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[37] ABSTRACT

An automated system is disclosed for folding vehicle air
bags so that a small folded-bag profile and a desirable bag
deployment pattern results. A machine having numerous
moveable arms is controlled by a controller. An edge folding
assembly (EFA) of the machine has five arms, including a
center arm, two outer blades, and two outwardly facing
U-channel forks, which reside between respective outer
blades and the center arm. The EFA moves forward so that
all of its five arms engage an unfolded air bag. The forks
then raise upward 1o a level at which the ouler blades are
aligned with a gap between tines in the forks. The outer
blades mesh with this gap causing two pleats to be formed
in the edge of the bag, Pleat clamps then move inwardly
sideways to engage the two pleats and form a third pleat.
Then, the EFA is removed from the bag. The pleat clamps
clamp top and botiom sections of the bag together while
tightly gripping the pleats. The bag is then inflated, except
that the pieat clamps prevent inflation of the pleated section.
Nexl, the pleat clamps move closer together 10 poke the
pleats 1nto the center of the otherwise inflated bag. The bag
1s then deflated, and the pleat clamps are withdrawn from the
bag.

24 Claims, S Drawing Sheets
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BAG FOLDING SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of application Ser. No.
08/141,227 filed 21 Oct. 1994 now abandoned.

TECHNICAL FIELD OF THE INVENTION

The present invention relates generally to the folding of
flexible, multi-layer, sheet-like articles, such as bags. More
spectfically, the present invention relates to folding vehicu-
lar air bags.

BACKGROUND OF THE INVENTION

Vehicular air bags are among the latest safety enhance-
ments for automobiles and other vehicles. Their use in
vehicles is increasing dramatically. Generally, such air bags
arc located within a steering wheel or column, dashboard,
control panel, or other out-of-the-way location which is near
a vehicle’s occupant. Sensors located in the vehicle detect
when a crash is occurring and activate the air bag(s). When
activated, the air bags rapidly inflate between the vehicle's
occupant and a polentially injurious or deadly surface, such
as a steering wheel. As the crash progresses, the force of the
crash may hurl the occupant toward the injurious or deadly
surface, but the occupant first encounters the air bag, which
prevents or otherwise lessens injury to the occupant.

In order for the air bag to be effective, it must be stored
m an out-of-the-way location until needed. Moreover, it
must be stored in such a manner that it can be rapidly
activated to do its job. Due to the continual down-sizing of
vehicles, the out-of-the-way locations where air bags are
typically located are usually rather small. Thus, an air bag
must be folded into a small package so that it fits into a small
location. But, the technique used to fold the air bag affects
its deployment when activated. To minimize the possibility
of harm to a vehicle occupant, the air bag preferably deploys
cvenly in a spreading out (side-t0-side) manner rather than
shooting first toward one side then the other or shooting
straight out then filling in from side-to-side.

The conventional process for folding vehicular air bags
relies almost exclusively on manual labor. This conventional
process is plagued with problems. For example, approxi-
mately 12 minutes are required to fold an air bag using
manual labor. With the large number of air bags now being
used in vehicles, a tremendous amount of labor and expense
1s required to fold air bags. Moreover, the folding of air bags
requires a large number of highly repetitive manual motions.
Such repetitive motions are potentially hazardous to the
health of the manual laborers. In addition, such repetitive
motions lead to boredom, which in turn leads 10 a poor
performance of the job.

Another problem relates to the consistency with which
bags arc folded using the conventional process. While some
bags get folded acceptably, others tend to be folded using a
less-than-optimal folding patiern or in a manner which
results in an overly large package. This lack of consistency
results in a considerable amount of rework, which is expen-
sive, and inconsistent bag deployment patterns, which may
pose unnecessary dangers to vehicle occupants.

SUMMARY OF THE INVENTION

Accordingly, it is an advantage of the present invention
that an automated system for folding air bags is provided.
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Another advantage of the preseni invention is that a
systemn for folding bags quickly is provided.
Yet another advantage of the present invention is that a

system for folding air bags in a consistent fold pattern is
provided.

Still another advantage of the present invention is that a
system for [olding air bags to consistently achicve a desir-
able deployment pattern is provided.

Stili another advantage of the present invention is that a
system for consistently folding air bags to achieve a small
folded-bag profile is provided.

The above and other advantages of the present invention
are carried out in one form by a method of automatically
folding an air bag. The air bag characteristically has top and
bottom sections, and the folding method achieves a folded-
bag profile that is suitable for vehicular installation along
with effective bag deployment in the event of a vehicle
crash. The method calls for clamping the top and bottom
sections of the bag together. This clamping action occurs
near an edge portion of the bag and substantially restricts
inflation of the edge portion but leaves a central portion of
the bag unclamped. After clamping, the central portion is
inflated so that the top section of the air bag scparates from
the bottom section. When the top and bottom sections have
been separated, the clamped edge portion is inserted into the
central portion between the top and bottom sections.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention
may be denived by referring to the detailed description and
ciaims when considered in connection with the FIGURES.

wherein like reference numbers refer to similar items
throughout the FIGURES, and:

F1G. 1 shows a perspective view of a preferred embodi-
ment of the present invention in connection with an air bag
and prior to a first stage in the preferred process for folding
the air bag;

FIG. 2 shows a block diagram of the preferred embodi-
ment of the present invention;

FIG. 3 shows a cross sectional view of the preferred
cmbodiment of the present invention after a second stage in
the preferred process for folding the air bag;

FIG. 4 shows a cross sectional view of the preferred
embodiment of the present invention after a third stage in the
preferred process for folding the air bag;

FIG. 5§ shows a cross sectional view of the preferred
embodiment of the present invention after a fourth stage in
the preferred process for folding the air bag;

FIG. 6 shows a cross sectional view of the preferred
embodiment of the present invention after a fifth stage in the
preferred process for folding the air bag;

FIG. 7 shows a cross sectional view of the preferred
embodiment of the present invention after a sixth stage in the
preferred process for folding the air bag;

FIG. 8 shows a cross sectional view of the preferred
embodiment of the present invention after a seventh stage in
the preferred process for folding the air bag;

FIG. 9 shows a cross sectional view of the preferred
embodiment of the present invention after an eighth stage in
the preferred process for folding the air bag;

FIG. 10 shows a cross sectional view of the preferred
embodiment of the present invention afier a ninth stage in
the preferred process for folding the air bag;
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FIG. 11 shows a cross sectional view of the preferred
cembodiment of the present invention after a tenth stage in
the preferred process for folding the air bag;

FIG. 12 shows a cross scctiona} view of the prelerred
cmbodiment of the present invention after an eleventh stage
in the preferred process for folding the air bag;

FIG. 13 shows a cross sectional view of the preferred
embodiment of the present invention after a twelfih stage in
the preferred process for folding the air bag;

FIG. 14 shows a cross sectional view of the preferred
embodiment of the present invention after a thirteenth stage
in the preferred process for folding the air bag;

FIG. 15 shows a cross scctional view of the preferred
embodiment of the present invention after a fourteenth stage
in the preferred process for folding the air bag;

FIG. 16 shows a cross-section of the air bag folded 1n
accordance with the preferred process; and

FIGS. 17A-17F together show exemplary vertical [olds
which may be utilized 10 place the air bag in a final slage.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description certain items arc cither iden-
tical to or mirror images of other items. This description
distinguishes such items from their counterparts by the use
of lower casc alphabetic characters (“a”, “b”, and so on)
which are appended to a common reference number. When
an alphabetic character is omitted, the description reiers 10
any one of such items or their counterparts individually or 1o
all of them collectively.

FIG. 1 shows a perspective view of a preferred embodi-
ment of a bag folding machine 10 configured in accordance
with the present invention. FIG. 1 further shows a deflated
air bag assembly 12 positioned on machine 1. FIG. 1
illustrates the state of machine 10 and bag assembly 12 prior
lo a first stage (discussed below) in a preferred process for
folding bag assembly 12.

Machine 10 includes a top blade 14, which is rotatable
from an upright position, shown in FIG. 1, to a lowered
position, in which blade 14 closely overlies bag assembly
12. The central region of blade 14 carries pins 16a, 16b, 16c.
and 16d. Pins 16 couple o and extend perpendicularly away
from blade 14. Furthermore, pins 16 are movable from a
raised position relative to blade 14, shown in FIG. 1, 10 a
lowered position, discussed below. In viewing FIG. 1, pins
162 and 16b reside on the left side of blade 14 while pins 16c¢
and 16d reside on the right. Elastic band 18a is looped
around pins 16a and 16c underncath blade 14, and elastic
band 18b is looped around pins 16b and 16d underncath
blade 14.

Machine 10 additionally includes an edge folding assem-
bly (EFA) 20, which 1s shown positioned behind bag assem-
bly 12 in FIG I EFA 20 is moveable from iis rearward
position shown in FIG. 1 to a forward position where 11
engages bag assembly 12.

-

EFA 20 carries five arms which move together between
the rearward and forward positions. These five arms include
a center arm 22, left and right fork arms 24a and 24b,
respectively, and left and right outer blades 26a and 26b,
respectively. Center arm 22 remains stationary relative 1o
EFA 20. In other words, arm 22 moves only inward and
outward with the entirc EFA 20 and does not move any
substantial distance cither upward, downward, left, or right.

Fork arms 24 each reside between respective outer blades
26 and center arm 22. Each fork 24 resembles a U-channel
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having an upper plate or tine 28a and an opposing lower
plate or tinc 28b. For each fork 24, tines 28 are spaced aparl
[orm one another by a gap 30, and the U-channel opening,
hereinafier referred to as an entrance edge 32, faces away
from the center of machine 10. Each fork 24 may move
upward from its downward position, shown in FIG. 1, with
respect 10 EFA 20. In other words, forks 24 move forward
and backward with the entirc EFA 20 as well as upward and
downward.

Outer blades 26 arc positioned vertically at a level slightly
above center arm 22. Each blade 26 is configured to move
from an outward position, shown in FIG. 1, to an inward
posilion with respect to EFA 20. As discussed 1n more detail
below, when forks 24 arc in their upward positions, gaps 30
are vertically aligned with outer blades 16, and when outer
blades 26 move to their inward position, they mesh with
gaps 30.

Machine 10 additionally includes pleat clamps 34a and
34b located 1o the left and right, respectively, of outer blades
26 {rom EFA 20 and at roughly the same vertical level as
outer blades 26. FIG. 1 shows pleat clamps 34 in their
extreme ouler positions. However, pleat clamps 34 are cach
movable 1o an intermediate position and an exireme inner
position, as will be discussed below.

As a whole, pleat clamps 34 remain substantially station-
ary in the vertical dimension. However, each of pleat clamps
34 carries upper and lower plates or fingers 36a and 36b,
respectively. The horizontal length (generally from left-to-
right in FIG. 1) of fingers 36 is slightly greater than the sum
of the horizontal lengths of onc outer blade 26 and one tork
arm 24. Fingers 36 move vertically with respective 1o one
another. FIG. 1 shows an opening 38 between fingers 36 al
its widest. As is discussed below, fingers 36 movce vertically
toward one another so that opening 38 disappears and a
clamping force is exerted between fingers 36. Fingers 36
additionally exhibil a position in which opening 38 is very
small and at which no clamping force is exerted between
fingers 36.

Each of fingers 36 includes two notches 39 which accom-
modate pins 16, as discussed below. Notches 39 cxiend
left-to-right from inward edges (facing the center of machine
10) of fingers 36 outward into the interior of their corre-
sponding fingers 36.

F1G. 1 shows air bag assembly 12 in a deflated and
unfolded state, which causes bag assembly 12 10 roughly
resemble a thin pancake. In viewing bag assembly 12
vertically from bottom to top, assembly 12 includes a basc
plate 40 secured 1o a sealed, flexible bag 42. Bag 42 includes
a bottom section 44, which attaches 1o base plate 40 and a
tlop section 46, which overlies bottom section 44 in the
deflated state illustrated in FIG. 1. In viewing bag 42
horizontally, left edge portion 48a and right edge portion 48b
arc separated from one another by central portion 30. Basc
plate 40 attaches 10 bag 42 only in the central region of
central portion 50 and not in end portions 48.

Basc plate 40 of air bag assembly 12 couples (o a
worksurface 52 of machine 10. Although not visible in FIG.
1, base plate 40 includes a pneumatic passage which is
continued through worksurface 52, through a valve arrange-
ment 54, to pressure and vacuum reservoirs 56 and 38,
respectively. Accordingly, valve 54 may be operated 10
apply pneumatic pressure to air bag assembly 12, seal air
bag assembly 12, or apply pneumalic vacuum to air bag
assembly 12.

FIG. 2 shows a block diagram of the preferred embodi-
ment machine 10. As discussed above in connection wilh
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FI1G 1, numerous blades, arms, and fingers of machine 10 arc
moveable. FIG. 1 shows that machine 10 employs a con-
troller 60 to coordinate such movements. Those skilled in
the art wili appreciate that any suitable programmable
controller, personal computer, or similar item may suffice for
controller 60.

Controlier 60 couples, through an appropriate control bus
62, to numerous actuators which control the above-dis-
cussed movements. In particular, an actuator 64 mechani-
cally couples to and controls the upward and downward
movement of top blade 14; an actuator 66 mechanically
coupies to and controls the upward and downward move-
ments of pins 16; an actuator 68 mechanically couples to and
controls the forward and backward movements of EFA 20:
an actuator 70 mechanically couples to and controls the
upward and downward movements of EFA forks 24: an
actuator 72 mechanically couples to and controls the left and
right movements of EFA outer blades 26; an actuator 74
mechanically couples to and controls the left and right
movements of pieat clamps 34; an actuator 76 mechanically
couples to and controls the upward and downward move-
ment of pleat clamp fingers 36; and, an actuator 78 couples
to valve 34 to close valve 54, or to control the application of
pressure or vacuum.

Those skilled in the art will appreciate that the precise
programming instructions and the nature of the control
tmparted through controller 60 and actuators 64-78 has little
bearing on the present invention, other than in accomplish-
ing the below-discussed process. For example, while the
preferred embodiment of the present invention primarily
uses pneumatic actuators, those skilled in the art may adapt
hydraulic or solenoid actuators to impart the above-dis-
cussed movements. Moreover, those skilled in the art will
fully appreciate that limit or position switches or sensors
may be employed in a conventional fashion within machine
10 to indicate to controller 60 when desired positions
(discussed below) are achieved through such movements.

Moreover, multiple actuators may be employed to move
arms, such as EFA outer blades 26, individually rather than
as a unit. And, other well known mechanical devices, such
as shides, levers, gears, belts, and the like, may be employed
to transfer and guide the arm motions discussed herein.

FIG. 1 and FIGS. 3-15 together present various states or
stages through which machine 10 and air bag assembly 12
progress in making horizontal folds in air bag 42. As
discussed above, FIG. 1 illustrates machine 10 and bag
assembly 12 prior to a first stage in the horizontal folding
process. Prior 1o the first stage, center portion 50 of bag 42
1s supported, but nothing supports edge portions 48 of bag
42 Thus, edge portions 48 droop downward. The first stage
results from moving top blade 14 from its upper position to
its lower position. In its lower position, top blade 14 overlies
and is spaced a distance apart from the top of central portion
S0 of bag 42. Top blade 14 carries pins 16, which will be
used later in the folding process.

FIG. 3 illustrates machine 10 and bag assembly 12 after
a second stage, which occurs immediately after the first
state. In the second stage, EFA 20 moves forward where it
cngages bag 42. In particular, center arm 22 of EFA 20 slides
over central portion 30 of bag 42 and underneath top blade
14, EFA forks 24 move underneath corresponding edge
portions 48 of bag 42, and outer blades 26 move over bag 42.
As shown in FI1G. 3, due to the droop in bag 42 forks 24a and
24b actually reside to the inside (right and left) of end
portions 48a and 48b, respectively. For the same reason,
outer blades 26a and 26b currently reside above and to the
outside (left and right) of end portions 48a and 48b, respec-
lively.
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F1G. 4 iliustrates machine 10 and bag assembly 12 afier
a third stage, which occurs immediately after the second
stage. In the third stage, EFA forks 24a and 24b have moved
to their upper positions. In these upper positions, the central
regions of gaps 30 in forks 24 reside at approximately the
same vertical height as outer blades 26. All outer blades 26
and torks 24 are positioncd vertically above center arm 22.
This movement of forks 24 removes some of the droop in
bag 42. However, the outermost regions of end portions 482
and 48b now extend vertically downward through and past
gaps 80, which define the horizontal spaces between outer
blades 26 and corresponding forks 24.

FIG. 3 illustrates machine 10 and bag assembly 12 after
a fourth stage, which occurs immediately after the third
stage. In the fourth stage, vacuum is applied to bag 42. Quter
blades 26a and 26b move into, or mesh with, gaps 30 in forks
24a and 24b, respectively. Bends, folds, or pleats 82a, 82b,
84a, and 84b are formed in end portions 48 of bag 42 as a
result of this relative movement between outer blades 26 and
forks 24.

In particular, as outer blades 26 move into gaps 30, the
outcrmost regions of cnd portions 48 are tucked between
tines 28 of forks 24. The much of the excess material of bag
42 that drooped vertically downward past gaps 80 afier the
third stage is now drawn into gaps 30. Only the very ends of
bag 42 extend out and droop down from the entrance edges
of forks 24. Moving from the outermost cdges of bag 42
inward, pleats 82a and 82b reside at leading edges 86a and
86b of outer blades 26a and 26b, respectively, as bag 42
bends back on itself and is juxtaposed on opposing sides of
blades 26a and 26b. Pleats 84a and 84b reside ail entrance
edges 32 of tines 28a of forks 24a and 24b, respectively, as
bag 42 bends back on itself again and is juxtaposed on
opposing sides of tines 28a of forks 24a and 24b.

FIG. 6 illustrates machine 10 and bag assembly 12 after
a ffth stage, which occurs immediately after the fourth
stage. In the fifth stage, pleat clamps 342 and 34b, each with
their fingers 36 opened to their maximum amount of exten-
sion, move inward toward the central portion 50 of bag 42.
In this stage, pleat clamps 34 each stop at their intermediate
positions. This causes the outer ends of bag 42 to be folded
under forks 24. At the current point in the process, openings
38 between fingers 36 are sufficiently wide to loosely
accommodate corresponding forks 24 and two thicknesses
of bag 42. Inner tips 88 of fingers 36 are now positioned
around points vertically above and below leading edges 86
of outer blades 26.

FIG. 7 illustrates machine 10 and bag assembly 12 afier
a sixth stage, which occurs immediately after the fifth stage.
In the sixth stage, outer blade 26b is retracted from gap 30
in fork 24b by moving horizontally outward. Outer blade
26a remains positioned within gap 30 of fork 24a to reduce
bag distortion in subsequent stages. The natural stiffness of
bag 42 along with the friction of bag 42 against interior walls
of forks 24 causes bag 42 to remain within gap 30 of fork
24b rather than be drawn outward with outer blade 26b. As
shown 1n FIG. 7, the length of fingers 36 accommodates both
fork 24b, outer blade 26b in its retracted state, and gap 80.

FIG. § illustrates machine 10 and bag assembly 12 after
a seventh stage, which occurs immediately after the sixth
stage. In the seventh stage, EFA 20, which includes outer
blades 26, forks 24, and center arm 22, is removed from
engagement with bag 42 by moving backward. The vacuum
previously applied to bag 42 along with the natural stiffness
of bag 42 prevents distortion of pleats 82 and 84 previously
formed in bag 42 or other significant disturbances of bag 42.
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At this point, the folds previously madc in end portions 48
of bag 42 are supported by lower fingers 36b of pleal clamps
34.

FI1G. 9 illustrates machine 10 and bag asscmbly 12 after
an eighth stage, which occurs immediately after the seventh
stage. In the cighth stage, pleat clamp fingers 36 have been
urged together by being moved to their clamped position. In
other words, a clamping force is exerted between fingers 36
thereby entrapping pleats 82 and 84 within fingers 36. These
clamping forces are sufficiently great to prevent any sub-
stantial inflation of the portions of bag 42 residing within
pleat clamps 34. This clamped portion of bag 42 currently
resides slightly above central portion 50 of bag 42.

F1G. 10 illustrates machine 10 and bag assembly 12 after
a ninth stage, which occurs immediately after the cighth
stage, in the ninth stage, the previously applied vacuum 18
removed and then pneumatic pressure is introduced to bag
assembly 12, thereby inflating bag 42. Of course, pleat
clamps 34 prcvent those portions of bag 42 which are
entrapped therein to become inflated at this siage. Consc-
quently, primarily the central portion of bag 42 bccomes
inflated. By inflating bag assembly 12, top section 46 of bag
42 becomes separated from bottom section 44 and moves
upward. In facl, top section 46 now resides above the
portions of bag 42 that are trapped within pleat clamps 34
while bottom section 44 resides below the portions of bag 42
that are trapped within pleat clamps 34. Blade 14 limits Lop
section 46 of tag 42 from extending further upward. Con-
sequently, the shape of bag 42 is bound in the vertical
dimension by plate 40 on the bottom and blade 14 on the top.

FIG. 11 illustrates machine 10 and bag assembly 12 after
a tenth stage, which occurs immediately after the ninth
stage. In the tenth stage, pleal clamps 34 move further
inward toward central portion 50 of bag 42. Top bladc 14
and bottom plate 40 prevent the bag from distorting outward
in the vertical dimension during this operation. Pleat clamps
34 cach stop at their extreme inward positions, in which
inner tips 88 of fingers 36 nearly touch each other but are
still spaced a small distance apart. Of course, the portions of
bag 42 which have been entrapped within fingers 36 by
clamping move inward with pleat clamps 34. Conscquently,
the entire edge portions 48 of bag 42 have been poked into
the central portion 50 of bag 42.

FIG. 12 illustrates machine 10 and bag assembly 12 after
an eleventh stage, which occurs immediately after the tenth
stage In the eleventh stage, vacuum 1S applied to bag
asscmbly 12 to deflate bag 42. In addition, pins 16 are
moved downward through slots 39 in pleat clamp fingers 36.
As pins 16 move downward, elastic bands 18 stretch over
the top of central portion 50 of bag 42. This stretching of
bands 18 exerts a corresponding downward force on top
section 46 of bag 42. As bag 42 deflates, this downward
force overcomes the natural stiffness of bag 42 causing bag
42 to collapse and top section 46 to move downward as
vacuum is applied.

FIG. 13 illustrates machine 10 and bag assembly 12 after
a twelfth stage, which occurs immediately afier the cleventh
stage. In the twelfth stage, fingers 36 of pleat clamps 34 arc
moved to their intermediate state in which clamping forces
are removed and fingers 36 are spaced only a small distance
apart. In shor, pleat clamps 34 arc loosened, thereby aban-
doning the grip they previously had on the entrapped por-
tions of bag 42.

FIG. 14 illustrates machine 10 and bag assembly 12 after
a thirtcenth stage, which occurs immediately after the
twelfth stage. In the thirteenth stage, pleat clamps 34 are
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disengaged from bag 42 by moving horizonially outward. In
this stage, clamps 34 arc moved to their extreme outward
positions. Fingers 36 may additionally be moved o the
positions where they are spaced furthest apart in preparation
for a subsequent folding process. Noiches 39 (sec FIG. 1) in
fingers 36 permit this outward movement while pins 16
remain in their downward position. Since clamps 34 had
previously been loosened, scant frictional forces oppose this
retraction of pleat clamps 34. Thus, pins 16, the vacuum
applied to bag 42, and the natural stiffness ol bag 42 together
serve to prevent any significant disturbance of the folds
previously formed in bag 42.

FIG. 15 illustrates machine 10 and bag assembly 12 after
a fourteenth stage, which occurs immediately after the
thirteenth stage. In the fourteenth stage, top blade 14, pins
16, and clastic bands 18 are disengaged from bag assembly
12 primarily by raising top blade 14. Pins 16 may addition-
ally be retracted to their raised position in preparation for a
subsequent folding process.

As a result of the process described above, bag assembly
12 has undergone a horizontal folding process. The resulting
folded-bag profile is shown in cross section in FIG. 16, As
shown in FIG. 16, bag 42 of bag assembly 12 fits within the
profile defined by base plate 40. This fold pattern 1s desirable
because it produces an effective deployment pattern. In
particular, the central joint region 90 together with top and
bottom joints 92 and 94, respectively, cause bag assembly 12
to inflate evenly in a left-to-right direction while bag assem-
bly 12 is expanding away from plate 40. In addition, lhe
overall folding process is performed quickly.

FIGS. 17A-17F together illustrate vertical folds which
may be performed either manually or automatically 1o
completely fold bag 42 onto the profile defined by base plate
40. After venical folds have been completed, folded bag
assembly 12 is ready for installation in a vehicle.

In summary, the present invention provides an automated
system for folding air bags. An air bag can be installed on
machine 10 in around 4 scconds and then, under the direc-
tion and coordination of controller 60 (sec F1G. 2), folded in
about 20 seconds. An additional 15-17 seconds are required
for an operator to make the vertical folds and unload
machine 10. Consequently, machine 10 and the process by
which bag assemblies 12 are folded result in a sysiem which
quickly folds bags and achieves significant time savings
over the conventional manual folding process. Moreover,
the automated nature of the system of the present invention
leads to a consistent fold pattern. In other words, each bag
is folded in substantially the same way as every other bag.
This consistent fold pattern achieves a desirable deployment
patiern along with a small folded-bag profile, which 18
entirely contained within the area of base plate 40.

The present invention has been described above with
reference 10 preferred embodiments. However, those skilled
in the art will recognize that changes and modifications may
be made in these preferred embodiments without departing
from the scope of the present invention. For cxample, the
above description uses the terms left, right, forward, back-
ward, top bottom, up, down, raised, lowered, horizontal,
vertical, and the like, to indicate relative direction with
respect 10 the FIGURES. Those skilled in the art will
understand that such relative terms are used 1o clarify the
description and do not limit the scope of the present inven-
tion to any particular orientation. These and other changes,
modifications, or altered orientations which are obvious to
those skilled in the art are intended to be included within the
scope of the present invention.
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What is claimed is:

1. A method of automatically folding an air bag having Lop
and bottom sections, said folding achieving a folded-bag
profile suitable for vehicular installation along with an
cliective bag deployment upon a crash of said vehicle, said
method comprising the steps of:

clamping said top and bottom sections together proximate
an edge portion of said bag to substantially restrict
inflation of said edge portion, said clamping step leav-
ing a central portion of said bag unclamped;

inflating said central portion of said bag to separate said
top section from said bottom section; [and]

limiting separation of said top section from said bottom
section; and

inserting said clamped edge portion into said central

portion between said top and bottom sections.

2. A method as claimed in claim 1 additionally compris-
ing, prior to said clamping step, the step of forming a first
pleat in said edge portion of said bag so that said clamping
step substantially prevents bag inflation proximaie said first
pleat.

3. A method as claimed in claim 2 wherein said bag
cooperates with a fork having first and second tines, each
having entrance edges, spaced apart by a first gap and with
a blade having a leading edge and being spaced apart from
said first and second tine entrance edges by a second gap,
and said first pleat forming step comprises the steps of:

extending said edge portion of said bag through said
second gap; and

moving said blade into said first gap to tuck said bag into
said first gap and form said first pleat al said leading
edge of said blade.

4. A method as claimed in claim 3 additionally comprising
the step of removing said fork and said blade from said bag.

3. A method as claimed in claim 4 wherein said removing
step retracts said blade from said first gap before said fork
1s removed from said bag.

6. A method as claimed in claim 4 comprising the step of
positioning, prior to removing said fork from said blade, a
clamp having first and second spaced apart fingers so that
said first and second fingers reside on opposing sides of said
fork.

7. A method as claimed in claim 6 wherein said clamping
step comprises the step of urging said first and second
fingers toward onec another.

8. A method as claimed in claim 2 additionally compris-
ing, prior to said clamping step, the step of forming a second
pleat in said edge portion of said bag so that said clamping
step substantially prevents bag inflation proximate said
second pleat.

9. A method as claimed in claim 8 wherein said bag
cooperates with a fork having first and second tines, each
having entrance edges, spaced apart by a first gap and with
a blade having a leading edge and being spaced apart from
satd first and second line entrance edges by a sccond gap,
and said method additionally comprises the steps of:

extending a first edge portion of said bag through said
second gap;

juxtaposing a second edge portion of said bag with said
first line of said fork; and

moving said blade into said first gap to tuck said bag into

said first gap and form said first pleat at said lcading

edge of said blade and said second pleat at said entrance
edge of said first tine.

10. A method as claimed in claim 1 wherein said clamping

step 1s performed by a clamp having first and sccond fingers
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clamped together from opposing sides of said edge portion
of said bag, and said inserting step comprises the step of
moving said clamp toward said central portion of said bag.

11. A method as claimed in claim 10 wherein said first and
second fingers impose a clamping force on said bag, and said
method additionally comprises, afier said inserting step, the
steps of:

deflating said bag: removing said clamping [orce between

said fingers and said bag: and

moving said clamp away from said central portion of said
bag to disengage said clamp from said bag.

12. An apparatus for automatically folding an air bag
having top and bottom sections, an edge portion, and a
central portion, said folding achieving a folded-bag profile
suitable for vehicular installation along with an effective bag
deployment upon a crash of said vehicle, said apparatus
COmprising:

a pleat clamp for clamping said top and bottom seclions
of said bag together proximate said edge portion of said
bag to substantially restrict inflation of said edge por-
tion;

pneumatic means, coupled to said central portion of said
bag, for inflating said ceniral portion of said bag to
separate said top section from said botlom scctions:

means, coupled to said pleat clamp, for inserting said
clamped edge portion into said central portion between
said top and bottom section; and

control means for coordinating operation of said pleat

clamp, inflating means, and inserting means.

13. An apparatus as claimed in claim 12 additionally
composing, means, coupled to said control means, for form-
ing a first pleat in said edge portion of said bag.

14. An apparatus as claimed in claim 13 wherein said first

pleat forming means comprises:

a fork having first and second tines, cach having entrance
edges, spaced apart by a first gap;

a blade having a leading edge and being spaced apart from
said first and sccond line entrance edges by a second
gap,

means for extending said edge portion of said bag through
said second gap; and

means for moving said blade into said first gap so that,
when said edge portion of said bag is extended through
said second gap, said bag is tucked into said first gap,
and said first pleat is formed at said leading edge of said
blade.
13. An apparatus as claimed in claim 12 wherein said
pleat clamp comprises: first and second fingers; and

means, responsive (o said controller, for clamping said
first and second fingers together from opposing sides of
said edge portion of said bag.

16. An apparatus as claimed in claim 12 wherein said air
bag has a second edge portion on an opposing side of said
central portion from said edge portion, and said apparatus
additionally comprises:

a second pleat clamp, coupled {0 said control means, for
clamping said top and bottom sections of said bag
together proximate said second edge portion of said bag
to substantially restrict inflation of said second edge
portion:

means, coupled to said second pleat clamp and said
controller, for inserting said clamped second edge
portion into said central portion between said top and
bottom section.
17. An apparatus as claimed in claim 12 wherein said
pncumatic means additionally deflates said air bag.
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18. A method of automatically folding an air bag having
top and boitom sections, said folding achieving a folded-bag
profite suitable for vehicular installation along with an
effective bag deployment upon a crash ol said vehicle, said
method comprising the steps of:

spacing a fork having first and second tines, each having
entrance edges, apart by a first gap from a blade having
a leading cdge, said spacing positioning said blade
leading edge apart from said first and second tine
entrance edges by a second gap;

extending a first section of an edge portion of said bag
through said second gap;

juxtaposing a sccond section of said edge portion of said
bag with said first tine of said fork; and

moving said blade into said first gap to tuck said first
section of said bag into said first gap and form a first

pleat at said leading edge of said blade and a second
pleal a1 said entrance edge of said first line;

clamping said top and bottom sections of said bag
logether proximate said edge portion of said bag to
subsiantially restrict inflation of said edge portion, said
clamping step leaving a central portion ol said bag
unclamped;

inflating said central portion of said bag to scparate said
top section from said bottom section;

limiting separation of said top section from said bottom
seclion;

inserting said clamped edge portion into said central
portion between said top and bottom sections; and
deflating said bag.
19. A method as claimed in claim 18 comprising the step
of positioning, prior to said clamping step, a clamp having
first and sccond spaced apart fingers so that said first and
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sccond fingers reside on opposing sides of said fork, bag,
and blade.
20. A method as claimed in claim 19 additionally com-
prising, after said positioning step, the steps of:
first, retracting said blade from said first gap to disengage
said blade from said bag:

second, retracling said fork from said bag; and third,
removing said blade and said fork from within said
clamp.

21. An apparatus as claimed in claim 12, additionally
comprising limiting means for limiting separation of said
top section from said botiom section.

22. A method as claimed in claim 11 additionally com-
prises, after said inserting step, the steps of:

exerting a downwardly directed force onto said bag as
said bag is deflated to a predetermined configuration;
and

retaining said bag in substantially the same configuration
with said downwardly directed force, as said clamp ts
moved away from said central portion of said bag.
23. An apparatus as claimed in claim 12 additionally
comprising means for exerting a downwardly directed force
onto said bag to assist in deflating said bag, and to retain
said bag during removal of said pleat clamp.
24. A method as claimed in claim 18 additionally com-
prises, after said inserting step, the sieps of:

exerting a downwardly directed force onto said bag as
said bag is deflated to a predetermined configuration;
and

retaining said bag in substantially the same configuration
with said downwardly directed force, as said clamp ts
moved away from said central portion of said bag.

e * * * *
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