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To all whom it may concern.:

Be it known that I, Rexd Gouranp, a
citizen of the United States, residing at
Los Angeles, in the county of Los Angeles

8 and State of California, have invented a
new and useful Vehicle with Pneumatic Sus-
pension, of which the following is a specifi-
cation.

This invention has reference to the pneu-

10 matic suspension of vehicle bedies, an elas-
tic fluid, such as air or other gas or gases,
being employed in cushions placed between
the running gear and the frame or body of
the vehicle.

It is proposed by this invention to elimi-
nate the present spring suspension between
the body and the axle and substitute there-
for a system of pneumatic cushions. Though
advantageous results are secured by using
the pneumatic cushions alone, because the
air is more resilient than the usual vehicle
springs, the invention further provides for
increasing or diminishing the pressure of
the elastic fluid within the cushions to meet
26 different loading conditions of the vehicle.
For this purpose the elastic fluid may be
supplied from a suitable tank. In addition
to the foregoing I may, where conditions
warrant, augment the volume of elastic fluid
employed by connecting the cushions to one
or more reservoirs. By increasing or de-
creasing the volume of the elastic fluid in
the system, the “springiness” or softness of
the cushioning effect is varied inversely as
the pressure and directly as the volume. If
desirable the number of reservoirs in action
may be controlled from the instrument board
or any other point easily accessible to the
operator of the vehicle. :

The reservoirs mentioned above may or
may not be fitted with slow-leak check valves
to provide for the comparatively slow return
of the elastic fluid that has been expelled
from the cushions by a shock imposed there-
on.
not employed, the action of the cushions and
reservoirs is comparable with that of a full
elliptic spring, and the resiliency may be
varied by cutting in or out one or more res-
ervoirs. The employment of slow-leak check
valves improves the action, since the elastic
fluid is retarded in its return to the cushions,
thus making the action of the cushions and
reservoirs similar to that of a full elliptic
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When the slow-leak check valves are

spring with a shock absorber to check the 85
rebound.

In one of its phases the invention also in-
cludes the employment of an accumulator or
accumulators, one accumulator being used
with one or more of the. cushions, as desired.
The accumulators function to store the built
up pressure of the elastic fluid and for this
purpose may employ springs or a restrained
volume of elastic fluid. In operation, the
compressed elastic fluid, after being com-
pressed still further in the cushions by a
shock imposed thereon, passes rapidly to
the accumulator cylinder through slow-leak
check valves, and operates a ‘piston against
a resisting increasing pressure produced by
a spring or by a restrained volume of elastic
fluid. The elastic fluid thus entrapped with-
in the accumulator cylinder is retarded in
its return to the cushions by reason of the
slow-leak check valves, thus preventing too
quick return of the vehicle body and chassis
to their normal relative positions. The pres-
sure of the elastic fluid in the cushions low-
ers immediately after passing of the peak of
the pressure imposed by the shock, and the
tendency then is for the elastic fluid to re-
turn from the accumulator to the cushions.
The action thus far described of the accu-
mulator is similar to that of the reservoir.
The adjustment of the pressure of the elastic
fluid to meet varying load conditions is ac-
complished, as explained above, by either
introducing additional elastic fluid at higher
bressure to or expelling elastic fluid from
the cushions; or by moving the accumulator
piston to different positions within the cyl-
inder. The outward motion of the piston
may be resisted by compression of a spring
in which power thus becomes stored.

Still another phase of the invention resides 95
in providing for the compressing and stor-
ing of atmospheric air by employing the
pulsations of elastic fluid from the cushions,
resulting from the shocks imposed on the
vehicle, which shocks are absorbed through
the agency of the pneumatic cushions. It
is needless to state all of the uses to which
the fluid thus compressed may be put. It
may be employed, for example, in brakes
of the types operated by an elastic fluid.
In order to compress atmospheric air, air
compressors may be mounted upon the ac-
cumulator cylinder heads. The compressors
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double acting and single or
The air compressor pistons
are actuated by the accumnulator pistons, the
piston rods thereof being in comnon. Thus,
pulsations of the elastic fluid engendered by
chocks on the cushions effect actnation of
the accumulator pistons which, operating the
compressor pistons, cffect compression o
air taken from the atmosphere and discharge
of the compressed air into a suitable receiver
or tank provided with a safety valve. In
the drawings a single air compresser 1s
shown of the two stage type with an inter-
cooler between the cylinders.

In some instances the invention may in-
clude a valve in the air line between the
compressor and the air receiver for securing
additional adjustment or regulation of the
operating pressure of the accumulator.
Closing of such valve causes building up of
the compressor discharge pressure and open-
ing the valve lowers the pressure.

"As an added safety precaution, a bypass
may be introduced in the air line around

may be single or
multiple stage.

the other valve just mentioned and said,

bypass may be provided with a safety valve
set at a higher pressure than the safety
valve on the air receiver, thus to prevent
destructive pressure being built up in the
air compressor.

Reference has been made above to the
regulation of the elastic fluid pressure by
the operator to adjust the system to varymy
load conditions and in one phase of the
invention provision is made for automatic
‘adjustment of the air pressure in accord-
ance with the load imposed on the vehicle.
To effect the automatic adjustment, means
are provided between the vehicle body or
chassis and the axle constructed and con-
nected so that relative movement of the
body and axle away from each other oper-
ates a valve to permit discharge of elastic

fluid from the system, and so that relative

motion of the body and axle toward each
other will move the valve into position to
admit additional elastic fluid from the sup-
ply tank to the cushions. The automatic
adjustment just described is only effected
when a load is being taken on or discharged.

From the foregoing it will be clear that
an important object of the invention is to
effectually cushion a vehicle body against
shocks.

Another important object is to provide for
adjustment of the cushioning resistance to
suit different load conditions. '

A further object is to provide for ad-
justment of the cushioning resistance to
roadway surfaces of different degrees of
roughness. ‘

A still further object is to provide for
automatic regulation of the cushioning re-
sistance in accordance with different load
conditions.

1,555,199

The accompanying drawings illustrate the
invention:

Figure 1 is a more or less diagrammatic
view, partly in section, of a pneumatic sus-
pension embodying the invention in one of
its simpler forms.

Fie. 2 is a sectional view of the valve
«oat of one of the slow-leak check valves,
the valve being indicated in broken lines.

Fig. 3 is a more or less diagrammatic
view, partly in section, of a modified formn
of pueumatic suspension embodying the in-
vention.

Fig. 4 is a diagrammatic fragmental
view, partly in section, of a further modi-
fication of the invention. '

Iig. 5 is an enlarged elevation of the
pneumatic cushion and vehicle wheel shown
in Figure 3, the axle being In section on
the line indicated by 5—5 of sald figure. .

Fig. 6 is a sectional elevation of the slow-
leak check valve employed between the pneu-
matic cushions shown 1n Figure 5. =~

Referring first to Figure 1 of the draw-
ings, the running gear is fragmentarily
shown, the vehicle axle being indicated. at
11 and one of the vehicle wheels 12 being
shown mounted on said axle. The vehicle
frame is indicated at 13 and supports the
body 14. Between -the frame 13 or.body
14 and the axle 11 is-interposed a pneumatic
cushion 15 of any suitable shape and con-
struction. KFor example, it may be spheri-
cal like a hollow ball or may be tubular
in construction like a sector of a pneumatic
tire. The construction of the cushion, aside
from its shape, may be like that of the well
known pneumatic tire, thus making it
elastic. . . i

In this particular instance, the frame 13
is provided with a cushion holder 16 hemi-
spherical in shape to fit the upper portion
of the cushion 15, and on the axle 11 or
its housing is mounted a sleeve 17 support-
ing a cushion holder 18 also of hemispheri-
cal shape and fitting the bottom portiorn
of the cushion 15. The cushion holders 16,
18 are suitably connected by members 19
which may be m the form of links or straps
and which function to prevent too great
separation of the cushion holders. It will

e clear that the cushion 15 yieldingly holds

the cushion holders separated, or, in other
words, yieldingly supports the vehicle body
14. There will preferably be a cushion at
each corner of the vehicle, but only one 13
shown, together with the parts that coop-
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erate therewith since a description of one -

will suffice for all. :
It will be clear from the foregoing that,

when the vehicle wheel is subjected toa

shock, the elastic fluid, with which the pneu-
matic cushion is charged, will be- more or
less compressed, since the walls of the cush-
ion, though somewhat elastic, are sufficiently
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ers 16, 18 do not confine the side portions
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The cushion hold-

of the cushion 15, thus permittipg the cush-
ion to spread when it is compressed so that

- the walls of the cushion will not be buckled,

folded or creased. .

The above description is of the invention
in its simplest form and it will be under-
stood that, as thus far described, the pneu-
matic cushion will immediately expand,
after the shock has passed, thus causing re-
bound of the vehicle body. Such rebound
of the body is objectionable and is overcome
by means now to be described:

The cushion 15 is connected by tubing 20
to a receiver 21, there being a slow-leak
check valve 22 in the tubing 20 so that,
when the vehicle wheel is subjected to a
shoek, causing compression of the fluid in
the cushion, some of said fluid will be
forced through the tube 20 into the receiver
21. Naturally, when the shock has passed
the cushion 15 recovers, the elastic fluid that
has been forced into the receiver 21 tendin
to flow back into the cushion, but retarde
in such flow by the valve 22, thus prevent-
ing sudden rebound of the vehicle body.
The normal spacing of the cushion holders
16, 18 is gradually attained as the elastic
fluid slowly leaks back into the cushion
through the valve 22. The valve seat of
the valve 22 is jllustrated in Figure 2, said
seat being grooved or notched at 23 to pro-
vide for slow leakage past the valve when
the valve is closed. :

The receiver 21 may constitute the cylin-
der of an accumulator, which is indicated
in its entirety by the character 24. This
particular accumulator is provided with a
piston 25 to work in the cylinder. The tub-
ing 20 discharges into the cylinder in front
of the piston 25 and a spring 26 in the rear
of the piston yieldingly holds said piston
against the pressure of the elastic fluid in
front of it. The spring 26 may be adjusted
longitudinally of the cylinder so as to in-
crease or diminish the pressure of said
spring and hence of the elastic fluid and, for
this purpose, the end of the spring 26 oppo-
site to that engaging the piston is engaged
by the head 27 of an adjusting screw 28
which may be moved endwise by any suit-
able means as, for example, a lever 29 hav-
ing a threaded portion 30 engaging the
screw. _

Tt will be readily understood that, when
the elastic fluid is forced through the tub-
ing 20 into the cylinder 21 by compression
of the cushion 15, the piston 25 will be
thrust rearwardly against the pressure of

. the spring 26 and that the pressure of the

85

elastic fluid in the system can be readily in-
creased or diminished by turning the screw
28 so as to move the piston 25 forward or
backward to decrease or increase the capac-

ity of the space in the cylinder in front of
the piston. ‘

. Now referring to the modification shown
in Figures 8, 5 and 6, the parts functioning
similarly to the parts described above for
Figure 1 will be indicated by the same ref-
erence characters with the addition of a
prime mark and will be briefly described.
The axle housing is indicated at 11’, the
vehicle wheel at 12’, the vehicle frame at
13’, the vehicle body at 14’, the cushions
at 15%, the outer cushion holder at 16’, the
sleeve at 177 and the other cushion holder
at 18’. The cushions 15’ and cushion hold-
ers 16", 18’ are semicircular in form longi-
tudinally, as clearly shown in Figure 5 of
the drawings, the cushions being placed end
to end. Said cushions may be connected by
one or more passages 32 which may be in
the form of a tube as clearly shown in Fig-
ure 6. The tube is provided at its opposite
ends with clamping jaws 33, the adjacent
end walls of the cushions 15’, indicated at
34, are clamped between the members 33
and other clamping members 35 which are
held toward the clamping members 83 by
nuts 36 threaded onto the tube 32. The
outer face of one of the clamping members
33 constitutes a valve seat for a valve 87,
said valve seat having a notch or groove 38
therein so that, when the valve 87 is closed
by reason of a greater fluid pressure in the
lower cushion than in' the upper, elastic
fluid can slowly leak froin the lower cush-
ion into the upper cushion until the pres-
sures in said cushions are equalized. The
stem 39 of the valve 37 engages a guide 40
mounted in the tube 32, Tt will be clear
from the foregoing that, when shock is en-
countered by the vehicle wheel 12', said
shock will be imposed upon the upper cush-
ion 15" and the elastic fluid therein will be
compressed, thus causing some of the elastic
fluid to flow through the tube 32 into the
lower cushion. .As the vehicle body tends
to rebound, because of the elasticity of the
fluid in the cushion, the pressure in the up-
per cushion will be decreased, thus allow-
mg the elastic fluid to slowly return into
the upper cushion from the lower cushion

until the pressures in said cushions are.
equalized. The valve 37 thus functions sub-

stantially the same as the valve 22 in the
construction described for Figure 1 and the
lower cushion functions as a receiver for
fluid from the upper cushion the same as
the accumulator cylinder 21 in Fig. 1 and
21’ in Fig. 8. The invention, therefore, can
be used in this simple form.. The cushions
15" being arranged one above and one below
the axle, it is clear that rebound of the ve-
hicle body tends to compress the lower
cushion 15’ and, consequently, the lower
cushion functions to aid in absorbing the re-
bound. In this respect the form of the
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invention shown in Figure 3 is markedly
different from that shown in Figure 1.

To continue with additional features of
the form of the invention shown in Figure
3 similar to the form shown in Figure 1,
there is provided tubing 20, a receiver 21/, a
slow-lealk check valve 22/, an accumulator
24’, and a piston 25’. The operation of the
construction thus far described for Figure 3
will be readily understood from the above
description of the operation of the form of
the invention shown in Figure 1.

In <ome instances where, for example, it
is necessary to limit the capacity of the
cushions or where the conditions warrant,
the volume of elastic fluid in the system may
be augmented by the use of one or more
receivers or reservoirs 41, there being three
shown in this instance. These reservoirs are
connecrted by tubing 42 to the tubing 20” and
the tubing 42 is provided with valves 43,
whereby any number of the reservoirs may
be cut in or out, as desired. - The tubing 42
is provided with slow-leak check valves 44
which are constructed and operate the same
as the valve 22’. The reservoirs 41 are pref-
erably constructed of an elasti¢ fabric so
that they will be expanded to some extent
by increased: pressure of the elastic fluid
caused by the cushion being subjected to a
shock. Although the valves 44 are not nec-
essary to obtain the greater resiliency due to
the increased volume of fluid, their provision
further increases the usefulness of the res-
ervoirs 41 as said valves will cause slow
return of the fluid that has been expelled
into the reservoirs by compression of the
pneumatic cushion. ‘

The accumulator 24’ is somewhat differ-
ently constructed than that shown in Figure
1 since, when the plunger 25” is moved to
the right by fluid admitted to the cylinder
through the valves 22’, fluid on the other
side of the piston, admitted through slow-
leak valves 22”” from tubing 20’’, yieldingly
resists such movement of the piston as it
can only escape slowly through the valves
227, It is to be understood: that the tub-
ing 20’ connects with one of the other cush-
jons, not shown, with which the vehicle is
equipped. Said other cushions are con-
structed the same as the cushion 15" and,
therefore, need not be described in detail.

The piston 25’ is connected on opposite
sides to pistons 45, 46 of 1 compressor.
compressor may be single or double acting
and may be single or multiple stage and, in
this instance, is of the two stage type, the
two stages being indicated at 47, 48, respec-
tively, and being interconnected by tubing
49 and an intercooler 50. The second stage
47 of the compressor is connected by tubing
51 to a receiver or tank 52, which may be
provided with a safety valve indicated at
53. In the tubing 51 is a valve 54 for regu-

Said
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lating the pressure against which the ac-
cumulator operates. %losing the valve 54
builds up the discharge pressure of the air
compressor so as to increase the resistance
against movement of the piston 25", and
opening said valve permits the discharge
pressure of the compressor to lower to a
degree where it is equal to the pressure in
the air receiver as predetermined by the set-
ting of the safety valve 53, thus decreasing
the resistance against movement of the
piston.

It may be desirable, as an added safety
precaution, to provide a bypass 55 around
the valve 54 with a safety valve 56 in said
bypass to relieve the pressure when greater
than the pressure for which the safety valve
53 1is set, thus to prevent building up of a
destructive pressure in the air compressor.

To secure automatic regulation or adjust-
ment of fluid pressure in the cushions, res-
ervoirs and cylinder 21”, T connect the tub-
ing 51 by tubing 57 to a manually operated
valve 58 and I connect said valve 58 by tub-
ing 59, 60 to an automatically operated valve
61. In this instance the valve 58 is of the
rotary type, one of its outlet ports 62 being
connected by the tubing 60 to an inlet port
63 near one end of the chambers 64 of the
valve 61, and one of its inlet ports 65 being
connected by the tubing 59 to an outlet port
66 near the other end of the cylinder 64.
The valve 58 is provided with an exhaust
port 80 open to tlie atmosphere, and with
a port 81 to which the tubing 57 connects.
A duct 82 in the valve 58 is adapted at one
setting of the valve to register with the
ports 62, 81 and a second duct 83 to register
with the ports 65, 80.

In the cylinder 64 is a slide valve 67
which controls the inlet ports 63, 66, and
also controls another port 68 which is con-
nected by tubing 69 to the tubing 20’. The
slide valve 67 is provided with ports 70 so
that when the valve 67 is down it opens
communication between the tubing 60 and
tubing 69 and when the valve is up it opens
communication between the tubing 59 and
69. The slide valve 67 is provided with
an operating rod 71 which is pivoted at 72
to a link 73 that in turn is pivoted at one
end at 74 to a link 75 and at its opposite

end 1is pivoted at 76 to a link 77. The link

75 is pivoted at its other end at 78 to the
frame or body of the vehicle, and the link
77 is pivoted at its other end at 79 to the
axle or any other part of the running gear.
Thus it will be clear that, when a greater
load is to be placed in the vehicle, the op-
erator will operate the valve 58 to the posi-
tion shown in the drawing. As the load is
added it naturally compresses the pneu-
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motion of the slide valve 67 so as to admit
compressed fluid from the tubing 57 to the
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tubing 69 whence it passes to the reservoirs
41, cushions 15’ and cylinder 21’. If, on
the other hand the load is to be lightened,
the valve 58 will be operated as before stated
to open communication between the port 65
and an outlet port 80 so that as the load is
decreased the rising body will cause up-
ward movement of the slide valve 67 to
open communication between the tubing 69
and exhaust port 80. As soon as sufficient
fluid has been added or allowed to escape
to permit the vehicle body to rise or de-
scend to its normal position, the slide valve
67 will operate to cut off the inlet port 63
or exhaust port 66, and the operator will
then turn the valve 58 to a neutral position
to close all of its ports. B

From the foregoing it will be readily un-
derstood that, in the form of the invention

illustrated in Figure 3, the shocks to which

the vehicle wheels 12" are subjected will
effect compression of the fluid in the pneu-

- matic cushions and some of said fluid will
- pass into the cylinder 21’ and operate the
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iston 25’ thus causing compression of air
m the air compressor 47, 48 and discharge
of said compressed air into the receiver 52
for further use in the system to increase
the pressure therein or for use in any other
manner desired. - =

It has been hereinbefore explained, in con-
nection with Figure 3, that the cushions 41
are cut in or out by manipulation of the
manual valves 43, but the control may be
effected from the instrument board or other
convenient point by elastic fluid from the
tank 52 or other supply. For this purpose,
referring to Fig. 4, the tube 81 from the
tank, not shown in this view, connects with
a port 82 of a valve chamber 83 containing
a rotary valve 84 provided with ducts 85.
When the valve is in the position shown in
the drawing, one of the ducts 85 communi-
cates with the port 82 and also with other
ports 86, 87 in the valve chamber 83. The
ducts 86, 87 are connected by tubes 88, 89
to ports 90 at one end of slide valve cham-
bers 91, respectively. In the chamber 91
are differential pressure valves 92, the great-
er area of said valves being acted on by
fluid admitted through the ports 90. The
lesser pressure areas of the valves 92 are
acted upon by fluid admitted through ports
938 or 94 in the chamber 91. The ports 93
are connected by tubes 42" to the reservoirs
41’, and the tubes 42’ are provided with
slow-leak check valves 44’ constructed and
operated the same as the valve 22. ‘The res-
ervoirs 41°, tubes 42’ and check valves 44’
correspond to the same elements in Figure
3 designated by the characters 41, 42, 44.
The ports 94 are connected by tubing 95 to
the pneumatic cushions, not illustrated in
this view, said cushions being the same as
those illustrated in Fig. 3.

The valve chambers 91 are provided with
exhaust ports 96 open to the atmosphere and
the valve chamber 83 is also provided with a
port ‘97 open to the atmosphere. When
the operator desires to shut off both reser-
voirs 41 from the cushions, not shown, he
will operate the valve 84 to the position
shown in Fig. 4, thus admitting the actuat-
ing fluid to the chambers 91 to move the
valves 92 to the left to close the ports 93.
If he desires to cut one of the reservoirs in
he will turn the valve 84 to position to regis- -
ter one of the ducts 85 with the ports 82, 86
and to register the other duct 85 with the
ports 87, 97, thus permitting exhaust of the
operating fluid from one of the valve cham-
bers 91, whereupon the valve in said cham-
ber will move to the position shown so' as
to open the port 93 controlled by it. Both
of the reservoirs will be cut in by turning
the valve 84 to position to register one of
the ducts 85 with the ports 86, 87, 97 so as
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to exhaust the operating fluid from both

of the valve chambers 91.

"I claim: :

1. A vehicle comprising a running gear,
a frame, pneumatic cushioning means con-
necting the running gear and frame, and
means under the control of the operator
operative to alter the pressure in the cush-
ioning means. ' :

2. A vehicle comprising a running gear,
a frame, pneumatic cushioning means con-
necting the running gear and frame, and
means operated by the elastic fluid of the
cushioning means when said means are sub-
jected to shocks to compress air. .

3. A vehicle comprising a running gear,
a frame, pneumatic cushioning means con-
necting the running gear and frame, and
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means operating automatically upon altera- .

tion in the loading of the vehicle to alter
the pressure in the cushioning means and in-
cluding a manual control whereby said

1means may be made inoperative.

4. A vehicle comprising a running gear,
a frame, cushion holders in pairs, one of
the cushion holders of each pair being con-
nected with the running gear and the other
cushion holders being connected with the
frame, a single flexible pneumatic cushion
between each pair of cushion holders, a res-
ervoir connected with each cushion, the sev-
eral reservoirs being independent of one
another, a slow-leak check valve in each of
the connections, and means to limit move-
ment of the cushion holders of each pair
away from each other, ’

5. A vehicle comprising a running gear,
a frame, pneumatic cushioning means con-
pecting the running gear and frame, a re-
ceiver connected with the cushioning means
for receiving some of the fluid discharging
from the cushioning means when said means
are subjected to shock, a piston in the re-
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ceiver, and means yieldingly holding the pis-
ton against the pressure of said fluid.

_ 6. A vehicle comprising a running gear,
a frame, pneumatic cushioning means con-
necting the running gear and frame, a re-
ceiver connected with the cushioning means
for receiving some of the fluid discharging
from the cushioning means when said means
are subjected to shock, a piston in the re-
ceiver, and pressure means variable at will
for yieldingly holding the piston against
the pressure of said fluid.

7. A vehicle comprising  a running gear,
a frame, pneumatic cushioning means con-
necting the running gear and frame, a re-
ceiver connected with the cushioning means
for receiving some of the fluid discharging
from the cushioning means when said means
are subjected to shock, a piston in the re-
ceiver, and means to admit compressed fluid
to the receiver on the opposite sides of the
piston to that with which the cushioning
means are connected.

8. A vehicle comprising a running gear,
a frame, pneumatic cushioning means con-
necting the running gear and frame, a re-
ceiver connected with the cushioning means
for receiving some of the fluid discharging
from the cushioning means when said means
are subjected to shock, a piston in the re-
ceiver, an air compressor operated by the
piston, and a tank connected with the air
compressor. ) L

9. A vehicle comprising a running gear,
a frame, pneumatic cushions mounted be-
tween the running gear and frame, a re-
ceiver connected at its opposite ends with
the respective cushions, slow leak check
valves in the connections and a piston in the
receiver.

10. A vehicle comprising a running gear,.

a frame, a pneumatic cushion mounted be-
tween the running gear and frame, a re-
ceiver connected with the cushion, a piston
in the receiver, means yieldingly holding
the piston against the pressure of fluid en-
tering the receiver from the cushion, and a
slow-leak check valve in the connection be-

. tween the cushion and receiver.
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11. A vehicle comprising a running gear,
a frame, pneumatic cushions mounted be-
tween the running gear and frame, a re-
ceiver connected at its opposite ends with
the respective cushions, a piston in the re-
ceiver, and slow leak check valves in the
connections between the cushions and the re-
ceiver.

12. A vehicle comprising a running gear,
a frame, pneumatic cushions mounted be-
tween the running gear and frame, a re-
ceiver connected at its opposite ends with
the respective cushions, a piston in the re-
ceiver, an air compressor operated by said
piston, and a tank connected with the air
COmMpressor.

1,565,199

18. A vehicle comprising a running gear,
a frame, pneumatic cushions mounted be-
tween the running gear and frame, a re-
ceiver connected at its opposite ends with
the respective cushions, a piston in the re-
ceiver, slow leak check valves in the con-

70

nections between the cushions and the re- -

ceiver, an air compressor operated by said
piston, and a tank connected. with the air
COmMpressor.

14. A vehicle comprising a running gear,
a frame, pneumatic cushions mounted be-
tween the running gear and frame, a re-
ceiver connected at its opposite ends with the
respective cushions, a piston in the receiver,
and means independently of the fluid enter-
ing the receiver from the cushions to yield-
ingly limit movement of the piston.

15. A vehicle comprising a running gear,
a frame, pneumatic cushions mounted be-
tween the running gear and frame, a re-
ceiver connected at its opposite ends with
the respective cushions, a piston in the re-
ceiver, slow leak check valves in the connec-
tions between the cushions and receiver, and
means independently of the fluid entering
the receiver from the cushions to yieldingly
limit movement of the piston.

16. A vehicle comprising a running gear,
a frame, pneumatic cushions mounted be-
tween the running gear and frame, a re-
ceiver connected at its opposite ends with
the respective cushions; a piston in the re-
ceiver, and pressure means independently
of the fluid entering the receiver from the
cushions to resist the movement of the
piston. -

17. A vehicle comprising a running gear,
a frame, a pneumatic cushion mounted be-
tween the running gear and frame, a re-
ceiver connected to the. cushion, a piston in
the receiver, a compressor operated by the
piston, a tank, tubing connecting the com-
pressor to the tank, and a valve in said
tubing.

18."A vehicle comprising a running gear,
a frame, a pneumatic cushion mounted be-
tween the running gear and frame, a re-
ceiver connected to the cushion, a piston in
the receiver, a compressor operated by the
piston, a tank, tubing connecting the com-
pressor to the tank, a valve in said tubing,
a by-pass around said valve, and a safety
valve in the by-pass.

19. A vehicle comprising a running gear,
a frame, 2 pneumatic cushion between the
running gear and frame, a compressed fluid
tank, valve means connected with the tank
and cushion operable to. open communica-
tion between the tank and cushion by move-
ment of the frame toward the running gear
when load on the vehicle is increased, and
manually controlled means to open and close
the valve.

20 A vehicle comprising a running gear,
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a frame, a pneumatic cushion between the'
running gear and frame, valve means con-
nected with the cushion operable to exhaust
fluid from the cushion to the atmosphere by
movement of the frame away from the run-
ning gear when the load on the vehicle is-
decreased, and manually controlled means
to open and close the valve. .

21. A vehicle comprising a running gear,
a frame, a2 pneumatic cushion between the
running gear and frame, a reservoir con-
nected with the cushion, a.fluid operated
valve in the connection between the reser-
voir and cushion to open and close com-
munication therebetween, and a manually
operated valve to control the first valve. .

22. A vehicle comprising a running gear,
a frame, a pneumatic cushion between the-
running gear and frame, a reservoir con-
nected with the cushion, a slow-leak check
valve in the connection between the reser-
voir and cushion, a fluid operated valve in
the connection between the reservoir and
cushion to open and close communication
therebetween, and a manually operated
valve to control the first valve.

23. A vehicle comprising running gear
including an axle, a frame, cushion holders
on the frame on opposite sides of the axle,
cushion holders on the axle on opposite sides
thereof, pneumatic cushions Eetween the
first and second holders, a tube connecting
the cushions, and a slow-leak check valve in
said tube operating to permit free flow of
fluid from the upper cushion to'the lower
cushion and to restrict return flow of the
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fluid from the Iowérbcushion to the upper

cushion. :
24. A vehicle comprising a running gear,

a ‘body, a control member, and means yield-* 40
-ingly supporting the body on the running

gear and operating as the load on the body -

1s increased or diminished when the control
member is moved to one position to main-
tain the body at a constant distance from
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the running gear and operating when the -

control ‘member is moved to another posi-
tion to permit the body and running gear to
move toward and from each other under
shock and recoil, respectively. :

25. A vehicle comprising a running gear,
a frame, pneumatic cushioning means con-
necting the running gear and frame, means
to alter the pressure on the cushioning
means, and means te increase and decrease
the volumetric capacity of the cushioning
means at will.
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26. A vehicle comprising a running gear,

a frame, prieumatic cushionin
necting the running gear and frame, and
means to increase and decrease the volu-
metric capacity of the cushioning means at
will. oo : :

27. A vehicle comprising a running gear,

means con-
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a frame, an elastic cushion between the run- 85

‘ning gear and frame, an elastic receiver con-

nected with the elastic cushion, and a slow-
leak check valve in the connection. ,
Signed at Los Angeles, California, this

1st day of June 1923.

RENE GOUIRAND.



