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So when we look at the illustration of parametric rolling here, it means that
when the ship is rolling synchronously with the waves coming from the bow and the
waves coming from the port and starboard sides of the ship, the ship experiences
parametric rolling. As the ship sails through the waves with the bow lifted by
the oncoming wave, 1f there is a tendency to turn to the right, and at that
moment encounters another wave lifting the stern, but with the stern tending to
turn to the left, the ship will suddenly be accelerated to the right and start
rolling. This phenomenon is called parametric rolling. If explained in this way,
parametric rolling occurs when both the bow and the stern of the ship are
affected by waves simultaneously.

Parametric rolling seems to be more common in container ships and less so in
timber ships. Therefore, the study was proposed because when the wave moves from
the bow to the stern, it causes a change in the ship’s buoyancy, resulting in
increased rolling. Those of us who have worked on container ships or have
experience in ballasting or deballasting would know that although container ships
may appear fully loaded, the distribution of weight inside is actually uneven.
For example, when a wave hits, at one moment the left side may be heavier at 12



times the wave height, then as the wave moves to the 16th wave height, the right
side may become heavier, or there could be a pattern of three times heavier on
the left and three times heavier on the right, causing the ship’s center of
gravity to shift unpredictably, resulting in a new type of ship motion known as
rocking where the ship’s center of gravity shifts abruptly from side to side.
Some people may compare the ship’ s rocking motion to holding a cradle and shaking
1t randomly from one side to the other. The person sitting in the cradle would
feel the ship’ s rocking motion very intensely. This rocking motion, if
unfortunately synchronized with the waves hitting the ship’ s bow, can lead to
parametric rolling. Now let’s talk about the changes in stability in wind and
waves. First, let’s start by discussing static stability in calm waters. We know
that the volume of the ship’s hull submerged in the water provides its buoyancy.
The WL line represents the waterline, and the space enclosed by the hull’ s outer
plating below this WL line is the source of buoyancy. The center of buoyancy
volume is called the centroid or BBorne Center.

[t is evident in ships, especially in iron-hulled ships, that the ship floats on
the water with a high deck, so its center of gravity is higher than the volume
submerged in water, which is the Gravity Center or center of gravity. When the
ship 1s at rest, the center of gravity is supported by the buoyancy below,
keeping the ship upright in calm waters. However, if the weight distribution on
the deck or inside the ship is uneven, the center of gravity will shift, causing
the ship to become unstable. If the ship is properly balanced in calm waters, the
center of gravity will align with the centroid or buoyancy center. The ship’ s
buoyancy center is mainly determined during the ship’s design and construction,
based on whether cargo, ballast, or other items are loaded at the rear or
elsewhere in the ship.

Observing the waterline during a stability test, now if we look at this WL Line
as W1 L1, then if the ship is in... If we look from the stern to the bow of the
ship, we are looking at the part of the ship, the cross-section of the ship. When
the ship is tilting to the right, the triangular area on the left side of the
ship’s hull that was originally immersed in water is now shifted from the left to
the right. Therefore, this new submerged volume changes the metacentric height
differently from before, moving from the original centerline in direction B to
position Bl. This i1s the new metacentric position. The cargo on the ship has not
moved, so the center of gravity remains in its original position.

The weight must act downwards towards the earth, buoyancy is upwards and
downwards, resulting in a righting moment. If we see that the volume of the right
side of the ship’ s hull submerged below the L1 W1 line is larger, the buoyancy on



the right side is larger than on the left, and with the weight still acting
downwards in the original ship, there is a force to the left for righting. The
same applies if the ship tilts to the left, there is a force for righting it to
the right to maintain stability. When there are waves, the waterline is no longer
horizontal but adjusts to the waves, creating a new waterline. This change
affects the position of the ship’s center of buoyancy, causing it to descend. The
drawing may be exaggerated, but the concept is the same.

As the center of buoyancy descends, the ship encounters the waves and tilts to
the right, with the center of buoyancy shifting from B to Bl. Now, the original
center of buoyancy has already decreased, and the ship eventually reaches a point
where there is no buoyancy in this area, resulting in further descent of the
center of buoyancy. However, there is still displacement where there is buoyancy,
so the possible displacement occurs due to the change in underwater volume. The
upward arrow represents buoyancy; originally, the buoyancy at point M, known as
the metacentre, is upwards. Due to the change in underwater volume, the
metacentre shifts farther away. The distance between the center of gravity (G)
and the metacentre (M) increases, enhancing stability.

Despite the increase in the metacentric height, the ship will not capsize because
there 1s a substantial distance between the center of gravity and the metacentre.
Although the metacentric height increases, the buoyancy decreases because the
submerged volume in water actually decreases. Generally speaking, if the ship is
in the waves, there is usually no problem with the ship in the waves, what is
problematic is the ship above the waves, so let’s go back and look at what the
situation will be like if the ship is above the waves. We just saw the change in
stability of the hull in the waves, now let’s talk about the more complex change
in stability of the hull in the waves. Let’s talk about i1t now.

First, we see here on the left side the situation of the ship riding on the waves
when the ship is upright, the waterline was originally horizontal, but because of
the waves, this red wave creates a curvature, causing something on the ship to
what floats, initially when it enters the water, with a wave coming in, the
volume in the water increases, causing the float to start moving upward. Then, we
see that 1f the float starts moving upward, like this when the waves are calm,
the float, because the volume of water on the left side is less than on the right
side, so the float moves to the right, causing the float to move up and the right
side’ s purple float up and the left side’ s blue center of gravity down, causing a
leftward float momentum.

This 1s ideal condition GM is still maintained, but the variation of the float is
not significant, so the original GM has decreased, but we must not forget that



the waves are not always still, 1if the waves today only reach this point, then we
see, now the volume of the hull in the water, the left side is not necessarily
smaller than the right side, so at this time, where should the float be, it may
not necessarily run away, not only might not run to the right, it may run to the
left, why does 1t run to the left, because the left side of the hull is in the
water more, we see the left side

submerged in the hull, the right side submerged in the hull, what is the GM at
that time, so everyone look carefully now the GM is negative, because the ship
clearly leans to the right but the center of gravity is still on the right, the
float on the left side submerged in the water is larger than the float on the
right side, the right side is larger, the left side is smaller. The float 1s on
the left side, this is definitely unchanged, what will happen when the GM is
negative, will i1t be unstable, will the ship capsize, so the ship has already
leaned to the right, and there is a torque that pushes it to

the right, of course, with the movement of the waves, this may be temporary,
unfortunately, your ship happens to be at the highest point of the wave, now
because there are no waves here, 1f the hull is sliding to the right at this
time, the sway of your ship’s bow will suddenly increase, there will be a large
deviation, when the GM is negative, the balance point of the ship has a special
term that slides over, this in the terminal when loading and unloading, the GM is
negative, and then a 20-foot container goes down, the ship will directly capsize,
because of this negative GM effect, of course, this is a lesson for the future
may, we

will explain in the loading of cargo, it is very obvious here, when the GM is
negative, 1f you happen to be on top of the highest wave, then you will capsize,
unlike fishing boats, there is help, of course, the waves are always moving, this
wave may also go by, so now everyone is talking about what is called parametric
rolling, 1t is likely because the ship is riding on the crest of the wave,
causing severe rolling when the GM is negative, that This is a more reasonable
explanation of what our rescue agency is talking about here, instead of
inexplicable parameter oscillation. Of course, this time is just a brief moment
of luck for individuals. As the wave passes by, we are comparing the left and
right floating stars, then we discovered how the floating stars move, shifting to
the right. At this point, the GM corrects it, so the ship, as the wave passes,
causes the ship to experience a sudden moment of port and starboard torque,
resulting in the irregular swinging of the ship, as if a fish 1s swimming in the
water, suddenly veering left and then right. That’s how the ship is, swimming in
the sea, especially larger ships with high tension steel hulls, showing the



effect more prominently.



