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TP N°4: DEVICE FOR DETERMINING THE HEIGHT METACENTRIC

Person in charge: Mrs Benkherbache S
Prepared by Berke is my

I. Aim of the experiment: The determination of the metacentric height

II.  Device Description

The device consists essentially of a pontoon (1) -
and a water tank that serves as a flotation vessel.
The rectangular pontoon has a vertical moving ¢
weight (2) that allows the height of the center of
gravity to be adjusted and a horizontal moving .
weight (3) that allows a defined heeling torque to

be generated. The weights can be fixed using
knurled screws. The position (4.5) of the weights

as well as the draft (6) of the pontoon can be read

on the graduations. A graduated list indicator (7)

is also available.

Fig. I1 1 Side and front view of the Metacentric device
III. Theoretical reminders

II1.1 Vertical thrust:
Abody floats in a liquid when the vertical thrust of the fully submerged body is greater than its weight.
It will only plunge into the liquid until the vertical thrust FA coincides exactly with its self-weight
FG. The vertical thrust then corresponds to the weight of the water pushed back by the body. The
center of gravity of the displaced body of water is called the center of thrust A. The center of gravity
of the body is called the center of mass S.

I11.2 Stability of the buoyancy position

When the body floats stably, the vertical thrust FA and the self-weight FG have the same line of

action and the same opposite magnitude (Fig.2). =
d
zem A
/.f
= f Fa?

Fig. 112 Vertlcal thrust Fig. II 3 Metacenter and metacentric height
1
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The center of mass S doesn't need to be below the center of thrust A to obtain a stable position. On
the other hand, in the event of a deviation or a a heel, it is important to have a stabilizing restoring
torque (Fig.3). The self-weight FG and thrust of the vertical FA then form a pair of forces of deviation
b which provides a righting torque. This deviation provides a measure for stability, or the deviation
between the center of gravity and the point of intersection of the line of action of the vertical thrust
and the axis of gravity. This point of intersection is called the metacenter M and the difference
between the center of gravity and the metacenter is called the metacentric height Zm.
e The body floats stably when the metacentric height Zm is positive, and the metacenter M is
above the center of gravity S; Zm>0 (Fig.4).
e The body floats unstably when the metacentric height Zm is negative, and the metacenter
M is below the center of gravity S Zm<0. (Fig.4).

II1.3 Determination of the position of the metacenter

The position of the metacenter is independent of the position of the center of gravity. It depends solely
on the shape of the submerged part

of the body as well as on the / V.
repression. ,h‘\ ;';_ }

With the help of an additional
weight, the centre of gravity is first
moved laterally by a defined
constant value X;s to force a heel. An
additional vertical shift in the centre
of gravity changes the heel a. Then, . instable

we define a stability gradient,

formed by the derivation (dxs/da). As the vertical centre of gravity approaches the metacentre, the
stability gradient decreases. By the time the center of
gravity coincides with the metacenter, the gradient is zero
and the system is metastable.

The easiest way to solve this problem is to use a graph
(fig.5). The vertical center of gravity is applied above the
stability gradient. We draw a curve that passes through the
measurement points and we extend it to the vertical axis.
The intersection with the vertical axis indicates the
position of the metacenter (dxs/da =0)

Fig. II 4 Metacenter and stability
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Fig.Il 5 Graphical determination of the metacenter

II1.4 Calculation of the center of gravity

From a set position of the moving weights, the position of the total center of gravity (Xs, Zs will first be
determined). The horizontal position refers to the midline.

myX
Xg=—— = 0.055 X
m—i—mv-i—mh
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The upright position refers to the lower part of the floating body.

_Mmyz + (m+mh)zg _ 0.055 X

Xs

The stability gradient (dxs/da =x/s).

m+tm,+my,

VI Conducting the experiment

Adjust the horizontal moving weight to a position x=4cm.

Adjust the vertical weight to the lower position.

Fill the tub with water and put the body in it.

Gradually raise the vertical moving weight and read the angle on the heel indicator.

Read the height of the moving weight on the top edge of the weight and write it with the
angle in the table.

e Repeat for a position x=8cm

Horizontal weight position x=4cm
Position of the center of gravity xs=.......

Vertical Weight Height 3cm 6cm 9cm 12cm | 15cm

Angle o
Position of the center of gravity zs
Stability gradient (dxs/da).

Horizontal weight position x=8cm
Position of the center of gravity Xs=.......

Vertical Weight Height 3cm 6cm 9cm 12cm | 15cm

Angle a
Position of the center of gravity z
Stability gradient (dxs/da).

Work required

1. Calculate the position of the center of gravity XS and the stability gradient (dxs/da). with the
formulas indicated in the theory.

2. Plot zs graphs based on (dxs/da) for both horizontal positions x=4cm and x=8cm.

Determine the positions of the metacentric height graphically.

4. Give the stability condition of floaters.

(98]
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