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Prediction
of the launching
behaviour
of a free-fall
lifeboat

The paper is focussed on determination of
the trajectory of the free-fall boat and dyna-
mic forces acting upon its occupants to mini-
mize the risk of an injury.

A software package for predicting the be-
haviour of the boat during launching has been
developed on the basis of the mathematical
model of the launching motion.

The simulation procedure, when used in
course of design, makes it possible to impro-
ve the hull shape and properly position the
seats to ensure minimum load exerted upon
the occupants. The described procedure was
verified in course of model tests and by me-
asurements taken during tests of prototypes.

SUMMARY
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INTRODUCTION

The risks with conventional lifeboat systems have been sub-
stantially reduced by the free-fall concept, which allows the lifeboat
to fall freely into the sea. The free fall provides kinetic energy to
propel the lifeboat away from the distressed vessel during and after
water entry.

The first reference to a free-fall lifeboat was an 1897 patent is-
sued to A.E. Falk [3].
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Fig.1. Milestones in the development of FFL

First analytical model of the launching process of FFL was pre-
sented by Tasaki [5] and later improved by Nelson [4] who also elabo-
rated a software package to compute launching kinematics and iner-
tial forces.

A procedure is presented below for prediction of the ability of
FFL to make successful launching at various initial conditions and
for selecting the initial conditions that would allow to increase the
launching height and minimize the dynamic load acting upon the life-
boat occupants (Fig.2).
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Fig.2. Outline of the procedure for prediction of successful launching of FFL

ANALYTIC MODEL

The below outlined analytic approach to describe the launching
motion of the FFL has been developed to provide the designer with
a tool to forecast performance of the lifeboat and adjust hull shape
and the initial conditions of launching so as to achieve the required
launching height at the minimum dynamic load exerted upon the life-
boat occupants.

The launching motion depends mainly on the following parame-
ters of the free-fall system :



launching height (h)

ramp length (1) and inclination angle (o)

coefficient of friction between the sliding rails or rollers and the
lifeboat ()

®  shape of the lifeboat hull

®  mass distribution along the lifeboat longitudinal axis, expres-
sed by the mass moment of inertia about the lateral axis (I,,)-

The parameters determine the trajectory of the lifeboat and
accelerations exerted upon the lifeboat occupants. On the other
hand, dynamic response of the occupant’s body to the launching
acceleration also depends on the position and geometry of the
seat and dynamic properties of the human body and elastic outer
layer of the seat. The properties are expressed in terms of dam-
ping ratio and natural vibration frequency. The values of the two
latter parameters recommended for use in the computation, were
determined by the IMO [1].

The launching process was idealized for analysis purposes by
assumming that :

#  the lifeboat is a rigid body

#  motion of the lifeboat is planar, i.e. lateral displacements of the
boat are negligible

#  damping effect of accompanying water and turbulence genera-
ted by the entry of the lifeboat into water are neglected.

Four phases of FFL motion during launching can be distin-
guished :

sliding along the launching ramp
rotation around the ramp edge
free fall

water entry.
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The sliding phase of launching begins with release of the boat
from its initial position and ends when the gravity centre of the boat
passes over the ramp edge.

Then the rotation phase of motion starts which lasts until the
lifeboat looses contact with the ramp.

The third phase is a free-fall in gravitation field, at constant
angular velocity of rotation around y-axis, constant velocity in x-di-
rection and uniformly accelerated vertical motion. It lasts until the
hull touches water surface. Then the last phase of motion, i. e. water
entry begins and lasts until the boat comes to rest in the water.

Three right-handed, orthogonal, Cartesian coordinate systems
are used for the analysis: local (x,y,z), global (x,2) and inertial (§,1)
[3]. The lifeboat geometry is described in the locaf coordinate system
(Fig.3).

The forces are determined using global coordinate system with
the origin at the centre of gravity. Inertial coordinate system is used to
define parameters of motion (position, velocity and acceleration). By
solving the equations governing each phase of motion, position, ve-
locity and acceleration of the boat are obtained, respectively [4].
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Fig.3. Coordinate systems used in the analytical model

The sliding motion phase is governed by the following equa-
tion system :
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where : a = g(sina. - cosot)

The second phase yields the equations :
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First three equation sets have the closed solutions that can be
numerically evaluated by using Runge - Kutta method [4].

Equations (4) describe the lifeboat as a 3D rigid body moving
in the x-z plane. The finite element procedure was applied to find the
numerical solution. The shape of the lifeboat hull was idealized by
the network of nodes which form a three-dimensional set of triangu-
lar plane elements [4,10]. Position of each node is defined in the lo-
cal coordinate system.

The inertial characteristics of the lifeboat are described by the
mass and mass moment of inertia about y-axis (Iy). The fraction of
the mass corresponding to each plate element is proportional to the
area of the element. I,y can be either calculated on the basis of the
assumed mass distribution at the design stage or determined experi-
mentally by using scale model of the boat [3]. Value of I,y is essential
for accuracy of the calculation. In order to compensate the limited
information available at the design stage, a tolerance range of Iy is
taken in to account while assuming the model parameters and simula-
tion is repeated for different values of Iy .

The software package worked out by the author on the basis of
the aforesaid procedure comprises data generation sequence includ-
ing 3D animation helpful in reviewing the idealized shape of the life-
boat prior to initializing computation. By using the animation modu-
le it is possible to observe rotational motion after water entry that is
of paramount importance for safety of the passengers.

The computed accelerations are oriented in accordance with the
inertial coordinate system.

,»Inertial” accelerations acting at the seat supports should be
determined in order to determine accelerations acting upon the seat
support. This can be achieved by transforming the computed acce-
lerations to the coordinate system bound to the seat.

Then the Dynamic Response Index (DRI) is computed to evalu-
ate the response of the human body to inertial forces induced during
lifeboat launching [1].
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boat under study after water entry and to decide if the lifeboat para-
meters were properly selected.

24

By executing the computation procedure for various initial con-
ditions and different shape descriptions the most suitable launching
LONAMNONS 200 oprnum TEAn ot Shap Canhe ARTermneA Tot 2 g
\aunching arrangement position on board a ship.

In order to verify the procedure, a number of models were ana-
lyzed based on the series of free-fall lifeboats built by the USTKA
Shipyard. The simulation results were compared with the observa-
tions recorded during the launching tests as well as with the measure-
ment results.

The following example illustrates the considered procedure.

Tab. 1. Lifeboat data and launching conditions

Mass * [kg] | 4900
Number of occupants 18

CG position x/z. [m] 2.70/1.05
Mass moment of inertia I, [kgm’] 5200+10%
Launching height h [m] 10 and 12m
Ramp length/boat lengt ratio 1.2
Ramp inclination angle ["] 30
Coefficient of friction between the ramp and lifeboat 0.05

* Loaded and equipped, all supplies onboard

The lifeboat hull was idealized by a mesh of 384 triangular plane
elements (Fig.4).
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Fig.4. Idealization scheme of the free-fall lifeboat shape

Fig.5 indicates computed trajectories of the centre-of-gravity at
the launching height of 10 and 12 m. To demonstrate whether the
lifeboat is able to make positive headway from the mothership, its
position and velocity should be computed at a certain distance from
the water entry point.

In course of simulation, the position after time passage of 10 s
(x,,) and velocity in x-direction (v, ) were determined as follows :
at the launching height of 10 m : x,= 26 m and v, ,,~ 0.8 m/s; and
at12m:x,=29.5mandv, = 1.1m/s.
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Fig.5. Examples of launching trajectories -the vertical position of the centre
of gravity [m] plotted against the horizontal distance [m] :

a) the lifeboat makes positive headway and the rotation remains within
allowable limits, b) the rotation exceeds the safety limits

The simulated trajectory allows to analize the motion of the life-

Tab.2. Maximum launching acceleration components a_and a_
at x =5.0 m, z = 0.8 m for different launching heights (simulation results)

A

Acctleration\g\
him) | 10 12 14 16 13
a, 505 | 594 | 661 793 | 9.01
a, 8.21 9.12 931 | 1223 | 1294

* The average duration at the half-peak level was 0.04+0.01 s

Fig. 6 to 8 indicate the influence of mass distribution and launch-

ing initial conditions on the distance travelled by the lifeboat after
water entry.
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Fig.6. Headway of the lifeboat at different values of the launching height
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Fig.7. Relationship between mass moment of inertia and the headway
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Fig.8. Headway plotted against CG location

Marks ,,o” and ,,®” in Fig.6 to 8 correspond to two different

hull shapes. The relationships shown in the figures were obtained for
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the scale model of FFL. Analysis of the simulation results leads to the



conclusion that location of the centre of gravity is crucial for the life-
boat behaviour.

CG at the position too much shifted to the bow may cause un-
wanted rotational motion of the lifeboat, which adds a substantial
component to the acceleration acting on the lifeboat occupants. On
the other hand, CG located too close to the stern causes decreasing
the headway.

PASSENGER SAFETY FACTOR

The domain of the input data for the launch prediction is limited
by the space required for passengers, mass of the passengers and their
seats, space and mass of the on board equipment and the buoyancy
panels necessary to maintain stability of the lifeboat.

On the other hand, the manufacturers are usually reluctant when
it comes to any change of the lifeboat hull shape, because it would
require expensive changes of the production facilities. For these rea-
sons, the lifeboat hull shape and mass distribution can be changed
within a very limited range only.

The launching initial conditions, i.e. launching height, length
of the ramp and its inclination angle could also be altered in a limited
range. First of all, the lower limit of the launching height is deter-
mined by the customer’ demand. The length and inclination of the
ramp have to be selected in accordance with the space limit at the
stern of the mother vessel.

The conclusion is that inertial forces acting upon the lifeboat
can be controlled only in a narrow range and hence the passenger
safety on board a free-fall lifeboat can be influenced mainly by DRI
value.

In terms of the lifeboat design, the rest position of each seat
should be determined according to the condition of minimum DRI
value. The relationship between seat rest position and DRI depends
on shape of the lifeboat and location of the seat in the boat. Therefore
the simulation results do not offer any general solution. The simula-
tion procedure should be repeated with various data sets and verified
experimentally, to achieve an optimized solution.
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Fig.9. Scheme of the free-fall lifeboat creating process

CLOSING REMARKS

2 The method of FFL behaviour prediction outlined in this paper,
verified by a number of experiments carried out on isomorphic
models and prototypes, demonstrated fair accordance with expe-
rimental results in both launching trajectory and level of accele-
rations.

S The launching height of the tested lifeboats all built by the UST-
KA Shipyard, ranged from 10 to 20 m, and the number of occu-
pants was between 18 and 42.

S  The computer simulation supported by the necessary experi-
mental evaluation of such parameters as the coefficient of fric-
tion between the lifeboat and launching ramp and mass moment
of inertia of the lifeboat can provide the sufficient amount of
information to carry out the design process with minimum mar-
gin of uncertainty.

9  Some of the simulation results indicated that it is necessary to
use different positions for the seat resting in the front and after
part of the lifeboat and different one of the helmsman’s seat.
Implementation of this conclusion led to substantial decrease of
the DRI, which also allowed to extend the range of launching
height for some of the lifeboats.

2 In course of further study the problem of evacuation of woun-
ded and disabled persons will be investigated.

The above presented study has been a part of the research project
no. 8T114 02412, supported by The State Committee for Scientific
Research.

Appraised by Lech Rowinski, Assoc.Prof.,D.Sc.
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NOMENCLATURE

a - acceleration in the I* phase of motion

CG - centre of gravity

d, dy‘ d, - components of Dynamic Response

DRI - Dynamic Response Index

FFL - free-fall lifeboat

F, - hydrostatic force

F, - hydrodynamic force

g - gravity acceleration

h - launching height

I - mass moment of inertia

j - number of the finite element

1 - ramp length

m - mass of the boat

n - number of the elements

N - normal reaction of the ramp

Q - weight of the boat

e position of the centroid of the j finite element

)z - coordinates in the local system

% ¥,2 - acceleration components in the local coordinate system
Xy Z, - coordinates in the global system

o - ramp inclination angle

3, 5y, 8, - allowable values of Dynamic Response components
Ax, Az - center-of-gravity displacement

n - coefficient of friction between launch rails and the boat
En - coordinates in the inertial system

P - friction angle

¢ - angle of rotation during free fall

¢ - free fall angular acceleration of the boat
BIBLIOGRAPHY

1. International Maritime Organization - Resolution A.689(17) :,, Testing of Lifesaving
Appliances. 27 November 1991

2. International Maritime Organization — MSC Circular 616 :,,Evaluation of Free-Fall
Lifeboat Launch Performance*. June 1993

3. NelsonJ.K.Jr, Markle R.L.:, Feasibility of Using Free-Fall Lifeboats on Passenger
Ships and Ro-Ro’s". Proceedings of the 2nd International Conference& Exhibition
on Maritime Technology. Singapore, November 1995

4. NelsonJ.K.Jr., Hirsch T.J:,,Free-fall Launching Prediction Model For Free-Fall
Lifeboats*. Rep. No. 3-5-90, Clemson University. May 1991

5. TasakiR., Ogawa A.: ,Numerical Simulation and its Application on the Falling
Motion of Free-Fall Lifeboat". Journal of SNAJ Vol. 167, June 1990

6. Wisniewski Z.: ,Free-Fall Lifeboat — a New Concept of Lifesaving at Sea*. Polish
Maritime Review. 1994, No 6

7. Wisniewski Z.:,,Predicting Free-Fall“. Safety at Sea International. 1998, No 6

8. Wisniewski Z.:,,Free-Fall Lifeboat Launching Simulation*. Proc. of the Int. Conf. on
Safe Navigation Beyond 2000. Gdynia, September 1998

9. Wisniewski Z.: ,,Safety of the Wounded Persons On Board a Free-Fall Lifeboat*.
(in Polish). Budownictwo Okrgtowe i Gospodarka Morska. 1998, No §

10. Wisniewski Z. : ,,Assessment of the Dynamic Forces Acting During Launching
of a Free-Fall Lifeboat". Proceedings of the VIII Int. IMAM Congress. Istanbul.
November 1997

POLISH MARITIME RESEARCH, MARCH '99 25



