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—

HENRY E. OXNARD OF I\JI‘WTON MLASS, ACHUSI}TT

F.&.’PAN‘}IELE CHAMBER

7o wll whom it may concern:

Be it known that I, Hexgy E. Owwzmn,
a citizen of the United States, residing at
Newton, . in the county of Middlesex and
State of Magsachusetts, have invented new
and useful Improvements in Expansible
Chambers, of which the following is a speci-

fieation.

This' invention r,eéa’r,e% to expdnuble
chambers. .- .-
1t is here deseribed more partlculftrly as it

“may be applied in chambers adapted to con-

“tain air orother expansible fluid for sustain-
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ing stresses elastically, or to act as a buffer

for receiving any foree; and it is here repre-
. sented as a.spring for absorbmg shocks and

jolts 'of 4 vehicle; althoiizh the apparatus
here described and suitable modifications of
it may be used in many other connections
without departing from the scope of the
present patent.

Tt is among the purposes of the invention
to provide s cliamber in which finid may be

-contained at high pressures, having a plun-

ger remprecatmg inward and outward with-

cut leakage and almost’ without frietion.

As apphed to a pnewmatic. -spring the in-

. vention seeks to provide wide limits for the

-
<
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range of travel between the expanded fmﬂ

“the- compresaed positions of the spring;

easy and freely' responsive action of. the
spring, with a minimum of wear, resulbing
frem the elimination of friction: and gre eat
strength, resulting from the capablhty of
containing air at exceedingly high pw:ﬁur%
without leakage or rupture. :

The invention also comprises improve- |

ments in-a number of details of construction
of such apparatus, and in the method of ar-
ranging the same in connection with the
par ts to which it is attached.

It comprises 1mpr0vemen£s in the struc-

 ture, arrangement and the fastening of the
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se‘piunx, also improvements in the form of
the air space, dividing the same inte two
parts; and In the connections between the
parts, climinating thie violence of reaction
heretofore common in springs; and. in the
(oml)matmn thereof with the vehicle frame
or hedys.also unpr ovements in the methods
of guiiling thé travel of the movable por-
tions of the chamber; and lmprovemmﬂ in
other yespeets which appear in the follow-
ing detailed deseription..

Ta the dr: awings: Figure 1 is an elevation,
sectioned throun*h the center, of apparatus:

Specﬁcation of Letuers P'uten‘t

frame.

SO ¢

atentea @ept i’:/ ﬂ@id«.

Applic;'tion filed May 18, 1910 Semai No. 56.-5 011,

embodymg the invention; i1g
view of the same, sec*mned on the. line 2—2:
of Fig. 1; Fig. 8 is a sectional elevation of

a dlﬂ:erent embochment of the .inventiow; 60
Fig. 4 is a_sectional elevation of still ‘m-

other embodlment of the invention; Fig. 5
is a sectionsl view of a detail; Fig. 6 shmv
a slightly different form of =*eptum fasten-

ing; and Fig. 7 shows apphcahon of tne L]

invention to & vehicle: . ‘
‘Referring 'to the drawings: An egp.m&

ble chamber having corrplatlvel moving op--

posite walls is here shown in tZe form ¢ of s

round casing here represented as & cvlmder 7

10, contammg a plunger 11 which slides in:
ackmg 12 and (in the form represented in

I‘lg 1), is guided and sustained with its.

axis coincident with the axis ‘of the cylin::

der by hinged braces 13, which are pivoted 78

at 14 to’ the casing, at '15 to the phmgrez
and at 16 to each other. Ohns member of.
the chamber, here the plunger, reits loosely
in g ‘oeav'mg which may be rigid on an -

axle of a vehicle; and the other meinber, 8¢

here the cyﬁnder3 supports the -vehicle -
The function of the packing. 12 is

to lubricate and assist in guiding tHe plun-

ger. ' For retaining .air within the -cham- ©
ber, relinhce is placéd upon a septum 20 83
which is fastened to the _plunger and to the
cylinder. This septum is of highty flexible.
mate"nl, ‘impervious to air, and wmng@d
in the form of an everted sleeve, Owing to
the peculiar construction of the septum, 90
the surface thereof which fits against the
exterior of the phmger 11 is alss e pable
of fitting against the interior of the cylin-
der 10, notw1th~tmd1nsz the larger. dumeter
and area of the latter..
plunger is made bhghﬂy less than that of
the cylinder, in which it travels, differing by

an amount but little greater than the ﬁoubie
thickness of the septum. The thickness of

the septum and the diversity of diamefer of 100

the cyhnder and plunger are exdggerated in
the dra ngs for the sake of clearness, over
the dimensions which are found best in
practice and which are prefemed “The sen-

tum mavibé composed of two layers of 195

highly ﬁembve feathér 31 and 83, with-a

laver of. rubber 82 intervening, the whole
being fastened together xdhebweiv go thak.
they “worlk 'as one integral piecs. The pluns-

ger end of the = wtum may be-fastened in 119

the manner shmvn in the dra me‘s, mw hich
an annviar-cup 22 is formed.in the plunger

.21 4 plam S

The diameter of %lie B
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head, filled with a rather thick bed of rub-
ber 23, A ring or disk 24 presses down
upon this, and the outer leather 85 of the
septum 1s embraced between tiem, being

Lere separated from its rubber 32 and.

crimped inward toward the axis or cut into
fiaps which ave bent inward. The rubber
32 is fittted ontside the rubber disk 24, to
the gylindrical periphery of which it ad-
heres bv rubber cement; the other leather 31
is next outside; and the whole is preferably
protected by a light inclosing ring or fllet
surrounding the plunger head; and =
brass cap 26, which may be screwed upon
the plunger head, holds all the parts in
place.  The walls of the cup 22 are serrated
with-a considersble number of ring shaped
depressions 19 clearly represented in cross
section in the drawings. The rubber bed 23
fits with suflicient tightness radially, and is
pressed inward with sufficient force axially,
so that it bulges into these serrations, as
represented in another fastening shown en-
larged in Fig. 6. By this means a joint im-
pervions {6 air is obtained on all the interior
surfaces of the cup, both by the bed 23 and

S
eass

by the ring or disk 24. The space between .

these rings which is not occupied radially
by leather 33 may ¢
fiiling of ‘rubber 27 if desived, in order to
maintain a rectangular bearing of rubbér
ring 24 upon the sides of cap 22. It will be
oheerved that whether this ring filling be
employed or not, the approach of air to the
end of leather layer 83 is occluded by mutu-
ally contacting surfaces of Tubber. The
other end of the septum may be arranged at
the opposite end of the cylinder, as indicated
in Fien 1. The fastening is similar to that
just described. The plunger has an axial
recess 28 into which fits a stiff rod 29 pro-
jecting from the other end wall 20 of the
eylinder; and this rod preferably fits rather
Iooselv; so that there will be some leakage
past_it; the looseness heing exaggerated In

be filled with a thin ring

. the drawings,

7

&
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The chamber as here represented is of uni-
form <Hameter throughout its tength, but
has an extension 85 which is reached
through passage 34, which may be of any

desired diameter and of any desived: shape

and capacity. This extension is a closed re-
ceiver between which and the chamber air
flows automatically, in either direction, dur-
ing the normal operation of the apparatus,
It is one feature of the invention that this
extension may constitute part of the frame
of the vehicle, which may be hollow or {ubu-
Iar; and if one spring be placed at each
wheel, the sume veceiver, comprised in the
varions members of the {ubular frame, may
cominunicale witheaeh of the spring cham-
bers.  In Fig. 1 Hhis is i presenied conve
tenally by indicating o tubular picee su

¢ “the eplinder, which may exte

o

1,088,628

as far as desired in either direction, or be
connected with any other tube, its ends be-
ing represented closed. The effect of this
receiver or extension of the expansible cham-
ber is to increase the distance of elastic yield
of the spring when its load is increased, or
a shock is encountered, over the extent

The capacity and dimensions of the cxten-
sionr may he computed in any given case by
considération of the normal inerease of load
vhich 1t is assumed will be encountered, and
the capacity of the chamber 10 under norma!
conditions, the computation being made in
the product of the volmme by the pressure of
a.confined body of air is a constant quarn-
tity.  Accordingly, if it is desired that s
small force op addition of weight shall pro-
duce a relatively large yielding of the spring
the extension of the chamber should be rela.
tively large, because thereby the propor-
tionate change of volume, corresponding to
that increase of pressure upon the contents,
would amount to more inches of travel . of

pacity of the feceiver were so small as to
add relatively little to the capacity of the
chamber. Tt will be understood that the
foregoing assumes the existence of a coplous-
ness of communication between the chamber
and extension so that when an impact is re-
ceived they act substantially as a unit, the
rapidity of contraction of fhe chamber un-
der working conditions being substantially
unretarded by smallness of the “passage
thence into the extension.  The vertical
space available for a spring under a vehicle,
or, for example, within the hub of the whee|
of a vehicle is frequently so limited that
heretofore the easy, resilient effect of a plun-
ger having a long traveél could not be had,
because the rapid proportionate compression
per inch of travel yuickly stops the plunger.
The device above described, of providing an
external receiver constituting an extension
of the chamber, which may be placed else-
where, wherever there is room, and need not,
be vertical, enlarges the uses of this type of
spring, and improves the action; because by
this device practically the whole of the

within the plunger’s fravel.

The invention further comprises means
whereby the spring under ordinary condi-
tiong will aflord the vehicle an casy resil-
iency, the plunger rising and falling with
freedom in the chamber, enlarged by 1ts free
communication with the receiver; but when
arr unusnally heavy pressure-orslock is re-
ceived which—-would perhaps throw the
plunger to the limit of its travel without
even thus making the full proportional de-
crease of volume corresponding to the in-
I crease of pressure, the apparatus automati-

aceordance with the well known law that

the piunger in chamber 10 than if the ca--

70

of such yield if there were no extension.”

75
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available wertical space can be inclnded
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_sponding extent.

1,088,886

¥

cally “dampens” or vetards itpelf; imgpos- |

ng a compression of the fluid contents nt o

higher rate, thus bringing the plunger to
rest gently, shert of its humit of trgvel snd
without impact against the end of
inder. . This is sccomplished by locating the
port conmecting chamber 16 with receiver
35 at 26 in the axial rod 29 When the
chamber is contracted to such an extent that
this port passes within the recess 28 the port
becomes closed, or nearly closed; and fur-
ther compression of the spring compresses
only, or mainly, the air contaimed n the
chamber 10 between the point 36 and the
chamber: wall 30. The conients of this
space being small, relative fo the capacity
of the.chamber, when normally expanded,
and relative to the total capacity of chamber
and extension, the resistance which the
spring affords inereases theveafier at a mors
rapid rate, and a complste and at the same
time gentle stop is provided for the com-
pressing action. . Another festure of the in-
vention relates fo the recovery from sueh
compregsion, which under erdinary circum-
stances, 1s sudden and practically equsl and
opposite; so that if the compressing foree
be but momentary, as by the vehicle passing
over a hummock in the road, the spring or-
dinarily throws the cccupants to a corre-
The invention coniem-
plates elimination of this sudden upward
throw and the substifution of & gentler ac-
tion. This is accomplished by providing
means to retard the expanision of the air

which has beeh compressed by ths shock:

As shown in the drawings, a check valve 87
between the chamber
and its extension. A plug 34" stops access

the eyl-

of air from the extension 35 through the |

passage 34 to holes 38: but & small by-pas- |’

sage 38 is always open permitting slow |

passage of aiv from the extension 85 to holes

88, The air compressed between 26 and 80
which is that contained in the chamber when

the plunger reached the level of the port 36, |
will tend as usual to return the paristo their |

expanded position, but owing to the check
valve the duty devolves upon the expansive
force of this air alone to expand the chiam-

ber, until the expansion has proeeeded far |
erfough to withdraw port 38 from the recess |
28, allowing communication again to be es-
tablished from extension 35 through passags |
38* and port &8 fo chamber 10. in opera-
tion the result of this arrangement is that |

upon cessation of the external compressing

force the alr compressed in- the much con-

tracted chamber begins to expand the same,
but quickly expends the most of its power. |

Therefore, it expands the chamber siowly
and comfortably during the greater portion
of its travel; and when expansion has. pro-

ceeded far encugh to uncover porb 38, air |

enters’ from receiver 35 and sustaing the

spring in its expanded position. T the ve-

hicle be too heavily loaded, or if for any
olhor esuse the expension caused by the
highly compr;@fs"sed alr between 26 and 30,
which was originallf comprised between
port 86 and 30, doss not extend far enough
o open pord 38, the spring will nevertheless
expand,
seceiver through port 38 and bebween rod
29 and the walls of recess 28 into chamber
10. The check wvalve 87, therefore, pre-

‘venis & sudden reacting expansion of the

spring, and the opening of port 38, admit-

timg pressure, prevents secondary. confrac-
tion which ordinarily saceeeds the . initial.

expaasion in the normal fluctusting action

ause gir can leak slowly from the.

&

75

of & spring on which & weight is balanced. .

. The brace arms 13 and their pivots 14, 15
and 18 enable the spring to resist sidewise
shoeks which might buckle it when extend-

ed; and for this purpose pivots 14, 15 and.

18 ave relatively long; and it is preferved to
provide.sets of-such brace armg jn different. -
planes, so that There will be o brace against - .

& shock received from sny dirboticm. The

connection of the external plunger end to.

its support is designed to permit @ limited
amount of play, the plunger end having a .

spherical surface and rolling or sliding in
spherical cup which may have its rading of.
curvature shightly larger. In Fig, 1 5 ball

B

and socket nniversal jointis represented, giv- -

ing flexibility to the mounting of the spring.
T springs-be set on each side of a vehicle,
their casings willordinarily be fixed rigidiy in
parallel planss.
ig curved on a radins farger than that of the
plunger end, thus permitting a limited slid-

ina gidly in 200
In Pig: 5 the cup support -

ing of the spring in its support when such s "

vehicle encounters an obstacls on one side

05

only. This permits’the spring at one side
of the vehicle to be contracted or,expanded,
drawing the spring on each side slightly”

from its seat toward the other spring, with-

out racking the vehicle; and the curvature,

110"

of the under suppori causes each plunger

end to return again, by gravity, to Us nop-
el position at the lowest point in the eurva~
ture. i : . : o )

The sleeve septum, and ifs: construetion
and fastening, are important festurss of the
invention.. In operation, thislies lcose along

the surface of the plunger for s variable
‘distance from its fastening thereto; and is

turned back upon itself and lies Ioose along
the inner surface of the casing to which its

116

126

other end is fastened, In constructing the

septum any suitable material may be used

capable of producing imperviousness to the .

fnid under high pressure, and flexibility in

a very high degree with some elasticity, so-

e

136

that it can be turned parily inside out, with-

at injury, and repeatedly rolled -back.and
forth in this pos
Thers must also be o strength or firmness of

fon, with little wear,

180 .



10

15
20

- 25

a ' 1,038,636

texture which, while allowing the slight
amount of. stretching necessary to evert the
sleeve, at the same time prevents any con-

siderable stretching of the fabric. No fabric

or membrane hitherto known to me is en-
tirely suitable for this purpose; but I have
found that a suitable fabric can be manu-
factured by a combination of leather and
rubber. In making the septum here shown
a wooden form may be used of the size of
the plunger or a little larger. A sheet of
leather, which when made into sleeve form
Is to fit against the plunger and, when
everted, against the casing surface, is first
placed loosely on the form in single thick-
ness with its edges beveled, overlapping and
cemented tegether, so that the entire layer
is of uniform thickness. A sheet of,elastic
rubber is next applied, slightly stretched,
completely cemented to the léather and hav-
ing its edges joined in like manner. This is
conveniently accomplished by using rubber
tubing. Another layer of leather is. then
applied outside the rubber and firmly
cemented thereto. When the:- whole  has

_been dried and removed from the form it

. acts much as though it were an integral.

whole, and the contractive force of the

" rubber causes the whole to shrink a little in

30

35

diameter, introducing minute superficial
wrinkles' throughout the texture of the
leather, so that without destroying its gen-

‘eral regularity of cylindrical form it shrinks
to a'size which fits the plunger tightly, vet

upon being everted is capable of expansion

“so that it will fit the larger area comprising
- the interior -casing surface, by stretching

the rubber and incidentally enlarging the
leather to its original size and stretching it

a little beyond if need be. ‘Tt is well to
* choose leather stock of high Rexibility and:

expansibility. If the inherent expansibility

- 45

50
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- them each smosthly upon the adjacent sup--

. of the leather chosen be slight the mold of

which the sleeve is formed should have a
larger diameter than otherwise.,~The leather
is contracted to fit the plunger by contrac-
tion of the rubber, and its expansion to fit
the casing is preferably but little more than
a_réturn to its original uncontracted state.
Thus, the strength.and normal flexibility
and elasticity of the leather are retainéd un-
impaired. o :

The preferred dimensions of parts are

such that the space between the plunger and
casing is but little more than the double
thickness ' of septum which oceupies this
space. In operation; the air or other work-
ing flnid within the chamber enters between
the portion of "the sleeve-Iyine on. the
plunger and its adjacent everted portion,
and, separating these two portions, forces

- porting surfacé of the:plunger or casing, as

g6

the case may be, leaving a minute space be-
tween them. This prevents all friction be-

i

tween the adjacent surfaces of the everted
septum, It also prevents the pressure in
the axial direction from stretching those
portions of the septum which lie against
either the plunger or the casing, because
such axial pressure is so slight, relative to the
static friction resulting from the pressure in
radial directions. The result is that the sep-
tum is not under tension anywhere except

end that it can withstand a very high pres-
sure. Under these circumstances the plunger
slides in and out of the chamber freely, ac-
cording to the balance of internal and ex-
ternal pressures; with no leakage and al-
most without friction, despite. the very high
pressure within, the sleeve septum merely

friction is eliminated except that incidental
to guiding the plunger in itstravel, ard the
internal friction of bending the septum at
its fold, both of which are so slight as to be

tum is sustained, ultimately, by the cylin-
drical walls of the plunger, tipon which it

casing, upon which it acts radially outward ;
and by the septum at the fold, which is the
only place theoretically having pressure
tending to stretch or rend the septum. The
stress at that point depends upon the an-

may under some circumstances be almost
infinitesimal, the septum is well able to sus-
tain it and-is not liable to rupturé, even
under great intensity of pressure. :
In fastening one end of ‘the septum to
the plunger and the other end to _the: casing
head the problem is to provide a connection

strong and firm' enough to withstand the

This problem is solved by providing & rub-
ber bed in the casing head and in the plun-
~ger head, and a continuous series of con-

the rubber surface of one piece bearing
against the rubber surface of the next. piece.

‘a rubber disk 24, or else contacts directly
with a rubber piece 27 which contacts di-

therewith, the same connections being re-
peated in opposite order at the other end of
the rubber 32 of the septum. Leakage of
_air between the rubber of the bed and the
metal surface of the cup in which it is held
is prevented by- the succession of corruga-
tiens above described, against which the bed

.and against which it is automatically highly

compressed by the fluid pressure contained

at the fold, and at that place the part which |
Is exposed is.so closely supported on either

negligible. The fluid pressure upon the sep-
80

acts radially inward; and the walls of the -

varying experience it will encounter in use..

rectly with the rubber ring 24: and the rib--
ber 82 of the septum is in direct contact

70

.80

rolling from one surface to the other. All . .

85

95

nular or radial thickness of the film of -
fluid.  As the latter may be very slight, and -
100,

105

impervious to the fluid and mechanically
110
tiguous rubber pieces between the two beds, .. -

115
Thus, a rubber bed 23 contacts directly with -

120

125

-may be_forcibly -compressed - mechanically, -

130
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within the chamber. T4 will be observed
that the vuler leather layer 83 of the septum
is incysed hetween rubber ab'its texmination,
and that ne air céan. pass from within the

. chamber {o either side of this leather with-
.. onb passing between two contiguous rubber
““surfaces wnder high compression, or pass-
_ing between n rubber surface and a long se-
vies of successive’ corrugations. The turn-

30 g of the leather ends radially inward
- brings them in the direct line of compression
- in gxial divection caused by the high pres-
sare within the chamber, thus giving strong
sechanical support to the septum; while
i5 the periphera] fastening of the rubber 32 io
. the cylindrical edge of the thick disk %4
“mekes an impervious joint which is free

" irem mechanical strain. i is obvious that
any materisl of like qualities might be used
in.place of the rubber, and the word “rub-
ber s therefore used in this specification |

s
ol

2

n the claims more in 4 generic sense,
6 indicating a material having the well
known, atiributes of rubber, than as 2 limita-.
tion to any specific. material, The rubber
%o rubber copnection is alse shown in Fig. 6,
in which one of the leathers of the septum
wonld: naturally coms beiween two rubber
surfaces; but 9 thin everted tubber conpec-
o tor is intréduced passing around the end of<
. the leather and joining the two rubbers, not-
~withstanding the intervening leather. An-
- other- feature of the rubber to rubber con-
_nection Js the easy separahbility of joints
a5 Shus-made. With this in mind it is pre-
«ferred not to cement the leather 33 either to
“the plunger head oriethecssing head. The
‘yubbeys 23 ‘and 24, with perhaps interven-
-ing pazts 27, arve, however, cemented together
for p, short distance. This has an important
beaying upon the commeycial utility of the
ion, hecause it engbles the “septum
th its attached disks 24, to be sepamted
- easily ab each end snd 8 new one inserted
, in its place, witheut dislocating the rubber
“bed 28. - The ‘rubber bed may be move se-
- cuzsly beld in location, if desired, by pro-
g grvetaining shoulder 40; and in the
nstruction indicated in Figs. 1 and 3 the
, upper edge of the cylindrical casing im-
o pges annularly against the bed contained
* in the epd cap-forming the head of the cyl-
11%&81‘, serving also to retain the said bed in
1) b In Fig. 1 the septum and its- attached
* end disks are représented as covering the en-
tire interior of the chawmber, the disks heing
pierced where necesepry for passage of the
central vod, st which point the joint is made
- tight by the same methods and- with equal
faeilily, as elsewhere; and the axial location
of this rod asdists in guiding the parts and
also contributes 4p solve 'the mechanical
problem of plercing the impervious costing
£6 of the ehamiber o suteblish eommunication

. 4
123 S &Y

40

[
=

- emnbo

55

with the outside. The upper half of the .

septum as shown in Figs. 1, 3 and 4, and its

end ‘disk fastening, may be dispensed with:
if that end of the septum be fastened t&-the
side casing. A fastening which may be used

' midway of either s casing or a plunger is
shown enlarged in Fig. 6, in which the cy- .

lindrical wall of the casing or plunger is
parted into two sections screwed fogether at
41 and clamping between them the septum

end. The latter may be arranged upon the
,p;smc:]y}e already described.
ies riso stiff leather rings 42, 43 which -

As shown, it

hold she septum end in shape to fit the seat
provided. In this form the rubber filling
27 of Fig. 1 takes the shape of an everted
connector 27’, making contact with the rub-

- ber of the septum, passing around the end

of the leather and making contact with the

- rithbér bed. :

In the modification of ‘the invention

-ghown in- Fig. 8 the casing is held by a
laterally extending beam 50 of the vehicle
frame, 1 which the receiver extension of the
"chamber. 10 ‘is contained.
-an alternative arrangement of the passages
“in the central red is shown.

In this figure

The stock of
the plunger has a downward extension 51,
which has a.bearing at 52 against an ex-
tensien of the casing for the purpose of
guiding the plunger accurately in its travel.

passes, the vehicle wheel being represented

.at 55. A slot 56 in the casing permits the

axie bar to travel up and down with the

" plunger, according to the elastic action of.
“the apparatus.
‘the casing may be supporied by a bracket
;87 The ends of the slot 56 furnish’ stops

The lower extension of
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The plunger steck is plerced by a hole 53
“through which the axle bar 54 of the vehicle .

100

105

which may limit the travel of the plupgel

“to prevent excessive sirain upon the gep-

tum, . As thus arrgaged, the weight of the

‘vehicle and all shocks received from the
road by the wheels are transmitted through
-the frame. 50, the compressed contents of
.chamber 10, the plunger, the axle bar 54,

and the wheel 55. The bearing between
the plunger and the axle bar is tangential,
one surface being eurved. In case an ob:

‘stacle is encountered by the wheels on one
‘side only of the vehicle, this construction -
. permits such sheck to be absorbed through
‘the-spring on that side; and the incidental

elevation of one end of the axle bar does not

one end wall only of the expansible cham-

110
115

120

‘vack the vehicle, because the axle bar is
‘free to roll and slide a little at its bearing
‘with the plunger to make compensation. .
* - Another form of the invenfion is shown -
in Fig. 4, in which the axial rod 29 pierces -

25

ber, and has a sliding extension 29/, with

‘2, port 36" at its extremity in position to be
-engaged snd closed by a rubber piecg 287
i the plunger hesd. - The npward motion: 139
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of the plunger, which corresponds to the
compression of the spring resulting from
a shock encountered on the road, proceeds
freely, but its downward motion is retarded
by the closing of ball check valve 37’. If
the upward motion proceed far enough for
pad 28’ to close port 86" it is retarded from

there onward by this partial impairment of

Iree communication through passage 34 with
the receiver, and when the last of the ports
38’, in the extension has been driven within
the fixed portion of the tube 29 all com-
munication with the receiver is cut off and
the volume of the resisting chamber is
limited correspondingly. Upon the down-
ward or return motion, air is gradually ad-
ritted to chamber 10 from the rveceiver
through ports 38’ after the upper end of
extension rod 29" has uncovered port 34
when free communication is again estab-
lished from the receiver to passage 345 but
vntil then it is restrained by check valve
87" and can flow only as permitted by the
small by-passage 38", -

In assembling the sleeve in the casing
the ends of the supporting leather 33 may

first be turned inwardly upon the end of
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the plunger, on bed 23; the filling strip
27 put in place; the rubber disk 24 placed
tiext, and the rubber 32 of the septum joined
to its periphery; the ends of the other
leather 31 turned over it, and the fillet and
retaining cap put in place. After this, the

‘upper leather washer 80, which is ultimately

to be attached to the opposite end of the
chamber, may be laid loosely on the retain-
ing cap 26, the inmer leather 31 of the
septum crimped over upon i, the top disk
24 placed thereon and the other end of the
rubber. 32 of the septum joined to its pe-
riphery; the end of the supporting leather
33 bent radially inward thereon and the
upper filling strip 27 laid with it. Then
the parts thus assembled may be inserted
in the casing with rod 29 entering the recess

28; and when the casing and plunger are

pressed firmly together the parts inclosing
the upper-end of the septum, which have
heen lying loosely en ring 26, will be forced
into the npper end of the casing and be-
come seated against the upper bed 23, and
will be retained there by the corrugations
en the axial rod 29 and ‘also, when the ap-
paratus is-in operation, by the expansive
forces of the fluid within the chamber. To
remove the septum when thus arranged, it
is only necessary to remove the packing 12
and other obstacles, so that the plunger can
be pulled downward, when the fold of the
septum will travel to its limit and, becom.
ing bent around the fillet 25, will, upon
further pulling, separate from the upper
Led 23, to which it has heen attached with
only a narrow cemented surface for this
purpose.  Upon removal from the apparatus

a tool can be inserted through the upper snd
for unscrewing cap 26, and the lower end
of the septum may then be similarly de-
tached from lower bed 23. It is contem-
plated that septa shall be sold commercially
ready assembled with rings 24, 25 and 26
so that a fresh septum can easily he put

in place of one thus removed, by an amateur,

in case of need arising at a distance from
the ordinary facilities of a shop.

The principles herein described may be
applied in a variety of equivalent ways, de-
pending upon the needs of the particulap

problem in hand, without departing from

the scope of the patent. Thus, the terins
“ring” and “disk ” as related to the part
24 or bed 23 are equivalent, the disk being
a perforated plate cr not, according as an
axial rod is used or not; or it may take the
form of having a very large central per-
foration, as indicated 1n Fig. 6. The pas-

sages and ports 34, 34’, and others may be’

matde of Iarger capacity, as the case may re-
quire, by multiplying their number.” In
the form shown in Fig. 1 the hinged brace
bars 13 form an inexpensive and powerful
support for guiding the motion of the two
parts of the chamber in their movement rel-
ative to each other, saving the expense and
risk of hreakage of tempered metal, which
has heretofore been used for springs, also re-
quring less metal to provide the necessary
stiength against torsional strains, owing to
the short length of thesearms. Thebearings
of the moving parts may be lubricated in any
suitable manner. ‘In Fig. 1 a quantity of
oil is shown in the bottom of rrress 28 for
lubricating the rod 29; and outside stop rods
arsshown for preventing undueexpansion of
the chamber. Any other suitable means of
guiding the parts may be employed, and in
Fig. 8 an arrangement is shown which is
especially useful in cemnection with stub
axles. The axle bar 54 may be considered
either as extending across fq tl.e wheel on
the cther side of the vehicle or as consti-
tuting merely a stub (see Fig. 7) stopping
where it is here represented as broken off.
The stuly form hus many advantages in that

it permits the wheel which encounters a 1

minor obstruction on the road to rise and
pass over the obstruction, its spring yield-
Ing as necessary, without raising the weight
of the body of the axle or vehicle frame;
and this momentary elevation of the wheel
is facilitated by the extraordinarily long
bearing which this invention provides for
up and down sliding, one end of the bearing
being in the packing 12 and the other 1 con.
siderable distance below at 52, the stress be-
ing received midway where the axle plerces
the stock of the plunger. Bach wheel may be
mounted, as shown 1n Tig. 7, on a stub axle
under a spring of the type shown in Fig. 3,
and the vehicle body itself may be mounted
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on springs, intervening between it and the
vehicle frame, _ :
When this arrangement is made the Springs

principles hereinbefore described, by

- which,? upon encountering miner obstruc.

tions in thé road, any wheel rises easily over

 them with an unusually free and resilient
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- the rubber tubing on & form of

'65

- and then to add the second

60

“provided it leaks air

_traction’ and

dn the wheel’

due to miner obstructions will

-the plunger

" nection to
pump carried on the vehicle or from s reser- -

_chamber may be

-action,: without lifting the main weight of

the vehicle; but if the obstruction be larger
the wheel: spring reaches its Himit of con-
' the  shock is. transmitted
through the dutomatic eashion thus formed
spring, lifting the vehicle
frame; whose spring further absorbs it be-
fore  transmission to the vehicle bedy.
These two ‘springs may be arranged with
different degrees of resilience, so that shocks
' not generally
be itransmiited fo the springs under the ves
hicle body; while these of more serious im-
portance will be cared for by that spring
with a resiliency suited to-such conditions.
When thus arraiged ;
and moving with it ¢onsists of
the wheel, the stub axle, and no more, reia-
tive weight and inertia of which as against

the vehicle frame and the parts it supports’

should be as little as possible, thereby en-
abling these two parts to rise over obstruc-
tions with a facility which approximates the
effect of a pneumatic tire on the whesl, The
resilierice of the chamber should be adjust-
ed according to the Josd wpon the wheel, s

that the plunger when at rest under the

load is near the limit of expansion. It will
be noted that the pressure within may be
adjusted according to
removing air, which purpose may conven-
iently be accomplished by providing a con-
the extension receiver from an air

voir containing air- at high pressure, and
also an escape valve to the atmosphere, by
means of which the conditions within the
varied by the operstor as
oceasion requires, ' )

If the septum be manufactured according
to thniethed above mentioned, in which the
sheet of rubber is in tubular form at the
outset, the procedure may be first o place
suitable size,
next to wrap a sheet of leather about it and
make it fast, as before described ; next to
remove the rubber and leather thus united
from the form, evert them, and place them
again on a form with the rubber outside
sheet of leather.

In some cases it is not necessary to em-
ploy 2 septum which is absolutely tight,
but slowly, as eon-
venient means are sometimes at hand for

-replenishing the leakage continuously, such
~ @8 8N &lr pump or an air supply

of the type shown in Fig. 1.’

being designed on’

the parts attached to

the load by adding or

reservoir,

Therefore, the word “impervious” is not

used in its strictest semse, but covers ma-

tevials which are substantiaily impassable
by air, even though not absolutely so. -

- claim: ‘ o
1. An expansible chamber, comprising the
combination of & round caging with g,

planger therein, an everted sleeve septum
between them, and a soft, resilient disk sep-
tum: ot each end of the: sleeve, mounted

on the opposing chamber ends, and ‘each”

joined to one of the sleeveends, -

65

75

2 In an expansible chamber comprising

& round casing, a plunger and an everte

sleeve septum; a fastenine for the sleave;
; H ] $

comprising a soff, resilient disk seplumiy

80

the sleeve septum being arranged ‘in-con-

tact with the periphery thereof. o
3. In_an impervious chamber comprising

2 round casing, a plunger and an- everted,

sleeve septum, composed of rubbsi snd- s

a5

supporting material; a . fastening - for the -

septuin, comprising

adhesive attachment of rubber; a radial ap-

rangement of ends of the supporting mate-

rial, 2nd means to grip the said supporting
mauterial in an axial direction,

4. In an expansible chamber
a round casing, a plunger and an everied
sleeve septum, composed of rubber and o
supporting moaterial; a fastening for the gep-
tnm, comprising two rubber disks, hsving
the said supporting material of the septum
end intervening between them in part, and
the disks being connected by contiguous
rubber in part, thus enveloping the support-
ing material end in rubber. T

5. A lamingted everted sleeve septum, in
combination with means to fasten the same
in place, comprising disks lapping alter-
nately with the layers of the septum, one
of the disks ‘being soft, resilient a.d im.
pervious.

6. The combination
chamber and an everted sleeve septum hav-
ing & rubber layer and & -supporting layer
of other material; and a fastening therefor,
comprising a rubber bed in the chamber
wall, there being 2 connection therefrom o
the septum of contiguous rubber.

7. The combination of an expansible

comprising

of an expansible

chamber 2nd an everted sleeve septum hav- .
and a fastening therefor,

ing a rubber layer;
comprising a cup formed in the chamber
wall and a rubber bed inclosed therein. .
. -8 The combination of an -expansible
chamber and an everted sleeve septum ;
there being a fastening therefor, comprisin

a cup in the chamber wall and a rubber bed
therein, there being non-communicating

grooves in the said cup against which the

rubber bed is pressed,
9, The combination
chamber and an evertad sleeve septum;

an annular peripheral’ ™
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‘of an expansible




a

- there being a/'fastening i:herefor, comprising

a cup in the chamber wall and a rubber
bed therein, there being a projecting part of

‘the chamber wall locking said bed in place.

10. The combination, in an expansible
chamber comprising ‘a round casing and a

. plunger, of an everted sleeve septum, and a

10

thick impervious disk in the chamber wall,
the septum being arranged in impervious
confact on the periphery thereof, and a fillet
retaining it in place. :

11. The ' combination, in an expansible
chamber ‘comprising a round casing and a

. plupger, of an everted sleeve septum, and a
-thick impervious disk in the chamber wall,

- the septum being arranged in impervious

20

contact, on the periphery thereof, a fillet re-
taining it in place, and means to sustain the
illet against displacement in the axial direc-

tion. ‘ .
12. In apparatus of the class described, a

- geptum having an external supporting layer,
#nd,an end fastening therefor comprising

%

rubber disks between which said layer is
non-adhesively inserted; there being also

1,038,636

adhesive rubber connection between sai
disks. , . :
. 13. In apparatus of the class described; a
septum having an external supporting layer,
and an end fastening therefor comprising
rubber disks betwéen which said layer is
non-adhesively inserted radially; there being
also a rubber layer inserted between said
disks, adhesively attached to each; and the
whole arranged subject to expansive -pres-
sure of the chamber. »
14. An expansible chamber, comprising a
round casing, a plunger therein, soft, re-
silient, impervious disks covering the op-
posing heads of the.plunger and the casing,

-and an everted sleeve septum joined to each;

there being a passage piercing one head and
disk, affording communication with the ex-
terior of the chamber. o '
Signed by me at Boston, Mass., this 16th
day of May, 1910.
. HENRY E. OXNARD.
Witnesses: o _
- Harorp 8. Lvon, '
Evererr E. Kexr,
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