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Development of New Air Cushioning System and Implementation to

Packaging of Multifunction Peripherals (MFPs)
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Abstract

Styrofoam is generally used as cushioning material to protect
heavy products from impact during transportation. However,
Styrofoam is bulky, therefore it requires large space for its
transportation, storage, and disposal making them inefficient.

As an alternative, we studied type of air tube that is filled
with air only during use. It cushions by using elastic force
generated by the compression of air during impact. By tak-
ing the air out of it during transportation, storage, and dis-
posal, the volume can be reduced to about 1% of Styrofoam.
In addition, since the amount of resin material used is small,
CO2 emissions from waste incineration is greatly reduced.

However, since conventional air tube cushioning material
with simple bubble structure where each air unit (hereinafter
referred to as a cell) is independent, the internal pressure
quickly rises in cushioning and a cell is damaged in some
cases. There is another problem that the cushioning perfor-
mance is limited due to excessive elastic force. It is therefore
difficult to apply air tube type material to the packaging of
heavy products.

We have introduced new air cushioning system consisted
of two cells spanning from one cell that receives the impact
to the other jointed together with narrow air-flow channel.
The air compressed by the impact moves towards the other,
suppressing rapid increase of pressure. In addition, the cush-
ioning function was improved by engineered shape of the
air-flow channel. Thus, we were able to create a new air cush-
ioning system that can protect heavy object weighing 160 kg
in a cushioning distance of 20 mm.

The new air cushioning system will be applied to new
products in 2020, reducing the volume by 84% compared to
the resin cushioning materials such as Styrofoam used in the
2005 products. Considerable space reduction during trans-
portation, storage and disposal has also been achieved. In
terms of weight, we successfully reduce the resin material by
70%. By applying this technology to other types of packag-
ing, we plan to reduce annual CO2 emissions in 2020 by 1200
tons compared to 2019.
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Fig. 1 Relationship between internal pressure and compression ratio.
Initial internal pressure is defined as 100 %. Internal pressure rises
sharply as the compression ratio rises. Since the ability of the
adhesion part is about 250 %, the possibility of damage increases
when compression ratio exceeds 60 %.
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Fig. 2 Layout diagram.
Two cells are spanning from one cell that receives the impact to
the other jointed together with narrow air-flow channel. Compressed
air flows from impacted cell to another.
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Fig. 3 Schematic diagram.
(1.) is a conventional air cushioning system without air flow. By
changing the opening of the channel such as, (2.) and (3.), the
flow rate is controlled. Acceleration of the dropped object was
measured of the moment.
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Fig. 4 Relationship between acceleration and opening ratio.

A product with an accelerometer was dropped on the cushioning
material, and the relationship between the opening ratio of the
channel and the maximum acceleration ratio was measured.
Compared to the single cell type conventional system (1.), new air
cushioning system that moves air through the channel shows
smaller acceleration as the opening ratio increases. It was also
found that there is an optimal ratio of opening (= air volume
change amount), such as, (3.).
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Fig.5 Inclined impact tester.
The experiment used an inclined impact tester. Air cushioning
materials was set on the left side, and the maximum acceleration
was measured while changing the configuration of the channel.
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Fig. 6 Relationship between acceleration and air volume change.

Air volume change

The difference of cushioning performance between the initial con-
dition and the optimized condition is shown. Parameters, such as,
the number of air cushioning materials, cylinder length, and the
filled amount of air were changed. The maximum acceleration
and the change of air volume were measured by inclined impact
tester. The optimized condition showed better cushioning perfor-
mance with small air flow. It was confirmed that the cushioning
performance was enhanced by controlled air-flow resistance.
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Fig. 7 Film composition.
We used three-layer structure resin film. PE films are thermal
adhesive, and they are set on the outer and inner layers which
contacts with the product and corrugated cardboard, respec-
tively, to ensure wear resistance. PA film is used as the intermedi-
ate layer to suppress air permeation, ensure tensile strength, and
prevent tearing.
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Fig. 8 Plan view of air cushioning material.

A plan view of the air cushioning material before filling is shown.
Two cells are connected by zigzag-shaped channel. When air is
filled, air is provided through the check valve, and the entire tube
is filled through the channel. In order to ensure redundancy
against tearing, the air cushioning cells are arranged as many
independent elongated tubular bags in parallel.
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Fig. 9 Relationship between acceleration and impact energy.

Assuming small, medium, and large MFPs, the test product
weight was set to (1.) 50 kg, (2.) 100 kg, and (3.) 175 kg respec-
tively. The same equipment as in Fig. 5 was used for this experi-
ment, and the maximum acceleration to the test product was
measured by changing the height to start dropping. It was con-
firmed that by adjusting the number and length of cells for each
weight, stable cushioning performance is obtained from low
impact to high impact. In addition, it was confirmed that each
impact observed in our transportation test (indicated by %) at
three weight is less than our internal standard value.
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Fig. 10 Layout diagram of air cushioning material.
Since the new air cushioning system converts the kinetic energy
into heat when it receives an impact, they are placed on the side
and top surfaces instead of the bottom surface, where the mate-
rials are constantly under pressure. The upper left part is a cor-
rugated cardboard spacer to fill in the large gap from the box.
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