1. The highest exp!
plitudes. This value may be exceeded 63 percent of the time.
2. To obtain wave height or double amplitude statistics from RMS values, multiply single amph-

tude constants by 2.0.
Criteria for Head Seas Only

In the course of the author’s seakeeping investigations, a unique category of seakeeping
criteria became apparent. Recall from the earlier discussion on data requirements that, while a wide
variety of motion data may be found in reference 1, the available data are limited to the absolute
motions of the ship. There are, however, many criteria in which the motion of a point on the ship
relative to the ocean surface is of particular interest. These criteria are generally concerned
with seakeeping phenomena in head seas, such as slamming and deck wetness. Indeed, obtaining
estimates of ship motion relative to the wave surface in other than head seas is fraught with
theoretical and computational difficulties. While criteria limited to head seas are not completely
compatible with the analytic approach described earlier, it was considered essential to incorporate
their impact in a comprehensive seakeeping evaluation.

The program listing and output contained in this paper reflect a consideration of four head
sea criteria in the evaluation of the FFG 7.

Bottom plate damage
3 slams in 100 motion cycles

1 deck wetness every 2 minutes
Sonar dome emergence during no more than 3 out of 5 consecutive 30-second
time intervals.

The data used to evaluate these criteria were obtained from NAVSEC’s YF-17 ship motion
computer model using the single parameter Pierson-Moskowitz sea spectra. The motion data therefore
displayed no dependence on the modal period of the waves. The above criteria were evaluated with
this data, and relationships for maximum speed versus significant wave height were determined for

each, as shown in figure 3.
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No curve is shown for the bottom plate damage criterion because the very fine lines at the
bow of the FFG 7 indicated that plate damage was not a realistic consideration for that ship.

The data provided to the program for these criteria were the limiting wave heights for speeds
of 5 through 25 knots, in five knot increments determined from figure 3. These limiting wave heights
were then considered with the limiting wave heights imposed by other criteria in head seas. In doing
this, it was necessary to assume that the speed limitations imposed by the head sea criteria were

independent of modal wave period.

The Motion Sickness Indicator (MSI)

The Motion Sickness Indicator (MSI) is worthy of special discussion because it is a complex,
non-linear criterion that requires special data manipulation. It is the only criterion presented in this
paper that is a function of motion frequency as well as magnitude.

The MSI was developed by Human Factors Research, Inc. (reference 4). It is a relationship
determined from laboratory experiments and describes the percent of subjects who experienced
emesis* when subjected to vertical sinusoidol motion created by a motion generator. The primary
variables that affect the level of motion sickness incidence were found to be the RMS vertical
acceleration and the frequency of the motion experienced. This relationship is depicted in figure 4,
and is mathematically described as the product of two standardized normal distribution functions

as shown below:**

MSI = 100 ®,(Z,) - D,(Z) (1

where:

(log a) - uy(f)

“a 0.47
(log t)- 1.46 + 0.57 Z,
Z’t =
0.5027
uy(f) = 0.87+4.36 (log ) + 2.73 (log )?
t = time exposure to motion (minutes)

*Emesis is the medical term for vomiting.
**All logarithims are to base 10.
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f = frequency of vertical motion (hz)
a = RMS vertical acceleration (g’s)
®(z) = the standardized cumulative normal distribution function, as given in equation 2
1 Zz -x2
®(z)= — ( exp [ = ] dx )
N 2

The developers of the MSI found that for periods of exposure greater than 2 hours, the MSI
is asymptotic, i.e., individuals who did not experience emesis in the first 2 hours rarely experienced
it during subsequent prolonged exposure. Therefore, it seems reasonable to assume a 2-hour
exposure period (i.e., t=120 minutes) as representative of the minimum exposure period
encountered in the ship motion environment.

It was also found that the MSI was independent of roll and pitch motions when these were
superimposed on the vertical accelerations. Thus, if we know the frequency, f, and the RMS
vertical acceleration, a, we can calculate the corresponding MSI value.

The MSI is obviously nonlinear, and the relationship between f and a is itself a nenlinear
function of ship speed and heading angle. We therefore chose to use an iterative mathematical
approach to calculate the MSI value for each cell in the seakeeping matrix. This technique is fully
described in reference 5, and is basically a combination of the bisection and secant methods to
estimate the roots of a nonlinear function. ZEROIN is a specific subroutine that is included in
SEAMON for this purpose.

In solving equation 1, we also need a way to estimate the normal function of equation 2.
Many approximating methods are available, and we chose the one suggested by the authors of the
MSI in reference 3:

1.0
w =
1.0 + .2316419|2|
.z-2
D = .3989423 exp —
X = .3193815 W - .3565638 W2
+1.781478 W3 - 1.821256 W4
+ 1.330274 W°
&2z, =1-(0DX

®(Z) =~ dZ,) ,Z>0
~1-®(2,) ,2<0 .
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The subroutine CALMSI is used to evaluate this function.

It is appropriate to point out that the MSI criterion is the only one that uses the
“encountered modal period,” which is available for all the motions in Baitis’ data base (reference
1). Thus, while these data are read by SEAMON (and stored in the vector ENCVEC) for all motion
data, it is only used when the vertical acceleration data are being processed to evaluate the MSI
criterion.

Finally, the data used to evaluate the MSI are the vertical accelerations at the ship’s center
of gravity. It is worthwhile to note that accelerations at the bow and stern will generally be greater
by a factor of two, or more.

Criteria Summary and Categories

The criteria selected for purposes of illustration in this paper are shown in table 6. Criteria
4, 5, 6, and 10 are for head seas only. Because criteria are dependent on the mission of the ship, it
is useful to observe the impact of seakeeping considerations as a function of various mission
categories. The program described in this paper therefore considers four mission-related categories:

1. General. The general category identifies those criteria that are derived from
considerations of safety, prudent seamanship, and an adequate level of personnel
effectiveness. Criteria 1 through 6 are in this category.

2. General and Helicopter. The addition of criteria 7, 8, and 9 is appropriate when
considering the ability to safely conduct helicopter operations. Note that criteria 7 and
8 will always be exceeded before criteria 1 and 2, respectively.

3. General and Dome Emergence. The addition of criterion 10 to the general criteria is
appropriate when considering the effectiveness of the hull-mounted sonar.

4. All Criteria. The “All Criteria” case is appropriate when considering the total combat
system effectiveness of the ship using all available criteria.

We would like to point out that the criteria listed in table 6 are not considered to be all
inclusive. The FFG 7, for example, has an AAW missile system, but no seakeeping criteria have
been identified for this system. Furthermore, the criteria identified in table 6 are, at best, rough
estimates of what the true motion criteria might be. Indeed, the weakest area in our ability to
evaluate the seakeeping qualities of ships is the ability to quantify the effect of motion on people
and on sensor and weapon systems.

BOX SCORE CALCULATIONS

The calculations for the seakeeping box scores require data on the observed occurrence of
wave heights and modal wave periods. Data for the North Atlantic example depicted in this paper
were obtained from reference 6.
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TABLE 6

SELECTED SEAKEEPING CRITERIA

General Criteria

1  12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH

3 MOTION SICKNESS INDICATOR (20 PERCENT OF LABORATORY
SUBJECTS EXPERIENCE EMESIS WITHIN 2 HOURS)

4 BOTTOM PLATE DAMAGE
5 3 SLAMS IN 100 MOTION CYCLES
6 ONE DECK WETNESS EVERY 2 MINUTES

HELICOPTER OPERATING CRITERIA i

7  12.8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
8 6.0 DEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH
9 7.0 FEET/SECOND VERTICAL VELOCITY AT THE FLIGHT DECK

HULL-MOUNTED SONAR CRITERION

10 SONAR DOME EMERGENCE CRITERION (3 OUT OF 5§ DETECTION
OPPORTUNITIES)

« 16 =




Data for the eight points shown in figure 5 were averaged over the months of December
and January for the winter season, and June and July for the summer season. The resultant
matrices showing frequencies of occurrence are presented in table 7. For the purpose of simplicity,
further discussions are limited to the summer data.

A box score is obtained by considering each entry in the limiting height matrices for the
four modal wave periods. (Note that a specific column in table 7 corresponds to the modal period
of a matrix.) Using linear interpolation down the appropriate columns of table 7, we can substitute
the probability of wave heights less than or equal to the limiting wave height for each element of
the original limiting wave height matrices. Because the matrix is symmetrical, we then multiply the
entries for all the headings by 2, except for the heading angles of 000 and 180°. Having assumed
that the encountered heading angle is random (i.e., uniformly distributed), and that we have no
preference for a particular speed, we can then sum all the entries for the four matrices and divide
by 120 (5 speeds X 24 heading angles) to get the box score.

A mathematical statement of this procedure is provided in the next section on
methodology.

METHODOLOGY

This section provides a discussion of the general methodology, in mathematical terms,
assuming a set of simple criteria.

The evaluation of criteria is straightforward because each criterion is stated in units of RMS.
The motion data are also stated in RMS and can be linearly scaled for wave height. Thus:

C
WL; (C;0.5,T,) =x—((flsTfoT 3)

where: WL, = limiting wave height, in feet, determined for the ith criterion

C; = RMS threshold value for the ith criterion

X =  the appropriate RMS motion response for seas with a 1 foot significant

wave height

0 =  heading angle (degrees)

s =  ship speed (knots)

To =  the modal wave period of the sea (seconds)

Matrices similar to the example shown in table 1 can be constructed by considering a
selected category containing N criteria, where the limiting criterion k, and the overall limiting wave
height WL', is determined by:

« )7 s
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3igzi§i§;g: aWave periodA(T( seconds)
(8, feet) T< 7 8<sT< 9 10s T =< 11 12 < T
. 8< 2.5 .12 .00 .00 0

2.5 <8< 5.7 37 .06 .01 .01

5.7 <8< 9.0 «15 .09 .03 .01 %
9.0 <8< 12.3 .04 .03 .02 .01 |
12.3 <8< 18.9 .01 : .02 .01 .01

18.9 <8< 25.4 0 .00 .00 .00

25.4 <8< 32.0 0 0 .00 .00

TABLE 7

WAVE HEIGHT DISTRIBTUIONS

NORTH ATLANTIC SUMMER
(June, July) f 3

NORTH ATLANTIC WINTER
(December, January)

Significant

wave height Ee Wave period (T, seconds)

(8, feet) Ts7/7 8s<sT<Y9 10 < T < 11 12 = T
g< 2.5 .03 .00 .00 0

2.5 <8< 5.7 «15 .03 .00 .01

5.7 <Bs 9.0 «13 .10 .04 .02

9.0 <8< 12.3 .06 .07 .05 .03

12.3 <8< 18.9 .02 .05 .06 .04

18.9 <8< 25.4 .01 ' .02 .02 .02

25.4 <8< 32.0 .00 .01 .01 .02
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WL' (8,5,T,) = WLy (Cy.0.5,Ty) (4)

where: WLy (Cy,0,s, Ty < WL; (C;, 0,5, T)
foralli=1,....,N,i#k

The top matrix in table 1 identifies the limiting criterion k for different heading angles (¢)
and speeds (s), while the bottom matrix is the corresponding limiting wave height WL'. A separate
set of matrices is generated for each value of T,.

The seakeeping box score B (»,2) for a particular season v, and world location & is then
calculated as follows:

> 1
B @9 =—""2ZZP (WL' (G,S,To) v, Q) (5
120 0sT
(o]
where:
P (WL' (6,5T,) v = the probability of occurrence of waves having a modal period of

approximately T seconds and heights less than or equal to WL', for the
specified season and location.

and 9 = 0,1530,....330,345
s = 5,10,15,20,25
Ty = 7,901,135 .

B (»,0) is thus the percent of time that a ship can expect to operate in a given season and
location without any of the N selected criteria being exceeded. It reflects the assumption that the
ship’s desired operating speed is equally distributed among the five speeds and that the heading
angle is a random phenomenon and is uniformally distributed about all headings

Ty,

The assumption of ambivalence regarding ship speed is easily relaxec by considering each
speed independently, as in equation 6.

1
B (v,2s) =——ZZ P (WL'(0,5,T,) | v.0) . (6)
24
0T,
A complex criterion can be simply considered as an independent category. For example,

suppose we have two thresholds, Cyqy and Cpqo, and our criterion is such that both Cpqp and Cyyy
must be exceeded before the criterion M is itself violated. All that is necessary is to calculate

WLMI and WLM2 and combine these results as follows:

WLM = Maximum (WLMI’ WLMz) .

o




WLj is then treated as any other seakeeping criterion and incorporated into the appropriate
category.

Complex criteria of this sort are not evaluated within the current version of SEAMON, but
can be incorporated by a user who is familiar with the program.

CONCLUSIONS

The methodology presented in this paper is believed to have far-reaching implications about
the ability of ship designers and hydrodynamists to evaluate the seakeeping qualities of warship
designs. The-approach considers both the mission of the ship and the areas in which it is expected
to operate. It can be used to identify the most significant motion parameters that affect the
seakeeping qualities of a ship design. Given an adequate understanding of the effect of motion on
sensor and weapon systems, the method can also be used to identify deficiencies in subsystem
design and potential interface problems. It may also be useful in determining reasonable
specifications for motion compatability for these shipboard systems. Finally, it can be used to
select, among alternative designs, the hull form that offers the greatest operational flexibility.

Perhaps the reader can best appreciate the potential of this approach by observing the
example output for the FFG 7 in appendix C. It should be obvious that a wealth of visual and
quantitative information is available, that can stimulate new insights into questions about the
significance of seakeeping.

There are, however, two major areas of concern in implementing this approach.

First, ship motion data must be available. An excellent data base for ships already in the
fleet is available, but in most cases it is too late to significantly affect the seakeeping qualities of
these ships. The Naval Ship Research and Development Center is presently working on an
inexpensive method to predict the motion of a ship based on design data. This effort is essential if
the Navy is to consider seakeeping early in the ship design process.

The second area of concern is the poor state of the Navy’s knowledge of the impact of ship
motion on the effectiveness of people, scnsors, and weapons. This makes the establishment of
meaningful seakeeping criteria difficult, and in many cases impossible. If we cannot assess the
effects of motion on combat readiness and effectiveness, a serious seakeeping evaluation is
impossible. This author has observed very little progress in this regard due to what is a basic lack of
interest in understanding the ship motion environment.

If an adequate motion data base is available, and if the impact of motion on the ship’s crew
and subsystem can be reasonably estimated, the approach in this paper can put the information
together into a meaningful seakeeping assessment.

-21 -

b




II. PROGRAM DESCRIPTION

SEAMON is a FORTRAN Program written to be compatible with the CDC 3800 computer
at CNA. The program may actually be considered to be in two parts. The first part consists of 7
routines and functions (SEAMON, WRITE, CONTUR, BOXSCR, WAVLIM, CALMSI, ZEROIN)
specifically written or modified by the author to evaluate seakeeping criteria. The second part
consists of 10 routines that make up the “canned” PLOT3D package used at CNA to produce a
3-dimensional contour plot on a CalComp 565 Digital Incremental Plotter. The PLOT3D package
was used without any modifications by this author, and the basic documentation and program
listing is presented in appendix D. We must point out that no attempt is made in this paper to
explain how the PLOT3D package is coded or to address potential compatibility problems with the
package at other facilities. However, if a facility already has a 3-dimensional plotting package,
simple modifications to the subroutine CONTUR and function WAVLIM should permit an easy
transition to another plotting routine.

PROGRAM FLOW

A basic flow diagram for the program is shown in table 8. The number at the upper right
hand corner of each flow symbol corresponds to the line of the program listing in appendix A. It
identifies the general location for the operations described.

The following is a brief description of each of the 7 routines and functions.

e SEAMON is the main program. It reads in all input data and evaluates the
seakeeping criteria. It also prints the box scores as shown in the example in table

z.

e WRITE is a subroutine, called by SEAMON, to print tables in the format shown
in table 1. Each time it is called, four tables are printed for modal wave periods
of 7,9, 11, and 13 seconds. The specific criteria shown in the table are uniquely
determined by the calling arguments. It is essential that the label specified as a
calling argument is consistent with the matrices, which are also identified in the
call to WRITE. (See the program flow diagram.)

e CONTUR is a subroutine, called by SEAMON, that actually calls the PLOT3D
program to generate a contour plot.* CONTUR may be called in a variety of
locations within SEAMON depending on the type of criteria and wave periods of
interest. The period specified must be either 7, 9, 11, or 13 seconds, or 0. If O is
specified, 4 plots, one for each of the 4 periods, will be printed. As in the case
of WRITE, the matrix SEAMAT and the TITLE used in calling CONTUR must
be internally consistent. When CONTUR calls the PLOT3D package, it passes the
function WAVLIM to PLOT3D.

e BOXSCR is a subroutine, called by SEAMON, to calculate the box scores.

*The numbers printed at the edge of the planar axes of the contour plots are idiocyncracies of the computer plotting program. They
would indicate the ship speed if the plotter boundaries passed through the center of the contour.
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WAVLIM is a function that is passed to PLOT3D by CONTUR. PLOT3D
requires a function which, when provided with an X and Y in cartesian
coordinates, will return the corresponding Z value (e.g., the third dimension of
elevation). WAVLIM is thus a function that receives the X and Y values,
converts them to polar coordinates (R and THETA) and, using multiple linear
interpolation, estimates the value of Z. Note that, for our purposes, R is the ship
speed, THETA is the heading angle, and Z is the limiting wave height.

CALMSI is a function that is called by both SEAMON and ZEROIN. It is
essentially a zero value function when the specified Motion Sickness Indicator
(MSI) is precisely equal to some preset threshold value. It is a function of the
RMS vertical acceleration linearly scaled for wave height, and the frequency of
motion response. The method used to approximate the MSI value is that
suggested by the authors of the MSI in reference 4.

ZEROIN is a subroutine called by SEAMON. Because th: MSI is a nonlinear
function, it is not readily evaluated in closed form. Therefore, a numerical search
algorithm is used to estimate the root of the function CALMSI. The method is a
combination of the bisection and secant methods reproduced from reference 5.




TABLE 8

PROGRAM FLOW

g A140

gk
“WAVES"

A144

Vs
“WAVDAT"

| A160

E INITIALIZE MATRICES:
" L IMFAC"
WAVMAT"
“NSRDC"
“BAITIS”

i A244

o READ SHIP
4 NAME

] “ A244

READ LIMITING SPEEDS
FOR EXTERNAL CRITERIA
IN HEAD SEAS

s

| A260

SET MOTION
AND CRITERIA

A300

SET SHIP SPEED
“ISPD"

} A304

SET SHIP HEADING
“|HED"

A ke

] A312

READ (one card) “RMSVEC"
“ENCVEC”
FOR MODAL WAVE PERIODS
OF 7,9, 11, AND 13 SECONDS

'
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TABLE 8 (Continued) |

|
INPUT PRINT ERROR |
ERROR? MESSAGE

| A :1

R T T T SRR

SET MODAL WAVE
‘ PERIOD “MODW"

RESPONSE
NEGLIGIBLE

FUNCTION
“CALMSI”

853

b : CALCULATE LIMITING
SEAS BASED ON MOTION
SICKNESS INDICATOR

CALL ANS

E |

: j | “ZEROIN"
J e FUNCTION
i : “CALMS|”
1

588

; £
f i EVALUATE EXTERNAL | 3
& HEAD SEA CRITERIA 3
; .25 -
| |




N6 AT T TN L S T A T AU L T P BN s S 75 Yy

TABLE 8 (Continued)

o
A496
A EVALUATE GENERAL ;
CRITERIA
;. A516
3 @_. EVALUATE HELICOPTER
d CRITERIA
| AB44
@-— 700 CONTINUE
it |
i

EXIT 700" .
DO LOOPS
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TABLE 8 (Continued)

IS A P A9

H ‘ A556
B
3 . WRITE THE TABLES FOR WRITE"
3 - THE GENERAL CASE -
(LIMFAC, WAVMAT) (LABEL1, WAVMAT, LIMFAC)

Iy o| 7 CALL “CONTUR"
i (? PERIOD, WAVMAT, LABEL1)

Y A560

CALCULATE THE BOXSCORE 3} 5
FOR THE GENERAL CASE e BOXSCR

A564

MERGE THE GENERAL CRI-
. TERIA TO THE HELICOPTER
CRITERIA (NSRDC, BAITIS)

i AG96

WRITE THE TABLES FOR

“WRITE"
THE HELICOPTER AND e
GENERAL CRITERIA (LABEL2, BAILIM, NSRDC)

? CALL “CONTUR"
Vg (? PERIOD, BAILIM, LABEL2)

e g £y TG 7 AT IR i SR
'

CALCULATE THE BOXSCORE
FOR THE HELICOPTER AND ‘
GENERAL CRITERIA

“BOXSCR"

PRI, 2T ORI RT3 -

s ] AB04

ADD THE DOME EMERGENCE
CRITERIA TO THE GENERAL
v CRITERIA

o (LIMFAC, WAVMAT)

'




TABLE 8 (Continued)

' AB32

WRITE THE TABLES FOR

THE SONAR AND i

GENERAL CRITERIA

“WRITE"”
(LABEL 3, WAVMAT, LIMFAC)

\ AB36

CALCULATE THE BOXSCORE

? CALL “CONTUR"
(? PERIOD, WAVMAT, LABEL3)

FOR THE SONAR AND
GENERAL CRITERIA

Y AGA4
COMBINE ALL THE
CRITERIA
(LIMFAC, WAVMAT)

] A672

“BOXSCR"

“WRITE"

WRITE TABLES FOR o

ALL THE CRITERIA

: ae7e

CALCULATE THE BOXSCORE

Y

|| | (? PERIOD, WAVMAT, LABEL4)'

(LABEL 4, WAVMAT, LIMFAC)

? CALL “CONTUR”

“BOXSCR"

FOR ALL CRITERIA

i AB80

WRITE THE BOXSCORE

A712

sTOP

OUTPUT

,

-28 -




e S

——

DATA INPUT

Four basic classes of data are read into the program. (The complete set of input data
required to reproduce the output in appendix C is contained in appendix B.)

The first set of data consists of 9 cards in the format (7F5.0). The first card identifies the
height segregation of the succeeding 8 cards. It identifies the upper limits of significant wave
heights in feet used to segregate the distribution of wave heights into seven “bins.” The next four
cards then identify the percentage of occurrence of these wave heights for the summer for modal
periods of 7, 9, 11, and 13 seconds, respectively. The last four cards contain the same data for the
winter. The units of the data in cards 2 through 9, used in the current program, are in percent
observed (e.g., 25.0 not .25) times 16.* The data actually used in the analysis were based on data
contained in reference S at the eight points shown in figure 5. The months of June and July were
used for the summer, and the months of December and January for the winter. If a future user
desires to use different units, this may be accommodated by considering changes to lines A96,
A140, A144, D124, and D132.

The second set of data consists of a single card (card #10) that identifies the ship being
evaluated. The program actaully only uses the alphanumeric title information in columns 1 through
8.

The third set of data consists of four cards, in (20X, 5F10.0) format, that describe the
limiting significant wave heights in head seas, at speeds of 5, 10, 15, 20, and 25 knots for four
criteria: bottom plate damage (Card 11); three slams in 100 motion cycles (Card 12); one deck
wetness every 2 minutes (Card 13); and, 3/5 dome emergence criterion (Card 14). These data are
actually only available for the following ships: DD 963, FFG 7, FF 1052, and CGN 38.** These are
the only criteria not actually evaluated within SEAMON. Due to time limitations, the program to
estimate these limiting wave heights is not being documented. We should note that the limiting
conditions are based on YF-17 ship motion estimates for operations in head seas using the
Pierson-Moskowitz spectra.

The final set of data is the RMS motion response estimates as a function of ship speed,
heading angle, and modal wave period. A total of 65 cards are read, in the following sequence; for
each response being evaluated:

*We summed the observations for two different months at 8 points in the North Atlantic, thus 16.
**See reference 3, i
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g
. Speed Heading Angle
)
p i 5 180
> : 165
Y
;
: , 015
E 000
4 ! 10 180
i ; 165
) .
000
etc.
‘ ' Each card, uniquely identified by the speed and heading angle, contains 8 additional data
| elements, 2 for each modal wave period of 7, 9, 11, and 13 seconds. The format of an individual
E | card is as follows:
i
| : Card Columns Format Description
i 1-17 - Noun description of data — not read
| 18-19 12 Ship speed in knots
! 20-24 15 Heading Angle in Degrees*
g 25 - Blank
1 26-29 F4.3 RMS response for a 7-second modal
4 wave period
3 30 e “ /»
3 3133 F3.1 Encounter period for a 7-second modal
: wave period
i§ 34 = Blank
35 - Blank
{ 36-39 F4.3 RMS response for a 9-second modal
; wave period
: 40 x “ /"
4143 F3.1 Encounter period for a 9-second modal
wave period
44 - i Blank
45 - Blank
< *Throughout this work we have adopted the NSRDC convention of heading angle being the angle of incidence. Thus, 180 is a head sea,
L and 000 is a following sea.
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¥ Card Columns

46-49

50
51-53

T T S TR T — T
-2y l

g b A N N A B RTRE N2
r

54
55
56-59

T r—

60
61-63

S ———

Format

F4.3

F3.1

F4.3

F3.1

RMS roll in degrees (IC = 1)
RMS pitch in degrees (IC = 2)

RMS response for an 11-second modal
wave period

G‘/,Q

Encounter period for an 11-second modal
wave period

Blank

Blank

RMS response for a 13-second modal
wave period

i‘/”

Encounter period for a 13-second modal
wave period.

The data used in the example were obtained from reference 1 for ship responses in
longcrested seas as described by the Bretschneider spectra. The example required estimates of four
different ship response parameters. These were read in the following sequence: (The value of the
controlling index parameter “IC” (line A260) in SEAMON is also noted.)

RMS vertical acceleration at the CG in G’s X 100 (IC = 3)
RMS vertical velocity at the helicopter deck in feet/second (IC = 4).




III. MODIFYING THE PROGRAM

CHANGING A CRITERION

The threshold level for a criterion may be changed simply by changing the program line
that sets the threshold, (e.g., lines A268 through A296) and the corresponding label in format
statement 180 in subroutine WRITE. Table 2 provides the relationships that can be used to state a
threshold in units of RMS response.

CHANGING THE MSI LEVEL

The MSI level is changed by altering the values in lines F100 and F112, and making the
appropriate change in FORMAT statement 180 of subroutine WRITE.

ADDING A NEW CRITERION

New criteria may be evaluated as long as the appropriate ship motion data are available.
Implementation of the new criterion can be accomplished as follows:

1. Increase the indexing parameter IC in line A260, and assign the appropriate
threshold(s) via line A264.

2. If the new motion data has a corresponding threshold in the “General” category
or the “helicopter” category, but not both, the appropriate transfer statement should be inserted
after line A496 or A516 (based on the value of the indexing parameter IC).

3. Ensure that the criterion is properly identified in line AS12 and/or immediately
following line A540.

4. Modify format statement 180 in subroutine WRITE as appropriate.
5. Insert the motion data in the correct format at the end of the input deck.

ADDING A NEW CATEGORY

The current SEAMON program has two major categories for seakeeping criteria: General
and Helicopter. Adding a new category, while not overly difficult, requires a good working
knowledge of the program.

The program modification is basically accomplished by adding two new arrays for the
program, both dimensioned 4X13X5. One is a floating point array that stores the limiting wave
heights, while the other is an integer valued array that stores the limiting criteria. Both arrays are
used to store the calculated results for the various modal wave periods, ship headings, and speeds,
in the manner done for the existing categories. A detailed description of how this is done is beyond
the scope of this paper. However, table 9 is provided to assist the programmer in implementing the
program change.
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TABLE 9

STEPS REQUIRED TO ADD A NEW SEAKEEPING CATEGORY

Approximate
program location Additions or modifications
A24 Dimension arrays
A26 Increase dimension of SCORE (see A680)
A88 Add new label
A220 Initialize matrices
A260 Identify new criteria
A264 Set thresholds
A496, A516 Transfer statements?
A544 Evaluate new category
A676 Print the new category output or contours
Calculate box score
Combine with other categories?
Al12, A680 Modify the format for the box score output
B40 Add new criteria

PRINTING THE BOX SCORE SPEED EFFECT FOR ALL CATEGORIES

The current version of SEAMON only prints the boxscores at each increment of speed for
the ““All Criteria” case. This was done to preclude a user from being inundated with numbers in the
box score printout. However, the program can be easily modified to print a separate box score
table, with all speed increments for each seakeeping category.

The simplest way to do this is by altering the output format (statement 220, line 112), as

appropriate, and inserting a write command each time BOXSCR is called. Note that each time
BOXSCR is called, the array SPDDEF contains the desired speed information.

DELETING THE HEAD SEA CRITERIA

Evaluation of the head sea criteria can be removed from the program by deleting the
appropriate input data and the following statements:

A28, A76, A80, A236, A244-A256, A428-A484, A604-A636

Format statements 220 in SEAMON and 180 in WRITE, as well as line A680, must also be
modified.
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APPENDIX A
PROGRAM LISTING




120
140
160

= 1380

PROGRAM SEAMON

EXTERNAL CALMSI

INTEGER PERIOO.TITLE

OIMENSION LIMFAC(4+13+5)9 NAVMAT (4413,5)

OIMENSION NSROC(ho1395)y BAILIM(&,13,95)

OIMENSION RMSVEC (h), ENCVEC(&)

DIMENSION SCQRE(&¢2)y SPOEFF(542)

OIMENSION SONAR(S5)y SLAM(S), WET(5), PLATE(S)
OIMENSION TITLE(11),LABEL1(11),LABEL2(11),LABEL3(11),LABELG(11)
COMMON /BLOCK1/ IPER

COMMON /BLOCK2/ WAVDAT(7,442)HAVES(?)

COMMON /BLOCK3/ FLOGyRNMS

COMMON /BLOCK&/ NAVMAX,SPDNAX

COMMON /BLOCK6/ CONMAT (4y13,5)

DATA (WAVMAX=32,0)

DATA (SPOMAX=28.0)

DATACC(LABELL(JU)9J=2+8)= 56H GENERAL CRITERIA ONLY
1 (1L -6) )
OATACC(LABEL1(J)»J=10,11)=16HWAVE PERIOOD) )
OATAC(LABEL2(J)9J=2+8)= S56M GENERAL ANDO HELICOPTER CRITERIA
1 (1-9) )
DATAC(LABEL2(J) 9 J=10,11)=16HWAVE PERIOD) ) :
OATAUCLABEL3(J)9J=2,8)= 56H GENERAL AND OOME EMERGENCE CRITERIA
1 (1 -6, 10) ) :
OATAC(LABEL3(J)9J=10,11)=16HWAVE PERIOO) )
DATACC(LABELL(J)9J=2+8)= S56H ALL SEAKEEPING CRITERIA
1 (1-10)

DATAC(LABELG(J) 9J=10:11)=16HNAVE PERIOO) )

FORMAT (8F10.0)

FORMAT (7FS5.0)

FORFMAT (10A8)

FORMAT (20Xy5F10.0)

FORMAT (17X9I29IS+b(1XoFho3siXsF3aly1X))

220 FORMAT (1MH1¢/7//7/¢36X9A89% BOX SCORES®¢/36Xe19(1H®)y /7, 66X,

QOO0 OO0

0O0O0OOO0

SNORTH ATLANTIC®,y /o 66X, 14(1H®), //, 64X, * SUMMER WINTE
R®y, /9 65X, f7HVvSsss i i il add 0 /el /10X o TABoFR.2,TXoF&e2»
//7)e HOXy ®* 5 KNOTS #, 16XoFle2, 7Xy Floe2y /7,
40Xy, ®10 KNOTS ®, 16X,Flhe2, 77X, Fhe29 //»
40Xy ®*15 KNOTS ®, 16XFhe2, 7Xy Fho2y 7/,
40Xy ®20 KNOTS ®, 16XoFhe2y 7Xy Foo2y /¥,
40X, ®25 KNOTS *, 16X,Fho2, 7X, Fhe2y /o 1H1)

READ IN SEGREGATION LEVELS FOR WAVE HEIGHTS
READ (60,160) (WAVES(I),I=1,7)

READ IN WAVE HEIGHT DISTRIBUTIONS

K=1, SUMMER

K=2, WINTER

J=1e 7 SECOND MOOAL WAVE PERIOCO

J=2, 9 SECOND MOOAL WAVE PERIOO

J=3, 11 SECOND MCDAL WAVE PERIOD

J=&y 13 SECOND MODAL WAVE PERIOO

I2147-=0ISTRIBUTION BY WAVE HEIGHT ACCORDING TO *WAVES®.

P PEPEPPRPEPPPEPP P PP PP PPPPRIPPRPBRPPRBRBRRBPD

160

d

AN




Ak dials

0O0000

0

000000

300

o0Oo0NO0n

320

o000

NOTEeoo IN THE CURRENT PROGRAM THE NUMBERS READ IN FOR EACM
ELEMENT IN ®WAVDAT®* ARE ACTUALLY IN UNITS OF

(FRACTION OF CCCURANCE (EG 0.05)) TIMES 1600.

(SEE LINES D124 AND 0132 IN SUBROUTINE ®BOXSCR®,)

READ (60,1400 (((WAVOAT(IsJsK)»I=147)9J=11k)K=1,2)
ICSHIP=0

CONTINUE

ICSHIP=ICSHIP+1

INITIALIZE THE FCUR PRIMARY DATA MATRIGES

SLIMFAC® WILL IDENTIFY THE GENERAL LIMITING CRITERION
FOR EACH SPEEDy HEADING, AND WAVE PERIOOD.

00 260 ISPO=1,5
D0 260 IHED=1,13
00 260 MOOW=1,4
LIMFAC(MOONM, IHED ,ISPD)=0

SWAVMAT® STORES MAXIMUM ALLOWABLE WAVE HEIGHTS FOR GENERAL CRITERIA
FOR EACH SPEED, HEADINGy ANO WAVE PERIOD.

00 280 ISP0=1,5
DO 280 IHED=1,13
00 280 MODW=1,6
WAVMAT (MOOW, IHED » ISPD) =hAVHAX

SNSRDC® WILL IDENTIFY THE HWELICOPTER LIMITING CRITERION
FOR EACH SPEED, HEADING, AND WAVE PERIOO.

DO 300 ISPO=1,5
00 300 IHED=1,13
00 300 MOOHW=1,&4
NSROC(MOOW.IHED, ISPO)=0

®BAITIS® STORES MAXIMUM WAVE HEIGHTS IMPOSED BY HELICOPTER CRITERIA
FOR EACH SPEEO, HEADING, AND WAVE PERIOO.

00 320 ISPD=1,5
00 320 IHEO=1,13
00 320 MOODW=1,&
BAILIM(MODW, IHED + ISPD) =WAVMAX

READ THE SHIP IDENTIFICATION FOR THE DATA SET

READ (60,160) (TITLE(I),I=1,8)
LABEL:¢1)=TIVLE(1)
LABEL2(1)=TITLE(Y)
LABEL3(1)=TITLE(1)
LABELAL(1)=TITLE(1)

READ IN THE LIMITING WAVE HEIGHTS FOR SPEEDS OF 5, 10, 15,
20, AND 2% KNOTS FOR THE CRITERIA ALREADY EVALUATED WNITH
THE YF=17 SHIP MOTION DATA IN HEAD SEAS.
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146
168
152
156

160
164
168
172

176
180
184
188

192
196
200
206

208
212
216
220

224
228
232
236
240
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WO OO0 OOOOOOOO0O0 O0OO0

380
400

QOO0 O00OO0O0

READ (60,180) (PLATE(I) I=1,5)
READ (60,3800 (SLAM(I) I=1,5)
READ (60+180) (WET(I),I=1,5)
READ (60+180) (SONAR(I) I=1,5)

THIS STARTS THE INTERNAL SEQUENCE OF LOOPS THAT READ
AND EVALUATE THE OATA FROM THE BRETSCHNEIDER SPECTRA.

00 700 IC=1,&

THE CONVENTION USED IN THIS PROGRAM IS-

IC=1, RMS ROLL DATA (DEGREES)

IC=2y RMS PITCH DATA (DEGREES)

IC=3, RMS VERTICAL ACCELERATION AT THE CG (G’S * 100)
IC=ke RMS VERTICAL VELOCITY AT THE HELO PAD (FT/SEC)

NOTE THAT OTHER SKIP MOTION VARIABLES MAY EASILY BE AODED 8Y
CHANGING ®A260® AND ESTABLISHING APPROPRIATE THRESHOLOS VIA ®A26A®

NHEN DOINCG THIS, ENSURE ®A512% AND/OR ®A540°% IDENTIFY THE CRITERIA.
ALSO ENSURE THAT NEW CRITERIA ARE PROPERLY IOENTIFIEO
IN FORMAT STATEMENT 180 IN SUBROUTINE WRITE.

GO TO (340,360+400,380), IC

THE AFPROPRIATE THRESHNOLDS ARE ESTABLISHED NEXT.
STHRESH® IS THE GENERAL THRESHGLD, ANO
®BAITIS® IS THE HELICOPTER THRESHOLD.

THE MSI THRESHOLO IS A COMPLEX FUNCTION NOT -
EXPLICITLY DEFINED BY A MOTION THRESHOLO.

ALL THRESHOLDS ARE STATED IN RNMS.

ENSURE THAT ANY CKANGE IN, A CRITERION IS
IOENTIFIEC IN FORMAT 180 OF SUBROUTINE WRITE.

THRESH=9,.6
BAITIS=3.2
GO 7O &0
THRESH=2.4
BAITIS=1.9
G% TO &0
AAITIS=3.5
CONTINUVE

THE DATA IS READ IN INCREASING ORDER OF SHIP SPEED.
EGy Sy 10, 15, 20, 259 KNOTS

00 700 ISPD =1,5
FOR EACH SPEED, THE OATA IS READ FOR EACH 15 OEGREE

INCREMENT OF HEADING ANGLE STARTING WITH 180
ANDO DECREASING TO 000

L]

A 246
A 248
A 252
A 256

A 264

268
272
276
280
284
288
292
296

2 B 2 B B 2 B J
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c
c
c
c
c

00000

QOO0 O0OO0OO0

QOO0 OO0OOO0

IF IT IS OESIRED TO READ IN DATA IN A HEADING ANGLE\
SEQUENCE STARTING WITH 000, CHANGE °®A308°® TQ READ
3888 IHED = IREVRS sees

00 700 IREVRS=1,13
IHED=14~-IREVRS

EACH CARD CONTAINS THE RMS RESPONSE AND MODAL
ENCCUNTER PERIOD FOR WAVE MODAL PERIODS OF 7, 9, 11, 13
SECONDS FOR THE SPECIFIED SPEED AND HEADING.

READ (60+200) ICHKL,ICHK2, ((RMSVEC(J),ENCVEC(J))yJ=1y4)
IF (ICHK1.EQ. (ISPD®5).AND.ICHK2.EQe (15*(IHED~1))) GO TO &&0

EACH INPUT CARD IS CHECKED TO BE SURE IT IS IN THE CORRECY
SEQUENCE. IF IT IS NOT, AN ERROR MESSAGE IS PRINTED
AND THE RUN IS TENRMINATED.

WRITE (61,4200 ISPD,ICHKL IHED,ICHK2
FORMAT (1X,*INPUT CARO ERROR®,4I10)
sToP

CONTINUE

THE OATA FOR EACH WAVE MODAL PERIOD IS NOW PROCESSEOQ.

00 700 MODM=1,4
RMS=RMSVEC (MQOW)
IF (RMS.LT.0.0001) GO TO 700

THE CURRENT PROGRAM HAS NO GENERAL CRITERIA
BASED ON VERTICAL VELOCITY AT THE HELO DECK.

IF (IC.EQ.4) GO TO 6480

UNLESS THE MSI IS BEING CALCULATED PROCEEED TO NORMAL
CRITERIA EVALUATION SEQUENCE.

IF (IC.NE.3) GO TO 660
RMS=RMS/100.0

THE SPECIFIC MSI THRESHOLD IS STATED IN LINES F100 ANO F112
OF FUNCTION *CALMSI® . IF THE THRESHOLD IS CHANGED,
BE SURE TO CHANGE THE LABEL IN FORMAT 180 OF SUBROUTINE *WRITE®.

FUNCTION CALMSI CALCULATES THE OIFFERENCE BETWEEN THE MSI
AT A SPECIFIED FREQUENCY AND ACCELERATION LEVEL,

AND THE SPECIFIED THRESHOLO. ©CALMSI® WILL THEREFORE EQUAL
ZERO WHEN THE THRESHOLD IS EXACTLY MET.

THE MSI IS A COMPLEX FUNCTION AND IS EVALUATED
USING A SEARCH ALGORITHM *ZEROIN®,.

THE SEARCH SEEKS THE WAVE HEZIGHT MULTIPLIER o WHICH,
WHEN MULTIPLIED 68Y THE RMS VERTICAL ACCELERATION RESPONSE

A4
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304
3068

312
316

320
324
328
332

336
360
346

348

352
356




OO, IO0

860
480

500

Sh0
560

o000 0

640
660

S e—

FOR A UNIT WAVE HEIGHT (AT THE SPECIFIED FREQUENCY LEVEL)
CAUSES *CALMSI® TO BE EXACTLY ZERO.

THE SEARCH ROUTINE ®*ZEROIN® REQUIRES A HIGH AND LOW
ESTIMATE TO START THE SEARCH.

FLOG=ALOG10((1.0/ENCVEC (MOOW)))
FLOG=0.87+FLOG®(4.36+(2.,73%FLOG))

D0 460 IGES=10435,5

GESHI=FLOAT (IGEY)

IF (CALMSI(GESHID.GT.0.0) GO TO 430

GO To 560

CONTINUE

D0 500 IGES=1,9

GESLO=10.0-FLOAT (IGES)

IF (CALMSI(GESLO).LT.0.0) GO TO 520

MAVMAT (MODMWy IHED+ ISPD) =1, 0

GO To S&0

CALL ZEROIN (CALMSI,GESHI+GESLO,IFLAG,IKOUNT)
IF (WAVMAT (MODM, IHED+ISFD) «LT.GESHI) GO TO 560
WAVMAT (MCONy IHEQISPO)=AMINL (NAVNAXyGESHI)
LIMFAC (MODW, IHED, ISPD) =3

CONTINUE

IF (IHEQ.LT.12) GO TO 6&0 z

IF THE HEAOING IS WITHIN 22.5 OEGREES OF THE BOM,
CHECK TO SEE IF ANY OF THE PREDETERMINED HEAD SEA
CRITERIA ARE LIMITING.

X=WAVMAT (MOOW, IHED, ISPO)

IF (X.LT.PLATE(ISPO)) GO TO 580
X=PLATE CISPO)

LIMFAC (MGOWo IHEDWISPD) =4
CONTINUE

IF (X.LY.SLAM(ISPD)) GO TO 600
X=SLAM(ISPO)

LIMFAC (HMODM, IHED, ISPO) =S
CONTINUE

IF (X.LT.WET(ISPD)) GO YO 620
X=MET(ISPO)

LINFAC (MOOW, INED,ISPD)=6
CONTINUE

MAVMAT (MODM, IHED,ISPD) =X
CONTINUE

GO YO 700

CONTINUE

EVALUATE THE GENERAL CRITERION.

X=THRESH/RNS

IF (X GT.MAVMAT(MOODN,IHEDISPD)) GO TO 680
NAVPAT (MOUMW, IHED,ISPD) =X

LIMFAC (MOOMs IHED, ISPD) =IC

CONTINVE

t 2 2 B 2 2 B 2 2 B B B B _B 3 B _3 B J

P R 2 2 B 2 2 B B B B B 2 5 2 3 R J

t 2 2 B B J

360
364
368
372
376
380
386
388
392

400
406
408
b2
616
620
626
h28

432
436
460
L1l
(11
452
56
%60
464
4638
672
676
480
484
488
492
496

s00
S0
ses
512
516
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760

OO0OO00 000

780

EVALUATE THE HELICOPTER CRITERION.

X=BAITIS/RNS
IF (X.GT.BAILIM(MCOM,IHED,ISPD)) GO TO 700
BAILIM(MODW, IHED +ISPO) =X

"IF (IC+EQ.1) NSROC(MCDW,IHED.ISPO)=7

IF (IC.EQ.2) NSROC(MOOW,IHED.ISPO)=8
IF (IC.€E0.&) NSROC(MODW,IHED,ISPD)=9
CONTINUE

THIS COMPLETES THE ACTUAL SEAKEEPING CALCULATIONS
WITH THE EXCEPTION OF THE COME EMERGENCE CRITERION
THE REMAINOER OF THE PROGRAM PROCESSES AND PRINTS THE OUTPUT

PRINT THE GENERAL CRITERIA TABLES FOR MODAL PERIODS OF
T+ 99 11, AND 13 SECONOS.

CALL WRITE (LABEL14WAVMAT,LIMFAC)

CALL CONTUR (0,MAVMAT,LABEL1)

CALCULATE THE BOX SCORE.

CALL BOXSCR (WAVMAT,SCORE (1+1) sSCORE(1,2),SPOEFF)

COMBINE THE GENERAL AND MELICOPTER CRITERIA AND
PRINT THE APPROPRIATE TABLES FOR MODAL PERIODS OF
Te 99 11y AND 13 SECONOS.

00 760 ISPD=1,5

DO 760 IHED=1,13

DO 760 M=1,4

X=HAVMAT (M, INED, ISPD)

IF (XeGV.BAILIM(M,IHED,ISPO)) GO TO 760
BAILIM(M, IHED, ISPOI =X

NSROC (My IHED+ISPD)=LIMFAC (MyIHED,ISPOD)
CONTINUE

CALL WRITE (LABEL2+BAILIM,NSROC)

CALCULATE THE BOX SCORE.
CALL BOXSCR (BAILIM,SCORE(2,1)9SCORE(2,2),SPDEFF)

COMEINE THE GENERAL ANO OOME EMERGENCE CRITERIA AND
PRINT THE APPROPRIATE TABLES FOR MODAL PERIOOS OF
7y 95 114 AND 13 SECONDS.

00 780 ISPO=1,5

00 780 IHED=12,13

D0 780 M=i,h

IF (SONAR(ISPO)«GTeHAVMAT (MsIHED,ISPD)) GO TO 780
WAVMAT (M IHED,ISPD) =SONAR(ISPO)
LIMFAC(M,IHED,ISPO) =10

CONTINUE

CALL WRITE (LABEL3,WAVMAT,LINFAC)

A6

b R B B B B B _J

b 2 R B = B R 2 B _J

b B B B B B B B J

520
526
528
532
536
540
Skb

560

564
568
572
576
580
584
588
592
596

600

604
608
612
616
620
624
628
632

e
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FORtIow

c
. c CALCULATE THE BOX SCORE.
¢
. CALL BOXSCR (WAVMAT,SCORE (3,1) ySCORE (342) 4SPOEFF) A 636
c COMBINE ALL OF THE CRITERIA AND
c PRINT THE APPROPRIATE TABLES FOR MODAL PERIO0S OF
g 7o 99 11, AND 13 SECONDS,
00 800 I=1,5 A 640
00 800 J=1,13 A 644
00 800 M=i.b A 648 s
X=BAILIM(MeJ,T) A 652
IF (X.GE.hAVNAT(MsJsI)) GO TO 800 A 656
WAVMAT (Mo JsI)=X A 660
LIMFAC (M JeI)=NSROC (My Jo1) A 664
800 CONTINUE A 668
CALL NRITE (LABEL&,NAVNAT ,LIMFAC) A 672
c
CALL CONTUR (0,HAVMAT,LABEL&)
c
c CALCULATE THE BOX SCORE.
c
CALL BOXSCR (WAVMAT,SCORE (4,1) ySCORE (%,2) ySPOEFF) 4 A 676
[
- c PRINT THE BOX SCORES.
c NOTE«.+EVERYTIME *BOXSCR® IS CALLED, ®SPOEFF®
¢ RETURNS THE BOXSCORE BREAKDOWN BY SPEEOS FOR THE INPUT MATRICES.
c HOMEVER, THE CURRENT PROGRAM ONLY PRINTS THESE CALCULATIONS
c FOR THE *ALL CRITERIA® CASE.
. ¢ :
WRITE (61,220) TITLE(1)¢(LABELL(I) oI=2,8),(SCORE(LsJ)oJu142)¢(LABE A 680
1L20I)3I22,8) s (SCORE (2, J) 9 J=152) 0 (LABEL3(I) I22,8), (SCORE(39J)sJdut, A 686
22) 4 (LABEL&(I) oT=2248) ¢ (SCORE (69 J) 9J=142) s ((SPOEFF(ToJd) 9J=142) o121,8 : :::
3
c
c IF MORE THAN 1 SHIP IS BEING PROCESSED, CMECK THE ®ICSHIP®
c COUNTER .
c
IF (ICSHIP.GE.1) GO TO 620 A 700
© GO TO 268 A 706
820 CONTINUE A 708
stToP A 712
END A 716-
. MULTI-BANK COMPILATION.

"
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E SUBROUTINE WRITE (LABEL,OUTMAT,LIMNAT) 8 &
DIMENSION LABEL(11), OUTMAT(4y1395)y LIMMAT(&,13,5) 8 8
A COMMON /BLOCKWL/ WAVMAX,SPOMAX 8 12
b 120 FORMAT (®1%,11X, *LINITING FACTORS *,A8,5X,5A8¢7,50Xs2A8,7,62X,FS, 8 16
11,* SECOND MOCAL WAVE PERIOQD®y//) B 20 +
140 FORMAT (12X,17HSHIP * FOLLCWINGo20Xs*BEAM® 425X ¢ *HEAD® ¢/ 412Xy 14HSP 8 26
1EED * SEA 23X o ®SEA® 326X *SEA® /5 11X 8H(KNOTS)®9 /418X, 1H® 412,121 8 28
25+/+12X4T0(1H*)) 8 32
160 FORPAT (28X, 1H®, /, 11Xe IS, 2X, 1H®, 12, 1215 )
180 FCRIMAT (/7 ,11X, ®LIMITING SEAKEEPING FACTORS® /, 8 &0
3 C /21Xy *0 NO SEAKEEPING THRESHOLD EXCEEDED FOR WAVES WITH® 8 &2
A C /¢27Xy ®SIGNIFICANT HEIGHTS UP TO ®o F5.1, * FEET®,/, B 46
: C /21X, ) ¢ 12.0 OEGREE SINGLE AMPLITUDE AVERAGE ROLL®, / B 6
2 C /.21X, *2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH®,/ B &8
‘ C /.21X, *3 MOTION SICKNESS INOICATOR®,/ 8 50
C 27X, ®*(20 PERCENT OF LABORATORY SUBJECTS®,/ 8 52
| C 27X, ®EXPERIENCE EMESIS WITHIN 2 HOURS)®,/ 8 54
C /e 21X, *4 BOTTOM PLATE ODAMAGE®, / 8 56
C /¢ 21X,y *5 3 SLANS IN 100 MOTION CYCLES®,/ 8 S8
C /7y 21Xy %6 ONE DECK WETNESS EVERY TWO MINUTES®, / 8 60
C /7y 21X,y *7 12.8 DEGREE OOUBLE AMPLITUDE SIGNIFICANT ROLL®,/ 8 62
C /7y 21Xy *8 6.0 DEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH®,/ 8 664
C/e21X9*9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK®, / 8 66
3 C /s 20X,%10 SONAR DOME EMERGENCE CRIVERION®, / 8 68
E c 27Xy *(3/%5 DETECTION OPPORTUNITIES)® ) 8 70
4 200 FORMAT (//+23Xo®ACCEPTABLE SIGNIFICANT WAVE HEIGHT (FEET)®¢/,23X5 4 8 92
11(1H®) 4/7/429X,*SHIP HEADING ANGLE IN DEGREES®9/¢12Xo*SHIP®y/,12X,* 8 96
2SPEED® 91X 91314/ o 11X o ® (KNGTS)®? B 100
220 FORMAT (11XyIlLe3Xe13Fb.0) 8 106
DO 280 IP=7,13,2 B 108
N=(IP-5)/2 B 112
PERIOC=FLCAT(IP) 8 116
WRITE (61,120) (LABEL(J),J=1,8),PERIOD 8 120
WRITE (61+140) 0,(I,I=1%,180,15) 8 124
D0 240 Kk=1,5 8 128
i NSPC=5°%K 8 132
| 240 WRITE (61,160) NSPD, (LIMMAT (NyJsK) ¢J=1,13) 8 136
| WRITE (61,180) WAVMAX B8 1640
! HRITE (61,200) 0,(X,I=15,180,15) B 1k
DO 260 KX=1,5 8 148
| " NSPO=5°%K 8 152
| 260 WRITE (61,220) NSPDy (OUTMAT (N9 JyK) 9J=21,13) 8 156
280 CONTINUE 8 160
RETURN B 164
ENO B 168-
- MULTI-BANK CCMFILATION.
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o000

120

160

160

SUBROUTINE CONTUR (PERIOD,SEAMAT,TITLE)

PRINT THE CONTOUR SPECIFIED 8Y *PERIOO®,
IF *PERIOD®=0, PRINT CONTOURS FOR ALL FOUR WAVE MOOAL PERIODS.

EXTVERNAL WAVLIM

INTEGER PERIOD,TITLE

OIMENSION SEAMAT(4,13,5), TITLE(11)
COMMON /BLOCK1/ IPER

COMMON /BLOCK&/ WAVMAX,SPOMAX
COMMON /BLOCKG6/ CONMAT (4513,5)
00 120 I=1,5

00 120 J=1,13

00 120 M=1,6

CONMAT (Mo Jo I)=SEAMAT (M Jy I)
SH=SPOMAX+2,0

SL=-SH

ZH=35.0

IPERLO=PERIOD

IPERHI=PERIOOD

INC=1

IF (PERIOD.NE.O) GO TO 140
IPERLO=7

IPERNI=13 =
INC=2

CONTINUE

D0 160 M=IPERLO, IPERHI, INC

IF (M.EC.7) TITLE(9)=8H( 7 SEC
IF (M.EQ.9) TITLE(9)=8H( 9 SEC
IF (M.EQ.11) TITLE(3)=8H( 1L SEC
IF (M. EQ.13) TITLE(9)=8H( 13 SEC
IPER=(N-5)72

CALL PLOT30 (SLeSHs30.0eSLeSHe30.0¢0.00ZHy8c0,TITLE88,MAVLIN,G0.0
1,30.0)

CONTINUE

RETURN

ENO

MULTI=-BANK CCMPILATION.

A9

000NN OHOONOHOO

132-




i
£l
b
I

[2%
|
|
|
|
4

T T TR T
Y s <t

Dons <

o000

OO0 OO0

QO0O0O0OO00

120
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SUBROUTINE BOXSCR (X SUMSCRyWINSCR,S)
DIMENSICN X(4L413,5), S(5,2), SCORE(2)
COMMON /BLOCK2/ WAVDAT (7, 442) WAVES(T)
COMMON /BLOCKGL/ WAVMAX,SPOMAX

00 220 1S=1,2

IS = 1, SUMMER
IS = 2, WINTER

8=0.0

HLIM=AMINL (WAVMAX,NAVES(7))
D0 200 I=1,5

I = SPEED COUNTER

C=0.9
00 180 J=1,13

J = HEADING COUNTER
A=2,0

DUE TO SYMMETRY OF SEAKEEPING MAYRIX.
ALL HEADINGS EXCEPT BCW AND STERN ARE COUNTED TWICE

IF (JeEQe1.0R.J.EQ.13) A=1.0
00 180 M=1,4

M = MODAL WAVE PERIOO COUNTER

LINEARLY INTERPOLATE TO FIND THE PERCENT OF TIME
THAT THE OBSERVED WAVE HEIGHTS ARE LESS THAN THE LINITING
HAVE HEIGHYT IN A SPECIFIEOD CELL.

Y=X(MeJoI)
IF (YoGE.WLIM) GO TO 140
00 120 KNHT=2,7

K=KNT

IF (WAVES(X).GT.Y) GO TO 160

D=ASHAVOAT(7 yMeIS)

B8=8+0

C=C+0

GO TO 180

KMi=K=-1

Yi=WAVOAT(KML,M, IS)

Y23HAVOAT (K, M,IS)
Y=Y1¢(Y=-WAVES(KM1))®(Y2<-V1)/(HNAVES (K)=WAVES (KM1))
D=A®AMAX1(0.0,Y)

8=8+¢0

C=C+0

CONTINUE

NOTEeeoIN THE CURRENT PROGRAM THE NUMBERS READ IN FOR EACH
ELEMENT IN ®WAVDAT® ARE ACTUALLY IN UNITS OF 5

SFRACTION OF OCCURANCE (EG 0.05)* TINES 1600.

A-10
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3 2 NOTE ALSO THAT THERE ARE 24 BEARING SECTORS IN EACH SPEED RING.
. S(I,IS)=C/38400.0 D 124
= 200 CONTINUE 0 128
i 828/192000.0 0 132
SCORE(IS) =8 0 136
F 220  CONTINUE 0 140
) SUNSCR=SCORE (1) D 144
H WINSCR=SCORE (2) 0 148
4 RETURN 0 152
1 3 END D 156~
‘- . MULTI-BANK CCHPILATION.
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120
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160

180

FUNCTION WAVLIM (X,Y)

WAVLIM IS SET UP TO RECEIVE X ANDO Y IN CARTESIAN COORDINATES
AND CONVERT THESE OATA TO A SPEED AND HEADING ANGLE.

THE LIMITING WAVE HEIGHT AT THAT SPEED AND HEAOING IS THEN
CALCULATEO FOR THE MODAL WAVE PERIOD SPECIFIED BY ®IPER®

INTEGER SEKTOR,SEKADJ,BELL,BELADY
COMMON /BLOCK1/ IPER

COMMON /BLOCKL/ WAVMAX,SPDMAX
COMMON /BLOCK6/ CONMAT(4y13,5)
YABS=ABS(Y)

XABS=48S(X)

R=SGRT ((YABS®**2,0)+(XABS**2,0))
IF (R.LT.SPOMAX} GO TO 120
HAVLIM=0.0

RETURN

CONTINUE
BELL=MAXO(INT((R#2.5)/5.0),1)
BELL=MINO(BELL,S)
SPDDIF=R-BELL*S5.0

IF (R.GT.3.0) GO TO 140

IF THE SPEED IS LESS THAN 3 KNOTS, IT IS PRESUMED
THAT THE SHIP WILL BROACH INTO BEAM SEAS.

WAVLIM=CONMAT (IPER,7 41 )=((SPDOIF/5.0)* (CONMAT (IPER,7¢2)-CONMAT (IPE
1Re7+1)))

RETURN

CONTINUE

ONCE THE CELL FOR THE SPECIFIED SPEED (®BELL®) ANO
HEADING (®SEKTOR®) IS IDENTIFIED, THE ADJACENT CELLS
ARE ALSO IDENTIFIED.

THETA=ATAN(YABS/XABS)*57,295779

IF (XeGT<0s0) THETA=180-THETA
SEKTOR=({(THETA+7.5)/15.0) ¢4
OEGDIF=THETA®7.,5-15,0*SEKTOR

Z=1.0
SEKADJ=SEKTOR*INT(SIGN(1.1,0EGDIF))
IF (SEXADJ.EQ.0) SEKADJ=2

IF (SEKADJ.EQ.14) SEKADJ=12
BELADJ=BELL*INT(SIGN(1.19SPODIF))
IF (BELADJ.NE.O) GO TO 160
BELADJ=2

I==1.0

GO TO 180

CONTINUE

IF (BELADJ.NE.6) GO TO 180 . i
BELADJ=4A

2==1.0

CONTINUE

2=7Z%ABS(SPDOIF)/5.0

mmmMMmMmMMmMMMMmMMMMMmmM
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P ok e
D=ABS (DEGOIF) /1546 € 160
c
c CALCULATE A FOUR POINT MULTIPLE LINEAR INTERPOLATION FOR THE
R c EXACY POINT SPECIFIED 8Y X AND Y.
¢
BNSN=CONNAT ( IPER o SEKTOR 48ELL) E 166
BNS #SCONMAT (IPER s SEKTOR»BELAOJ) E 168
BASN=CONMAT ( IPER o SEKADJ 48ELL) € 172
BASA=CONMAT (IPER o SEKADJ4BELADJ) € 176
ASBNSN+D® (BASN-BNSN) € 100
B=BNSA +0® (BASA-BNSA) € 186
. WAVLINZA¢2%(B=A) € 188
: ¢
: | ¢ WAVLIN IS FINALLY CHECKED TO BE SURE IT IS IN BOUNDS BEFORE BEING
: | c PASSED TO *PLOT3O®.
& c
: | WAVLINSANINL (HAVLIM, WAVNAX) € 192
! WAVLIM=AMAX1 (NAVLIN, 00 0) E 196
g | RETURN € 200
i | ENO € 208-
‘ ©  NULTI-CANK CCMPILATION.
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DO ONOO0OOO

000 000 000

B Gt i o

FUNCTION CALMSI (WH)

FUNCTION CALNMSI CALCULATES THE DIFFERENCE BETWEEN THE NMSI
AT A SPECIFIED FREQUENCY AND ACCELERAYTION LEVEL,
AND THE SPECIFIED THRESHOLD.

®CALMSI* WILL THEREFORE EQUAL

ZERQ WHEN THE THRESHOLO IS EXACTLY MET.

THE SPECIFIC MSI THRESHOLD IS STATED IN LINES F100 AND F112
IF THE THRESHOLD IS CHANGED,
BE SURE TO CHANGE THE LABEL IN FORMAT 180 OF SUBROUTINE ®*WRITE®,

OF FUNCTION

REFeee HUMAN FACTORS RESEARCH 9 INCes TECHNICAL REPORT 1733-2,
®MOTION SICKNESS INCIDENCE-EXPLORATORY STUDIES OF HABITUATION,
PITCH AND ROLL, AND THE REFINEMENT OF A MATHEMATICAL MODEL.*

SCALMSI® .

M.E. MCCAULEY ET AL, APRIL 1976

COMMON /B8LOCK3/ FLOG+RMS
DIMENSION Z(2)

EVALUATE ZA

Z(1)=(ALOGL0 ((WH*RMS) ) =FLOG) /047

EVALUATE ZTP FOR A 120 MINUTE PERIOD

2(2)=1,231729+(1.133893%2(1))

APPROXIMATE THE NORMAL FUNCTION AT ZA AND ZTP

00 140 I=1,2
AZ=ABS(2(I))
W=1.0/01,040.2316419%A2)

D0=0.3989423%EXP(~AZ*AZ/2.0)

STOPHI=1,0-D* 1t 11.330274%W=-1,821256)%W+1.781478) *H=-0.,3565638) *We0

1.3193815)*%
IF (Z(I)) 120,140,140

120
140

QO 0000

MULTI-BANK COMPILATION.

STCPHI=1.0-STOPHI

Z(I)=STOPHI

CALCULATE THE ZERO FUNCTION FOR A 20 PERCENT MSI

CALMSI=(Z2(1)%Z(2))~-0.20

RETURN
END

e b b o
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SUBROUTINE ZEROIN (F»ByCy IFLAG,IKOUNT)

THIS SUBROUTINE CALCULATES THE ROOT OF A CONTINUOUS
FUNCTION USING A COMBINATION OF THE BISECTION AND SECANT -
METHOOS AFTER SHAPPINE AND ALLEN.

THE ABSOLUTE ERROR IS FIXED AT 0.0000%
THE RELATIVE ERROR IS FIXED AT 0.0000%1
A MAXIMUM OF 50 ITERATIONS IS PERMITTED

REF. oo SHAMPINEsLoFoo AND CoAe ALLEN, ®NUMERICAL COMPUTING,®
WeBe SAUNDERS COe9 PHILADELPHIA, 1973, (ISBN 0-7216-8150~6)

IC=0

ACBS=ABS (8-C)

A=C

Fa=F(8)

FA=F (A)

FC=FA

KOUNT=2
FX=AMAX1 (ABS (FB) yABS(FC))
IF (ABS(FC).GE.ABS(FB)Y GO TO &0
A=8

FA=F8

8=3

FB=FC

C=A

FC=FA

CMB=0.5%(C~8)

ACME=ABS (CHB)
TOL=0.00001%ABS(B)+0.00001
IF (ACMB.LE.TOL) GO TO 160
IF (XOUNT.GE.S50) GO TO 2640
P=(8=-A)*FB

0=FA-FB

IF (P.GE.0.0) GO TO 60
P==p

a==-q

A=8

FA=FB

IC=IC*1

IF (IC.LT.&4) GO 7O 80

IF (8.0°ACMB.GE.ACBS) GO TO 120
IC=0

ACBS=ACNHS

IF (P.GT.ABS(Q)*TOL) GO TO 100
B=B¢SIGN(TOL,CNHB)

GO TO 146 >

IF (P.GE.CMB®Q) GO TO 120
8=8+pP/0

GO TO 1480

8=0.5%(C+8)

F£8=F (B)

IF (F2:€Q.0.0) GO TO 1680
KOUNT=KGUNT ¢4

A-15
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180
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208




e R A T A S0 et NPT Yy e o s

éF‘(SIGN(loOQFl)oNE.SIGN(i.O.Fc)) GO TO 2¢
=

FC=FA

G0 Y0 20

IF (SIGN(1.0,FB) .EQ.SIGN(1.0,FC)) GO TO 220
IF (ABS(FB).GT.FX) GO TO 200 .
IFLAG=1

RETURN

IFLAG=2

RETURN

IFLAG=3

RETURN

IFLAG=A

RETURN

IFLAG=S

RETURN

END

oM OOOHOOD

MULTI-BANK COMPILATION.
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APPENDIX B
DATA INPUT FOR THE FFG 7




2.5 5.7 9.0 12.3 18,9 25.4 32,0

‘ 197 799 1037 109% 1105 1106 1107
; 4 103 243 286 310 311 312
: 2 26 67 92 113 120 121
F - 0 € 25 45 58 59 60
55 287 493 589 627 638 642

2 55 221 329 415 4u6 456

2 9 75 157 245 274 291

0 13 45 93 151 186 211

FFG 7 SEAKEEPING AND SHIP MOTION DATA

FFG?7 PLATE DAMAGE 4S.0 45,0 5.0 45,0 45.0
FFG? 3 SLAMS/100 45,0 32.92 18.66 14.54 12.95
FFG? 2 MIN WETNESS u5.0 45,0 32.25 21.0 15.0
FFG?7 3/5 SONAR 20,4 15.1 12.74 11.53 10.5
3 FFG 7 ROLL 5 180 0007000 0007000 0007000 0007000
3 FFG 7 ROLL 5 165 0687087 1927090 2287030 2097090
3 FFG 7 ROLL S 150 134/087 3277087 3787090 3447090
3 FFG 7 RCLL S5 135 2127085 4417090 4877090 4367090
3 FFG 7 ROLL S 120 3017085 5347090 558/090 4897090
3 FFG 7 ROLL 5 105 354/087 5667090 5667090 4877090
3 FFG 7 ROLL S5 090 3797087 5737090 5517090 4657090
3 FFG 7 ROLL S 075 570/087 7237090 5477090 5297090
. 3 FFG 7 ROLL 5 060 682/087 8047090 65927092 5567092

3 FFG 7 ROLL 5 045 5777030 6547092 5547092 4437092 g
3 FFG 7 ROLL S 030 3757092 3977092 3337092 2677092 g
3 FFG 7 ROLL 5 015 2137090 2037090 165709¢C 1317090
3 FFG 7 ROLL S 000 000/087 0007087 0007087 0007087
3 FFG 7 ROLL 10 180 0007000 0007000 000/000 0007000
3 FFG 7 ROLL 10 165 0327079 1187101 1787101 1817101 :
3 FFG 7 ROLL 10 150 0707079 1977101 2757101 2757101 H
3 FFG 7 ROLL 10 135 124/079 284/ 095 3617095 3497101 §
3 FFG 7 ROLL 10 120 194/081 3607095 4117035 331/098 E
3 FFG 7 ROLL 10 105 2607087 4317092 4557092 4047095 :
3 FFG 7 ROLL 10 090 3317087 4887090 4737090 4037090 ¢
3 FFG 7 ROLL 10 075 634/087 7007090 5987092 4817092 :
3 FFG 7 ROLL 10 060 8057090 7657092 6147092 4807092 4
3 FFG 7 ROLL 10 045 4417095 3917095 3207095 2577095 ]
3 FFG 7 ROLL 10 030 1227121 1447126 1367128 1197131 i |
3 FFG 7 ROLL 10 015 0u4/128 0587128 0587140 0537143 i1
3 FFG 7 ROLL 10 000 000/134 0007140 0007143 0007146 :
3 FFG 7 ROLL 15 180 0007000 0007000 0007000 0007000 :
3 FFG 7 ROLL 15 165 020/077 0647101 1087112 1227112 !

: 3 FFG 7 ROLL 15 150 0u6s077 1217101 1827105 1977112 :

: 3 FFG 7 ROLL 15 135 0837077 1817101 2477105 2547105 i
3 FFG 7 ROLL 15 120 1337077 2387095 2907105 2837105 |
3 FFG 7 ROLL 15 105 1907083 3027095 3327098 3077101 i
3 FFG 7 PROLL 15 090 2737085 3887090 3817092 3307092 |

2 3 FFG 7 ROLL 15 075 6437087 6337090 5227092 4167092

3 FFG 7 ROLL 15 060 571/101 5137105 4127105 3267105
3 TFG 7 ROLL 15 045 1637143 1947143 1817143 1577143
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FOLL
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ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
ROLL
rROLL
ROLL
PITCH
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PITCH
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PITCH
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030
015
000
180
165
150
135
1290
105
090
075
060
0us
030
015
000
180
165
150
135
120
105
090
075
060
065
030
015
000
130
165
150
135
120
105
090
075
060
045
030
015
000
180
165
150
135
120
105
090
075

0687175
0287196
0007203
000/000
0157075
0347075
0627075
1077077
1637081
2657085
7807090
3217134
1217190
0867262
0247331
0007370
0007000
0127077
0277075
0507073
0867075
1357081
2517085
9307090
2537170
11672939
0727571
0397073
0007077
077070
0507071
0597071
074/068
0967063
0267057
0137045
0867065
0747081
0567032
0637101
0377105
0357105
0497070
0527070
061 /7067
0787068
0987063
0927057
0127045
0807070

B-2

0957175
0407196
0007203
0007000
0457112
0887101
1327101
19670958
2637093
3737090
6917092
3237134
1537190
0907233
0367273
0007299
000/000
0327101
0647101
1047095
1537098
2197098
3507090
7497092
2647165
1627242
0857393
0427571
0007077
0827081
0A4L/081
0907079
0987077
1027071
0837065
0097048
0747075
0827090
0777101
0717108
0667112
0847116
0887081
0907081
0957079
1037077
1057071
0817063
0087045
0697079

0977175
0637196
0007203
gogsooao
0867112
1467112
1907112
2547105
3037101
3677092
5477092
2777134
1487190
0877233
0397262
000/273
0007000
0707126
1127112
1567116
2037108
2617101
3457092
5717092
2327165
1377242
0857299
0427393
000/077
0967090
0967090
1987087
0987085
0927081
0677073
no6/s0ue
0607083
0777101
0817112
081s121
0807121
0797126
1017090
1027030
1037087
1027085
0947081
0667075
0067045
0577087

i

088/175
0407196
0007203
0007000
1107112
1737112
2087116
2597108
2877101
3187092
4277092
228/134
1307190
0797233
0377262
0007273
000/000
0997126
1637126
1827116
216/116
2557108
3017095
4397092
1947165
1217242
0787299
0387331
0007349
0957101
0957101
0947101
0897095
0797090
0547083
0047048
0497092
0687112
0777121
0807131
0817136
0817134
1007098
1007098
0987101
0937092
0817090
0567083
0047045
0477108
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FFG
FFG
FFG
FFG
FFG
FFG
FFG
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FFG
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PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
FITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
PITCH
HEAVE
HEAVE
HEAVE
HE AVE
HEAVE
HEAVE

060
045
030
015
000
180
165
150
135
120
105
090
075
060
0645
030
015
000
180
165
150
135
120
105
090
075
060
045
030
015
aaa
180
165
150
135
120
105
090
075
060
045
030
015
000
180
165
150
135
120
105

067 7092
0517112
0397126
0337134
0317140
0507071
0537071
0627071
0787068
0967063
0897057
0117045
0757077
ge2/7108
0467143
0357175
0297196
0287203
0487073
0517073
0607071
0757068
0927065
0857057
0117045
0707083
0597134
0427190
0337251
0287314
0277349
04b/073
0477073
0567071
0717068
0877067
0827063
0107045
0687087
0557165
0407273
0337524
0327098
0297000
1447052
1527052
1797048
2347068
3687063
7037052

B-3

0767105
0727121
0667134
0617140
0597143
0927079
0947079
0997079
1067075
1057071
0807063
0087045
0657085
g72/116
0677143
0607175
0567196
0547203
0937079
0957079
1007079
1057075
1047071
0787063
0077045
0627090
0697134
06271990
0567233
0537262
0527273
0927081
0947081
0987079

1067077

1027071
07771063
0077045
0617092
0657165
0517242
0547331
0547483
0527524
1687085
1767083
2047083
2597079
3697075
5877057

0727112
0767128
0767140
0747150
0767150
1067090
1077090
1077087
1057085
0957081
0667075
0057045
0547092
069s121
0727163
0717175
0697196
0687203
1087090
1097087
1097087
1067085
0957081
0657070
0057045
0527105
0667134
0677130
0657233
0657262
0657273
1097087
1097087
1037085
1067083
0947077
0647070
0067045
0517108
0637165
0627242
0637299
064L/349
0637370
1817092
1887092
2117092
2547090
3317085
4717075

064/121
0737136
0767146
0767157
0767161
1047098
1047098
1027101
0967092
0827090
0537083
0047045
0657112
0627131
0697150
0717175
0717196
0717203
1077098
1067098
1037101
0977092
0827090
0537083
004/ 045
06371156
0607134
0647190
0667233
0677262
0687273
1087098
1077098
10647101
0977095
0827090
0527083
0057140
0437121
0577165
0607242
0637299
0657331
0657349
1797108
1857101
2027101
2337101
2867092
3797085




3 FFG 7 HEAVE 5 090 8867052 684/ 057 5267070 4137079
3 FFG 7 HEAVE 5 075 389/070 3A6/079 3157090 2667105 - j
3 FFG 7 HEAVE 5 060 1467035 1897095 1917108 1787116 :
3 FFG 7 HEAVE 5 045 0687098 1127108 1317116 1327128 i
3 FFG 7 HEAVE S 030 040/105 07771146 1007126 1067131 ‘
3 FFG 7 HEAVE 5 015 030/7112 0617121 0347131 0937143
3 FFG 7 HEAVE S 000 0277112 0677121 0807134 0897163
3 FFG 7 HEAVE 10 180 217r052 2677079 2747090 2597101
3 FFG 7 HEAVE 10 165 2267052 2767079 2827090 2657101
3 FFG 7 HEAVE 10 150 2577065 3o09s077 3077037 2837101
3 FFG 7 HEAVE 10 135 3337063 3797073 3567083 3167092
3 FFG 7 HEAVE 10 120 5167057 5097063 4417079 3707090
3 FFG 7 HEAVE 10 105 8427052 7007057 554/057 4417079
3 FFG 7 HEAVE 10 090 883/052 6827057 524/070 4127079
3 FFG 7 HEAVE 10 075 3297075 3147085 2757095 2357112
3 FFG 7 HEAVE 10 060 1087095 1467108 1537116 1457126
3 FFG 7 HEAVE 10 045 0457116 0817126 0987134 1017143
3 FFG 7 HEAVE 10 030 0237131 0527140 0707146 0777153
3 FFG 7 HEAVE 10 015 0167128 0337146 0577157 0657165
3 FFG 7 HEAVE 10 000 O01i4/143 03571510 0537161 0627170
3 FFG 7 HEAVE 15 180 272/070 3947073 L07/077 3757090
3 FFG 7 HEAVE 15 165 287/070 4097073 4177077 3817090
3 FFG 7 HEAVE 15 150 341/067 4577071 4487075 4007087
3 FFG 7 HEAVE 15 135 4€3/064 5477063 5037068 4337083
3 FFG 7 HEAVE 15 120 6847063 6807063 5787063 4767065
3 FEG 7 HEAVE 15 105 S874/057 R157057 6417057 507/057
3 FFG 7 HEAVE 15 090 881/052 6817057 5237070 4117073
3 FFG 7 HEAVE 15 075 275/081 2687092 2397105 2077116
3 FFG 7 HEAVE 15 (060 080r112 1137121 1217131 1177140
3 FFG 7 HEAVE 15 045 028/143 0557150 0707157 0757165
3 FFG 7 HEAVE 15 030 012/175 0327175 0L6/7175 0537185
3 FFG 7 HEAVE 15 015 0077196 0227196 0227196 0437196
3 FFG 7 HEAVE 15 000 006/203 0207203 0327203 0407203
3 FFG 7 HEAVE 20 180 343/071%1 5697075 5937077 5377079
3 FFG 7 HEAVE 20 165 368/071 589/073 604/7077 5427077
3 FFG 7 HEAVE 20 150 450/071 6517071 6377075 5597075
3 FFG 7 HEAVE 20 135 6017068 Tub/70€8% 6847070 5807073
3 FFG 7 HEAVE 20 120 845/063 8637063 731/067 53977067
3 FFG 7 HEAVE 20 105 10977057 9287057 7307057 5757057
3 FFG 7 HEAVE 20 090 881/052 6807057 5237070 4117079
3 FFG 7 HEAVE 20 075 2277037 2287101 2077112 1827121
3 FFG 7 HEAVE 20 060 0567134 084/134 094L/146 0937153
i 3 FFG 7 HEAVE 20 045 0167190 0357190 0477190 0537190
: 3 FFG 7 HEAVE 20 030 006/233 0177233 0287233 0357233
r 3 FFG 7 HEAVE 20 015 007/273 0127262 6207262 0277262
b 3 FFG 7 HEAVE 20 000 0067299 0107273 0187273 02647273
] 3 FFG 7 HEAVE 25 180 4137073 7667077 3147079 7357081
ﬁ 3 FFG 7 HEAVE 25 165 4L&41/073 r8r/av7 8237079 7377079
b 3 FFG 7 HEAVE 25 150 538/071 8507075 8477077 Te27077
f 3 FFG 7 HEAVE 25 135 723,068 9527073 3817073 7467073
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VELBUL
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VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELARUL
VELRUL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VEL3UL
VELBUL
VELBUL
VELBUL
VELBUL
VELBUL
VELSUL
VELBUL
VEL3UL
VELBUL
VELBUL
VELBUL
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120
105
090
075
060
045
030
015
goo
180
165
150
135
120
105
030
075
060
045
030
015
gao
180
165
150
135
120
105
090
075
060
045
030
015
000
180
165
150
135
120
105
090
075
060
045
030
015
000
180
165

985/
12127/
882/
185/
036/
008/
011/
014/
016/
1127
117/
134/
168/
228/
282/
237/
261/
171/
1127
081/

065
057
052
095
165
242
063
067
068
70
70
67
-1
63
57
63
64
79
90
98

0667105

062/
121/
126/
144/
181/
241/
288/
235/
221/
130/

105
70
70
67
64
63
57
63
70
92

0807108

054/

126

0427128

039/
124/
131/
153/
195/
2587
299/
232/
186/
100/
056/
034/
025/
023/
135/
1437

137
70
70
67
64
63
57
63
77

108

143

175

196

203
70
70
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10457067
106427057
6807057
1947108
0597165
0207242
0117299
010/ 349
0117370

167/
171/
186/
2097
239/
251/
211/
228/
181/

79
79
7
75
71
70
79
79
87

1427101
1187108
1047112
1007116

188/
192/
206/
229/
2557
258/
209/
198/

79
79
(44
75
7
70
70
85

1457105
1107121
0877131
0747140
0707143

203/
208/
224/
268/
273/
270/
207/
1727

79
79
77
73
70
65
79
90

1187116
0837143
0617175
0507196
0477203

227/
233/

r7
7

8907067
%20/7063
5237070
1807116
0707165
0307242
0177299
0127331
0117349

184/
186/
194/
206/
2177
214/
184/

87
87
85
83
81
87
98

1947101
1697105
1467112
1307116
1217121
1177126

207/
209/
216/
225/
231/
221/
1827

87
87
85
83
83
87
18

1737108
1617116
1177128
1007140
0917150
0887150

226/
228/
2357
263/
267/
230/
180/

87
87
87
83
83
87
98

1567112
1187128
0927143
0757175
0657196
0627203

250/
253/

37
87

7247067
6447063
117079
1607128
0727165
0377242
0227299
1167331
0157349

179/
180/
184/
188/

98
98
92
95

1917105
1847108
1617116
1677116
1537121
1397126
1297131
1227134
1207134

200/
201/
203/
205/
203/

98
98
92
92
95

18971048
1607116
1517121
1317136
11471463
1027153
0957157
0937161

219/
219/
221/
221/
216/

98
93
92
95
95

1967108
1587116
1377128
1127143
093/157
0797175
0727196
3697203

260/
241/

93
98




3 FFG 7 VELRUL 20 150 169/ 67 251/ 75 260/ 85 242/ 92
3 FFG 7 VELRUL 20 135 216/ 64 276/ 70 2687 B3 241/ 95
3 FFG 7 VELBUL 20 120 280/ &3 298/ 67 268/ 83 232/ 95
3 FFG 7 VELBUL 20 105 314/ 57 285/ 63 2427 85 2057108
3 FFG 7 VELBUL 20 090 231/ 63 2067 79 1797 38 1577116
3 FFG 7 VELBUL 20 075 157/ 85 1507105 1337116 1257134
3 FFG 7 VELBUL 20 060 0777134 0957134 1987134 0967134
3 FFG 7 VELBUL ‘20 045 036/190 0597190 0707190 0737190
3 FFG 7 VELRUL 20 030 0217242 0407233 0537233 0607233
3 FFG 7 VELRUL 20 015 0167299 0327262 0457262 0527262
3 FFG 7 VELBUL 20 000 0157314 0307273 0437273 0507273
3 FFG 7 VELAUL 25 180 147/ 73 2627 77 287/ 79 2727 90
3 FFG 7 VELBUL 25 165 156/ 71 2687 75 2897 79 2727 90
3 FFG 7 VELBUL 25 150 186/ 71 2867 73 2957 77 272/ 81
3 FFG 7 VEL3UL 25 135 238/ 68 3127 70 301/ 73 2687 75
3 FFG 7 VELBUL 25 120 304/ 63 323/ 67 2957 67 2537 95
3 FFG 7 VELBUL 25 105 333/ 57 3047 63 257/ 45 2177101
3 FFG 7 VELBUL 25 090 229/ 63 2047 79 178/ 98 1557116
3 FFG 7 VELBUL 25 075 134/ 87 1327108 1247126 1147140
3 FFG 7 VELBUL 25 060 0567165 0747165 0807165 080/1€5
3 FFG 7 VELBUL 25 (045 (022r262 0407242 0517242 0567242
3 FFG 7 VELBUL 25 030 017/419 0267314 0377239 0437299
3 FFG 7 VELRUL 25 015 019/571 0217393 0297331 0377331
3 FFG 7 VELAUL 25 000 019/ 83 0137419 8277349 034/ 349
B-6
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APPENDIX C

PROGRAM OUTPUT FOR THE FFG 7




. LIMITING FACTORS FFG 7 GENERAL CRITERIA ONLY
{1-6)
7.0 SECOND MODAL WAVE PERIOD

g SHIP & FOLLONING - BEAM HEAD

i SPEED *  SEA SEA SEA

£ (KNQTS) ®
& 0 15 30 45 60 7?5 90 105 120 135 150 165 180

k & (2 X2 XTI YR IR YRS RN PR YT R AR R R Y Y R YRR R R Y R Y Y R R Y Y Y Y Y P I P R Y YR YR YR Y Y YUY Yy YV

% . :

t B e G S e A LRt Rt SRRE Rbe LAl |
- T BRI AR SCEN TR L G T RN SR T SRR e
3 ¥ L
ki 15 s g 0 (] ] 1 1 3 3 3 3 3 s s

L )
20 ¢ 0 & 0 1 1t 3 3 3 3 3 5 s
1 P (B SR U SR B e AR e GE G TN G SR SR
8
P LIMITING SEAKEEPING FACTORS
0 NG SEAKEEPING THRESHOLO EXCEEDED FOR WAVES WITH :
SIGNIFICANT HEIGHTS UP TO 32.0 FEET :
1 12,0 OEGREE SINGLE AMPLITUDE AVERAGE ROLL
. 2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOTION SICKNESS INOICATOR
(20 PERCENT OF LASORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)
. BOTTOM PLATE DAMAGE
s 3 SLAMS IN 100 MOTION CYCLES
3 ONE DECK WETNESS EVERY TWO MINUTES
7 12.8 DEGREE DOUBLE ANPLITUDE SIGNIFICANT ROLL
s 6.0 DEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH
b 9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK
10 SONAR OOME EMERGENCE CRITERION

(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMFICANT WAVE HEIGHT (FEET)

SUS ISP SISV ISSITLIIBIISINISIIIISIINNG

AN it s N A Bl oxl

SHIP HEADING ANGLE IN OEGREES

SHIP
SPEED 0 15 30 &5 60 75 90 105 120 135 150 165 188
. (KNOTS)
L] 32 32 2 17 14 g7 8 11 19 31 32 32 3
19 32 32 32 22 12 15 & 9 1& 21 28 32 32
18 32 32 32 32 17 15 8 7 10 15 21 19 19
20 32 32 32 32 30 12 8 v & 12 16 15 1S
4 23 32 32 32 32 32 10 8 6 7 10 16 13 13
C-1




LIMITING FACTORS FFG 7

GENERAL CRITERIA ONLY
(1 -~-6)
9.0 SECOND MODAL WAVE PERIOO

SHIP * FOLLOWING 8EAN
SPEED * SEA SEA
(KNOTS) *

*0 15 30 45 60 75 90 105 120 135 150

HEAD
SEA

165 180

S VSSTVSIVITIFIF IS IITTIITTTISISTSBISIBIBISVSVIBIISIIISIVIIVISSISIOSENS

5 5 2 0 1 1 1 1 3 3 1 1 2
10 : 0 8 0 1 1 1 3 3 3 3 3
15 : 0 0 ] 0 1 1 3 3 3 3 3
20 : 0 [} e 0 1 1 3 3 3 3 3
25 * 0 0 0 0 1 3 3 3 3 3
LIMITING SEAKEEPING FACTORS
0 NO SEAKEEPING THRESHOLO EXCEEOED FOR WAVES WITHM
SIGNIFICANT HEIGHTS UP TO 32.0 FEET
1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH

3 MOTION SICKNESS INDICATOR

(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)
BOTTOM PLATE DAMAGE

3 SLAMS IN 100 MOTION CYCLES

ONE DECK WETNESS EVERY TWO MINUTES

12.8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL

o o N o Wn

10 SONAR DOME EMERGENCE CRITERION
(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMIFICANT WAVE HEIGHT (FEET)
SISIIIISSIUSSIIISINISIINSIIIIIIIINES

SHIP HEAGING ANGLE IN OEGREES

SHIP
SPEED 0 15 30 &5 60 75 90 105 120 135 150 165 180
(KNOTS)

5 29 32 264 15 12 13 11 12 18 22 27 29 29
10 32 32 32 25 13 16 11 10 16 19 2& 27 27
15 32 32 32 32 19 15 11 9 11 13 16 118 19
20 32 32 32 32 30 14 11 8 8 10 11 12 13
25 32 32 32 32 32 13 11 T 7 8 9 10 10

C2

6.0 DEGREE OOUBLE AMPLITUDE SIGNIFICANT PITCH

2

2
3
3
3

7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO OECK

W W W NN




5 LINITING FACTORS FFG 7

< SHIP ® FOLLOWING

i

GENERAL CRITERIA ONLY
t1-6)
11.0 SECOND MOOAL WAVE PERIOOD

BEAN HEAD
SPEED *  SEA SEA SEA
(KNOTS)
*Q 15 30 A5 60 75 90 105 120 135 150 165 180
VSV SVIIIUSUIVIVIB VLSV IVIVIISIBIIIIIEVRISUITIIIIIBIIBIVISNILISIS IS
L ]
S8 2. %, 6 8, 4,3 B4 4 R R
M. 8. 02 & _$..% ¥ B B ¥ 2 W 2
L
LB S PN R T S W TR O S S e vt e
L 2
20 *¢ ¢ ¢ 0 o 1 3 3 3 3 3 3 3
T EE N DU PRI VIR RS P GRS RS REE e ST S g
LIMITING SEAKEEPING FACTORS
0 NO SEAKEEPING THRESHOLD EXCEEDEQ FOR WAVES WITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEET -
1 12.0 DEGREE SINGLE ANPLITUOE AVERAGE ROLL
‘ 2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOTION SICKNESS INDICATOR
(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 WQURS)
. BOTTOM PLATE DAMAGE
5 3 SLAHS IN 100 MOTION CYCLES
6 ONE DECK WETNESS EVERY TWO MINUTES
7 12,8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
® 6.0 DEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH
9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE MELO DECK
10 SONAR DOME EMERGENCE CRITERION
(378 DETECTION OPPORTUNITIES)
? ACCEPTABLE SIGMFICANT WAVE HEIGHT (FEET)
}' SOV ISSVS SIS S SITLIIIBIRISIIIINRINIGY
i
i SHIP WEADING ANGLE IN DEGREES
@ SHIP
| SPEED 0 15 30 &S 60 75 90 105 120 135 150 165 180
: - (KNOTS)
i s 30 30 29 17 14 15 14 16 17 20 24 25 28
: 10 32 32 32 30 16 16 16 13 17 22 23 24 2%
: 15 32 32 32 32 23 18 e 11 12 14 17 18 18
| £ 20 32 32 32 32 32 18 14 10 10 11 12 12 13
L § - 2s 32 32 32 32 32 17 t» 9 8 & 9 9 9
i E
i

A

C3
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s e~ )

LIMITING FACTORS FFG 7 GENERAL CRITERIA ONLY
> : (1 =-6)
13.0 SECOND MODAL WAVE PERIOD

E SHIP ® FOLLOWING BEAM HEAD

SPEED * SEA SEA SEA 3
(KNOTS) ®

0 15 30 &5 60 75 90 105 120 135 150 165 180

SIS VLISV IVIFGVSSVSITIUIST S IV IV IIIIBBTSIBISIIILIIBEIIIIINNNNS

R U 7 P . g e e e e

8
s ® 2 2 2 1 1 1 3 1 1 1 2 2 2
L ]
10 * 2 2 2 0 1 1 3 3 3 2 2 2 2
L
15 * 0 0 ° 0 1 1 3 3 3 3 3 s s
3 L
g 20 =0 (] ° (] (] 1 3 3 3 3 3 3 3
L J
25 =g 0 (] (] 0 1 3 3 3 3 3 3 3
LINITING SEAKEEPING FACTORS
0 NO SEAKEEPING THRESHOLD EXCEEDED FOR WAVES WITH
SIGNIFICANT MEIGHTS UP TO 32.0 FEET
1 12,0 DEGREE SINGLE AMPLITUODE AVERAGE ROLL
2 3.0 OEGREE SINGLE AMPLITUDE AVERAGE PITCHW .
3 MOTION SICKNESS INOICATOR
(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENSE EMESIS WITHIN 2 HOURS)
“ BOTTOM PLATE DAMAGE ;
s 3 SLAMS IN 100 MOTION CYCLES 1
6 ONE DECK WETNESS EVERY THO MINUTES i
7 12,8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL f
[} 6.0 DEGREE DOUBLE AMPLITUOE SIGNIFICANT PITCH |
9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO OECK g
10 SONAR DOME EMERGENCE CRITERION ?
(3/5 DETECTION OPPORTUNITIES) ‘
ACCEPTABLE SIGAIFICANT WAVE HEIGHT (FEET)
SYPSSUVIVIISIV BB USRIV SIBILIFIVINIINEINIINGY
SHIP HEADING ANGLE IN DEGREES
SHIP
SPEED 0 15 30 &5 60 75 90 105 120 135 150 165 180
(KNGTS)
5 30 30 30 22 17 18 18 20 20 22 26 25 2%
10 32 32 32 32 20 20 18 17 23 26 24 2& 2&
15 32 32 32 32 29 23 19 4 15 18 20 19 19
20 32 32 32 32 32 22 19 13 12 13 13 14 1&
25 32 32 32 32 32 22 19 11 10 10 10 10 11

C-4




ARG s e BB 0

S L

LIMITING FACTORS FFG 7 GENERAL AND HELICOPTER CRITERIA
: % 5\9 %
7.0 SECOND MODAL WAVE PERIOD

SHIP * FOLLOWING BEAM HEAD
= SPEEO * SEA SEA SEA
(KNOTS) *

*0 15 30 45 60 75 90 105 120 135 150 165 180

(I E 22T R 22 2 A2 222 A2 22 R I R R R R R A R R R R R R S R R R R L

5 E s ¥ % = ¢ = 2 % T % % B %
i =8 & * * 2 & % R % §& % ®
15 E £ ¢+ ¢« *» T % &5 %8 % R B OB 13
%Y % * 2 3 % E B2 R B O®BR
BRIt + « & R R R RE RO
LIMITING SEAKEEPING FACTORS
| ' SRR v
1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
. 2 3.0 DEGREE SINGLE ANPLITUDE AVERAGE PITCH
g 3 MOTION SICKNESS INDICATOR

(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)

AT TN
)

L) BOTTOM PLATE DAMAGE

L 3 SLANS IN 100 MOTION CYCLES

6 ONE DECK WETNESS EVERY TWO MINUTES

7 12,8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL

8 6.0 DEGREE DOUBLE AMPLITUOE SIGNIFICANT PITCH

9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK
10 SONAR OOME EMERGENCE CRITERION

(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMFICANT WAVE HEIGHT (FEET)
T T L R T TP Y Y P Py T

SHIP HEADING ANGLE IN DEGREES

SHIP
; SPEED 0 15 30 45 60 75 90 105 120 135 150 165 180
N . (KNOTS)
i s 32 19 % & S5 & 3 9% 1 13 2 WM
: 10 32 32 2 7 & 8 8 9 16 19 2% 28 ¥
g 15 32 32 32 20 6 5 8 7 10 15 21 19 19
20 £ 2 B B % & 8 7 ' BEN D
. 2s 32 32 32 20 13 3 8 6 7 10 16 13 13

AT T




|
: 3
i
LIMITING FACTORS FFG 7 GENERAL AND HELICOPTER CRITERIA v
: (1-9) ]
9.0 SECOND MOOAL WAVE PERIOD :
|
SHIP * FOLLCWING BEAM HEAD -
SPEED * SEA SEA SEA 3
(KNOTS) ® |
0 15 38 45 68 75 90 105 120 135 150 165 180
L R R R R R R R R R L R R R R R R Y R Y R RIS R R R SR R YA Y Y XY R RS YN YRR F Y YRS Y PR Y Y R Y Y )
L
5 g 7 7 7 7 7 7 7 7 ? 7 14 [
L )
10 * 8 8 14 7 7 7 7 7 4 14 [ [ 8
L ]
15 = 38 ] (1 7 7 7 7 3 3 3 [ s [ q
. E
s % % ¥ 2 .or. v o3z % 3T & 3 3
k]
2s % 8 s 8 14 7 7 14 3 3 3 3 3 3
E
_ LIMITING SEAKEEPING FACTORS
] 0 NO SEAKEEPING THRESHOLD EXCEEOED FOR WAVES WITH
: SIGNIFICANT HEIGHTS UP TO 32.0 FEET '
1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH

3 MOTION SICKNESS INDICATOR
1 (20 PERCENT OF LABORATORY SUBJECTS
4 EXPERIENCE EMESIS WITHIN 2 HOURS)

! L) BOTTOM PLATE OAMAGE
5 3 SLAMS IN 100 MOTION CYCLES
6 ONE DECK WETNESS EVERY TWO MINUTES
7 12.8 DEGREE OOUBLE AMPLITUDE SIGNIFICANT ROLL
y 8 6.0 ODEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH
| 9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK
10 SONAR OOME EMERGENCE CRITERION

(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMFICANT WAVE HEIGHT (FEET)

'.‘.l..!.i.....'.."0'.'.‘...CU.'..‘.C...

SHIP HEADING ANGLE IN DEGREES

i SHIP
! SPEED 0 15 30 &5 60 75 90 105 120 135 150 165 180
; (KNOTS)
i 5 18 16 8 S & & 6 6 6 T 10 17 18
i 10 26 25 22 8 & 5 T T 9 11 16 .17 17
| 15 20 27 25 16 6 S5 6 9 11 13 15 16 16
i 20 29 28 27 21 18 S 9 & 8 10 11 12 13
2s 29 28 280 23 12 & 9 7 7 & 9 g0 te

C-6




LINITING FACTORS FFG 7 : GENERAL AND HELICOPTER CRITERIA
(1 -9)
11.0 SECOND MOOAL MAVE PERIOD

SHIP * FOLLOWING BEAM HEAD
SPEED * SEA SEA SEA
(KNOTS) ®

® 0 15 30 45 60 7?5 90 105 120 135 150 165 180
(LRI LY PT Y IY PRI Y LY TR YT TR T Y PR T Y PRY Y TV ET Y Py Yt T e e ey e e

S E 8 8 7 7 7 7 L4 7 7 7 L4 L4 ]
10 * 8 8 7 14 7 L4 7 7 7 L4 8 8
15 E 8 8 8 7 7 ? 7 4 7 7 ] 8 ]
20 : ] 8 8 7 7 L4 7 3 3 3 3 3 3
25 * 3§ 8 8 7 7 14 7 3 3 3 3 3 3

LIMITING SEAKEEPING FACTORS
0 NO SEAKEEPING THRESHOLD EXCEEQED FOR NAVES WITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEEY
1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 OEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOTION SICKNESS INOICATOR

(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)

BOTTOM PLATE DAMAGE

3 SLAMS IN 100 MOTION CYCLES

ONE DECK WETNESS EVERY THO MINUTES

12.8 OEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
6.0 DEGREE DOUBLE AMPLITUDE SIGNIFICANT PIVCH

@w ® N &0 w -

7.0 FY/SEC SIG VERTICAL VELQCITY AT THE HELO DECK
10 SONAR OOME EMERGENCE CRITERION
(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMFICANT WAVE HEIGHT (FEET)

SO SIS IUISSUIIVIVISL IS IIIBINIIVINNIINNIGTY

SHIP HEADING ANGLE IN OEGREES
SHIP

SPEED 6 15 30 &5 60 75 90 105 120 135 150 165 1380
(KNOTS)
S

19 19 ¢ 6 S S 6 6 6 7 8 14 16

10 20 20 20 0 S5 S 7 7 8 9 12 1% 18

15 22 22 21 18 @& 6 8 10 11 13 14 14 1M

20 23 23 23 22 12 & 9 10 10 11 12 12 13

23 26 23 24 23 14 6 9 9 & & 9 9
C-7
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TIPS T T

LIMITING FACTORS FFG 7 GENERAL AND HELICOPTER CRITERIA
t1-9)
13.0 SECOND MODAL WAVE PERIOD

SHIP *® FOLLONWING BEAN HEAD
SPEED * SEA SEA SEA
(KNOTS) ¢

s 0 15 30 &5 60 75 90 105 120 135 150 165 180

SV IVIVCIITIIISIIIISIIIIVSISVIISISISIIIVISIIISIIIINSIISIBIIIIIEISENESE

»
S : 8 8 L4 7 4 L4 14 7 7 L4 7 7 8
10 ®* 8 8 8 7 14 7 L4 L4 7 14 L4 8 8
» "
1¢ * 8 8 8 7 7 L4 L4 7 7 4 8 8 8
L 2
20 * 8 8 8 8 7 L4 14 L4 3 3 3 3 s
® :
25 * 8 8 8 8 7 7 4 3 3 3 3 3 3
LIMITING SEAKEEPING FACYORS
0 NO SEAKEEPING THRESHOLD EXCEEDED FOR WAVES WITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEET
1 12,0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOTION SICKNESS INOICATOR
(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)
L BOTTOM PLATE DAMAGE
5 3 SLAMS IN 100 MOTION CYCLES
6 ONE DECK WETNESS EVERY TWO MINUTES
7 12.8 DEGREE DOUBLE AMPLITUOE SIGNIFICANT ROLL
8 6.0 OEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH
9 7.0 FT/SEC SIG VERTICAL VELQCITY AT THE HELO DECK
10 SONAR DOME EMERGENCE CRITERION
(3/5 DETECTION OPPORTUNITIES)
ACCEPTABLE SIGNIFICANT WAVE HEIGHT (FEET)
SIBIFIIIINIIIUISIISIBBR BN ISINIIIISSIFIESS
SHIP HEADING ANGLE IN DEGREES
SHIP
SPEED 0 15 30 &5 60 75 90 105 120 135 150 165 180
(KNOTS)
] 19 19 12 T 6 6 7 L AR 9 1% 16
10 20 20 20 12 7T 7 8 8 8 9 12 15 15
15 21 22 219 20 10 8 10 10 11 13 15 164 16
20 22 22 23 23 16 7 10 11 12 13 13 14 16
2% 23 23 26 25 16 T 11 11 10 10 10 10 14
C-8




ACCEPTABLE SIGMIFICANT WAVE HEIGHT (FEET)

SIS ST ISSIIIIVISIIBIISIIIIIIONISIGIINISS

LIMITING FACTORS FFG 7

SUJITIIIIISISIVIIITSNIVIIIVIVILIB VSISV IGVIISISIITIBIIBSITINIVINNNGS

© » o e e

GENERAL AND DOME EMERGENCE CRITERIA
(1 -6y 10)

T«0 SECOND MODAL WAVE PERIOD

75

1
1
1
1
1

BEANM
SEA

HEAD
SEA

90 105 120 135 150 165 180

NO SEAKEEPING THRESHOLO EXCEEDED FOR WAVES

SIGNIFICANT HEIGHTS UP TO 32.0 FEET

12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL

3.0 DEGREE SINGLE AMPLITUODE AVERAGE PITCH

MOTION SICKNESS INDICATOR

(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)

BOTTOM PLATE DAMAGE

3 SLANS IN 100 MOTION CYCLES

ONE DECK WETNESS EVERY TWNO MINUTES

“W W W w e

WITH

12.8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL

6.0 ODEGREE DOUBLE AMPLITUDE SIGNIFICANT PIVTCH

10
10
10
10
10

7«0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK

SONAR DOME EMERGENCE CRITERION
(3/5 DETECTION OPPORTUNITIES)

SHIP HEAOING ANGLE IN DEGREES

SHIP * FOLLOWING
SPEED * SEA
(KNOTS) ®
50 15 30 &S
L
s s ¢ 0 1 1
L
10 * 0 0 0 1
L )
1t s ¢ ° [ 0
L 3
20 * ¢ 0 0 [
25 * 0 0 [ 0
LIMITING SEAKEEPING FACTORS
0
1
‘
: 2
g 3
‘ .
3 S.
6
7
s
3 9
! 10
d
SHIP
. SPEED 0 15 30 S
(KNOTS)
v s 32 32 2 17
10 32 32 32 22
15 32 32 32 32
2 20 32 32 32 32
i 25 32 32 32 32

75

17
1%
15
12
10

90 105 120 135

11 19
9 16

C9

7
L4
6

10
8
L4

31
21
15
12
10

150 165 180

32
28
21
16
16

20
1§
13
12
11

10
10
10
10
10

g S Al A R i W . 3 Sk




il

e il

s

LIMITING FACTORS FFG 7

SHIP
SPEED
(KNQTS)

L
10
15
20

(1 -6, 10)
9.0 SECOND MOOAL WAVE PERIOD

GENERAL ANDO DOME EMERGENCE CRITERIA

HEAD
SEA

10
10
10
10

® FCLLOWING BEAN

ML SEA
uoc.oo:ozu!oszoooz2-00:200022-0.3300032003230.2520023200122.-223002320

E g & 2. 3 g. %, §. -8 % t 2.1

07 S R TR N U S DI R TR R R

E (] (] ] ° UL N D e 3 3 10

'3 TORN TORR WU TS WEaE SRRl PO LU R e

. PR I PR e SR Y TR N TR

2%

3
5

SHIP
SPEED
(KNOTS)
5

10
15
29
2%

T R——

o e ——

b 6 N o6 W

10

LIMITING SEAKEEPING FACTORS

NO SEAKEEPING THRESHOLD EXCEEDED FOR WAVES NITH
SIGNIFICANTY HEIGHTS UP TO 32.0 FEET

12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL

3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
MOTION SICKNESS INOICATOR

(20 PERCENT OF LABORATORY SUBJECTS

EXPERIENCE EMESIS WITHIN 2 HOURS)

BOTTOM PLATE DAMAGE

3 SLAMS IN 109 MOTION CYCLES

ONE DECK WETNESS EVERY TWO MINUTES

12.8 DEGREE OOUBLE AMPLITUDE SIGNIFICANT ROLL
6.0 DEGREE DOUBLE AMPLITUOE SIGNIFICANT PITCH
7¢0 FT/SEC SIG VERTVICAL VELOCITY AT THE HELO DECK

SONAR OQOME EMERGENCE CRITERION
(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGNIFICANT WAVE HEIGHT (FEET)
SIFSUII IS NIIIIISIIIIIIINIIIILINISIIINNS

15
32
32

SHIP HEACING ANGLE 'IN DOEGREES
30 45 60 75 90 105 120 135 150 165 180

26 15 12 13 11 12 18 22 27 20 20
32 25 13 16 11 10 14 19 24 15 15
32 32 19 15 11 9 11 13 16 13 13
32 32 30 14 11 8§ 8 10 11 12 12
32 32 32 13 11 T 7T 8 9 10 10

C-10
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LIMNITING FACYORS FFG 7 GENERAL ANO DOME EMERGENCE CRITERIA |
(1 -6, 10) ; '
11.0 SECOND MODAL WAVE PERIOD

SHIP * FOLLOWING 8EAM HEAO
SPEED * SEA SEA SEA
(XNOTS) *

28 15 30 &5 60 75 90 105 120 135 150 165 180
(TR TTTII YT TPY T TN R TR L2 AT LYY PY Y Y YTV Y TPy Y TP T Y TPy Y P T Y e T e vy

10

3 3 10 10
10 10
15 10 10 ;
20

10 10
3 3

® o e N .-
® © @ »

1
1
1
0
@

o e e e

1
3
3
3
3

desssesa
“U N« o«

W W W L
WU W W N N

3
3
3
3

LINITING SEAKEEPING FACTORS

L] NO SEAKEEPING THRESHOLO EXCEEDED FOR WAVES WITH
SIGNIFICANT HEIGNTS UP TO 32.0 FEEY

1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLIVUOE AVERAGE PITCH

MOTION SICKNESS INOICATOR

(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)
BOTTOM PLATE OAMAGE

3 SLAMS IN 100 MOTION CYCLES

ONE 0ECK WETNESS EVERY TWO MINUTES
12,8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
6.0 OEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH

o ® N o0 w o’

7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK
i 10 SONAR DOME EMERGENCE CRITERION
(3/5 ODETECYION OPPORTUNITIES)

4 - ACCEPTABLE SIGMFXCANT WAVE HEIGHT (FEET)
. SUIIICISIGIIINNINIINLIINIIINIIIINIIININS

SHIP HEADING ANGLE .IN OEGREES
SHIP
SPEED € 15 30 45 60 7?5 90 105 120 135 150 165 180

i (KNOTS)
L) 30 30 29 47 14 15 16 16 17 20 264 20 2¢
10 32 32 32 30 16 16 16 13 17 22 23 15 15
18 32 32 32 32 23 18 16 11 12 16 17 13 13
20 32 32 32 32 32 18 16 10 10 1% 12 12 12
it 25 32 32 32 32 32 417 18 9 & & 9 9% 9

C-11
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LIMITING FACTGRS FFG 7 GENERAL AND DOME EMERGENCE CRITERIA
(1 -6, 10)
13.0 SECONO MOOAL WAVE PERIOD

SHIP & FOLLOWING BEAM HEAD
SPEED * SEA SEA SEA
(KNOTS) ®

¢ 15 30 &5 &0 75 90 105 120 135 150 165 180
XTI TR YT P PPR YV PRT R Y Y PR Y VYAV LY YVYE ¥ PRTY PTYY Y PPy YT Y Y e Y T Ty Y e ey )

5 E TR U SR AR S RS e G SROL A e
C S N TR L T SR R RN e
C RS TR G SR R N T W
L T N T S e S
$% *% § & 4 & & 3 3 3 3 3 3 mu

LIMITING SEAKEEPING FACTORS
0 NO SEAKEEPING THRESHOLD EXCEEDED FOR WAVES WITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEET :
s 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOTION SICKNESS INOICATOR
(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS MITHIN 2 HOURS)
. BOTTON PLATE OAMAGE
5 3 SLAMS IN 100 MOTION CYCLES
6 ONE DECK WETNESS EVERY THO MINUTES
7 12.8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
8 6.0 OEGREE DOUBLE AMPLITUDE SIGNIFICANT PITCH
9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK
10 SONAR DOME EMERGENCE GRITERION

(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGM FICANT WAVE HEIGHT (FEET)
POSIIISIIGI NI IIIIIIIINTIINIISISITINIS Y

SHIP HEADING ANGLE IN DEGREES
SHIP
SPEED 0 15 30 &5 60 75 90 105 120 135 150 165 180
(KNOTS)
] 30 30 30 22 17 18 18 20 20 22 26 20 2¢

10 32 32 32 32 20 20 18 17 23 26 24 15 15
15 32 32 32 32 29 23 19 16 15 18 20 13 13
20 32 32 32 32 32 22 19 13 12 13 13 112 12
25 32 32 32 32 32 22 19 11 10 10 10 10 11

C-12
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» LINITING FACTORS FFG 7

ALL SEAKEEPING CRITERIA
t1-10)
7.0 SECOND MODAL WAVE PERIOD

. i

i SHIP & FOLLONING BEAM

. SPEED *
(KNOTS) ®
X

SEA
15

. * SEA
[ ]
36 &5 60 75 90 185 120 135 150 165

HEAO
SEA

150

S50 3JB9 VNIV VSTILIVIIBUIVILIBBINIBIIISITIBINSIIINININGBIBINNINES

s‘: (] ;M 7 4 7 3 7 7 7 7 10
d6 * (] 4 ¥ 7 7 3 3 3 s 9 18
»
15 : ] ° e 7 “, 7 3 3 3 3 3 10
a L TR T e SR S
25 s 9 ° 0 7 7 7 3 3 3 3 3 10
- L <
® LIMITING SEAKEEPING FACTORS
' ] NO SEAKEEPING THRESHOLD EXCEEDED FOR WAVES WITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEET
Y -
1 12.6 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
: 2 3.0 DEGREE SINGLE AMPLITUOE AVERAGE PITCH
3 MOTION SICKNESS INDICATOR
. (20 PERCENT OF LABORATORY SUBJECTS
L . > EXPERIENCE EMESIS WITHIN 2 HOURS)
I B8OTTOM PLATE OAMAGE
3 ® : s 3 SLANS IN 100 MOTION CYCLES
6 . ONE DECK WETNESS EVERY TWO MINUTES
- . 4 12.8 OEGREE OOUBLE AMPLITUOE SIGNIFICANT ROLL
E s 6.0 OEGREE DOUBLE ANPLITUODE SIGNIFICANT PITCH
L] 7.0 FT/SEC SI6G VERTICAL VELOCITY AT THE WELO DECK
-
. 18 SONAR DOME EMERGENCE CRITERION
g . (375 BETECTION OPPORTUNITIES)
ACCEPTABLE SIGM FICANT WAVE HEIGHT (FEET)
[T XE YIS YYY PR AIR R PR A R Y Y Y RS RSS2 2 2 1 2 2 2 J
SHIP MEADING ANGLE ‘IN OEGREES
SHIP
SPEED @ 15 30 45 60 7% 90 105 120 135 150 165 180
(KNOTS)
s 32 15 9 6 S 6 8 9 11 15 28 20 20
10 32 32 26 T & S 8 9 16 19 26 15 1S
13 32 32 32 20 & S 8 7 10 15 21 13 13
20 32 32 32 26 16 & 8 Y 8 12 16 12 12
2s 32 32 32 28 13 3 8 & T 10 s 11 At

10
10
10
10
10

o A A S S B AR 5 5 i s o

AN S A B




LIMITING FACTORS FFG 7 ALL SEAKEEPING CRITERIA
(1 -10)
9.0 SECOND MODAL WAVE PERIOO

SHIP ©® FOLLOWING BEANM HEAD
SPEED * SEA SEA SEA
(KNOTS) *

0 16 30 45 60 75 90 105 120 135 150 165 180

SUPIVBIVISSV IS IS IS IIVISI VISV CI S SIVIPIVITILSELETLIBIBEIIBR BRI INIIG

] E 8 L4 i L4 7 7 4 L4 14 L4 7 7 8
10 * 8 8 14 ; L4 L4 7 7 L4 7 8 10 10
15 3 8 8 8 7 7 7 14 3 3 3 8 10 10
20 : 8 8 8 7 7 7 L4 3 3 3 3 10 10
25 * 8 8 8 14 7 7 7 3 3 3 3 3 3

LIMITING SEAKEEPING FACTORS

L NO SEAKEEPING THRESHOLO EXCEEDEO FOR WAVES NITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEET

1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOTION SICKNESS IMDICATOR

(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)

BOTTOM PLATE DAMAGE

3 SLAMS IN 100 MOTION CYCLES

ONE OECK WETNESS EVERY TNWO MINUTES

12.8 DEGREE OOUBLE AMPLITUDE SIGNIFICANT ROLL
6.0 OEGREE OOUBLE AMPLITUDE SIGNIFICANT PITCH

o e N o W &

7«0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK
10 SONAR DOME EMERGENCE CRITERIOM
(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMFICANT WAVE HEIGHT (FEET)

SISV IVIIII IS IVINIVIITITIIIVIIIIIIIBIGS

SHIP HEADING ANGLE .IN DEGREES

SHIP
SPEED @ 15 30 &5 60 75 90 105 120 135 150 165 180
(KNOTS)

L] 1¢ 16 & S5 & & 6 6 6 7 10 17 18
10 28 25 22 8 & S5 7T 7 9 11 16 15 15
15 26 27 2% 16 6 S5 & 9 11 13 15 13 13
20 29 28 27 21 10 S 9 8§ 8 10 11 12 12
28 29 28 28 23 12 & 9 ? 7 & 9 10 18

b, i R




> LIMNITING FACTORS FFG 7 ALL SEAKEEPING CRITERIA
(1-10)
11.0 SECOND MODAL WAVE PERIOD

ko : SHIP * FOLLOWING BEAN HEAD
3 SPEED *  SEA SEA SEA
: (KNOTS) ®
® @8 15 30 &5 60 TS5 90 105 120 135 150 165 180
SSSVPSISVIIIVSISVIVSIV LIS SUSIIVISSISBIVIISBIBVISSENIIIIBIIIISLIISIIRS
. :
g CEEC L s R S T S MR SR R RN e S
[ ) 3
1 10 *8 & R  GORE SE SR AR M
. .
9 Y4 &% - W ¥ OOFPF P oM. OGS O4E AR
L )
20 *s & & 7 7 7 7 3 3 3 3 4 1
.98 B 8. .-3F. 0 F W 3 X X OOBT B
LIMITING SEAKEEPING FACTORS
0 NO SEAKESPING THRESHOLO EXCEEDED FOR WAVES WITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEET
1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
' 2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
3 MOTION SICKNESS INOICATOR :
(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS MITHIN 2 HOURS)
. B0OTTOM PLATE DAMAGE
s 3 SLANS IN 100 MOTION CYCLES
6 ONE DECK WETNESS EVERY TWO MINUTES
? 12.8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
s 6.0 DEGREE DOUSBLE AMPLITUDE SIGNIFICANT PITCH
} 9 7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK
B
; 10 SONAR DOME EMERGENCE CRITERION

(3/% DETECTION OPPORTUNITIES)

ACCEPTABLE SIGMFICANT WAVE HEIGMT (FEET)

SESBSIBIBIIIVIIIVISPISLISIIIBIEEIBIIIIINS

s

SHIP HEADING ANGLE .IN OEGREES

é
;
f

SHIP
SPEED 0 15 30 &5 60 75 90 105 120 135 150 163 180
(KNOTS)

5 19 19 106 6 S S 6 6 6 7 8 14 18
10 20 20 20 10 S S ? v & 9 12 15 1%
15 22 22 21 16 8 6 8 10 11 13 16 13 13
20 23 23 23 22 12 6 9 10 10 11 12 12 12
25 26 23 24 23 16 6 9 9 8 & 9 9 9

C-15
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LIMITING FACTORS FFG 7 ALL SEAKEEPING CRITERIA
(1-10)
13.0 SECOND MODAL WAVE PERIOD

SHIP *® FOLLOWING BEAN HEAD
SPEED * SEA SEA SEA
(KNOTS) ®

.0 15 30 45 60 75 90 105 120 135 150 165 180
PRSP IIIS IS IU I IS III SIS IS IU U U IS TUSIINIISIIIIIIIIISISEES

»

7 14 8

5
10

b 15 10 10
# 20

25

10 10

LR R BN
e o o o O
N N NN

N N N N~
N N N NN
W N N N N
a.u N~

W W N N N
W W & N ~N

3 10

o o o o o
o o o o
o o N

LIMITING SEAKEEPING FACTORS

0 NO SEAKEEPING THRESHOLD EXCEEDED FOR WAVES WITH
SIGNIFICANT HEIGHTS UP TO 32.0 FEET

1 12.0 DEGREE SINGLE AMPLITUDE AVERAGE ROLL
2 3.0 DEGREE SINGLE AMPLITUDE AVERAGE PITCH
MOTION SICKNESS INOICATOR

(20 PERCENT OF LABORATORY SUBJECTS
EXPERIENCE EMESIS WITHIN 2 HOURS)

BOTTOM PLATE OAMAGE

3 SLAMS IN 100 MOTION CYCLES

ONE DECK WETNESS EVERY TWO MINUTES

12.8 DEGREE DOUBLE AMPLITUDE SIGNIFICANT ROLL
6.0 ODEGREE OOUBLE AMPLITUDE SIGNIFICANT PITCH

o 6 &N o nw &

7.0 FT/SEC SIG VERTICAL VELOCITY AT THE HELO DECK

10 SONAR DOME EMERGENCE CRITERION
(3/5 DETECTION OPPORTUNITIES)

ACCEPTABLE SIGNIFICANT WAVE HEIGHT (FEET)
L T T P TR Y Y T PR P R TN T ST LR T ¥ Py

SHIP MHEADING ANGLE -IN DEGREES

B!
B |
i SHIP
| SPEED 8 15 30 &S &0 75 90 105 120 135 150 165 180
i (KNOTS)
- 5 19 19 12 ? 6 6 ¥ T T v 9 15 18
- 10 20 20 20 12 ? 7 & 8 8 9 12 15 1§
| 15 20 21 21 20 18 8 10 10 11 13 15 13 13
- 20 22 22 23 23 16 T 10 11 12 13 13 12 12
25 235 23 20 25 16 T 11 11 10 10 10 10 11

i'
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- NORTH ATLANTIC

EXBRBFEXBEBRES
CUMMER WINTE<
susnss syv¥en

GENERAL CRITERIA ONLY (Gl = 6) 0.95 J.%2

D R R B3 s SR

R s e o e e Bl i e M i

1 GENERAL AND MELICOPTER CRITEFIA (1 =9 % 0.3 Je b1

3 GENERPAL AND NOME EMERGENCE CRITERIA €1 =8, 18 9 8.9 dedt

E ALL SFAKEEPING GFITERTA (1 -10) 0.83 Je b1 i |
LB .
iE 5 KNOTS 0,77 Je 683 ;;
il : 10 XNOT3 0.92 Je5) 3

2 15 kNOTS 0.87 367 g:

20 KNOTS 0.87 J.0H ;

25 KNOTS 0.34 Jo B2

o NS




i o e ¢

(QOIY3d 3AUMI3S L ) i CR LXING HIY31TH] THH3INIO L 944

o 0 or-
{ - 1 1 0t~
. S
————
T
e ¢
s W
£ [ =
]
00
O
S
//
Y
m— 3
&
[+]
N ﬁ-
- o
W\ - =
T!
- "
-
-
- 2




(GOIY3d 3AUMI3S 6 ) (9~=1) ATINO HIW3LIHD TYH3IN39 L 944

o (] oc-
L 1

| 08~
e

C-19

23RS 2s o o




(00IW3d 3AYMI3S 11 19=11 ATINO YIH3ILIHD THY3IN3I L 944

os:
1 0s
=X
=N

-
Y
e, ¥
.
—

C-20







t1-10) { 7 SECWAVE PERIGD)

FFG 7 ALL SERKEEPING CRITERIR




i\

\

/

A
i

(A

WA 7
7, '
4 /
44

TP
J .
|

6t~ 101 (9 SECWRVE PERIOD)

FFG 7 ALL SEARKEEPING CRITERIR




LI B | | IR | B

( 11 SECWRVE PERIOD)

(1 -10)

ALL SERKEEPING CRITERIRA

FFG 7




YIH3L[HD INId33ME3S T L 944

(00IH3d 3AUMI3S €1 L
ac (4] oc-
L {15 PnV\
ltlr/‘\\/\\//
Hkee
///L
R /I’lll
%((L‘fl_
o

SRR i s

k!
1




APPENDIX D
PLOT3D PROGRAM LISTING




CALL PLOT3D (XMIN,XMAX,DX,YMIN,YMAX,DY,ZMIN,ZMAX,DZ,TITLE ,NC,F,DABOVEXY,

XMIN
XMAX
DX
YMIN
YMAX
DY

ZMIN
ZMAX

TITLE
NC

DABOVEXY
DLEFTXY

{ DABOVEXY
DLEFTXY

PLOT3D

CNA PROGRAM 27-738

DLEFTXY)

Minimum value labelled on the X-axis

Maximum value labelled on the X-axis

Value between tic marks on X-axis

Minimum value labelled on the Y-axis 3
Maximum value labelled on the Y-axis

Value between tic marks on Y-axis. Because of the Y-axis scaling algorithm,
the values at the tic marks will be ‘“reasonable’” only if MOD (YMAX-
YMIN), 50) = 0.

Minimum value labelled on the Z-axis
Maximum value labelled on the Z-axis

Value between tic marks on Z-axis
Name of array of BCD words to be used as graph title.

Number of characters in TITLE. If NC = 0, no graph title will be plotted.
If NC = 1, the X, Y, Z-axes will not be drawn or labelled. (NC < 88)

The name of a continuous function in the form: Z = F(X)Y)

The calling program must use:
EXTERNAL F
if the function is not a statement function.
Degrees above the XY plane for the viewing eye. -90.<DABOVEXY<90.

Degrees to the left of the XY plane for the viewing eye. 0.<KDLEFTXY<90.

The suggested viewing angle is:

60.0
30.0




TR

ks 2

IR (T

]

IS

§ggRgUTINE FLOTJQ (XMINOXMAX9OXo YMINS YMAX o0V ¢ ZHIN¢ ZMAX ¢OZ9 TIoNCoF »
OABOVEXYoDLEFTXY)
DIMENSION X (2500 ,Y(250)¢XG(1000)+G(1000),XH(1000) ,H(1000),
. XG1(1000),61(1000),TI(L)
CALL NEW PLOT
17=90.-0ABOVEXY
ZLNTH=(22%6) /790,
ZINTH=ZLNTH S IF (ABSF(ZLNTH)<GT.6) ZZNTH=ABSF(ZLNTH)=~6.
IF (DLEFTXY.LT.90) XLNTH=TANF(OLEFTXV®,0174532925) *ABSF (6 ~ZZNTH)
IF (OLEFTXY.GE«90) XLNTH=9
XLNTH=9=XLNTH
NG=0 $ NGi=-3
N=250 $ Nia-N
c NFNS=50 $ MAXOIN=1000
NFNS=51 $ MAXDINM=1000
CN=NC $ XLNTH=SIGNF(XLNTH,CN) § ZLNTM‘S!GNF(ZLNTN.GN’
DELTAX=(XMAX=XMIN)/ABSF (XLNTH)
DELTAZ=(ZMAX=ZMIN) /ABSF (ZZNTH)
¢ VOX=(XMAX=XMIN)/250. $ VOY=(YMAX-YMIN)/SO0. $ IDY=DY/VOY+.999
VEX=(XMAX=XMIN) /250 § VOY=(YMAX-YMIN)/(NFNS-1)
00 500 I=1,1000
500 XG(IN=G(I)=aXHII)=H(I)=XGL(I)=61(I)=0

V=XMIN $ LX=N $ DO 10 I=i,LX $ X(I)=v

10 V=V+VDX $ LY=NFNS S V=YNIN $ 00 3 I=1,LY $ VYY=V § v=VevOY
00 12 J=1,LX
Y(2)=FIX(J)pYY)

12 CONTINUE
CALL HIDE(XsYoXGoGoXHyHoNGoyNAXDIMoNoNFNSyTI o XLNTHy ZLNTH, XMIN,

c . DELTAXy ZMINSDELTAZ o 19 XMINy XHAX s OXs YMINs YMAXoVOY o IOY o ZNIN
o DELTAXy ZMINJOELTAZ 919 XMINXMAXsOXo YHINJYMAXoVOYy OV ZMIN,
s ZMAX 024 NC)

CALL HIDE (XoYoXGLloGloXHeHoNGLoMAXDIMyNLy09OHNOTTLE 9 XLNTHoZLNTH,
c . XMINGOELTAXy ZHINJDELTAZ 909 XMINy XMAX 90Xy YMINYHMAXoVOY o IOV ZMIN,
L4 XMINoOELTAXy ZMINoDELTAZ 0o XMINy XMAX 9 OXo YMINoYMAX VDY s DY oZMIN,
. IMAX4D0Z4NC)
3 CONTINUE $ CALL PLOT OFF (ABSF(ZLNTH)) $ END




71

76

; 147
74

46

L3

4040

42

&3

§u EQHIINE N;Og (XoYoXG oGy XHyHoNGy MAXDIMoNL ¢ NFNSy TITLE o XLNTH,
YYYYLNTH XMINoOELTAX, YMIN,DELTAY,ITOPBOT s XXMINy XXMAX o
XOXoYVYMINg YYMAX 9 YOY o IYOY 9 ZZMINoZZMAX 9 ZDZ4yNCTITLE)
. XOXoYYMINoYYMAX9YOY, DYyZZMINoZZMAXZOZsNCTITLE)
DATA (EPS1=,0000000001) 4 (NOTTLE=6HNOTTLE)
OIMENSION X(1),Y(1)9XG(1)+G(1)sHIL)XH(L),TITLE(L)
INTEGER TITLE
EQUIVALENCE (KiyINHICH) 3 (K2,SLOPE) 4 (FNSM1+Z1)(IGGP1oK1) o (K1,N2)
FUXXoXToYIoXIPLy YIPL)=VI#+ (XX=XI) *(YIP1=-YI)/ (XIPL=XI)
YLNTH=YYYYLNTH
IF (ABSF(YYYYLNTH)oGTe6) YLNTH=SIGNF (ABSF(VYYYLNTH) =6.9 YYYYLNTH)
IF (MAXDIM.LE.O) RETURN
00 71 I=2,N1
IF (X(I-1).LT.X(I)) GO TO 78
MAXDIMN=0 §$ GO TO 75
CONTINUE
IFPLOT=1
IF (N1.GT.0) GO 7O 76
Ni=-N1
IFPLOT=0
IF(NG.GT.0) GO TO 5000
IF(N1+&.LE.MAXDINM) GO TO 7&
MAXOIM = =MAXOIM
RETURN
SIGN = 1.
IFING.LT.=1) SIGN = -1,
IF(NFNS.LE.0) GO TO 46
FNSM1 = NFNS~-{
OXIN = (9.-ABS(XLNTH))®DELTAX/FNSM1
DYIN = (6.-ABS(YLNTH))®DELTAY/FNSM1
IF (ABSF(YYYYLNTH).GT.6) DYIN=-DYIN
IF(NG.EQe~1.0RcNG.EQe=3) GO TO b1l
CALL PLOTZ8Z4 (11.40.42)
CALL PLOT28Z4 (11.+8.5,1)
CALL PLOT28Z4 (0.+8.5,1)
CALL PLQOTZ8Z4 (0e90.41)
IF (ABSFUYYYYLNTH).LE.6) CALL PLOTZ824 (1.92.0,=3)
IF (ABSF(YYYYLNTH).GT.6) CALL PLOTZ824 (1:45.0,~-3)
IF(TITLE(1) S NE«NOTTLE.ANDNCTITLE.GT.0) CALL PSYNB (=¢289=1.9.1b)
®TITLEs 0. oNCTITLE)
IF(XLNTH.LT.0.) GO TO 42
IF (ITOPBOT.NEe1) GO TO &2
IF (XLNTH.EQ.0.) GO TO 4040
CALL PAXIS (9¢~XLNTHy0eyXLNTHs00e 9 XXMINyXXMAXyXOX)
IF(YLNTH.LT.0.,) GO TO &3
IF (ITOPBOT.NE.1) GO TO 43
IF (XLNTH.EQ.Ge0.ANO.YLNTH.EQ.6.0) GO TO &2
IF (XLNTH.EQ.0.0R.YLNTH.EQ.0) GO TO &2
CALL PAXISY (9¢=XLNTH90e90e96s=YYYYLNTH,NFNSoYYMIN,YOY,IYDY)
CALL PAXISY (9¢=XLNTHy0ep0e96e=YYYVLNTHoNFNSyYYMIN,YOY, OV)
IF(YLNTH.LT.0.) GO TO 43
IF (ITOPBQT.NE.1) GO TO 43
IF (YLNTH.EQ.0.) GO TO 43
CALL PAXIS (0e¢96e=YYYYLNTHyYLNTH990.9ZZMINsZZNAX,202)
INDEXT=3

D-3
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5000
&9
48

31

32
1100

1001

00 3 J = 1,NL

XGC(INDEXT) = X(J)

GU(INDEXT) = SIGN®*Y(J)

INOEXT = INDEXT+t

EPS = EPS1®(ABS(XMIN)+ABS (DELTAX))
NG = Ni¢§

XG(1) = =FNSM1®DXIN¢XMIN-ABS(XMIN)=ABS(XG(3)) -1,

XG(2) = XG(3)-EPS

XG(N1¢3) = XGINL142)+EPS

22=YMIN

IF(SIGN«LTe0o) 22 = =YMIN-50.°DELTAY
G(1)=6(2)=G(N1+¢3)=6(NG)=22Z

XSTART = XMIN-(9.,-ABS(XLNTH))®DELTAX

IF(IFPLCT.EQ.1) CALL POATA(XoYoNi.OcloXSTARToDELYle'
YMINGDELTAY 40741, ITOPBOTABSF(YYYYLNTH))

DXKK=DYKK=0

RELINC = DELTAX/DELTAY
XGING) = SIGN

RETURN

SIGN=XGING) $ XGING)=X(N1)
IF INFNS) 52,648,469

OXKK = DXKK+DOXIN

OYKK = DYKK¢OYIN

00 & J = 1,N1

Y(J) = SIGN® (Y(J)+DYKK)
X{J) = X{€J)=DXKK

CALL LOCKUP (X(1)4XG(1)4JJ)
IF (JJ.GE.MAXDIM) GO TO 700
DO 31 J= 1,4J

XHEJ) = XG(J)

HtJ) = GLN

IG = Jy+t

XH(IG) = X(1)

HIIG) = FUIX(L)oXG(JII) G (IJ) ¢XG(IG) G (IG))
INDEXG = JJ

INCEXT = ¢

71 = X(1)

F1 = H(IG)-Y (1)

IT = 2

JJ =16

IF(H(IG) «GE.Y(1)) GO TO 32
IF(JJ.GE.MAXDIN) GO TO 700
JJ = 16¢1

HUJJ) = V(L)

XH(JJ) = Z4¢EPS

LAST = @

X1 = 7%

IF(XG(IG) .LTX(ITY) GO TO 1004
IMHICH = 0

X2 = X(IT)

F2 = FIX24XG(IG=1) 4G IG=1) yXG(IG)¢GLIG))=YIIT)

IT = ITed

G0 TO 1002
X2 = XG(IG)
IMHICH = {

i
;A
|
q
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1002

1007
1005

1008

1006

12
712

F2 = GUIG)-F(X29X(IT=1) oY (IT=1)sX(IT),Y(IT))

I6 = IGet

IF(F1*F2.GT.0.) GO TO 1005

SLOPE = (F2-F1)/ (X2-X1)

IGG = IG-1~IWHICH

ITT =IT=-2+IWHICH

%;(ABS;SLGPE'RELINO).GT.loE-G) GO TO 1007
= X

GO TO 1006

22 = X1-F1/SLOPE

GO TO 1006

Xy = X2

FL = F2

IF(IT.LE.N1) GO TO 1100

LAST = 1

22 = X(M)

CALL LOOKUP(Z2,XG(INDEXG) +IGG)

IGG = INDEXG+IGG~1

ITT = Ni-1

27 = ,99%71+.01%72

CALL LOCKUP(ZZ+X (INDEXT)¢ K1)

CALL LOOKUP(ZZoXGU(INDEXG) K2}

K1 = K1¢INDEXT=-1

K2 = K2+¢INDEXG=-1

IF(F(ZZoX (K1), Y(KL) 9 X(KL121),Y(KL1¢1))aGT,

1 FUZZ4XGIK2) 4G (K2) 4XG(K2¢1),G(K2+1))) GO TO 7
IF(JJ+IGG-INCEXG.GE.MAXDIM) GO TO 700
IF(INDEXG.EQ.IGG) GO TO 712
J1 = INOEXG+1
D0 12 I = J1,166
JJ = JJet
XHUJJ) = XGII)

H(JJ) = G(I)

JJ = JJet

XH(JI) = 22

HUJJ) = FUZ24XGLIGG) »G(IGG) ¢XG(IGG#1)4G(IGG*1))
INDEXG = IGG

INDEXT = ITT

GO TQ 60

NGRAPH = ITT-INDEXT+2

IF (JU¢NGRAPH-1.GT.HAXDIM) GO TO 700

N2 = JJ

IF(NGRAPH.EQes2) GO TO 9

Ji = INOEXTed

00 11 I = J1,ITT

Jd = JJet

XHIJJI) = X(I)

HUJJ) = Y(I)

JJ = JIel

XHUJY) = 22

HEJJ) = FUZ24XIITT) o YCITT) o XCITT L), YI(ITT 1))
IF(IFPLOT.EQ.1) CALL PDATA(XHIN2) ¢4H(N2) ¢NGRAPHy 041,

LXSTART yDELTAX sSIGN®*YMIN,SIGN®DELTAY 4. 07yN2, ITOPBOT ,ABSFUYYYYLNTH)?
INDEXT = ITT
INDEXG = IGG
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IFILAST.EQ.4) GO TO 6%

X1 = %2

Fi1 = F2

1 = 22

IF(IT.LE.N1) GO TO 1100

G0 7O 1008

IFAXGING) LEXGING=1)) NG = NG-{
IF(XGING) «LE.X(N1)) GO TO 33
IF(JJI*3¢NGC-1GG.GT . NAXDIN) GO TO 7060
XH(JJIel) = XHJJI)*EPS

Jd = JJed

HEJJ) = FIXINLDoXG(IGG) oG(IGG) 4 XG(IGCG+1),G(IGGH1))
IGGPL = IGGet

DO 36 J = IGGPL,NG

JJd = JUel

XHJJ) = XG(I)

HEJJ) = G

NG = JJe2

IF(NG.GT.MAXDIM) GO TO 700

00 13 I = 1,4

G(I) =H(I)

XG(I) = XH(I)

XGlJJ+1) = XGUJJ)+EPS

GlJJe1) = YMINDYKK 2
IF(SIGNeLTo0s) G(JJI¢1) = ~YNIN=50,%DELTAYSDYKK
GING) = GlJJel)

IF INFNS.LT.0) GO TO S3

00 82 I = 1, Ni

X4I) = XLIDDARK

Y¢I) = SIGN*Y(I)-DVYKK

XGI(NG) = SIGN

RE TURN

MAXOIN = =MAXODIN

GO TO 66

ENO




DIMENSION L1

J=2

IF(XTBLIJ)=X) 1,2,3
Jd = Jeg

G0 TO &

RETURN

J = J=q

ENOD

WUN e

;ggggg*éﬁ;y;*%le (XoVoNoJoLoXMINoOXs YNIN DV oHT ¢ ISA,ITOPBOT, YYYLNT)
OINENS 27 (1)

IF (YYYLNT.GT.6) 90,91
91 YYMAX=6.5 $ VYYVYMIN=-2, $ GO TO 92
90 YYMAX=3.,5 $ VYYVYMIN=z-S,
92 XXMAX=10. $ XXMIN==1, $ XSCALER=YSCALER=1,
NP0 $ IND=3 $ 00 1 I=i,N
Z1=(Y(I)=YMIN) Z/OY*YSCALER
X1=(XC(I)=XMIN)/Z/DX*XSCALER :
IF (21.LT. VVHIN.OR.zt.st.anAx.on.lt.LT.lxntN.OR-!l.Gf.X!ll!l 2.3
2 IND22 § IF (NP-5) 1301204
12 PRINY 60 $ GO TO 1%
60 FORMAT(®O0AFTER 5 POINTS OUT OF RANGE, PRINTING IS OISCONTINUED.®)
13 IF (NP.EQ.O0) PRINT 26
26 FCRMAT(*0 *)
PRINT 25¢X(I)oYU(I)oXMNINgYMINGOX, OV
25 FCRMAT(® POINT QUT OF RANGE X =%,E10.2.* Y s%,E10.2,
88 XMIN 2%,E10029" VYMIN =%,E10,2¢® OX =%,E10.2+°* OV =%,£10.2
) 2
16 NP=NPe¢1
IF (Z1.LT.YYMIN) ZAsYYMIN $ IF (Z1.GT.YYNAX) Z1sYYMAX
IF (XLoLToXXMIN) Xi=XXMIN $ IF (X1.GToXXMAX) Xi=XXMAX
3 CALL FLOT28Z4 (X1021+IND) $ IND=2
1 CONTINUE $ END

R PSY (XoVoHToToTHN)
CALL SYMBOL (XoYoHTo ToTHoN)
END
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EUGQOUYINE EIX‘: (XoVoSeTHETALFMINsFNAX,OF)

OCON=, 01745329252

XI=SINF (THETA®OCCN) $ YI=COSF(THETA®OCON)

XX=X $ VY=Y § V=FMIN $ XIN=S/((FMAX=FMIN)/OF)

IS = (FMAX=FMIN) /OF¢1 § ISW=1

CALL PLOTZ8Z4 (XeYe3) $ CALL PLOTZBZN (XeYe2) $ 00 1 I=1,IS
CALL PLOTZ826 (XX,VYY,2)

CALL PLOTZBZ&4 (XX=e10®XI,YV=-o10°YI,1) § CALL TICVAL (V,IB,N)
CALL SYMBOL (XX=(N/30.)*YI=(N/15:¢¢25)*XI4VY=o3%Y1,.08¢1IBy0.s9N)
CALL PLOTZ8Z& (XXoYYe3) $ V=VeDF $ XX=XX¢YI®XIN
YY=YY¢XI®XIN $ GO TO (1,2),ISW

CONTINUE $ IF (V=-DF.GE.FMAX) GO TO 2

IF (XXeGToX¢S) XX=X4S § V=FMAX

IF (YY.GT.Y4S) VYY=veS § ISHN=2 & GO TO 3

CALL PLOTZ8Z4 (0.40.03) $ END

SUBRQUTINE PLOT OFF (2)
IF (Z.LE.6) CALL PLOTZ28Z& (~1c9=209-3)

IF (Z.6T.6) CALL PLOTZ8Z4 (=1¢9=5.9=3)
CALL PLOTZ8Z& (0,0,0)
ENC

R W
DIMENSION ISEQ(
DATA (ISEQ=8H SEQ NO ), (IENTRY=1)
IF (IENTRY) CALL SEQPL (ISEQ(2)) $ TIENTRY=0
CALL SKPFRM
CALL SYMBOL (e2598.59¢191SEQy0.4912)
CALL PLOTZ82Z& (0¢90.,3)

ENOD
SUBRQUTINE 1‘; ¥lL (X,I8CO,NC) $ DIMENSION IBCO(2)
IBCO(2)=1H =500 $ CALL GAWCODE (X,IBCOsIE,NC)

IF (IE.EQ.0)RETURN $ EE=IE $ IEE=500 $ CALL GAWCODE(EE,IT,IEE,NCH)
CALL MOVE(1HE1,IBCOsNC#1+1) $ CALL MOVE(IT¢+1+IBCD9sNC#2¢NCH)
NC=NC+NCH¢1 S ENO

i
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c UBROUTINE PAXISY(X1,Y19X29Y29Ne FMINOF¢INC)
v DIMENSION IB(2)
DIST = SQRTF((X2-X1)%%24(Y2-Y1)®*2) § COs=8
i c OELTASOIST/Z(N=1.)*INC

N

OELTA=0IST®00Y/( (N=1) ®0F) 3 i
SLOPE=(Y2-Y1)/(X2=-X1) $ IF (X2.EQ.X1) SLOPE=1E300 |
XXaX4i $ VYv=vYi $ VsFHMNIN
CALL PLOTZOZ4 (XXeYY,3) $ CALL PLOTZ8Z6 (XXeYYe2)
3 X=XX=SORTF(.01/((-1/SLOPE)*%2+1))
YsYVe(=1/SLOPE)® (X=XX)
CALL PLOTZ8Z4 (XeYe1) § CALL TICVAL (V,IB,NN)
CALL SYMBOL (X=(NN/15.¢.06) oV=c06,.08+I8,0,¢NN)
CALL PLOTZ8ZH (XX,YY,3)
c V=Y+DF*INC $ 1IF (CO.GE.DIST) GO TO &
V=v+ 00V $ IF (CO.GE.DIST) GO TO ¢
CO=CO*0ELTA 8 1IF (CD.GCVT.DIST) CO=DIST
IF (CO.EG.DIST) V=FMIN®DF®(N-1)
: CALL PLCTZ8Z4 (XXoVYY,2)
3 XX=X1=SORTF (CO®*2/(SLOFE®*2+1))
E YYsYL6SLOPE®(XX~-X1) $ CALL PLOTZBZG(XXsVVe1) $ GO VO 3
1 CALL PLOT20Z6 (0.+0.,3) $ ENO




