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To all whom it may concern: 
Be it known that we, IRVING CowLEs and 

ERNEST H. MACDow ELL, citizens of the 
United States, residing at Chicago, in the 
county of Cook and State of Illinois, have 
invented certain new and useful Improve 
ments in Pneumatic Cushioning Devices; 
and we do hereby declare the following to 
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apparatus and in the several steps of the 
method hereinafter fully described and 
claimed. - 25 
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be a full, clear, and exact description of the 
invention, such as will enable others skilled 
in the art to which it appertains to make and 
use the same. . . . . . 
This invention relates to a novel construc 

tion in cushioning means for interposition 
between two relatively movable bodies, the 
object being to provide simple, and efficient 
means for the prevention of transmission 
of sudden jar from one body to the other, 
and to provide a simple method for deter 
mining the degree of cushioning effect pro 
duced, and consists in the features of con 
struction and combinations of parts of the 

In the accompanying drawings illustrat 
ing a suitable embodiment of apparatus for 
carrying out our invention: Figure --1- is 
a plan view of the running gear and body 
supporting frame of a vehicle equipped 
with cushioning means, constructed in ac 
cordance with our invention, the vehicle 
body being omitted from illustration. Fig. 
-2- is a central vertical section of the 
same on the line 2-2 of Fig. -1-. Fig. 
-3- is a central vertical section of one of 
the cylinders employed. Fig. --4-- is a de 
tail sectional view of a check-valve em 
ployed. Fig. -5- is a fragmentary detail 
side elevation of another embodiment of our 
apparatus. 
Our invention is particularly adapted for 

vehicles of all kinds but may be adapted 
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for interposition between relatively movable 
bodies of all kinds requiring a cushion, and 
has for its object to provide means in the 
manner as hereinafter set forth for adjust 
ing the resiliency of the cushion. 
The present invention may be described 

as constituting a further development of that 
forming subject of a companion application 
filed September 13, 1909, Serial No. 517482, 
the matter herein described and claimed be 
ing partially disclosed in the said com 
panion application but not claimed therein. 
The present invention relates particularly 

ca, 

to and has for its essential object the pro 
vision of means whereby the resiliency of 
the cushion may be changed and varied to 
suit the requirements of the vehicle to which 
it is applied and to this end we make use of 
well-known physical laws. . 

Pleasure or passenger vehicles are 
equipped usually with springs which are 
relatively soft and very resilient, it being 
generally true of this class of vehicles that 
the weight of the vehicle body greatly ex 
ceeds the maximum load, while in freight 
carrying vehicles the maximum load greatly 
exceeds the weight of the vehicle body. 
Consequently in the pleasure vehicle the dif 
ference between minimum and maximum 
loads on the springs or cushions is relatively 
small in proportion to the minimum load 
while in the freight carrier it is relatively 
very great. In the one case the comfort. 
and ease of the passengers is the main con 
sideration while in the other it is only the 
safety of the merchandise being transported. 
Therefore the springs or cushions of such 
vehicles are intended mainly to prevent 
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transmission of destructive jars either to the merchandise or to the running gear. 
The degree of the cushioning effect ob 

tained is dependent entirely upon the dis 
tance the load moves from its normal po 
sition by the jar to the point at which such 
jar is neutralized by the resistance of the 
cushion. Where the stroke. is long and the 
resistance gradually increased, the jar is 
felt to a less degree than where the stroke 
is relatively short and the increase in re 
sistance is correspondingly sudden. 
The regulation of therapidity of increase 

of resistance in the cushion constitutes the 
essence of this invention and its accomplish 
ment in a simple and efficient manner its es-. 
sential object. 

In carrying out our present invention we 
employ substantially the same devices as are 
shown and described in our companion ap 
plication above mentioned together with 
such additional apparatus as is necessary to 
enable us to successfully attain the object 
above stated. - 
The running gear of the vehicle consists 

of wheels -1--, axles -2- and the side 
bars - 3- to which the axles are secured, 
the said side bars being equipped at their 
ends with vertical projections--4-consti 
tuting guide rails between which the side 
bars 5- of the vehicle body are verti 
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cally movable, said projections preventing 

A. 

relative longitudinal movement between the 
body and the running gear. The said side 
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bars - 3- and axles 2- constitute the 
running gear frame while the bars -5- 
support the vehicle body and we will there 
fore hereinafter refer to these parts as the 

and “body frame’ 
respectively. The construction shown is in 
tended only to illustrate embodiments of 

“running gear frame’ 

these parts of a vehicle suited to our pur 
pose but not necessarily the only examples 
of construction and relative arrangement 
suited to our needs. 
Supported on the body frame is 

y 

a tank 
or reservoir -6- for fluid under pressure, 
it being essential to the carrying out of our 
invention that said tank or reservoir be 
made of metal or other suitable inflexible 20 

25 

material and of sufficient strength to resist 
a relatively very high pressure. The said 
tank -6- is connected with the delivery 
end of an air compressor - 7-operable 
either by hand or power, and with a tank 
or reservoir -8- for a suitable liquid such 
as oil, the last-named connection including 
a pump.-9- for transferring liquid from 
the reservoir -8- to the tank -6- and a 
valve-controlled pipe -10-. for discharg 
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ervoir -8-, the pump -9, being either 

35 

ing liquid from the tank -6- to the res 
hand or power actuated. The air pump 
connection includes a blow-off controlled 
by the valve -11- for relieving the pres 
sure in the tank -6-. 
Interposed between the running gear 

frame and the body frame is a plurality 
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of cylinders -12- which preferably are 
supported on the running gear frame and 
in which pistons -13- are reciprocally 
movable, the piston rods -L-14- being Se 
cured to the body, frame. The particular 
points of connection and the specific man 
ner of effecting such connections of cylin 
ders and piston rods with the respective 
frames is not material to the present inven 

50 

55 

tion except that they shall be suitable to 
meet requirements. Each of the cylinders 
-12- is connected at one end with the 
tank -6- by means of a pipe -15- in 
which a check-valve -16 - is interposed 
which will permit flow of fluid from the 
cylinder to the tank but will prevent its 
flow in the opposite direction. A by-pass 
duct-17 - is provided around each check 
valve and is controlled by a suitable hand 
operated valve -18-by which it may be 
partly choked to retard flow from the tank 
-6- to the cylinder to the requisite extent 60 required for the proper carrying out of the 
invention. The cylinders - 12 with the 
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pistons - 13 - represent a suitable embodi 
ment of fluid pressure chambers of varying 
capacity having inflexible walls which are 
necessary to the proper carrying out of the 

other. 
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invention. The movements of the piston 
in the cylinder cause a variation in capacity 
of the pressure chamber thereof which is 
therefore be accompanied by influx or dis 
charge of fluid. The upper or other cham 
ber of the cylinder also constitutes a fluid 
pressure chamber which performs a function 
as fully described in our companion appli 
cation. The said function does not, how 
ever, affect the present invention and par 
ticular description thereof and the means 
for its accomplishment will therefore be 
omitted herefrom. The fluid contained in 
the pressure chambers of the cylinders sup 
ports the vehicle body and contents by 

therein and are adapted to conduct only the 
liquid contents of the said tank -6- and 
of the cylinders -12- from each to the 

It is well known that liquids are rela 
tively incompressible, and, therefore, inelas 
tic while gases are extremely elastic and 
may be compressed to a very great extent 
to reduce the volume of space occupied 
thereby. In our device we take advantage 
of the elasticity of air to provide a resili 
ent cushion and employ liquid as the ve 
hicle for transmission of the air pressure 
in the tank -6- to the different cylinders 
and pistons therein to support the load. 
The air in the tank, therefore, actually sup 
ports the vehicle body, and such air must 
necessarily be under the requisite pressure to 
sustain such load. The volume of space oc 
cupied by the air cushion in proportion to 
the cross-sectional area of the pressure cham 
bers of the cylinders, will, independently of 
the air pressure, determine the resiliency or 
elasticity of the cushion. That is to say, an 
sq. in. Occupying a cubic foot of space will 
cushion under the same pressure but oc 
cupying only one-half the volume of space 
for the reason that each cu. in. of contrac 
tion of space occupied will increase the air 
pressure under the last-named condition to 
a greater extent than in the first-named and 

named condition would be increased to the point necessary to neutralize the momentary 
increase in load due to a jar by a less dis 
placement of liquid from the cylinders than 
would be necessary under the first-named 
condition to effect this result. In other 
words the supporting power of the cush 
ions would be the same in both instances 
but the power of resisting impact would be 
greater where the volume of air is less. . 
Thus if the piston area in each cylinder is 
twenty-five square inches, or a total of one 

means of the piston 13- as will be ob 
vious. The pipes -15-connect with the 
tank -6- at or adjacent the lowest point 

air cushion under pressure of 100 lbs. to the 

connected with the tank -6- and must 
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be more resilient and elastic than an air 
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consequently the pressure under the last-.... 
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hundred square inches in the four and the air pressure in the tank -6- is one hun 
dred lbs. to the square inch, the supporting 
power of the cushion would be ten thousand 

5 lbs. regardless of the volume of space oc 
cupied by the air cushion. If the space oc 
cupied by the air cushion were one thou 
sand cubic inches then a simultaneous down 
ward movement of all pistons a distance of 

1o one inch would cause a contraction of only 
ten per cent. of the space occupied by the 
air and a corresponding increase in pres 
sure would result, but if the volume of space 
occupied is only 500 cu. in then the contrac 

15 tion resulting from the aforesaid movement 
of all pistons would be twenty per cent, and 
the increase in pressure correspondingly 
greater. Therefore, the increase in resist 
ance to displacement of the liquid in the 
cylinders would be more rapid under the 
last-named condition than under the first 
named. - - 
To attain the best results the supporting 

power of the spring or cushion must not 
greatly exceed the load else the primary 
resistance of the spring or cushion would 
defeat its object by too great rigidity of the 
support afforded thereby. On the other hand 
too great elasticity of the spring or cushion 
or too little would result either in the accu 
mulation of resistance too slowly or too 
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rapidly thereby either rendering possible plCly 
the complete displacement of all liquid in 
the cylinders and the pounding of the pis 

35 tons on the cylinder heads or causing a 
jerky stop. Therefore the cushion should 
be primarily adjusted to substantially bal 
ance the load and the stiffness of the cushion 
regulated to a degree to insure the accumu 

40 lation of the maximum resistance requisite 
to neutralize the heaviest jar likely to be 
encountered before the pistons can approach 
dangerously near the downward limits of 
their movement. 
The first condition is easily regulated by 

adjusting the air pressure which may be ef 
fected either by operating the compressor 

45 

7- to effect an increase, or operating the 
blow-off -11- to effect decrease. The vol 

50 ume of space occupied by the air cushion is 
regulated either by operating the pump 
-9- to deliver into the tank-6- or by 
operating the valve in pipe -10- to per 
mit escape of some of that contained in the 
said tank. Either of the last-named opera 
tions would necessarily cause variation in 
the air pressure and in effecting adjustment 
it is preferable to first adjust the volume of 
space to be occupied by the air cushion and 
to subsequently adjust the pressure. 
Any suitable means for reading the level 

of liquid in the tank -6- may be provided 
and likewise a pressure gage for reading the 
all OesSule. , , . 

65 . The small by-pass ducts around the check 
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valves prevent the return of displaced liquid 
to the cylinders as rapidly as it leaves them 
and thus cause a slow and gradual reaction 
and elevation after sudden depression. 
In heavy trucks the rear wheels usually 

carry a greater load than the front and in 
adapting our invention to this class of vehi 
cles the cylinders supporting the greater 
load may be of greater diameter or the 
stroke of the piston may be increased or both 
So as to proportion the cushioning effect to 
the load upon different parts of the vehicle. 
While we have shown and described all cylinders as being connected with a single 

tank-6- it will be apparent that this par 
ticular arrangement is capable of variation 
to suit widely different requirements, the 
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appartus being intended to be varied to suit . 
its adaptation to all purposes. Thus as 
shown in Fig. -5- two of said tanks -6- 
may be provided, one thereof being connect 
ed with the cylinders supporting the rear end 
portion of the body and the other with 

85 

those supporting the forward end portion. 
Each of said tanks may be separately con 
nected with the source of supply of air as 
by the pipe -19- and the valve controlled 
branches -20- and -21-. Said tanks 
-6- are also separately connected with the 
reservoir -8- by means of the pipe-22 
and its valve-controlled branches 23- and 
-24- and similarly connected in the other 
direction by means of the pipe -25- in 
which the pump -9 is interposed, the last 
named connections being controlled by means 
of the valves -26- and -27-. This ar 
rangement may be further modified to meet 
certain conditions but it is preferable to 
employ as few valves as possible and main 
tain the apparatus as simple as is consist 
ent with its adaptation to any given pur 
pose. 3 . 
We claim as our invention: v 
1. In a pneumatic spring device, the com 

bination with fluid pressure cushioning de 
vices interposed, between two relatively 
movable members, and a reservoir connected 
with said devices, an air space in said resert yoir containing air underpressure, a liquid 
in said reservoir partly filling the latter and 
constituting the vehicle for communicating 
the pressure in said reservoir to said fluid pressure cushioning devices,of a tank contain 
ing a liquid supply, and means communi 
cating with said tank and reservoir for Sup 
plying liquid from the tank to the reservoir 
and for exhausting liquid from the latter 
into the tank thereby increasing and de 
creasing the volume of liquid within the res-- 
ervoir to vary the resiliency of the cushion. 

2. In a pneumatic spring device, the com 
bination with fluid pressure cushioning de 
vices interposed between two relatively mov 
able members, and a reservoir connected with 
said devices, an air space in said reservoir 
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4. 

containing air under pressure, and aliquidin 
said reservoir partly filling the latter and con 
stituting the vehicle for communicating the 
pressure in said reservoir to said fluid pres 
sure cushioning devices, of a compressor and 
an exhaust valve connected with said reser 
voir to vary the volume and pressure of air 
therein, a second reservoir for liquid, con 
nections between the same and said first 

10 named reservoir, a pump interposed in one 
of said connections and a valve interposed in 

1,002,822 
the other thereof to Frily increase and decrease the volume o liquid in said first named reservoir. 
In testimony whereof we have signed our 15 names in presence of two subscribing wit 

neSSeS. 1 A s 

IRVING COWLES, 
ERNEST. H. MACDOWELL. 

Witnesses: . . . 
RUDOLPHWM. LoTz, 
M. M. BoyLE. . 

  


