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ENERGY CELLS

The purpose of a platform fendering system is to manage the kinetic energy transmitted
from a berthing vessel to the jacket leg of an offshore structure. The kinetic energy is
converted to potential energy and then back to kinetic with some minor losses (heat) that
accelerates the vessel in the opposite direction. The reaction to that impact is managed by
the Energy Cell at either end of the Barge Bumper system. The DEFI Compression Bonded
Energy Cells manufacturing process that provides a constant bond-in-compression. This
bond-in-compression feature eliminates many of the problems associated with conventional
energy cells, among them poor rubber-to-metal bonding, limited axial and lateral deflection,
and pullout. (See Figures 1, 2 and 3)

This rubber-to-metal bonding problem has been solved by a manufacturing process that yields
the advantage of having the rubber compressed with a constant force against the bonding
surface, complementing an already superior, adhesive system.

Utilizing a superior grade of natural rubber in conjunction with the “bond-in-compression”
manufacturing process, the DEFlI Compression Bonded Energy Cell is capable of greater
deflection and higher energy absorption than conventional cells in both the axial and lateral
modes. This is achieved through the design of the rubber annulus and the unique bonding
process. (Refer to Performance Curves and Figures 1, 2 and 3)

All of DEFI compounds are U.V. stabilized and ozone resistant.

The rubber utilized in our energy cells is a natural rubber compound providing high elongation in
conjunction with high shear and tensile strengths.
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METHOD OF MANUFACTURE ENERGY CELLS

CONVENTIONAL ENERGY CELLS

(Manufactured by Competitors)

Both the inner metal and outer metals are placed in a mold INNER

which provides for the annulus, and which also keeps the METAL

pipes parallel. These metals have both been sandblasted and \
coated with a rubber adhesive. Uncured natural rubber
compound is placed into the mold annulus formed by the
inner and outer metals. After the annulus is filled with
rubber, the cap of the mold is then installed. The cell is then RUBBER
placed in an autoclave, on a heat table, in a hot oil bath, or \ :

some other environment to effect the curing of the rubber, :

as well as activating the chemical bond between the rubber \l ‘\\\ ggﬁgg&é
and the inner and outer metals. The rubber is heated at a : APPLIED HERE
temperature of approximately 300° F for six hours. The
molds are then broken apart, the product removed, and the
manufacturing process completed. There is, however, a
shrinkage phenomenon with rubber--it shrinks as it cools
after the curing process. The rubber ID tends to \
"shrink-fit” onto the inner metal, however, the OD tends to OUTER
shrink and pull away from the outer metal. This shrinkage
phenomenon can be as much as 2-4% of the rubber CONVENTIONAL CELL
thickness. This places the rubber in a radial state of tension, FIGURE 1A

places the chemical bond in a radial state of tension, and
weakens the energy cell (See Figure 2A).
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BOND-IN-COMPRESSION ENERGY CELLS

INNER
o METAL (PROVIDED by DEFI)
|~ RUBBER Uncured natural rubber compound is mandrel
/ A1 wrapped onto the inner metal which has already

been sandblasted and coated with a rubber
adhesive system. The inner metal and uncured
CHEMICAL { 11/2° » =~ >ira- 1120 rubber are placed into a compression mold where
RO T Y ¢ it is steam heated for 6 hours at 300° degrees F.
Afterwards, the cured part is removed from the
mold. The same rubber shrinkage phenomenon
> GUrER occurs at this point. The rubber ID shrink-fits

METAL onto the inner metal and the rubber OD also
decreases. Even after shrinkage, the OD of the
rubber is approximately 3" larger than the
diameter of the outer metal it is to be
"squeezed" into. The outer metal is then blasted
and painted with an adhesive system.

Using a hydraulic press and a guide funnel, the
rubberized inner metal is "squeezed" into the
outer metal. After this, the rubber-to-outer metal
! bond is activated (oven-heated), and this
completes the manufacturing process. The main
) difference between the DEF| Provided Energy
Cell and the Competitor’s Conventional Cell is
that the rubber in the DEFI cell is in a radial state
of compression, not radial tension. The result is a
DEFI ENERGY CELL more efficient energy cell that outperforms the
cells of our competition.

FIGURE 1B



ANNULUS “STATES OF STRESS” ENERGY CELLS

COMPETITOR’S CONVENTIONAL CELL
FIGURE 2A

P AR CHEMICAL BOND @
AV XN\ shrink-fits
N xR 0 onto the inner
COMPETITOR’S f “v/\/ - ﬁ\\\\{ = {: \ metal, but is
CONVENTIONAL CELL l | , . B ——

wanting to
shrink and pull
away from the
outer metal.

DEFI ENERGY CELL
FIGURE 2B

CHEMICAL BOND Because the OD of
R NER e the rubberized
ANBLBRERIN inner metal is larger
than the diameter
N : ! X of the outer metal,
DEFI ENERGY CELL | R ] the insertion of the
FIGURE 2B ' inner metal into the
outer metal forces
the rubber a radial
state of
compression.




THE DEFI CELL ABSORBS MORE ENERGY

ENERGY CELLS
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CROSS SECTION OF A RUBBER
FIBER IN THE ANNULUS OF A
CONVENTIONAL CELL

Rubber is in a residual state of
tension (State of Stress 1); thus,
when a load "F" is applied, a total
displacement "D" is obtained.

CROSS SECTION OF A RUBBER
FIBER IN THE DEFI CELL
ANNULUS

The rubber is in a relaxed state of stress
since it is in compression in the annulus.
The same load "F"D1 will initially deflect
the rubber a distance of "D1" -- the
deflection that will move the rubber to a
point creating the same State of Stress 1
theD’ Conventional Cell began. From that
point on, the DEFI Cell will deflect the
same distance "D"D due to the load "F".
Thus the total deflection of the DEFI Cell
is D1+D=D". Since kinetic energy is a
function of force acting through a
distance, and since the DEFI deflection
due to load F (D1) is larger than D (the
deflection of the conventional cell due to
load F), the DEFI cell absorbs more
energy. In short, it deflects more for the
same load. The net result is that the
berthing load transferred into the jacket
structure is reduced by using the DEFI
Cell.




DEFI ENERGY CELLS, TYPE 18/30 ENERGY CELLS

NOTE: These curves are the average
TYPE 18/30 AXIAL MODE results from stroking 14 different

energy cells.
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DEFI ENERGY CELLS, TYPE 20/36 | ENERGY CELLS
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OPTIONAL FEAT

URES

ENERGY CELLS
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This patented feature is
available for all energy cells.

It minimizes damage to the
energy cell as well as the
barge bumper system in
pullout situations. The

system can be designed to
accommodate any pullout load.

(FOR ENERGY CELLS)

It is a proven fact that corrosion on the
lower end of the barge bumper system,
on the kingpost side of the lower
energy cell, is much more severe than
corrosion on the jacket leg side of the
system. This is because the rubber
isolates the kingpost from the cathodic
protection of the structure. Use of the
DEFI Flexible Ground Strap provides a
means for the kingpost to draft from
cathodic protection system by
electrically connecting the two.
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