Oct. 6, 1964 = w, A BOHNER ETAL 3,151,663

INFLATABLE CLOSURE APPARATUS

Filed Oct. 27, 1961 | 2 Sheets-Sheet 1

INVENTORS

&  Yblber A Botrerd
BY  Jobn S Ecltam

s FEZE.




Oct. 6, 1964 " W. A. BOHNER ETAL 3,151,663
INFLATABLE CLOSURE APPARATUS
Filed Oct. 27, 1961 | - 2 Sheets-Sheet 2

: _ !
"‘h““ ‘ -t

e W, ", W W -

J,V

EY

- _ INVENTORS
Ualtr A ootner &

BY ol S, Edstam

%
W v
i
)

h “‘I" '-' . . "
s
I\
Yl Bl LS
'
¥

Py i

ATFORNEY . -



1

3,151,663
INFLATABLE CLGSURE APPARATUS

Walter A. Bohser, Pontiac, and John S. Edstam, Roches-

ter, Mich., assignors to General Motors Corporation,
Detreit, Mich., a corperation of Delaware |
Filed Oct. 27, 1961, Ser. No. 148,103
6 Claims., (CI. 160—84)

This invention relates to closure apparatus, and more
particularly to inflatable closure apparatus for closing
an opening in a body. |

One feature of the invention is that it provides an im-
proved closure for an opening in a body. Another fea-
ture of the invention is that it provides novel closure
apparatus for an opening in a body, comprising a plu-
rality of elongated inflatable ceils movably mounted on
the body and arranged side by side in abutting, fluid
tight relationship. A further feature of the invention 1s
that means are provided for moving said cells between a
compressed deflated position adjacent an opening in the
body and an expanded inflated position wherein said
cells close said opening, said cells being inflated as they
move toward expanded position and deflated as they move
toward compressed posilion. |

Other features and advantages of the invention will be
apparent from the following description, having reference
to the drawings in which: | |

FIGURE 1 is an isometric view of an amphibious vehi-
cle utilizing the improved closure means to close an open-
ing in the body which receives a retractable wheel of the

ehicle. |

FIGURE 2 is a view similar to FIGURE 1, but show-
ing the parts in a different posttion. _

FIGURE 3 is an enlarged sectional view showing a

portion of the interior of the hull of the vehicle in FIG-
URE 1, the closure apparatus being in compressed Or open
position, and a control circuit being shown diagrammatic-
ally.

FIGURE 4 is a view similar to FIGURE 3, but show-
ing the closure apparatus in partially closed position.

FIGURE 5 is a view similar to FIGURE 3 but show-
ing the closure apparatus in closed position.

FIGURE 6 is an eniarged detail view of a portion of
the apparatus, with parts of the structure being broken
away.

In an amphibious vehicle which is designed to operate
on land and in the water, the vehicle body comprises
a hull having retractable wheels which move through
openings in the hull between expanded or land operating
position and retracted or water operating position. When
the wheels are in retracted position it is necessary to close
the openings, and this invention provides a novel and
improved closure apparatus comprising a plurality of
elongated, inflatable flexible cells arranged in side by side
abutting, finid tight relziionship, and movable between
a compressed, deiiated position adjacent ong side of ths
opening, and an expanded inflated position wherein the
cells close the opening. The use of inflated flexible flmid
tight air cells for this purpose provides advantages in
that this closure device absorbs the shock of impact
loads received from rough water because of the com-
pressibility of tie air which inflates the cells. Further-
more, the flexibility of the closure causes heavy impact
loads to be transferred to the rigid hull structure without
damage to the closure. The surface of the closure ap-
proximates the contour of the hull because of the fact
that the closure cells are made of flexible material which
is anchored to the hull along opposite ends of the wheel
openings. - |
- Referring now more particularly to the drawings, an
amphibious vehicle 1s indicated generally as 10, and
has a hull or body 12 formed with an opening 14 througn
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which one of the wheels 16 of the vehicle may project.
As shown in FIGURES 1 and 2, the vehicle is provided
with a plurality of wheels 16, 18 and 28, and these wheels
are movable between the extended or land operating
position of FIGURE 1 and the retracted or water operat-
ing position of FIGURE 2. The opening through which
each wheel moves may be closed by apparatus similar to
the closure apparatus which is illustrated for the opening
14. |

The closure apparatus comprises a plurality of elon-
cated inflatable flexible cells designated generally by the
reference character 22 and including a leading ceil 24,
a trailing cell 26 and a plurality of intermediate cells,
all of which are interconnected between the leading cell
24 and the trailing cell 26 in abutting fluid tight relation-
ship. As shown in FIGURE 6 at 224, there are passages
between each cell providing for finid communication
therebetween. The trailing cell 26 is connected to an air
supply pipe 28 which communicates with a source ot com-
pressed air 30 so that the cells 22 may selectively be in-
flated as they appear in FIGURES 2, 5 and 6 or deflated
as they appear in FIGURES 1 and 3.

Means are provided for moving the cells between their
compressed deflated position adjacent one side of the
ovening 14 (FIGURES 1 and 3) and their expanded in-
flated position wherein said cells close the opening 14
(FIGURES 2 and 5), and preferably the moving means
for the cells is interconnected with the fluid supply means
30 as shown diagrammatically in FIGURE 3 so that ihe
cells are inflated as they are driven foward expanded posi-
tion and are deflated as they are driven toward com-
pressed position. By this means movement of the cells
toward expanded position is aided by the force of the
compressed air which is used to inilate the air cells. |

As shown in FIGURES 3, 4 and 5, there is an air
cylinder device designated generally as 32 pivotally
mounted at one end on a bracket 34 carried by a sup-
port bulkhead 36 inside the hull 12. The piston rod 38
of the device 32 is pivotally connected to one link 40 of
a pair of toggle links connected between the bulkhead 36
and the leading cell 24 of the closure device, One end
of tne link 4@ is pivotally connected to a support bracket -
42 on the bulkhead 3%, and the other end is pivotally
connecied to another link 44 which is pivoted on the
leading cell 24. The link 44 has a free end projecting
past the pivetal connection with the link 4@, and formed
with a stop flange 46 adapted to abut an edge of the
Iink 49 when the closure device is in expanded position
to lock the device in this position. A spring 48 inter-
connects the links 48 and 44 to aid the motor means 32
in retracting the closure device. At the other end of
the opening 14 there is a similar air cylinder motor de-
vice and linkage system which need not be described.

Guide means comprising slotfed channels 50 and 52
are mounted to extend along opposite ends of the open-
ing 14, and each channel slidably seats one end of each
of the cells 22. As shown in FIGURES 3, 4 and 5, each
of the guide channeis has an expanded portion 50z and
52a, respectively, which extend past the edge of the open-
g 14 to receive the ends of the cells 22 when the closure
device 1s in compressed deflated position, as shown best
in FIGURE 3. FEach channel is also provided with an
elongated slot 585 and 5256, respectively, these slots ex-
tending throughout substantially the entire length of the
channels.

Support means comprises flexible cables 54, one of

- which is connected between each of the cells 22 (see

FIGURE 6) and extends along the length therecof be-
tween the channels 59, 52. As shown in the drawings,
the cables project through and are slidable along the
slots 595, 525 in the channels, so that the cables help
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- hold the mﬂated cells in the desired contour and help |

seal the cells at opposite sides of the opening 14.
- FIGURE 3 shows diagrammatically a control

cells 22 so that the cells are inflated as they are moved
toward expanded position and deflated as they are moved
- toward compressed position.

o eans .
| W]llCh is connected with. the motor means 32 and the ~

In FIGURE 3 there is a

- rotary valve designated generally as 69 having a rotatabie ;'

~ body 62 provided with a
- second fluid passage 66. The valve has an air supply

port 68; an exhaust port 70, an expand port 72 and a re-

tract port 74. The air supply port 68 is connected by a
pipe 76 to the air supply 30 and the exbaust port is

first fluid passage 64 and a -

10

2. Apparatus of the characted claimed in claim 1,
wherein said flid supply means include control means,

connected with said motor means and said cells.
3. Apparatus of the character claimed in claim 1,

including locamg means on said linkage system for Iock- '
mg sard cells In- expanded. posmoa

4. In a vehicle body having an opening therein, elosure?' P
apparatus of :the character described, including: a plu-

rality of elongated inflatable - flexible cells - movably{-
mounted on said body and arranged side by side in
abutting fluid tight relationship; means for moving sald__
cells between a compressed deflated position adjacent one

~ stde of said opening and an expanded inflated position

- vented to atmosphere through a pipe 78. The expand

port 72 is connected by a pipe 80 to the pivoted end of

15

the cylinders 32 and also to the air supply pipe 28 for

the cells 22. The retract port 74 is connected by a ptpe
82 to the rod end of the cylinders 32.

 In the operation of the closure apparatus, if it is de-
sired to change the condition of the vehicle from the.

land operating condition of FIGURES 1 and 3 to the

o water operating condition. of FIGURES 2 aad 5, the

- vehicle wheels are retracted and then the openings through
- which the wheels move are closed.

~of FIGURE 3 toward the posrtron of FIGURE 5. At
“the same time, air under pressure is admitted to the.pipe

28 to inflate the cells which are connected together by

air passages 22a in a conventional manner similar to that
of air mattresses. The force of the inflating air aids in
the movement of the cells from the compressed deflated
position of FIGURES 1 and 3 to the expanded inflated
position of FIGURES 2 and 5. This operation is ac-

| comphshed by plaemg the valve 60 in the condition

shown in FIGURE 3, wherein the valve passage 64 con-
nects the fluid supply port 68 with the expand port 72
and the valve passage 66 connects the retract port 74 to
~ the exhaust port 70. When the array of cells approaches
the fully expanded position of FIGURE 5 the point of
~ pivotal interconnection of the toggle links 40, 44 passes

over center and the stop flange 46 abuts the upper sur-

face of the link 40 to provrde a stop. The over center

. :arrangement locks the cells in fully expanded position.

“When it is desired to convert the vehicle 10 from water
operation to .land operation the procedure above de-

~'scribed is reversed, and the valve passage 66 is con-
nected between ports 68 and 74 while the passage 64 is
connected between ports 72 and 70. The power cylinder
32 is driven in a reverse direction to retract the piston
rod 38 and smmltaneously the pipe 28 is opened:to at-
mosphere so that air may be exhausted from the cells 22

as they move toward their compressed deflated position.

-While we have shown and described one embodiment
- of our invéntion, it is capable of many modifications.
Changes, therefore, in the construction. and arrange-
ment may be made without departmg from the spirit and

| In order to close
- the opening 14 the power cyhnders 32 are actuated to

- extend the piston rods 38, unfolding the toggle links 40,
44, and driving the array of cells 22 from the position -

wherein said cells close said-opening, comprising a link-
age system comnected between said body and the leading
one of said cells and motor means for operating said link-
age system to drive said cells between compressed and .
expanded positions; means for locking said cells in ex--

- panded position; fluid supply means for mﬂatms__ said

20

cells as they are driven toward expanded position and
for deflating said cells as they are driven toward com-
pressed position; guide means comprising slotted chan-
nels extending along opposite ends of said opening, each

- channel slidably seating one end of each of said cells;

25

and support means comprising a flexible cable connected

to each of said cells and extending along the length

thereof between said channels, said cables projecting

through and bemg shdable alonﬂ* the slot in eaeh of sald_ _

- channels.

510

5. Apparatus of the character clatmed in claim 4,
wherein said linkage system comprises a pair of toggle
links which move between a folded position when the

~ cells are compressed and an extended position when the
~cells are ex;panded said links passing over center to‘

lock said cells in expanded posmon -
6. In a body having an opening therein, closure appa-

-ratus comprising, a closure member including a plurality
- of elongated inflatable cells arranged side-by-side in abut-

- ting fluid tight relationship, means mounting said mem--

40

45

ber on said body for movement relative to said opening -
between a retracted deflated open position wherein said

cells are located to one side of said opening and an ex-

tended inflated closed position wherein said cells close

said opening, means including motor means connected .

to at least one of said celis for moving said member be-

- tween said open and closed positions thereof, and fluid o
supply means for selectively inflating said cells as said

motor means moves said member from the open to the

. closed position thereof and for deflating said cells as

50

said motor means moves said member from the closed
to the open position thereof. | -

7. In a body ‘having an opening therein, closure appa-
ratus comprising, a closure member including a plurahty_- |

- of elongated inflatable cells arranged side-by-side in abut-

0d

scope of the mventmn as set forth in the appended ClaIIIIS o

- We claim:

L In 2 vehicle body havmg an openmg therein, closure
- apparatus of the character described, including: a plu-
rality of elongated inflatable flexible cells movably'-

mounted on said body and arranged side by side in abut-

ting fluid tight relationship; means for moving said cells

- between a compressed- deﬂated position adjacent one
‘side of said opening and an eXpaaded inflated position
wherein said cells close said opening, comprising a link-

60

ting fliud tight relationship, means mounting said mem—_f-
ber on said body for movement relative to said opening

between a retracted deflated open posrtlon wherein said

cells are located to one side of said opening and an ex-
tended inflated closed posmon wherein said cells close
said opening, means for moving said closure member

laterally to the direction of the elongation of said cells

between said open and closed positions thereof, fluid

supply means for selectively inflating said cells -as- said

- member is moved toward said closed posmon and . for de-

- age system connected between said body and the leading

~one of said cells, and motor means for operating said

| hﬂkage system to drive said cells between compressed

70

and expanded positions; and fluid supply means for in- -

flating said cells as they are driven toward expanded

position ‘and for deflating said cells as they are driven
toward compressed position, --

75

flating said cells as said closure member is moved toward

said open position, and guide means for guiding the
movement of said closure member between said open and
elosed positions thereof.

8. In a body having an opening therein, closure appa- _.

- ratus of the character -described, including: a plurality of

elongated-infiatable cells movably mounted on said body |

and arranged side-by-side in abutting fluid tight relation-
ship; means for moving said cells between a retracted de-

flated position adjacent one side of said ope ening and-an
extended - inflated posrtton wherein said cells close sa1d |
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opening; flnid supply means for inflating said cells as
aey are moved toward exiended posiiion and for deflat-
ing said ceils as they are wmioved toward reiracted posi-
tion; and guide means for guiding the movement of sai
cells between said refracted and extended positions com-
prising chanrnels extending along opposite ends of said
cpening, each channel slidably seating one end of each
oi said cells.

9. Apparatus of the character claimed in claim 8,
whersin said guide channels are sictied and wherein there
are support means comprising a ilexibie member con-
nected to each of said cells extending along the length
thereof between said channels, said flexible members pro-

.

G |
jecting through and being slidabie in the slot in each of
said channels.
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