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Summary

This report describes a systematic study aimed at establishing the capabilities of
evacuation systems, namely freefall, installed on offshore structures as a function

of installation conditions, and load capacity of the life craft.

Using the U.S. Department of Commerce, National Technical Information Service
Lifeboat Analysis System (LAS), it was possible to predict the behaviour of a
freefall lifeboat deployed from a freefall ramp evacuation system located on a

fixed platform into calm weather conditions.

The simulations involved the investigation of the behaviour of a freefall lifeboat
from when the lifeboat is released to the time it enters the water. Weather
conditions were not a factor, so seas remained at Beaufort 0 (calm). Particular
attention was focused on the effects of survival craft longitudinal centre of gravity

(LCG) conditions (either forward or aft), ramp offset, and ramp angle.
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the point within an object at which the force of gravity can be
considered to act (CG)

Escape, Evacuation, and Rescue

the vertical distance from the water surface to the last roller
of the launch ramp

begins at the end of the rotational phase, and continues until
the boat comes into contact with the water

a rail located on the freefall lifeboat that rides on top of the
launch rail during deployment
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the angle that the launch ramp is oriented with respect to the
horizontal

part of the launch ramp. It consists of rollers that the guide
rails of the lifeboat ride on during deployment
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1.0 INTRODUCTION

This report covers a series of systematic computer simulations based on a

freefall evacuation system deployed from a fixed offshore installation.

The simulations are aimed at evaluating lifeboat evacuation capabilities as a
function of ramp conditions and longitudinal centre of gravity (LCG) position. This
will be further used to supplement the results of freefall physical model scale

experiments.

A specific group of performance measures was found to have practical use for
evaluating evacuation capabilities from earlier research phases. This provided

guidance for the initial conditions used during the simulations.

The program that was used to evaluate the behaviour of a freefall lifeboat during
deployment was the Lifeboat Analysis System (LAS), developed by the National

Technical Information Service (NTIS), U.S. Department of Commerce.

The launch prediction model evaluates the freefall lifeboat launch by dividing it
into four phases; the ramp phase, rotation phase, freefall phase, and water-entry
phase. “The lifeboat is idealized as a three-dimensional rigid body. The shape of
the lifeboat, its weight and inertial characteristics, and the free-fall height and
launch angle are defined by the analyst. The launch prediction model can be
used to compute the trajectory, acceleration, and velocity of the lifeboat from the

time that it is released until after it has entered the water.” (Nelson 1991)

The simulation work dealt only with the evacuation phase of the Escape-
Evacuation-Rescue process. The launch process is of interest, starting with the

release, and ending with splash down.

2.0 STUDY OBJECTIVES

The main objective of this work is to evaluate the performance of a totally
enclosed motor propelled survival craft (TEMPSC) launched from a stationary
platform. The effects of changing the system’s configuration or arrangement are

quantified in this report. Three different configuration parameters were varied:

Institute for Ocean Technology 1 Mc 'cmc
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LCG position (either forward or aft location with respect to the original LCG),
ramp angle, ramp offset (length in front of the lifeboat’s guide rail to the end of
the launch ramp). Height above the calm water and hull-rail clearance of the

TEMPSC were constant throughout all tests.

The simulation data was used to supplement the physical model scale
experiments that were conducted at the Institute for Ocean Technology (IOT),
Offshore Engineering Basin (OEB) during the months of January and February
2003.

3.0 SIMULATION SETUP

The NTIS Lifeboat Analysis System is a developed numerical model that predicts
the launch behaviour of freefall lifeboats. “The lifeboat is idealized as a three
dimensional assemblage of triangular plates. The trajectory and orientation of the
lifeboat during launch are predicted in two-dimensional space. The complete
launch is divided into four distinct phases: the ramp phase, the rotational phase,
the free-fall phase, and the water entry phase.” (Nelson 1991) The analyst has to
define the characteristics of the freefall lifeboat such as hull and canopy shape,
weight, and inertial parameters. The initial launch conditions are also specified by

the analyst such as freefall height, launch angle, and ramp offset.

3.1 Simulated Models
3.1.1 Totally Enclosed Motor Propelled Survival Craft (TEMPSC)

During the physical freefall model testing, a 1:13 model of the freefall lifeboat was
constructed. Using the program Rhinoceros, a 3D modeling program, a three-

dimensional model was created of the freefall lifeboat.

Institute for Ocean Technology 2 Mc 'cmc
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Figure 3.1 Physical freefall model Figure 3.2 Simulated freefall lifeboat

The digital model of the lifeboat was then multiplied by a scaling factor of 13 to
accurately represent a full-scale freefall lifeboat. The model needed to be defined
by using a “network of nodes on the surface of the hull and canopy and a series
of triangular plates that are connected to these nodes.” (Nelson 1991). There
were problems encountered during this procedure. The first mesh created
contained 777 unique nodes, and 1161 triangular plates. The program returned
an error message indicating the maximum number of nodes and plates to be 400
and 600, respectively. A less dense mesh was then generated, containing 286
nodes and 367 triangular plates. The difference in the two meshes can be

observed in figures 3.3 and 3.4.

Figure 3.3  High density triangular meshes

Institute for Ocean Technology 3 Mc 'cmc
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Figure 3.4  Low density triangular mesh

The mass properties were then calculated by using the hydrostatics and swing

results of the 1:13 freefall model, located in Appendix 1. Since the data used was

at a scale of 1:13, it had to be adjusted accordingly. This was done by using the

following equations:

where:

Im

L=ALm (1)
V=2Vm (2)
I=21Im (3)

scaling factor

length of full-scale vessel

length of model vessel

volume of displacement of full-scale vessel
volume of displacement of model vessel
mass moment of inertia of full-scale vessel

mass moment of inertia of model vessel

The lifeboat analysis system requires launch guides located at half the height of

the boat, however, in the physical model experiments used a single launch guide

located at the keel of the boat was used. To make the guide rails the same

Institute for Ocean Technology 4 Mc 'cmc
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(simulation and physical models), the guide rail of the computer-simulated
lifeboat was lowered to the keel. This was achieved by locating two nodes which
correspond to the keel of the boat, and enter their unique coordinates into the
input file. After a couple of attempts following this approach the guide rail was

successfully moved to the keel.

3.1.2 Freefall Deployment System

The deployment system consisted of a launch ramp set at some angle with
respect to the horizontal. For this series of simulations ramp angles of 25°, 35°,
and 45° were used. The ramp was outfitted with rollers to allow the boat to travel
freely. The height of the rollers to the keel of the lifeboat was adjusted so that it

was equivalent to the physical model.

The center of gravity of the boat was 25.0m above the still water surface. The
simulation program also allowed the analyst to adjust the launch offset that is the
distance from the end of the launch rail to the end of the launch ramp. This was

set to 4.85m for the normal conditions.

Figure 3.5 Launch system showing 1:13 scale TEMPSC model

Institute for Ocean Technology 5 Mc 'cmc
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Figure 3.6  Simulated launch system showing freefall lifeboat in launch
configuration

3.2 Initial Conditions

To study the effect of launching a freefall TEMPSC with different loading
conditions, the center of gravity of the boat was moved forward and aft of its
normal position. The ramp angle was altered to study the behaviour of the boat
when launched from different angles, and the length of the ramp was increased
or decreased depending on the simulation at the time to determine if a change in

ramp offset has any beneficial impact on the lifeboat behaviour.

3.3 Data Collection

The Lifeboat Analysis System has the capability to graph and tabulate the
simulated data, however, due to some incompatibilities with I0T’s system, this

was not possible. A method was derived by which the data generated was

Institute for Ocean Technology 6 Mc 'cmc
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exported to a data analysis program called IGOR. Appropriate graphs were

created and analyzed, and will be presented later on in this report.

3.4 Co-ordinate System

The coordinate systems used in the analysis of this series of simulations can be

defined as follows:

e Local Coordinate System

The local right-handed system has its origin at the aft end of the keel along
the centre line. This coordinate system describes the geometry of the lifeboat.
The X-axis is defined as parallel to the keel and is positive to the bow; the Y-

axis is defined to port and the Z-axis upwards.

e Global Coordinate System

The global right-handed system has its origin at the centre of gravity of the
lifeboat. The global coordinate axes are parallel to the local coordinate
system. This coordinate system is used to determine the forces that act

abound the lifeboat.

e Inertial Coordinate System

The right-handed inertial coordinate system has its origin located on the water
surface directly below the centre of gravity of the freefall lifeboat. This system
is used to describe the acceleration, velocity, and position of the lifeboat. The

X-axis is parallel to the X-axis of the global coordinate system at time zero.

4.0 SIMULATION MATRIX

The simulations were divided into series that typically involved a systematic
change of one parameter while all others were held constant. A code system,
adopted from the physical model scale testing, was used throughout the

simulation program to present the test setup conditions, which is shown in Table

Institute for Ocean Technology 7 Mc 'cmc
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5.1 below, along with the corresponding values. Before each simulation, a new

input file was created that corresponded to the values for each specific series.

Table 4.1 Code for test setup — Freefall Simulation
LCG position G1 G2 G3
(Normal) (Fwd Pos) (Aft Pos)
4.68m 4.81m 4.29m
Ramp Angle L35 L25 L45
(35°) (25°) (45°)
Ramp Offset R1 R2 R3
(Normal) (Fwd) (Aft)
4.85m 4.19m 5.51m

Series A investigated the effects of changing the centre of gravity of the freefall
lifeboat from aft, mid ship, and fwd position in the baseline launch conditions,
which include a ramp angle of L35 (35°), a ramp offset of R1 (4.85m), and a free
fall height of 25m. In this phase of testing, the ramp angle, ramp offset, and
freefall height remained fixed. Results of these simulations show how the

behaviour of the lifeboat changes with the varying centre of gravity.

Series B studied the behaviour of the lifeboat by changing the ramp angle from
25° (L25), 35° (L35), and 45° (L45). Centre of gravity of the boat was held
constant at G1 (4.68m), along with the ramp offset of R1 (4.85m), and freefall
height of 25m.

Series C simulated the change in ramp offset from 4.85m (R1), 4.19m (R2), and
5.51m (R3) and the behaviour of the freefall lifeboat was observed. In this series,
the centre of gravity (G1), and ramp angle (L35) were held in the normal

positions, and the freefall height remained at 25m.

For all the simulations, the mass moment of inertia was held constant. The
change in behaviour of the lifeboat caused by the change in mass moment of
inertia was very small when compared to the change in centre of gravity, ramp

angle, and ramp offset.

NC-CN2C
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Table 4.2 Test Matrix for Series A, B, and C

Series Label | LCG Location | Ramp Angle | Ramp Offset
A1 G1 L35 R1
A2 G2 L35 R1
A3 G3 L35 R1
B1 G1 L25 R1
B2 G1 L45 R1
C1 G1 L35 R2
C2 G1 L35 R3

4.1 Simulation Methodology

Since the computer simulated freefall lifeboat was generated from the calibrated
1:13 freefall physical model, the simulated boat had all the same characteristics

as the physical model.
The input file was divided into the following parts:

o After the 3D computer model of the freefall lifeboat and the triangular
mesh was created, as described earlier, a list of all the unique vertices of
the triangular mesh each unique vertices assigned a different number, and
a list of the triangles with the three vertices that correspond to each
triangle. These parts of the input file remain the same for every series.

Three attempts were needed to complete this portion of the input file.

e The second part of the input file consists of all the initial parameters of the
freefall lifeboat launch, which include; freefall height, launch angle, launch
offset, rail friction, centre of gravity, moment of inertia, weight, launch

guides, gravity, and water unit weight.

Many of these input parameters, such as freefall height, rail friction, moment of
inertia, weight, gravity, and water unit weight, were determined using the data
collected during Phase 3 of the EER research program, and scaling them
according to equations located in section 4.1.1 These parameters were kept
constant for the duration of the simulations. The final input file can be located in

Appendix 2.

Institute for Ocean Technology 9 Mc 'cmc
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The other parameters were changed according to the series of interest. This task
was done by editing the input file and importing the newly edited file into the

Lifeboat Analysis System.

The simulation results were then exported from the LAS program as 5 separate

files, each of which consisted of 3 columns of data. These include:

e Trajectory
o X position
o Z position
o Pitch angle
e Velocity
o X velocity
o Z velocity
o Angular velocity
e Acceleration
o X acceleration
o Z acceleration
o Angular acceleration
e Forces
o Force
o Moment arm
o Force direction
The last file consisted of X and Z accelerations on a specific location of the
lifeboat, simulating the acceleration at which an occupant of the lifeboat sitting in

that location would experience.

These files were then imported into IGOR, for analysis and display.

5.0 RESULTS

To ensure that the simulated data was accurate, two sets of observations were
made. The first was to observe the behaviour of the lifeboat when launched from

the launch ramp in terms of projectile motion. The second set was focused on the

Institute for Ocean Technology 10 Mc 'cmc
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behaviour of the lifeboat caused by changes in the centre of gravity of the

lifeboat, launch ramp offset, and launch ramp angle.

5.1 Projectile Motion
5.1.1 Trajectory

A freefall lifeboat experiences projectile motion when it leaves the end of the
launch ramp. The simulated data shows that the simulated lifeboat also

experiences this motion, as can be seen in figure 7.1.

N Trajectory Motion
20 — Ramp phase
16 —
E o4
% i Freefall phase
=
© 8
> —
N 4 — Water entry phase
0 Water line \//—\

| | | | | | 1
0 10 20 30 40 50 60 70
X values (m)

Figure 5.1  Trajectory motion with normal conditions

In the above figure, the ramp angle is 35°, centre of gravity and ramp offset are
normal conditions, and the freefall height is 25m. It can be seen that the
simulated lifeboat travels along the launch ramp at 35°, and then experiences an
arch motion after leaving the ramp. This is a typical motion subjected to a rigid

body in freefall.

Institute for Ocean Technology 11 Mc 'cmc
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5.1.2 Pitch Angle

Observed was the change in the pitch angle during the process of the launch.
The pitch angle remains the same for the duration the boat is on the launch
ramp, and increases when the boat leaves the ramp. This is an expected result.
There is one error, namely, a rapid decrease in pitch angle prior to leaving the
ramp. The rapid change in pitch angle has not been explained. It has been
assumed that the problem is caused by complications with the interaction of the
mathematical equations used in the simulation program and the lifeboat design
itself. The figure below demonstrates the change in pitch angle with the ramp
angle is 35°, centre of gravity and ramp offset are normal conditions, and the

freefall height is 25m.

50 Pitch Angle
\
’g 40 — Erro\r\ Freefall phase
> -
ks 30 \
Z; Ramp Phase
) 20 — Water entry phase
&
S 10—
=
0 —
T
0 10 20 30 40 50 60 70
X values (m)
Figure5.2  Change in pitch angle with normal conditions
5.1.3 Velocity

Using the same normal conditions as above, the X velocity and Z velocities were
observed and plotted. The velocity in the X direction follows the laws of physics
exactly. The velocity increases at a constant rate while the boat is on the launch
ramp. The instance the boat leaves the ramp, there is no increase in the X

velocity until contact with the water is made.
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10 — Velocity in X direction
Freefall phase\

8 —
Q
E 4
2
38
T>> 4 - \ Water entry phase
X Ramp phase

2

0 | | | | |

0 2 4 6 8 10
Time (s)

Figure5.3 X velocity with normal conditions

The Z velocity is also correct. The boat’s velocity increases at a constant rate
while on the launch ramp. Once the boat leaves the ramp, the boat experiences
projectile motion in which the Z velocity increases at a great constant rate until
the boat makes contact with the water and the velocity decreases to zero. This

can be seen in the following figure.

5 Velocity in Z direction

Ramp phase
g TN
E
= -5
9]
o
)
>
N -10

- Water entry phase
Freefall phase
15 —
| | | | |
0 2 4 6 8 10
Time (s)

Figure 5.4  Z velocity with normal conditions
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5.1.4 Acceleration

During the ramp phase of the launch, the lifeboat travels at a constant
acceleration in the X direction. This can be seen in the following figure as a flat
line. Also observed was that when the lifeboat no longer had contact with the
launch ramp, the X velocity remained constant therefore the X acceleration

became zero.

Acceleration in the X direction
—~ 154
o
E
c 10 - Water entry phase
-(.% Ramp phase 44—
2 l
8 54
S Freefall phase
X
0—

Time (s)

Figure 5.5 Acceleration in the X direction

The Z acceleration also shows the wave trend. When the lifeboat is on the launch
ramp it travels at a constant Z acceleration, shown as a flat line in Figure 5.6.
When the lifeboat leaves the launch ramp its vertical acceleration increases until

the freefall phase begins when the acceleration becomes constant again.
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60 — Acceleration in the Z direction
o 40
E
g Freefall phase Water entry phase
2 20—
ko) Ramp phase
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(@]
© _
el
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Figure 5.6  Acceleration in the Z direction

5.2 Results of Simulation Matrix
5.2.1 Change in Centre of Gravity — Series A

Depending on the procedure used to board a freefall lifeboat, the centre of
gravity of the lifeboat could be moved forward or aft of the normal position. To
simulate this, the centre of gravity of the simulated lifeboat was moved forward
(G2) ad aft (G3) of the normal position.
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Change in centre of gravity
20 = Trajectory
— Aft
15 — —_— I;lo:jmal
g — Fw
@ 10—
% Aft CG travelled furthest in X
>
N 5 —
Water line
0
S I I I I I I I
0 10 20 30 40 50 60 70
X values (m)

Figure 5.7  Effect of change in CG on trajectory of the lifeboat

As can be seen in the above figure, the lifeboat travels the greatest distance in
the X direction when the centre of gravity is in the aft position. Since the center of
gravity of the lifeboat remains on the launch ramp longer with the aft position, the
boat is able to have a greater velocity in the X direction at the end of the ramp,

allowing the boat to travel further.

Change in centre of gravity

40 — Pitch angle
@ —— Aft
o 20 N |co st —— Normal

- orma reates

_g’) increase ir? pitch Fwd
©
g 0
©
e
2
o _20 —

-0 I I I I I I I

0 10 20 30 40 50 60 70
X values (m)

Figure 5.8  Effect of change in CG on pitch angle of the lifeboat

Institute for Ocean Technology 16 Mc 'cmc



LM-2004-07

The normal position of the lifeboat’s centre of gravity produced the greatest
increase in pitch angle, which could possibly be incorrect. The pitch angle
increases the most during the rotational phase of the launch, which starts when
the CG passes over the end of the launch ramp and ends when the lifeboat no
longer has contact with the ramp. The forward position of the CG, therefore,

creates the largest pitch angle.

5.2.2 Change in Ramp Angle — Series B

The angle of the launch ramp can often be different on each offshore installation,
depending on the manufacturer design. The angle could also be changed due to
damage to the installation. In the simulations, series B compares three different

launch ramp angles (L25, L35, and L45) with the lifeboat in normal conditions.

Change in ramp angle

20 — Trajectory

15 — — 25
— 35°
— 45°

10 —

25° travelled furthest in X direction

Z values (m)

0 Water line %\\/ <

N

I I I I I I I
0 10 20 30 40 50 60 70
X values (m)

Figure 5.9  Effect of change in ramp angle on trajectory of the lifeboat

It can be seen that with a decrease in ramp angle, the distance traveled by the
lifeboat away from the installation increases, however, the time before water
entry is increased. The same concept is used for an increase in ramp angle. The
boat has a larger Z velocity at the beginning of the freefall phase, therefore the
boat makes contact with the water surface faster, and does not travel as far in

the X direction.
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50 Change in ramp angle
7 Pitch angle

w40 — — 25°
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Figure 5.10 Effect of change in ramp angle on pitch angle of the lifeboat

Decreasing the speed at which the lifeboat leaves the launch ramp, increases the

change in pitch experienced by the lifeboat during the freefall phase. This result

is caused by the reduction in ramp angle.

5.2.3 Change in Ramp Offset — Series C

Depending on the manufacturer of the launch system, installations may have

different ramp offsets. Series C simulates this change in initial condition. During

these simulations, the lifeboat is held in all normal conditions, and the freefall

height is maintained at 25m.

Institute for Ocean Technology
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Figure 5.11 Effect of change in ramp offset on trajectory of the lifeboat

With increase in ramp offset, the velocity experienced by the lifeboat at the end
of the launch ramp increases. This allows the boat to project further away from

the installation. The opposite occurs with a decrease in ramp offset.

Change in ramp offset
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Figure 5.12 Effect of change in ramp offset on pitch angle of the lifeboat

By decreasing the offset of the launch ramp, it can be seen in Figure 5.12 that
the pitch angle of the lifeboat increases more rapidly compared to the other ramp
offsets. Again, this was caused by the fact that the lifeboat left the launch ramp at

a slower speed.
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6.0 CONCLUSIONS

After carefully studying the graphical data, it can be clearly seen that the
simulated model follows the appropriate projectile motion that was predicted.

This can be observed from the graphs in section 5.1 above.

During the simulations, it was observed that distance the lifeboat traveled away
from the installation, and the pitch angle that the boat experience after leaving
the launch ramp can be credited to the speed of the lifeboat at the end of the

ramp phase.

It was seen that with a greater X velocity, the greater the distance the boat
traveled away from the installation. This was a factor of a smaller ramp angle,

longer ramp offset, and a centre of gravity closer to the stern.

It was also observed that the pitch angle was increased when there was a
smaller Z velocity component at the end of the ramp phase. This rapid change in
pitch was attributed to a larger X velocity component, credited to a smaller ramp

angle, longer ramp offset, and a centre of gravity closer to the stern.

Greater launch distance produces a larger increase in pitch angle. For a
successful launch to occur, there must be a happy median created between

these two variables.

Since the data of the Phase 3 freefall lifeboat is currently being calibrated and
analyzed, there is no data available to do a comparison of the physical model

testing and the simulated tests.

This procedure can be further developed in the future to predict the behaviour of
new designs of freefall lifeboats, and can be used to aid in physical model testing

to generated additional data.
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Appendix 1

Hydrostatics and Swing Tests



Length, oOverall
BEaAM. s vt vttt et s snn e
Depth, Midhsip...............
Length, waterline........ 816.
Beam, Waterline.......... 216.
Baseline Draft
Fairbody Draft
Displacement............... 4.
volume. .....cviviinnnn 0.17
Disp/0.01LA3. ... ... ... ... 2

Underbody

Length / Breadth............ 7.
Breadth / braft............. 1.

Length / Draft............. 12

Block Coefficient

Midship Coefficient......... 0.
Coefficient..... 0.

waterplane

.97
.97

Rhino hydrostatics.txt
Hydrostatic output file
RhinoStatics v1.0
Copyright, 2002, BaseLine Technology

Inputs

Displacement 4.94

Linear units, Model
Linear units, Output
weight units, Input
weight units, Output

865mm
251mm
255mm
65 mm
42 mm
mm
mm
94 Kg
Cu mm
53.04

5467
5921
.0152

.4118
6187
7623

Draft
Trim
LCG

Depth 134.4

outputs

Ratios

Coefficients

mm.

mm.

Kg.

Kg.
waterplane Area..... 134725.42 sq mm
Kg/Cm Immersion............. 1.35 Kg
G 361.01 mm
VCB. ittt ittt ia e 44 .82 mm
G 349.20 mm
Mom to trim 1 cm...... 139.73 mm.-kg
Trim, Degrees...........c.ovv... 0.00
TrimM, ottt et et 0.00 mm
BMt. ..ot ittt it e e e, 0.27 mm

Hull

Length / Beam................ 1.7381
Beam / Depth................. 0.0121
Length / Depth............... 0.0211
Disp/0.01LA3. ... ... v, 253.04
Prismatic Coefficient....... 0.6656



Swinqg Results for Freefall Lifeboat in Roll(loaded condition)

PROJECT PARTICULARS
PROJECT DISCRIPTION
PROJECT NUMBER Pj874_PERD
MODEL DESCRIPTION
MODEL NUMBER
DATE
TARGET VALUES
LCG (m) wrt AP 0.350
VCG (m) wrt Baseline 0.115
Radius of Gyration (m) 0.216
VALUES TO BE INPUTED
Acceleration due to gravity (g) =|9.807
Measured mass of model (kg) =|5.026

LIST OF TERMINOLOGY
KE = Knife edge

GoBo = Restoring moment of frame without model
GsBs = Restoring moment of frame model, and trimming mass
GcBc = Restoring moment for trimming mass used to level model

GmBm = Restoring moment for the model

Jo = Mass moment of inertia of frame without model
Js = Mass moment of inertia of frame with model, and trimming mass

Jc = Mass moment of inertia of trimming mass used to level model

Jm(ke) = Mass moment of inertia of model about the knife edge
Jm(vcg) = Mass moment of inertia of model about the VCG

K = Radius of Gyration
T = Period

approx. 98% of design draft monohull uniform loading

ESTABLISHING RESTORING MOMENT & MASS MOMENT OF INERTIA FOR FRAME

GoBo=(Z+L/TANS$ )*P*g=
Jo=(T/2pie)"2*GoBo=

Applied Load {P} (kg)=

7.841
0.376

Transverse distance to applied load from KE* {L} (m)=
Vertical distance to applied load from KE {Z} (m)=

Inclining Angles (Degrees)

Actual Angle (Deg.)

0.247
0.158
0.030

Initial Angle -0.580
Apply Load -3.420
Remove Load -0.600
Apply Load 2.210
Remove Load -0.580
Mean Angle=
Period (T) of Frame
Cycles Time (sec)

10 13.870

10 13.710

10 13.680

Mean=

Change in Angle (Deg.)

2.840
2.820
2.810
2.790
2.815

Period (sec)
1.387
1.371
1.368
1.375

MODEL PARTICULARS
LWL(m)

LOA (m)

BEAM (m)

DEPTH MLD (m)
DRAFT (m)
DISPLACEMENT (kg)

0.825
0.865
0.251
0.255
0.067
4.939




ESTABLISHING RESTORING MOMENT & MASS MOMENT OF INERTIA FOR FRAME AND MODEL

GsBs=(Z+L/TANS )*P*g= 19.718

Js=(T/2pie)"2*GsBs= 0.701

Applied Load {P} (kg)=

Transverse distance to applied load from KE* {L} (m)=
Vertical distance to applied load from KE {Z} (m)=

Inclining Angles (Degrees)

Actual Angle (Deg.)

0.911
0.158
0.030

Initial Angle -0.590
Apply Load -4.720
Remove Load -0.590
Apply Load 3.590
Remove Load -0.570
Mean Angle=
Period (T) of Frame
Cycles Time (sec)
10 11.750
10 11.900
10 11.900
Mean=

CORRECTION FOR TRIMMING MASS

GcBc=mass*distance*g= 0.000
Jc=mass*distance’2= 0.000

Triming Mass (Kg)=
VCG of Trim mass wrt KE (m)=
TCG of Trim mass wrt KE (m)=

ESTABLISHING RESTORING MOMENT & MASS MOMENT OF INERTIA FOR MODEL

GmBm=GsBs-GoBo-GcBc= 11.877

Jm(ke)=Js-Jo-Jc = 0.326

VCG OF MODEL

distance from baseline to KE (m) = |0.358

CG wrt KE=GmBm/(displacement*g)= 0.241

VCG of model from baseline = 0.117

Change in Angle (Deg.)

MASS MOMENT OF INERTIA OF MODEL ABOUT VCG OF MODEL

4.130
4.130
4.180
4.160
4.150

Period (sec)
1.175
1.190
1.190
1.185

* calculated with model mounted transversely



Jm(vcg)=Jm(ke)-displacement*dist.*2=

RADIUS OF GYRATION OF MODEL

K=(Jm(vcg)/displacement)"0.5 =

VCG (m) wrt Baseline

0.034
0.082
SUMMARY
TARGET ACTUAL
0.115 0.117

** Test done using a homogeneous metal block .02m thick

PERCENT ERROR
1.765



Swing Results for Freefall Lifeboat in Pitch (loaded condition)

PROJECT PARTICULARS
PROJECT DISCRIPTION
PROJECT NUMBER Pj874_PERD
MODEL DESCRIPTION
MODEL NUMBER
DATE
TARGET VALUES
LCG (m) wrt AP 0.350
VCG (m) wrt Baseline 0.115
Radius of Gyration (m) 0.216
VALUES TO BE INPUTED
Acceleration due to gravity (g) =|9.807
Measured mass of model (kg) =|5.026

LIST OF TERMINOLOGY
KE = Knife edge

GoBo = Restoring moment of frame without model
GsBs = Restoring moment of frame model, and trimming mass
GcBc = Restoring moment for trimming mass used to level model

GmBm = Restoring moment for the model

Jo = Mass moment of inertia of frame without model
Js = Mass moment of inertia of frame with model, and trimming mass

Jc = Mass moment of inertia of trimming mass used to level model

Jm(ke) = Mass moment of inertia of model about the knife edge
Jm(vcg) = Mass moment of inertia of model about the VCG

K = Radius of Gyration
T = Period

approx. 98% of design draft monohull uniform loading

ESTABLISHING RESTORING MOMENT & MASS MOMENT OF INERTIA FOR FRAME

GoBo=(Z+L/TANS$ )*P*g=
Jo=(T/2pie)"2*GoBo=

Applied Load {P} (kg)=

7.679
0.375

Transverse distance to applied load from KE* {L} (m)=
Vertical distance to applied load from KE {Z} (m)=

Inclining Angles (Degrees)

Actual Angle (Deg.)

0.247
0.158
0.030

Initial Angle -0.560
Apply Load -3.420
Remove Load -0.560
Apply Load 2.320
Remove Load -0.580
Mean Angle=
Period (T) of Frame
Cycles Time (sec)

10 13.810

10 14.030

10 13.840

Mean=

Change in Angle (Deg.)

2.860
2.860
2.880
2.900
2.875

Period (sec)
1.381
1.403
1.384
1.389

MODEL PARTICULARS
LWL(m)

LOA (m)

BEAM (m)

DEPTH MLD (m)
DRAFT (m)
DISPLACEMENT (kg)

0.825
0.865
0.251
0.255
0.067
4.939




ESTABLISHING RESTORING MOMENT & MASS MOMENT OF INERTIA FOR FRAME AND MODEL

GsBs=(Z+L/TANS )*P*g= 20.150
Js=(T/2pie)’2*GsBs= 0.891

Applied Load {P} (kg)=

Transverse distance to applied load from KE* {L} (m)=

Vertical distance to applied load from KE {Z} (m)=

Inclining Angles (Degrees)

Actual Angle (Deg.)

0.911
0.158
0.030

Initial Angle 0.030
Apply Load -4.020
Remove Load 0.060
Apply Load 4.120
Remove Load 0.070
Mean Angle=
Period (T) of Frame
Cycles Time (sec)
10 13.280
10 13.150
10 13.210
Mean=

CORRECTION FOR TRIMMING MASS

GcBc=mass*distance*g= 0.000
Jc=mass*distance’2= 0.000

Triming Mass (Kg)=
VCG of Trim mass wrt KE (m)=
TCG of Trim mass wrt KE (m)=

ESTABLISHING RESTORING MOMENT & MASS MOMENT OF INERTIA FOR MODEL

GmBm=GsBs-GoBo-GcBc= 12.472

Jm(ke)=Js-Jo-Jc = 0.516

VCG OF MODEL

distance from baseline to KE (m) = |0.358

CG wrt KE=GmBm/(displacement*g)= 0.253

VCG of model from baseline = 0.105

Change in Angle (Deg.)

MASS MOMENT OF INERTIA OF MODEL ABOUT VCG OF MODEL

4.050
4.080
4.060
4.050
4.060

Period (sec)

1.328
1.315
1.321
1.321

* calculated with model mounted transversely



Jm(vcg)=Jm(ke)-displacement*dist.*2=

RADIUS OF GYRATION OF MODEL

K=(Jm(vcg)/displacement)"0.5 =

VCG (m) wrt Baseline

0.194
0.196
SUMMARY
TARGET ACTUAL
0.115 0.105

** Test done using a homogeneous metal block .02m thick

PERCENT ERROR
-8.733
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Input File
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Nej
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.027192033
.704800414
.704800414
.027192033
.704800414
.704800414
.337011956
.027192033

.90530396

.167989669
.044657064
.062553859
.061453708
.044645511
.774459814
.400248419
.785052425
.458383545
.978778045
.763582241
.077080945
.478040404
.352989322
.28417118 0.907340157 3.038193898

.270125149 0.815350476 2.950626149
.28417118 0.877987988 3.016510794

.28417118 0.946872721 3.058117472

.256116442 0.763792676 2.875428433
.28417118 1.006270208 3.074699715

.28417118 1.093544703 3.087176386

.228164788 0.687000718 2.70471842

.28417118 1.685397472 3.104629508

.172201052
.059919895
.059907454
.592208111
.472469389
.592206334
.685784924
.689357304
.403963221
.403805041
.472469389
.681869524
.472469389
.404007653
.592204556
.680876011
.472469389
.592204556
.403691293
.106797937

PR R R R R R R

.686456745
.602880819
.686456745
.602880819
.686456745
.602880819
.602880819
.602880819
.685401026
10.28801086 1.020950736 2.027388011
11.29025015 1.685397472 2.254953967

ecNeoNoRoNoNoNoNoNoNeol ol el
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.593290608
.685397472
.449297023
.029192093
.029192093
.910126969
.910126969
.029192093
.910361573
.756175152
.755496222
.755277614
.910126969
.029234748
.755318492
.688134638
.689679115
.6884225¢61
.691849202
.910126969
.13432837 1.029192093 3.404460628

NOOOOO O OO

.046376783
.046376783
.046376783
.046376783
.650276294
.650276294
.110477726
.046576907
.178032266

PR R RRR R R
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.69307625 1.006707425 1.949168879
.557019395 1.874415489
.685397472 1.60379613
.449750235 1.606851315
.68323627 1.60606397

.315476724
.344692041
.072400951
.321544439
.321508893
.286981215
.155740673
.360476275
.612433945
.604412974

.605214419
.620520558
.621849981
.630741831
.739864718
.77014464

.693407779
.679910935
.817595092
.807873241

.331431341
.603246944
.603364246
.360756732
.197849083
.360756732
.402434502
.402434502
.106264627
.096080677
.187149715
.388393804
.197849083
.106495677
.347391409
.303047684
.122189267
.26620418

.039935656
.404460628
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66
67
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78
79
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82
83
84
85
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90
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NN HRERRPRPRPRRRERRRRPRPRRRERRPRPRRERRPNNNMNNONNNNERERRERERR,RDODNODNDNDNDNDNDNDN

.076637095
.068976916
.723415655
.786172245
.654651777
.637216429
.887425232
.959086114
.808886186
.788962612
.472469389
.403586432
.472961702
.592655991
.592204556

ocNoNololoNoNol NeolNolNol NelNelNe)

.755275837
.688122197
.910126969
.029192093
.755277614
.688125751
.910126969
.029192093
.755275837
.688118642
.638517653
.643275495
.531577294
.523387479
.63537538 3.124304259
.40367352 0.541858995 2.502621226

DN WWWWWWWWWWwWwWw

.390366611
.304824987
.404318444
.404318444
.390242199
.304718349
.399590816
.399590816
.385603437
.300523913
.008655112
.942486099
.523149083
.559459396

.628756464 0.634628912 3.155264888
.622500355 0.512707661 2.570976323
.772096001 0.51139068 2.57014099
.065280124 0.634623581 3.155353753
.062774126 0.517573919 2.569998806
.247450309 0.759928818 2.865333348
.228721084 0.696601712 2.734665986
.261267068 0.829478263 2.965448861
.270478832 0.894826162 3.029858344
.273544681 0.924659981 3.048928812
.275832071 0.953903735 3.061654306
.280849399 1.084295615 3.08497253
.398396706 1.685397472 3.10487833
.401402126 1.685397472 3.105056061
.401985082 1.685397472 3.105233791
.402603584 1.685397472 3.105553706
.40412851 1.685397472 3.106797818
.419818546 1.685397472 3.126543661
.534708784 1.685397472 3.282590919
.593921432 1.685397472 3.363013908
.604707887 1.685397472 3.375774948
.616795329 1.685397472 3.385603437
.632657764 1.685397472 3.392854836
.654772753 1.685397472 3.397937924
.855238383 1.685397472 3.40435399
.307668792 1.685397472 3.404460628
.840024545 1.685397472 3.404407309
.184714809 1.685397472 3.404194033
.296507206 1.685397472 3.402701098
.304576165 1.685397472 3.401794673
.309108289 1.685397472 3.400479468
.003216444 1.082461437 2.761218902
.414644578 1.685397472 3.334665915
.317301659 1.685397472 3.395609656
.687318499 1.685397472 3.163244981
.325032811 1.685397472 2.76137886
.83360836 0.76438274 2.753700908
.80709099 0.699443621 2.737100892
.779311853 0.634612917 3.151888011
.791663995 0.623081771 2.677703405
.797973423 0.663844229 2.714973462
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.789477911 0.599658686 2.645818578
.787842792 0.573386584 2.597315963
.785869985 0.509799993 2.426623723
.78514129 0.427325996 2.117834992

.149044325 0.334417449 1.619239122
.785034652 0.320965038 1.623209618
.876974687 0.34103435 1.617463595
779791725 0.34384249 1.61678822
.685310265 0.348292858 1.615890682
.451434882 0.359756467 1.613583742
.090411198 0.377472629 1.610016693
.783559728 0.392524613 1.60698639
.680396139 0.634655572 3.153896364
.68045479 0.520979233 2.568861332
.646010646 0.399390337 1.605648081
.422592917 0.41633515 1.604151591
.389700359 0.419159286 1.604126709
.323262973 0.425522032 1.604076944
.1854704 0.618464336 2.440113458
.138096372 0.550155449 2.114866895
.064037908 0.448587879 1.603828122
.352438833 0.592585018 2.605153872
.617256834 0.822033138 2.597404828
.368985529 0.693809568 2.705162746
.423548513 0.688394124 2.531697913
.259521162 0.587876941 2.446316247
.587149073 0.79850697 2.020261024
.785283475 0.47824219 2.30139491
.785087971 0.416944765 2.038478386
.338291496 0.489380551 2.353345495
.344281009 0.530192774 2.483532985
.129529175 0.51962315 2.337403081
.786794183 0.56272454 2.572007159
.066541772 1.204688384 2.762125327
.468941085 1.685269506 2.753949731
.325761505 1.685246401 2.76137886
.809099224 1.685326379 2.735288043
.912680598 0.914660871 2.759459372
.030124584 1.685505887 2.684723755
.337047264 1.685408135 2.710619068
.430124417 1.685608971 2.636221139
.420189171 1.685528992 2.586723233
.435136176 1.186721622 2.217381768
.917318648 1.685415245 2.426534858
.229413282 1.685454345 2.517870491
10.48027957 1.685401026 2.31374717
10.9146348 1.685397472 2.180627129
.665279222 0.990315354 1.94929329
.971970853 0.968765547 2.110761324
.878538002 0.731163159 1.840006891
.835350118 0.761544387 2.750821676
.816368515 0.719571584 2.743463639
.805704693 0.691717682 2.733670696
.799768499 0.671280468 2.72110516
.795591836 0.652794733 2.705589299
.790224379 0.618716713 2.667092903
.330239835 0.697310856 1.956420278
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.539055237 0.645529116 1.804656322
.983292396 0.550011487 1.765180631
.299670213 0.593450565 1.785230393
.434301081 0.484420097 1.73675266
.172451058 0.364363238 1.673292257
.231510976 0.329972413 1.629725213
.885487734 0.32603213 1.625239299
.421309348 0.323417717 1.623701931
.994329926 0.321350713 1.623712595
.785052425 0.318921139 1.623668162
.044545805 0.6869865 1.605210864
.044629871 0.41436412 1.4051238
.044670216 0.316457796 1.605529002
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