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Apphcation ﬁled Apnl 16, 1914 Senal No 832,150.

To all whom zt MAY CONCETN:

Be it kriown that I, CrarLES S, KELLOGG,
a citizen of the United States, residing at the -
city of New York, borough of Manhattan,
county and State" ‘of New York, have in-
vented a certain new and useful Fluid-Cush-
ion Device for Automobiles, of which the-
following is a specification. -

This invention is a fluid spring for use on
vehicles generally, although it 1s adapted,

" more particularly, for motor-driven vehicles.

It may be, and preferably is, employed in
connection with mechanical sprmgs of one
form or another, but in some instances my
fluid spring is employed to the exclusion of,
or as a substitute for, the mechanical spring,
or can be-used as a shock-absorber by ‘attach-
ing one part to the body and the other to the
axle. '

The purposes of the 1nvent10n are, first, to
utilize liquid and air in such manner that
the jar and vibration on the vehicle body,
due to the contact of the vehicle-wheels with

.~ obstacles and depressions in the road sur-
25

face, will be communicated to a-limited ex-

_tent only to said body, special provision be-

ing made for taking care of or absorbing the
recoil of -the spring, which recoil immedi-
ately follows a_compression of the spring
and which recoil imparts a more or less vio-
lent shock to the car body dependent in most
cases upon the extent of compression of the-
spring;, second, to absorb the recoil due to
the return to normal _position of the moving

parts of the fluid spring, and, third, to auto-
matlcally control the liquid within the fluid

‘springs (the latter being positioned usually
at the respective corners “of the vehicle body)

_ so as to retain said body flexibly at a prede-

40

50

‘termined normal height irrespective of the

load imposed upon said body, or the distribu-
tion of the load upon the body;whereby such
automatic control of the fluid within the
group of cushion devices tends to maintain
the car body in a normal horizontal position,
and thus precludes ,automfltlcally the body
from assuming a tilted or’ eanted position
relative to the running gear, it being under-
stood that under all conditions the movable
parts of the fluid spring are free to have a

~ limited relative movement owmor to the road

55

conditions so that the fluid spring will act
with-a certain resﬂlency so as to absorb road
shocks or jars.

Broadly stated, the first part of thls inven-

- tion embodles, in connection with a piston,
. two moving columins of liquid in contact

"with the respective faces or sides of said pis-

‘ton, the movement of said liquid columns be-

ing opposed by suitable cushions which in
some cases may be mechanical springs but

60

which-are preferably composed of air-or gas

the compressibility of which 1§ governed or
. controlled by the extent of imovement of the
liquid columns within the piston cylinders.
The movement of each liquid column is op-

_posed to greater or less extent by the com-

pressible cushion and by the frictional re-
sistance ‘due to the flow of such liquid
through ports connecting the piston cylinder
with separate liquid and cushion chambers.

In a practical embodiment of the invention,

the piston is reciprocable within a cylinder,

-and means are provided for mechanically

connecting said piston and the cylinder with

the running gear and the body, respectively,

of the vehicle. Although the piston and the
two cushioned liquid columns may be opera-
tively positioned within a single chamber, it
is preferred to employ dl%tlnbt chambers for
containing the compressible air or gas cush-
ions and the liquid columns, one of said
chambers being connected by a port with the
cylinder above the point normally occupied

by the piston within said cylinder, whereas

the other chamber is in communication with
said cylinder by a port positioned below the
normal position occupied by the piston with-
in said cylinder, whereby the liquid columns,
in contact with the upper and lower faces re-
spectively of the piston, extend into the
chambers, the upper parts of which cham-

bers - contain the compresalble air or gas.

cushions.
Provision is made for establishing air or
gas at different pressures within the separate
chftmbers, i. e. air is under considerable pres-

sure in that chamber the liquid column of

which is in contact avith the upper side of
the piston, so 4s to afford a considerable de-,
gree of resiliency or flexibility to the 11qu1d
body when the wheels travel over a hum- .

»mock or other obstruction in the road, where-.

as the air or gas confined within the other
chamber is under very conSIder‘lble lower
pressure, the relatively low pressure air cush-
ion being relied upon, mainly, to insure a
prompt flow of the liquid.column into con-
tact with the under face of the piston.

It is apparent that the attachment of the
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“piston :
‘the liquid and the air or gas withip the

10

_ tact of the air or gas with the liquid, thus

@ .

piston and the cylinder to the gear and the
body-may be reversed, ¢ €. the piston being
connected to the body and the cylinder to
the gear. 2 L :

- Provision is made to secure two practical E
conditions which may, under some clreum-

stances, be regarded as of minor impor-
tance, to wit:—the: employment of a loose
head or mechanical separator between

cushion chamber, so as to minimize the con-

precluding to a very. marked - degree the

emulsification of the air or gas with oil,

b

20

‘should the latter be used as the liquid col--

umn, and,-further, to control or throttle the
flow of liquid from beneath the piston, so as
to-result in a slow movement of the liquid
check when: the wheels descend into 4 com-

paratively deep rut in the road surface, thus

. precluding a sudden drop of the wheels rel-

. ative to the body

and overcoming a violent

- recoil of thé mechanism; such slow move-
" ment of the liquid check operating, also, to

30

overcome swaying movements of the body in
traveling around a corner. - .

Tt is to be understood that the lower liquid
colimn, or that body of liquid in contact
with the under surface of the piston, per-
forms important functions in my device for
the reason that its movement in one’direc-

' tion is throttled or checked in order to- ab-

_sorb or take care of the sudden, if not vio- -

35

‘being lifted by

lent, movement due to the recoil of the
spring, which recoil immediately follows a
compression of the spring due to the wheels
an obstacle in the road. Fur-
thermore, should the wheel drop into a rut
or depression,
eling at speed clear an obstacle, the car
sprin
ported wheel with great force in-a downward
direction, thus resulting in a more or less

- violent shock; but ‘o]l such objections are

. 45

overcome in my device owing to the fact that
the liquid. column in contact with the under

~face of the piston is throttled, checked, or

50

retarded when

‘however,

flowing into the lower cham-
ber, thus overcoming any sudden movement
or shock on the car body. ~At the same time,
the lower liquid column is free to
follow an upward movement of the piston so
as to remain in contact
moyement being due to the pressure of the
gas or air cushion upon the eolumn and to
the suction established in the.piston cylin-
der by a relative movement between the pis-

_ton and its cylinder; and, furthermore, the

80

means whereby two

recoil of the movable parts of the fluid
spring is absorbed when said movable parts
return to theif mormal positions. :

. Accordingly; it.is to
the first part of my invention embodies any

.

or should the car when tfav-

has 4 tendency to force the unsup--

therewith,-such free

be understood that

fliid columns are main-
taimmed in contact with the respective sur--

1,201,018

faces of a piston, it being preferred to em-
ploy two- liquid columns, ‘and, further, to
oppose the movement of the liquid columns
by compressible cushions of air or gas.
The second part of the invention embod-
jes means whereby ‘the car body is flexibly
retained under all load conditions at a pre-

¥ determined normal height with respect to

the running gear. ~In accomplishing this
end, it is preferred to employ-on each liquid
spring a pump operating to automatically

70

75

shift the liquid within the cylinder:in one -

direction or the other with respect to the pis-

ton so as to return said piston under all load

conditions to a predetermined flexible posi-
tion within ‘the piston cylinder, whereby the

80

body of the car, when said car is at rest, is -’

maintained in a level position and at normal

height with respect to its road contact re-
gardless of the amount or distribution of the
Toad imposed upon the car body. :
It is apparent that a number of my liquid
springs are to be used, two, three or more

.as may be required, but it is preferréd to em-
ploy four of such liquid springs, the same
at the respective corners of-

_being positioned
the car body. Now, should an excess weight
be imposed upon the car, it is obvious that
the body and its load will have a tendency
to depress the cylinders to such an extent
with respect to the
a disproportionate displacement of liquid
below the pistons, tending to interfere to a
great extent with the proper action of the
liquid springs. Again, should the ‘weight
imposed on the ¢ar body be unevenly dis-
tributed, one or more liquid springs will be

- depressed to a greater extent than the other
liquid spring or springs, so that it _follows
the car body will be tilted or canted to an
‘undesirable position relative to the running
gear. . . . - L

>~ My liquid-equalizing mechanism associ-
ated  with each.of the individiial fluid
springs operates when the vehicle is running
for a short period of time so as to, impart,
practically constantly, a- limited relative
movement to the parts composing each fluid
spring; as a result of which the fluid is

‘shifted so as to automatically correct or

pistons that there results
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overcome, these two serious objections due’-

to overloading or to an unequal distribution
of the weight, such liquid-equalizing mech-
‘anism of onie fluid spring acting independ-
ently of the similar equalizing mechanism o
the ~other. fluid springs. It follows. that,

“when the car is-in motion and a relative

movement between the body. and running

gear takes place, the liquid-equalizing de-.

Vices of the fluid springs are ‘brought. into
action for the purpose of returning the pis-
ton or pistons to a normal predetermined
position within the cylinder or cylinders;
and as each fluid spring operates under such

abnormal 'c’ondit_i_or_ls to ‘substantially "cen--

120
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 tralize the piston within its corresponding
cylinder, the result is that in a short time all
the fluid springs will be restored to a nor-

-, mal condition, whereby the car body will be

5 returned to a normal predetermined height.

relative to the running gear in event of an
overload, and in the case of unequal distri-

bution of the load the car body will be re-.

turned to and flexibly maintained at the de-

sired level position so as to prevent the body

from assuming a canted or tilted position
- with respect to the running gear.

Other features and advantages of the in-
vention will appear in the course of the fol-
lowing detailed description.

In the drawings, o

Figure 1 is a vertical central section
through a fluid spring embodying this in-
vention. , -

Fig. 2 is a side elevation, on a somewhat
smaller-scale, illustrating -one “embodiment
of the automatic pump mechanism for shift-
ing the fluid from a point above said piston
to a point below said piston, or vice versa,

10

15

20

25
. upon the car body, or to an unegual dis-
tribution of said load. ’
Tig. 3 is a vertical section, on an enlarged

scale, illustrating the controlling valve and

30 the liquid connections between a pump and
the respective end portions of the fluid con-

taining piston cylinder.

Fig. 4 is a horizontal section through the.

pump mechanism and a part of the control-
ling valve, the plane of the section being in-
dicated by the dotted line 4—4 of Fig. 2.

Fig. 5 15 a detail sectional view illustrat-
ing the automatic throttle for controlling
the flow of that liquid column which is nor-
mally in contact with the under surface of
the piston, o .
.+ A designates a piston cylinder, and B a

piston reciprocable therein. The cylinder
and the piston are adapted to be connected
respectively with a car body and the run-
ning- gear thereof, although it is apparent
that the parts may be reversed by eonnect-
ing the piston with the car body and the cyl-
inder with the running gear.

85

40

45

50
and at its bottom by a head o, the latter be-

- ing screwed on the lower end of the cylinder
so as to codperate with a false bottom a2 in

a manner to compress a packing material

55 o between the false bottom and the lower

head, thus minimizing leakage. The upper

head « is fastened by bolts, screws, or other
equivalent means to the cylinder. Said
.upper head & is provided with a draw-off
cock a* and with a boss o the latter being
provided with-a passage «® adapted to be
. closed by a plug a”. It is apparent that sur-
plus liquid in the upper part of the cylinder

60

may be discharged by opening the cock a*..

¢5 Furthermore, the plug ¢” may be removed in

according to a variation in the load imposed:

Cylinder A is closed at its top by a head a -

2

order that additional liQuid may be poured

through passage «® into the cylinder above
piston B therein. o S

C designates a chamber positioned exte-
riorly to cylinder A and connected thereto by 79
a_port ¢ positioned above the piston B.
This chamber C is provided at its lower part
with an elbow ¢’ which is attached to, or
made in one piece with, the cylinder, said

- elbow ¢’ forming the port ¢ which estab- 75

lishes communication between the lower
part of chamber C-and the upper part of
cylinder A. This chamber and the upper
part of the cylinder contains a suitable
quantity of liquid, such as oil, glycerin, or 80
the like, adapted to form a liquid check
above piston B. - The upper part of the
chamber C is closed by a.head d to which is
attached an inflating valve or a pump con-
nection d’, whereby air or gas may be forced 85
mnto the upper part of chamber C so as to
establish pressure within the chamber and
above the liquid column, which latter partly
fills chamber € and the upper part of cylin-
der A. -

Operating loosely within the chamber C is
a piston head D with floats on the surface
of the liquid contained in chamber C and
the upper part of cylinder A. - This piston
head is free to rise and fall within the cham- 95
ber Cby a variation in the level of the liquid
within said chamber, and, if desired, said -
piston head may be provided with a central
aperture d* which is adapted to be closed by -

90

-a_plug D’, thus making provision for re- 100
- plenishing the supply of liquid within the,

chamber C. The main purpose of the piston
head D is to mechanically separate the air
or gas from the liquid, whereby emulsifica-
tion of the liquid is substantially prevented. 105

- The air or gas which is forced in the upper -

part of chamber C above the piston head
or mechanical - separator D establishes an
elastic cushion within said chamber and
above the moving liquid column, the pres- 110

-sure of said cushion being sufficient to sus-

tain a proportional part of the weight of
the car body and the weight imposed -
thereon. - o :

E 'is another chamber positioned exte- 115
riorly to cylinder A, and having a liquid
conneetion with the piston chamber through
a port e positioned normally below the low-
ermost limit of travel of piston B within said
cylinder A. Like the ¢chamber C, the other 120
chamber E is separate from, and is posi-
tioned exteriorly to, the piston cylinder A, it
being preferred to arrange chamber C on one
side of the cylinder A above the piston B -
therein, whereas the other chamber E is po- 125
sitioned at the opposite side of cylinder A
and preferably parallel thereto. Chamber E
is attached to or made integral with cylinder
A, and the bottom part ¢’ of said chamber E
is constructed to form a passage ¢?, one end 130
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of which terminates in a port ¢, whereas the
other end of said passage terminates in a
valve seat ¢>. The chamber C is in communi-
cation normally with the piston cylinder
through an uncbstructed port ¢, the area of
which is legs than the cross sectional area
of the chamber, but in the case of the other
chamber E the liquid connection between
said chamber E .and the lower part of the
piston cylinder is by means of a port the
cross-sectional area of which is variable in
order to throttle the flow of liquid from the
cylinder to the chamber, or vice versa.

The flow of liquid through the port is
throttled by suitable means, herein shown
as a valve ¥/, consisting of a threaded stem
screwed into an opening tapped in the wall
of chamber E, one end of said stem being

conical to fit the valve seat €3, whereby said.

valve may be adjusted toward or from the
valve seat so as to control or throttle the
flow of liquid through the passage ¢®. The

upper part of chamber E is closed by a head.

e* to -which is attached an inflating valve
or pump connection ¢, thus providing means

for establishing the pressure of air or gas .

within the upper part of chamber E. With-
in said chamber is a piston head or mechani-
cal separator E? adapted to float on the sur-
face of the liquid column which partly fills
the chamber E and the lower part of the
piston cylinder below said piston B. From
the foregoing description it is apparent that

the upper part of the cylinder A above’the"

piston B is filled with a column or body of
liquid which also fills a chamber C below
the piston head D therein, whereas the lower
part of cylinder A is filled with liquid below
the piston B, which liquid below the piston
fills the passage ¢® and the chamber E up to
the level of the piston head E? within said

- chamber, thus providing two separate bodies

or columns of liquid which are normally in
contact with the upper and lower surfaces
of piston head B. These independent col-

umns of liquid are free to move within the.

piston chamber and chambers C E by a rel-

- ative movement between cylinder A and pis-

50

55

60

65

ton B, but in each instance the movement of
the liquid column is opposed by an elastic
cushion of air or gas under pressure within
the upper part of the chamber within which
the liquid column is movable. In this con-
nection it may be stated that the pressure of
the air or gas cushion within chamber C is
much greater than the corresponding air
or gas cushion within the upper part of
chamber E. For example, the pressure of
the air or gas cushion within chamber C
may be eighty pounds to the square inch,
miore or less, in order that the fluid and the
cushion of chamber C will be of a capacity
to sustain the weight of the car body and
the load, whereas the pressure of the air or
gas cushion within the upper part of cham-

1,201,016

ber E may not exceed five or ten pounds to
the square inch, such air or gas pressure be-

- ing employed within chamber E for the pur-

pose of insuring a prompt flow of the liquid

from chamber E into the lower part of cyl-’

inder A so that the liquid will at all times
be in contact with the under side of said
piston B. .

The piston B is constructed in a mnovel
way to enable the packing thereof to be ad-
Justed or tightened without requiring said
piston to be removed from the cylinder or
obtaining access to the piston interiorly of
the cylinder. As shown, said piston consists
of two members b ', the opposing faces of

which are inclined reversely to each other .

at 6%, and between such inclined faces of the
two ‘members is interposed packing B’
adapted to be compressed by a relative move-
ment of the members & 8’. The member b of
the piston is provided with the stem 53,
whereas the other. member 4" is a part of a
sleeve b*, the latter incasing the stem &%
The stem and the sleeve extend through the
lower head ¢ of the cylinder, and said sleeve
is provided at its lower .exposed part with
an internal thread 5% and with a polygonal
or square end b%, said threaded part of the
sleeve being screwed upon a threaded lower
extremity b7 of the stem &%, whereby the
sleeve may be rotated upon the threaded
part of the stem to secure a relative move-
ment. of member b’ with respéct to member
b, thus: compressing the packing B’ so that
the piston will have the desired frictional
contact with the walls of the cylinder A to

75

80

85

90

95

100

prevent leakage of the liquid from one part -

of .the cylinder into another part thereof.
As shown in Fig. 1 the lower extremity of

the piston stem 4° is connected with 4 link f

by a pin f/, and the upper end of this link
is connected by another pin f? to a spring F
or other part of the running gear, thus op-
eratively connecting piston B to a member,
as.F, of said running gear. The cylinder A
is connected ‘with the body of the car by
means of an arm or bracket G, as shown

. more particularly in Fig. 2, said cylinder be-

ing provided exteriorly with an attaching
member ¢ having pivotal connection with
the arm or bracket G by a pin ¢’.

The valve E’ is a manually operable throt-
tle which is adapted to be set into any num-
ber of predetermined positions for control-
ling the flow of liquid between the chamber
E and the piston B, but in addition to this
throttle it is preferred to employ an auto-
matic throttle, the same being in the form of
a valve H, the position of which is indi-
cated in Fig. 1, and which is shown more
clearly in Fig. 5. The automatic throttle is
a check valve positioned within a recess A
provided in the wall of the cylinder A at
or adjacent to the throttle port e. This
automatic throttle valve is hinged or piv-
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" oted at'A’, and it is provided with a port A2,
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the area of which is less than the cross sec-
tional area of passage ¢* and port e. The
automatic throttle valve is adapted to be
shifted by the movement of the liquid col-
umn ir o and out of the chamber I, but
when the piston B is moved in a downward
direction by the recoil of spring IY, said pis-
ton acts upon the lower column of liquid
which in turn presses the automatic throt-
tle valve H to 1ts seat, but at this time the
liquid flows through the port A* of the auto-

_matic throttle, whereby the, speed of move-

ment of the liquid column under the recoil
of the spring is checked to a substantial de-
gree, thus eliminating the violent shock
which ordinarily would be transmitted to
the car body by the recoil of the spring
acting through the piston upon the lower
liquid column. Upon the return of the pis-

ton to'a normal position within cylinder A,-

the lower liquid column flows from the
chamber E into the cylinder below the pis-

ton, and at this time the automatic throttle -

valve H is shifted to a substantially wide
open position due to the flow of the liquid, it
being observed at this point that said lower
liquid column is returned to the cylinder by
two forces acting in conjunction, namely,
the suction of the piston as it travels up-
ward within the cylinder A and the pres-
sure of the air or gds cushion within chan-
ber E upon the piston head.E2-and the col-

‘umn of liquid which extends from piston

head E? within said chamber E to the piston

B within cylinder A, said compressible cush- -
ion acting upon the lower fluid column to

insure a prompt return of said liquid body

‘into the cylinder and to maintain said liquid

column normally in contact with the under

surface of said piston.
- Piston head E?* is shown as having a port.

¢® which is normally closed by a plug ¢,
thus enabling the operator to remove the

plug ¢ and pour the liquid through port
¢® into the chamber E below piston head Ez,

whereby the supply of liquid in' chamber E
and in the lower part of the piston cylinder
may be replenished when desired.

The fluid spring as thus far described op-
erates as follows: The fluid spring 1is

mounted on the vehicle by connecting ‘cylin-

der A iwith bracket G, and piston B with

spring F, although the arrangement may

be reversed. The piston B occupies a posi-
tion within ¢ylinder A substantially midway
between ports ¢ e, the space between piston
B and piston htad D being filled with liquid
so as to constitute one body of liquid in

contact with the upper surface of the piston .

~ B, whereas the space between piston head

65

E2 and piston B is filled with another body
of liquid which is in contact with the under
surface of the piston B.  Air or gas under

pressure is now forced through nipple or

5]

pipe d’ into the space of chamber C-above

“piston head D, and: the air or gas under pres-

sure is also admitted through inflating valve
or pipe ¢ into chamber E above piston head

E*® therein. In this connection it is desired

70

to state that the pressure of the air or gas .

cushion within chamber C is much greater
than the pressure of the compressible air or

gas chamber within chamber E, for the .

reason that the codperating liquid column
above the piston B, and the air or gas
cushion within the chamber C which oppose

the movement of said upper liquid column, .

should be great enough to sustain a propor-
tional part of the weight of the car body and
its load.

It should be understood that the liguid

75 -

80

to form the two liquid columns, and the air .

or gas to constitute the compressible cushions
which codperate with the respective liquid
columns, should be introduced into the fluid.
spring while the piston B is maintained in

4 substantially central position, the mechani-
cal spring I’ of the running :gear being
“under restraint; but after the liquid bodies

and the air or gas shall have been introduced
into the fluid spring, the restraint of mechani-
cal spring F is taken off so that the weight
of the car body will be imposed upon the
fluid spring. The quantities-of liquid and
the air or gas under pressure may be propor-
tioned to sustain the weight of the car body
and its Joad. It is to be understood that a
number of fluid springs constructed as here-
in described are employed in connection

‘with the body and the rinning gear. Insome

cases -it may be sufficient ‘to employ only
two of the fluid springs; in other cases three
of the springs may be used, but it is pre-
ferred to employ four of said fluid springs,
the same being positioned substantially at
or adjacent to the respective corners of the
car body, whereby the weight of the body
and its load will be distributed substantially
unifornily upon the four fluid springs. - The
parts composing the fluid spring are indi-
cated to occupy the positions illustrated in
Fig. 1 under a normal load and-a substan-
tially equal distribution of the load on the
body. S o

When a wheel of the vehicle is lifted by an
obstacle in the .road, the spring F is com-
pressed, thus imparting an upward move-
ment to piston B within cylinder A, which
upward movement of the piston imparts an

Impulse to the upper liquid column so as to

move piston head D within chamber C,
as a result of which the upward thrust of

the- piston when: the spring is first' com-

pressed will be cushioned by the compressed
air or gas in chamber C so that a-very
slight shock or vibration will be transmitted
to the car body, but when the spring F re-
coils then, ordinarily, the tendency would

“be to communicate a violent shock or jar
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to.said car body. ‘In my invention; however,
the recoil of the spring F is checked by the
liquid column below the piston B. TIn the
ordinary spring suspended body the recoil
5 of the spring following the compression
thereof operates to impart a severe jolt to
the car body, but by throttling the lower
liquid column when the piston moves down-
ward in the cylinder this -shock or jar’ is
10 almost entirely eliminated. It is apparent
that when spring F recoils and pulls on
piston B so as to move in a downward
direction within cylinder A, the piston will
act upon the lower liquid column, forcing
15 the valve H to its seat; and causing the liquid

to flow through the port of the valve, the

port e of passage ¢? and into the lower part

of chamber E so as to raise the piston head

E? against the compressibility of the air or
20 gas cushion within said chamber. - Now as

the flow of liquid is throttled under the.
-downward movement of the pistan brought'

about by the recoil of the spring, it follows
that the displacement of the lower liquid

25 column will be comparatively slow .owing
“to the restricted port of the throttle H, as a
result of which the piston cannot be pulled
downward suddenly by the recoil of the

- spring and the speed of movement of the
30 partsischecked to a marked extent sothatno
violent shock or jar will be communicated
_to the car body under - the recoil of the spring.
When the spring is restored to equilibrium
the piston moves upwardly'within the cylin-
35 der to resume a normal position, and this
upward. movement of the cylinder is fol-
lowed by a ‘quick responsive movement of

the lower liquid column due first to the suc-

tion created by the upwardly moving piston,

- 40 and, seconid, by the pressure of the air or
gas within chamber E-acting through -the
piston head E? to return the column to the
lower: part of cylinder' A below the piston
B therein. -+ , : L
The throttled movement of the liquid com-
posing the lower column in contact-with the
" under surface of the piston ‘performs an-
.other important function in the operation of
_the fluid spring when the wheels drop into

50 4 -rut or depression in the road-surface. In
- the case of ordinary spring supported ve-

~ hicle bodiés, the wheel when dropping into
" a rut or depression is thrown forcibly in a

~ downward direction by the action of spring
55 F, thus resulting in a severe jolt on the car
N body, but a vehicle equipped with my fluid:
springs is free from this jolt or jar upon the
wheels dropping intd a rut or depression for
the reason that the downward movement of

60 the spring is checked and controlled by the
liquid column: below the piston. . It is ap-
parent . that under these conditions the

- downward movement of the piston will force
the lower liquid column through the -re-

65 stricted port in the automatic throttle valve,

45
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the liquid flowing from the lower part of
_cylinder A thyough the valve, passage ¢ and .
upwardly into chamber E against the resist-
ance - offered by the -compressible cushion
therein, but as this flow of liquid is com- 70
paratively slow the piston is prevented from
having any sudden downward -movement,
thus minimizing the shock on the car. When
the wheels again travel on level ground the -
piston is returned to its normal position and 75
- this upward movement of the piston is fol-
lowed by a corresponding upward movement.
of the liquid coiumn. in the: cylinder, but
'('sﬁch upward movement of the piston. dis-
places the upper liquid column the move-
-ment of which is resisted by the compressible
air or gas cushion. within the upper part of
¢hamber C, whereby the liquid columns in .
contact with ‘the respective surfaces of the
.piston -absorb any: sudden or undue move--
ment of the wheels or running gear owing
to the fact that the compressible air cushion
cobperating with the upper liquid column
will cushion-the upward movement of the
piston, whereas the movement of the lower
liquid column ‘is throttled and controlled so
as to overcome a sudden downward move-
ment of the piston within the cylinder.
~ Tt will be noted that each liquid column is
free to move in a direction -which .com-
presses the cushion formed by the air or gas
in the upper part of the chamber, and while
it is preferred to employ & compressible
cushion formed by a gaseous medium, it is -
not desired to limit the invention to such a 100
cushion, for the reason that a mechanical
yielding device may *be substituted for the
air or gas cushion. - . ‘
The loose piston head employed upon the
- top surface of the moving body or column of 105
" Jiquid performs an important function in
‘my structure, for the reason that said-loose
. piston acts as a mechanical separator be-
tween the body of liquid and the air or gas
under pressure so as to preclude any direct
contact of the air or gas with the liquid,
whereby the air or gas will not mix or emul-.
sify with the liguid. - It is apparent. that
each column of liquid is continuous between
one face of the cylinder piston and one face
-of the piston head in the liquid containing
chamber, said piston head being free to rise
or fall within the chamber so that the liquid
column will respond ‘instantly to the move-
ment of the piston, and said liquid column. 120
will remain normally in contact with a face =~
of the piston, but this prompt movement of®
the piston -head. within "the compression -
*.chamber is-due, mainly, to the fact that the
piston head is exposed to the pressure of the 125
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air or gas cushion.’ . ‘ .
As hereinbefore stated, it is preferred to.
employ a number of the fluid springs be-
" tween the running gear and the body, and, -
furthermore, the springs. are positioned at 130
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the respective corners of said body. It is .

essential that the pistons and the cylinders-
of the respective fluid springs shall be mov-
able relative to each other in order to per-

“form the functions of absorbing the shack

and jar brought-about by the wheels of the’
vehicle traveling over obstacles and depres-

sions in the road surface, but it is apparent

that the imposition of an excessive load
upon the car body will depress the cylinders:

to. an undesirable extent \with respect to the

pistons and, furthermore, that an unequal’
distribution of the load upon the body will
depress the cylinders of one or more of the
fluid springs to a greater extent than will
take place in the cylinders of the other fluid
springs, as a result of which excessive load-
ing or unequal distribution of the load the

", body will either be depressed too close to-

20

the Tunning. gear or the body will be.caused
to assume an 1nclined or tilted position with

" respect to said running gear. To overcome
- these and other objections which are or may

25

30

.vention,

be brought about in the practical use of a
car equi}iped with fluid springs‘of this in-

have provided means whereby the
distribution of the liquid in the fluid springs
will be equalized so as to compensate for
either excessive loading or an uneqial dis-
tribution of the load, and to this end each

. fluid spring is equipped with means; usually
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“an aufomatic. pump, operated in a suitable

way or by appropriate means, but preferably
hy a relative. movement between gle body
and the running gear for shiffing the liquid:
within the eylinders of the fluid springs so
as to return the piston or cylinders to such
relative positions that each piston will be
substantially central between the ports-by
which the liquid containing charbers are in’
communication with the piston cylinders.

Positioned exteriorly on the cylinder A of-
each fluid spring is a chest I, preferably in

the form of an annular casing within which
is operatively arranged -a .controlling valve -

- J, the latter being provided with a trans-

‘ verse liquid way or passage j and with a,
. tubular trunnion j’. )

80

- of the valve chest I'is closed by means of a .

80

ubt The valve is propor-
tioned and constructed to fit tightly within
the chest I, but it is free to oscillate or rock

" therein, the inner face 2 of the valve having
_tight engagement with a corresponding in-
ner face of the valve chest, whereas the pe-
- -ripheral portion of thé valve is provi
55

with ‘one or more packings j* so as to sub--
stantially preclude leakage. The free end

head 7 which ‘has screw-threaded engage-
ment with the chesty the packing 7’ being in-

terposed between the head and the edge of -
‘the’ chest, see Fig. 4. - The tubular trunnion’
- §" of the controlling valve passes through a

suitable opening: provided in head ¢ of the
valve chest, it being preferred to employ 2

65 packing ¢ around this tubular trunnion so

as to substantially preclude leakage. The
passage in the tubular trunnion is in direct
communication with the port or way j of

the controlling valve, and communicating -

with this tubular trunnion is a pump cyl-
inder K, the latter being provided at one end

70

with an elbow % which is attached fixedly

by bolts %’ and a packed joint %° with the

" protruding- end of said tubular trunnion j’.

The pump cylinder thus has direct communi-
cation with the port jof valve J through the
tubular trunnion § thereof, and this pump is
attached fixedly to said valvein order that the

75

pump and the valve may have a simultaneous -

rocking or turning movement, such turning
movement being communicated by the pump
to the valve as will presently appear.

the pump cylinder K is positioned alongside
of the valve chest and extends in a generally
radial direction therefrom, said- pump -cyl-
inder being shown in Fig. 4 as having a
guide 7 at its outer portion, within which

80

‘ Asdis-
.closed more particularlyin Figs. 2 and 4,

85 -

guide is fitted the rod I/ of a pump piston .

L, the latter being reciprocatory within the
cylinder K. The outer end of the pump
piston is provided with ja cross-pin m, on
the end portions of which are loosely mount-
ed friction rolls m’, said friction rolls being
positioned to travel within slots n of verti-
cally positioned cam bars N, the cross pin m
and guide rolls m” thereon constituting a
cross head. Thé cam bars N are parallel to

‘each other and occupy vertical positions ad-

jacent«to-the outer end of the pump cylinder,

'said cam bars being shown as occupying:

normally vertical positions in coGperative
relation to the cylinder and the piston rod
of ‘the liquid circulating pump. ~Any suit-
able means may be provided for sug yorting .

* the cam bars in fixed relation to the pump,

but it is preferred to employ means for ad-:

erative relation to the pump piston so as to
vary the stroke of said piston as may be de-
sired. In Fig. 2 the bar supporting means
is shown' as extensible arms O O’ each com-
posed of sections o adjustably coupled by a .
sleeve o’ ;whereby the bar may be léengthened

- or shortened as desired. One end of each

bar-is attached fixedly to cylinder A by bolts
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. justably supporting said cam bars in codp-
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0% whereas the other end of:the bar is fas- -

tened by a bolt 0® to a lug-o* on the cam bar
ed  N. It is apparent that by lengthening one

bai- O and shortening the other bar O’ the’
lower end portion of theslotted cam bar may
be shifted outwardly and the upper end por-
tion shifted inwardly with respect to the

~valve chest, but a reverse adjustment of the

cam bar may be obtained by shortening the
lower bar O and lengthening the upper bar
O’. The cam bar. may also be raised or low-

and thus provision is made for chianging'the

position of the cam bars with respect to the
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- ered by adjusting the supporting bars O O/, .
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- shaft of the cross head on the pump piston,

~whereby - the stroke and capacity of the .
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pump may be varied as desired. The slot n
in each cam bar is offset at p° p®, said offsets
being intermediate the straight end portions
of the slot.

It will be seen that the pump mechanism

is carried by the cylinder A which is at-
tached to the body,and in order to operate
the pump by a relative movement between
the body and the running gear means are
provided for connecting the cross head of

“the pump piston with the spring F or other

part of the running gear. Accordingly, I
employ links P the upper ends of which are
fitted loosely on the cross-pin m’ so as to

lie between the parallel bars N, said links
being conmected at their lower ends to a

threaded stem p’ which is coupled by a
sleeve p? to a rod p?, the lower end of which

“is connected by a bolt p* to the spring F.

Tt will be noted that the links P are con-
nected with the spring of the running géar
and the pump K is carried on the cylinder
A attached to.the body, as a result of which
a relative movement between the spring and
the body will reciprocate the links P so as
to impart movement to the cylinder K, pis-
ton rod L’ and the valve, thus turning. the
parts in a manner for the pump and the
valve to -adjust themselves to the relative
movement of the body and running gear and

for the cross head of the pump piston to’

travel in the cam slot of thie bars N, where-
by the pump is self-adjusting and the cam
bars act through the cross head to impart
reciprocating movement to the pump piston
L within ¢ylinder K. »

The valve chest is connected by two in-
dependent liquid connections with the up-
per and lower parts of cylinder A. One
set of liquid connections consists of pipes Q
Q’, whereas the other set of liquid con-
nections consists of pipes R R’. The pipes
Q @’ are attached to the valve chest at
diametrically opposite points to each other
so that in one position of valve J the ad-
jacent ends of pipes Q Q' will communi-
cate with the liquid passage j of said valve.
The pipe Q is connected at its upper part
to the top end of cylinder A,.whereas the
pipe Q’ is connected to the lower part of
said cylinder, the pipes Q Q’ communicat-
ing with-the eylinder at opposite sides of the
limit of travel of piston B within eylinder

‘A.". Said pipe Q is provided with a check

valve ¢ and the other pipe Q’ is provided
with a check valve ¢’, said check valve

operating in a direction to permit the liqui

to pass from the upper part of cylinder A
through the port j in the controlling valve
J and irto-the lower part of said cylinder
A, said check valves o¥ the two pipes @ Q’
operating to preclude a reverse flow of the

liquid, 4."e. to prevent the liquid from flow-

iy
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ing from: the lower part of the cylinder A
into the upper part of said eylinder. The
other set of pipes R R’ are similarly ar-
- ranged, that is to say, the adjacent ends of
the pipes R R’ are connected with valve
chest' 1 at diametrically opposite points' to
each other so that the pipes R R’ will per-
mit the flow of liquid through them when
the valve J is adjusted for the port j thereof
to register with the open adjacent ends of
the pipes R R’. The other end of the
pipe R is connected to the upper part of
cylinder A, whereas the other pipe R’ is
connected to the lower part of said cylinder,
said pipes R R’ being provided with check
valves 7 7, respectively, which check valves
7 7’ open in opposite directions to the check
valves ¢ ¢’ in the pipes ' Q Q’, respectively.
It is.thus apparent that the valves in the
pipes Q@ Q’ open in a direction which per-
-mits the flow of liquid from the upper part
of cylinder A into the lower part thereof,
whereas the check valves'in the pipes R R’
open in a contrary direction for the liquid

to flow from the lower part of cylinder A
into the upper part of the same cylinder. !

In the normal position of the body with
respect to the running gear the cylinder
K- and piston L are substantially horizontal,
as in Fig. 2, for the cross head of the pis-
ton to occupy the offset part of the slot in
the cam bars, and in the described position
of the parts the valve J is adjusted for its
port j to be out of register with the two sets
of liquid connecting pipes, thus precluding
the flow of liquid through the valve from
either the top or bottom part of cylinder A.
The piston B within the cylinder occupies
a substantially normally central position
between the ports ¢ ¢, although said piston is
free to reciprocate within the cylinder under
the relative movement between the body and
the running gear under normal load condi-
tions and under an equal distribution of the
load on the body. = | ‘

The imposition of an excessive load upon
the body, however, is followed by a down-
ward movement of cylinder A with respect
to piston B so that the piston will occupy a
position within the cylinder too close to port
¢, as a result of which the upper liquid
column is elevated within chamber.C so as
to undesirably compress the air or gas cush-
ion therein and, furthermore, the lower

Jiquid column will be raised to an undesir-
able level within the lower part of cylinder
A and lowered to a similar undesirable level
within chamber E. Under these conditions
the slotted bars N attached to cylinder A
will be lowered along with. the cylinder A,
and thus the crosshead .of the piston L will
work in the slots of the bars at a point above
‘the. middle of said bars. Now, when the
vehicle is-running and a relative movement
takes place between the body and the run-
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ning gear, such movement will actuate the
links P to raise and lower the cross-head of
the pump within the slot # of the cam bars
and the piston L will thus be reciprocated

within the pump cylinder, but when the

mechanism is lowered by the load upon the

"body, the pump cylinder and the valve will

be turned so that the port j in said valve will
register with the pipes Q Q’. Now, the
operation of the pump piston within the
cylinder will draw liquid from the upper
part of cylinder A and pipe Q forces the
liquid through pipe Q’ and into the lower
part of the cylinder, this operation being
continued until fresh liquid -is pumped. into
the lower part of cylinder A to restore the
piston B to a normal predetermined position
within said cylinder A, thus equalizing the
distribution of liquid within cylinder A.
This action takes place in the cylinder of
each fluid spring, the operation being per-

‘formed when the car runs for a compara-

tively short distance, and thus all the fluid
springs will be operated by the pumps so
as to restore the pistons to nermally pre-
determined positions within the cylinders of
said springs, as a result of which operation
the body will be restored to a predetermined
height relative to the running gear.

. It is apparent, furthermore, that upon the
removal of the excessive load, a reverse
action of the parts will take place, such re-
verse action being brought about by the
relative movement between the body and the
running gear so as to shift the pump cyl-
inder and the valve J to a position wherein
the port j of the valve will register with the
pipes R R’, respectively, whereupon the
pump will operate to draw liquid from the
lower part of cylinder A through pipe R’
and to'force the liquid through the pipe R
into the upper part of the cylinder, thereby
effecting a re-distribution of the liquid in
the cylinders of the fluid springs so as to
again restore the pistons ‘to a normal pre-
determined position between the ports ¢ e.
Should the load be unequally distributed
upon the rear of the body it is apparent that
the cylinders of the rear springs will be de-
pressed to sbnormal positions so as to shift
the valve J and operate the pumps in a way
to re-distribute the liquid in the cylinders of
said fluid springs until the pistons within
said cylinders are restored to the normal
predetermined positions, thereby bringing
the car body to a normally horizental posi-
tion and at a predetermined height rela-
tive to the running gear.

The operation of shifting the liquid in
the cylinders of the fluid springs takes place
automatically to compensate either for ex-
cessive loading of the car body or for an un-
equal distribution of the load, said opera-
tions being effected by a displacement of the
car body from a normal predetermined dis-

- ]

tance relative to the running gear and to
the relative movement between the car body:
and the running gear when the car is in
motion. : :

Provision is made for replenishing the

supply of liquid in eylinder A either above
or below the piston by the operation of the
pump. To this end a liquid reservoir S is
employed and the pipes Q R’ are shown as
having branch connections s ¢ with said
reservoir. The pipe Q is provided with a
valve ¢ which is closed when the valve #’
in the branch pipe s is open. Similarly, the
pipe R’ is provided with a valve » which
is closed when the valve %’ in the branch
pipe s’ is open, whereby the pump will draw
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liquid from the reservoir S when valves ¢ %

are closed and valve ¢ %’ are open, thus.
allowing liquid to be forced into the upper
or lower parts of cylinder A by the auto-
matic operation of pump K L. -
Although I have described that the liquid
is shifted in the ecylinders by the automatic
operation of certain pumps which are actu-
ated by the relative movement between the
body and gear, it is apparent that this shift-
ing of the liquid may be performed by man-
ual operation through suitable valves, and,
further, that g liquid circulating pump oper-
ated from any source of power may be em-
ployed to obtain the effect desired. -
While I have described that the pressure
of the air or gas cushion in chamber E is
considerably lower than the corresponding
pressure in chamber C, it is evident that the
pressures in the two chambers may be equal

-under certain conditions, or the relative

pressures in the two chambers may be pro-
portioned as found necessary or desirable.

In my fluid spring the area of surface ex-
posed to contact of liquid on its top side
(termed the compression surface) exceeds
the area of surface exposed ‘to liquid on its
bottom surface (termed the expansion sur-
face) by reason of the presence of the piston
rod connected to said lower piston surface.
This variation in the area of the piston
surface is important for the reason that
in a device of this character it is the differ-
ence in pressure of the cushioned liquid
columns which controls the suspending
power of the spring, and, further, it is de-
sired to maintain elastic pressure in contact
with the compression and expansion sides
of the piston to insure the requisite move-

‘ment of the liquid cushions.

Tt is apparent that the compression stroke
of the piston should be as easy and as soft
as possible, and of as great length as pos-
sible, being limited only by the -distance
the piston can travel without hitting the

‘top of the cylinder; and, in the case of

fast driving, by the amount of swaying
and its interference with contro! of the
car, and with driving on steep side grades
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where there is danger of upsetting. It

is also advantageous, after the spring has

‘become compressed, for the piston to re-

turn as speedily as possible to normal posi-
tion. When said piston reaches that normal
position, -however, its return movement
should be softly resisted, and it is at this
stage of the operation that the retarded
flow of one liquid column by the valves H,
E are of special utility, said retarded flow

or choke of-the liquid column taking effect .

shortly before the piston reaches ifs nor-
mal position... -

- The advantage of a greater or less expan-
sion beyond normal in the spring is almost
entirely . dependent upon the amount of
speed. at which the vehicle is to be driven.
In fast driving, the expansion should be

slight and rather slow, for the reason that

if it is rapid the wheels will drop into many
road depressions or holes where they would
otherwise be carried over by the inertia of

the vehicle, whereas in slow driving the

spring should expand and allow the wheels
to seek the bottom of the road depressions
or holes as quickly as possible, and with as

- little tendency to carry the body down as

possible. Excessive expansion will have a
tendency, also, to permit the danger of
the car tipping over, and the danger of

swaying when going around corners, for

as one side of the car is going down the
other side of the car will go up.

The adjustment of the liquid columns and
of the various working parts in my  fluid
spring will depend upon the character of
roads to be traveled, the speed at which
the car is to be driven, the weight of the
body, and. the ratio between the weight of
the body and the running gear of the car.
The adjustments which- it has been sought

. to accomplish in this device are the control
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of (@) the length of the compression stroke
of the piston; (&) the resistance opposed to
the compression stroke; (¢) the length of

the expansion stroke; (&) the resistance op-
_posed to the expansion stroke; (¢) the speed

at which, the expansion stroke can take

place; (f) the relative speed at which the

recoil from both strokes can take place; and
(g9) an automatic arrangement whereby the
relative pressure below and above the piston

may be altered by the transfer of liquid
one way,or the other in order that the nor- .

mal position of the piston may be the same
irrespective of the amount of load sustained.

The pump employed in a preferred form'

of the fluid spring is so arranged that it
is actuated by the expansion and compres-
sion of the spring and the recoil from ex-
pansion and compression, and the valve is

- automatically moved with the pump, so-that

N 1

when the pump is being actuated by com-
pression and its recoil, liquid is moved from
below the piston to above the piston, and

‘been returned to a normal position.

1,201,016

‘that the reverse action takes place while the

pump is actuated by expansion and recoil
from compression. When the spring is un-

duly compressed, the constant road vibra-

tions will pump the liquid from below the
piston to above the piston until the piston
shall have been returned to its normal posi-
tion. Then, if the load is removed and the
spring expands to a position beyond nor-
mal, the road vibrations will cause the pump
to deliver liquid from above the piston to a
point bolow it until the piston shall h’%fe
18
pump operates automatically, but it is capa-
ble of manual adjustment in such a manner
as to vary the normal position of the piston
by changing . the length of the rod P,
whether in conjunction with the main piston
rod or not, and a further adjustment is se-
cured by the rods R and O, thereby control-
ling the position of the slot. No action of the
pump can take place when the valve is
closed but it never closes entirely. . :
When an obstruction is hit by the wheel,
the wheel is thrown up-and compresses the
spring, the spring in tufn tends to cause the
body to move upward, or rather deflects
it from its forward movement in an up-
ward direction. If the speed at which the
car is moving is sufficient, the wheel will
leave the ground, and as the car body is be-
ing forced up the spring will have a ten-
dency to greatly expand-beyond normal,

and during its expansion will constantly be

exerting an upward pressure upon the car
body so that the latter will be forced higher
into the air than if the expansion of the
spring were limited. This is. the chief
reason for permitting a small expansion in
the spring when driving at a high rate

_of speed, which renders a great expansion
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of the spring undesirable, as when a de- .

pression or hole in the road is crossed and
by reason of the great expansion the wheel
is forced down to the bottom of the hole,
said wheel receives the impact from the far-
ther side or shoulder of the road depres-
sion or hole. :

Having thus fully described the inven:
tion, what I claim as new, and desire to se-
cure by Letters Patent is: - : '

1. In a fluid spring, the combination with
a piston, of means whereby a plurality of
fluid columns are directed into contact with
the respective surfaces of said piston, said
fluid columns being separate from each other
and affording yielding resistances to the
movement of the piston in one direction or
the other. . = . :

2. In a fluid spring, the combination with
a piston, of means whereby a plurality of

- cushioned liquid columns are maintained

normally in contact with epposite surfaces
of said piston, each of said liquid columns
being independent of the other.
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8. In a fluid spring, the combination with

a piston, of means whereby a plurality of .
cushioning - fluid columns are maintained

normally in contact with opposite surfaces

of said piston, the resistance afforded by the

cushion of one fluid column being greater
than the resistance of the cushion
other fluid column. ,

4, In a fluid spring, the combination with
a piston, of a plurality of liquid containing

chambers independent of each other, said

chambers operating to direct separate cush-
ioned liquid columns-into- contact with the
respective surfaces of said piston and each
chamber being provided with means where-
by thé quantities of liquid and a gaseous
cushioning medium may be varied for con-

. trolling the thrust of said cushioned liquid

20

column.

_ 5. In a fluid spring, the combination with -

a cylinder and a piston, of a plurality of
chambers separate from the cylinder and
connected with said cylinder chamber at

- points respectively.above and below the po-
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sition. normally occupied by the piston, said
separate chambers containing columns of

cushioned liquid which are directed into.

contact respectively with the upper and
lower surfaces of said piston. '

6. In a fluid spring, the combination with
a cylinder and a piston, of a plurality of

.chambers separate from the cylinder and

connected therewith by ports the area of
which is less than the cross sectional area
of the chambers, said chambers operating to
direct cushioned columns of liquid into con-
tact with the respective faces of said piston.

7. In a fluid spring, the combination with

a cylinder and a piston, of a plurality of

chambers connected with said cylinder by
ports positioned respectively above and-be-
low the position normally occupied by the
piston within said cylinder, said chambers
operating to direct -cushioned liquid into
contact with the upper and lower surfaces
respectively of. said piston, and means for
throttling the flow of that body of liquid

which is in contact with the lower surface

of said piston.
8. In a fluid spring, the combination with
a piston and a cylinder; of means for con-
taining separate cushioned columns of liquid
and for directing said separate cushioned col-
umns normally into contact with the respec-
tive faces of-said piston; and means for throt-
tling the flow of that column of liquid hay-
ing contact with the under surface of said
piston.

9. In a tluid spring, the combination with
a piston and a cylinder, of separate .cham-
bers connected to the cylinder by ports:posi-
tioned respectively above and below the po-

sition normally occupied by the piston with-

in the cylinder, said chambers containing
separate columns of liquid which are re-

of the

- W ¥

tained ‘under air or gas pressure into con-
tact with the upper and lower surfaces.re-
spectively of the piston. :

10. In a fluid spring; the combination with-
a piston and a cylinder, of a,plurality of

chambers communicating with said cylinder

and operating to direct bodies of liquid into
contact with the respective faces of said pis-
ton, and means through which said cham-
bers can be inflated for establishing air or
gas pressure therein. - '

11. In a fluid spring, thé combination with
a piston and a cylinder, of a plurality of
chambers communicating with said cylinder
and operating to direct bodies of liquid into
contact with the respective faces of said
piston, and means through which the cham-
bers can be inflated for establishing air or
gas pressure therein to act as cushions for
said bodies of liquid, the air or gas pressure
in one chamber exceeding the similar pres-
sure-in the other chamber. '

12. In a fluid spring, the combination with '
a piston and a cylinder, of a plurality of
chambers communicating with said cylinder
and operating to direct bodies of liquid into
contact with the respective faces of said pis-
ton, and means through which said cham-
bers can be inflated for establishing differ-
ent pressures of air or gas within said chain-
ber, the pressure within the chamber having

the liquid body in contact with the under

surface of the piston being less that the
pressure in the other chamber.

13. In a fluid spring, the combination with
a piston and a cylinder, of means for direct-
ing a liquid column normally into contact
with the upper surface of the piston, said
liquid column being cushioned and afford-
ing a yielding medium to a relative move-
ment between the cylinder and the piston,
means for maintaining a separate liquid col-
umn into contact with the under surface of
said piston to operate as.a liquid check there-
for, and means for throttling the fiow of the
liquid composing said separate liquid col-
umn. : o ' '

14, In a fluid spring, the combination with
a eylinder and a piston, of a chamber for
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containing a liquid adapted to check a rela- 115

tive movement between the cylinder and pis-
ton, said chamber also containing air or gas
to act as a cushion to the liquid check, and
a mechanical separator between the air cush-
ion and the liquid check. - .

15. In a fluid spring, the combination with
a cylinder and a piston, of a chamber for
containing a liquid adapted to check a rela-
tive movement between .the cylinder and
piston, said chamber also containing air or.
gas under pressure so os to act as a cushion
fo the movement of the body of liquid, and

‘a piston head operating. as a mechanical

separator between the air or gas and the -
body of liquid. '
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16. A fluid spring embodying a cylinder
and a packed piston operable therein, said
piston embodying separate heads and means
accessible exteriorly of the cylinder for se-
5 curing a relative adjustment between said
piston heads to expand the packing without
removing the piston from the cylinder or

taking off the cylinder heads. .
17. In a fluid spring, the combination with
10 a cylinder and a piston, of means whereby a
" movable liquid column is directed into con-
tact with a surface of the piston, the move-

ment of which liquid column is opposed by -

a compressible air or gas cushion, and a
15
liquid column and the compressible cushion.
18. In a fluid spring, the combination with
a cylinder and a piston, of means whereby a
movable liquid column is directed into con-
tact with a surface of the piston, the move-
ment of which liquid column is opposed by
a compressible alr or gas cushion, and a
loose piston head positioned intermediate the
liquid column and the compressible cushion
so as to follow the movement of said liquid
column. : o
19. In a fluid spring, the combination with
a piston and a cylinder, of means for di-
recting a plurality of liquid columns, backed
by compressible cushions, into contact with
the respective surfaces of the piston, and
separators positioned. to isolate the com-
pressible cushions from contact with the
liquid columns. :
20, In a fluid spring, the combination with
a cylinder and a piston, of means for di-
recting a liquid column, backed by a com-
pressible cushion, into contact with the up-
per surface of said
ing a second liquid column, backed by a
compressible cushion, into contact with the
under surface of said piston, and means for
throttling the flow of liquid composing the
second liquid column upon a relative move-
ment between the piston and cylinder, said
throttling means being effective in retarding
the second liquid column when flowing in a
direction to oppose the recoil of a spring

20

25

30

35

40

45

and said throttling means being non-effec- -

50 tive when the sécond liquid column is re-
parts to normal position. :

91, In a vehicle the body of which is dis-
placeable under varying load conditions with
respect to a running gear, the combination
with a liquid spring embodying a cylinder
and a piston, of means for directing sepa-
rate bodies of liquid into contact with the
upper surface and the under. surface re:
spectively of said piston, each body of liquid
being ‘cushioned by an air or gas column,
and means for shifting the liquid with re-
spect to the piston whereby said piston 1s
retained in a position substantially cen-
trally with respect to the cylinder. -
o5 22. In a vehicle the body of which 1s dis-
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mechanical separator interposed between the’

iston, means for direct:-

stored within the cylinder by a return of the = 'a¢: W 1 Xpan
i 7 resisting surfaces respectively of said piston,
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placeable under varying load cofiditions
with respect to a running gear, the combina-

tion with a liquid spring embodying a cyl-

inder and a piston, of means for directing.
separate bodies of liquid into contact with
the upper surface and the under surface re-
spectively of said piston, each body of liquid
being cushioned by an air or gas. column,
and pumping mechanism for shifting the
liquid so as to equalize the distribution
thereof relatively to the piston according to.
Ehz imposition of the load upon the vehicle
ody. .

23. In a vehicle the body of which is dis-
placeable under varying load conditions
with respect to a running gear, the combi-
nation with a piston and a cylinder one of
which parts is to be connected with the body
and the other part with the running gear,
of means for directing separate liquid bodies
into contact with the upper surface and‘the
under surface respectively of said piston,
each body of liquid being cushioned by an
air or gas column and automatic means for
shifting the liquid with respect to said pis-
ton whereby an excess of liquid on one side
of the piston is forced by the action of the
liquid shifting means to the opposite side of
the piston. = '

24. In a vehicle the body of which is dis-
placeable under varying load conditions
with respect to a running gear, the com-
bination with.a piston and a cylinder one
of which parts is to be connected with the
body and the other part.with the running
gear, of means for directing separate liquid
bodies into contact with the upper surface
and the under surface respectively of said
piston, each body of liquid being cushioned
by an air or gas column, and pumping: mech-
anism operable by a relative movement be-
tween the body and the running gear for
shifting the liquid from a point above. the
‘piston to a point below the piston, and vice
versa, according to the imposition of a load
upon the body. o ’

25. In a fluid spring, the combination with
a piston and a cylinder, of means for di-
recting cushioned” liquid columns into con-
tact with the load-sustaining and expansion- 118
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and means for shifting said liquid columns
relatively to said piston, whereby said pis-
ton is returned to any predetermined oper-
able position within said cylinder upon dis- 120
placement by a load or by leakage of the
liquid. .
26. In a fluid spring, the combination
with a piston and a cylinder having means
whereby they may be connected respectively 138
with a Tunning gear and body of a vehicle, :
said cylinder containing liquid at the re-
spective sides of the piston, of means con-
trollable by a relative movement between the -
body and the running gear for shifting the 130
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liquid ir the cyliiider so as to return the
piston to.any predetermined position with
said cylinder. ’

27. In a’ fluid spring, the combination

with a piston and a cylinder having means
whereby. they may be connected respectively
with a runnning gear and body of a ve-
hicle, said cylinder' containing liquid at the
respective sides of the piston, of an auto-

/matic pump having liquid connections with

" said cylinder at points above and below the

16

20

25

30

36

40

45

normal level of the piston therein, whereby
the volume of the liquid may be shifted from
.above the piston to a point below it, or vice
versa, according to the weight and disposi-

tion of the load on said body.

28. In. a fluid spring, the combination
with a piston and a cylinder having means
whereby they may be connected respectively

. ter to distribute the

18

between said parts, said means being -asso-
ciated with said pump for ‘driving the.lat-
uid within the eylin-
der proportionately to a variation in the

load sustained by one of said relatively mov-

able parts. . : .

32. The combination with a fluid contain-
ing cylinder and a piston adapted to be re-
spectively connected with the relatively
movable body and gear of a vehicle, of
pump mechanism having fluid connections
with said cylinder at points above and be-
low the normal travel of the piston within
said cylinder, said pump mechanism being

_operable by the relative movement between

. the body and gear for distributing the fluid

with a running gear and body of a vehiele, -

said cylinder containing liquid at the respec-

_tive sides of the piston, of a pump operable

by a relative movement between the body
and the running gear and having liquid con-
nections with said cylinder at points above
and below the normal level of the piston
therein, whereby the volume of the liquid
may be shifted from above the piston to a
point below it, or vice versa, according to
the weight and disposition of the lcad on
said body. ,

29. The combination with a cylinder, and
a piston, of means for retaining a fluid un-
der pressure and in contact with the respec-
tive surfaces of said piston, and means oper-

ating to transfer such flmd from one side

of the piston to the opposite side of said

_piston, and vice versa, said fluid-transfer-
effective in distributing

ring means being
the fluid proportionately to a variation of
load sustained by one of two relatively mov-
able parts of a vehicle. '

30. The combination with a cylinder, and
a piston, adapted to be connected respec-
tively to relatively movable parts, of means
for retaining fluid under pressure and in
contact with the respective surfaces of said

' piston, a pump separate from said cylinder

50

A“.“
~ movable parts. '

60

and connected therewith, and means for
operating said pump so as to transfer the
fluid under pressure from one side of said

iston to the other side theceof whereby the
Iﬂ)uid within the cylinder is distributed pro-
portionately to a variation of load imposed
upon one or the other of said relatively

* 81. The combination with a cylinder, and
a piston, adapted to be connected respec-
tively to parts movable relatively-one to the
other, of means for retaining a fluid under
pressure and in contact with the respective
surfaces of said piston, a pump separate
from the cylinder and piston and having
fluid -connections with said cylinder, and

. means operated by the relative movement

-

within said cylinder
load upon the body. :
.. 88. The combination with a fluid contain-
ing cylinder and a piston adapted to be re-
snectively connected with the relatively
movable body and gear of a vehicle, of a
pump mechanism for distributing the fluid
within said cylinder proportionately to the
load imposed upon the body, said pum

proportionately to the

mechanism having fluid connections with-

said cylinder at points above and below the
normal travel of the piston within said eyl-

inder, and means for controlling the direc-

tion of flow of the fluid.
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34, The combination with a fiuid contain- -

ing ‘cylinder and a piston adapted to be
respectively. connected with the relatively
movable body and gear of a vehicle, of a
pump mechanism.for distributing the fluid
within said cylinder proportionately to the
load imposed upon the body, and an auto-
matic valve the piston of which is control-
lable by the relative distance between the
body and gear, said valve operating to con-
trol the direction of flow of the fluid
through the pump mechanism and with re-
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spect to the chambers within said cylinder. -

35. The combination with a cylinder and.

a piston one adapted to be connected with
a body and the other connected with a run-
ning gear of a vehicle, a pump for distribut-

ing a fluid within said cylinder proportion-

ately to a variation in thée load imposed
upon the vehicle body, and valve mecha-

nism for controlling the flow of fluid to said

pump, said valve mechanism bein
ablé by a change in the relative ¢
intervening between the body and the gear.

36. The combination with a cylinder and

oper-

- a piston whereof one part is adapted to be

connected with-a body and the other part
is adapted to be attached to a running gear
of a vehicle, a pump operable for distribut-
ing & fluid- within the cylinder proportion-
ately to a variation in the load imposed
on the vehicle body, and a valve mechanism
for controlling the flow of fluid to said cyl-
inder, said valve mechanism and said pum

being shiftable to different operating posi-
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‘tions by a variation in the position of the
vehicle body relative to said vehicle gear.
- 87. In a fluid spring, the combination
with a piston-and a cylinder, of means for
directing cushioned liquid columns into nor-
mal contact with the compression and ex-
pansion surfaces respectively of said piston,
and means. for controlling the flow in two
directions of that liquid column which is
normally directed into contact with the ex-
pansion surface of the piston whereby on
the expansion stroke of the piston due ‘to
the recoil of a vehicle -spring, a relatively
slow movement is obtained, and upon the
compression stroke of said piston the liquid
column offers a decreased resistance to said
stroke, , v

38. In a fluid spring, the combination
with a piston and a eylinder, of means for
directing cushioned liquid columns into nor-
mal contact with the compression and -ex-
pansion surfaces respectively of said piston,
and a throttle valve positioned for control-
ling the flow of that liquid column which
is in contact with the expansion surface of
the piston, said throttle valve operating to
retard the movement in one direction of
that liquid column in contact with the ex-
pansion surface of the piston, and said
throttle valve being cpened automatically
upon the movement in the other direction
of said liquid column, so as to permit sub-
stantially free movement in said opposite
direction unrestrained by said valve.

39. In a fluid spring, the combination
with a piston and a cylinder, of means for

surfaces respectively of said piston, a throt-
tle valve in the line of movement of that
liquid column in contact with the expan-
sion surface of the piston, said valve being
provided with a normally open port, and

a manually operable valve for controlling -

the flow of that liquid column which is in
contact with the expansion surface of the
piston. '

40. The combination with a cylinder, and
a piston, adapted to be respectively connected
with a body and a gear of a vehicle, a pump
connected with the cylinder and operating
to distribute a fluid within the cylinder pro-
portionately to a variation in the load im-
posed upon the body, and valve mechanism
for controlling the flow of fluid to said
con-
trollable by a change in ‘the relative distance
between said body and the gear.and said
valve mechanism being effective in determin-
ing the direction of flow of the fluid with
respect to the cylinder. '

41. The combination with a cylinder; and
a piston, adapted to be respectively con-
nected with a body and a gear of a vehicle,
a pump connected with the cylinder and
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operating to distribute a fluid within the

cylinder proportionately to a variation in
the load imposed.upon the body, and valve
mechanism for controlling the flow of fluid
to said pump, said valve mechanism being
controllable by a change in' the relative dis-
tance between said body and the gear and
said valve mechanism being effective in de-
termining the direction of flow of the fluid
with respect to the cylinder, said pump and
the valve mechanism being conjointly shift-

able to variable operative positions by a varia- .

tion in the relative positions of said body
and the vehicle gear.

49. The combination with a fluid con-
taining cylinder and a piston adapted to be
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respectively connected with the relatively .

movable body and gear pof a vehicle, of a
rotative valve for controlling the direction
of flow of the fluid with respect to.the cylin-
der, means connected with a part of the ve-
hicle for imparting rotative movement to
the valve, and a pump having fluid con-
nections with the cylinder, said pump be-
ing carried on one vehicle-part and mechani-
cally connected with another vehicle part
so as to be operated by a relative movement
between said vehicle parts.

43. The combination with a fluid contain-
ing eylinder and a piston adapted to be
respectively connected with the relatively
movable body and gear of a vehicle, of a
pump for distributing the fluid in the cylin-
der, a valve for controlling the direction of
flow of the fluid,. means for shifting the
valve, and means for operating said pump.

44. The combination with a fluid contain-
ing cylinder and a piston adapted to be re-
spectively connected with the relatively mov-
able body and gear of a vehicle, of a pump
having fluid connections with the respec-
tive end portions of said cylinder, means for
operating said pump, and a valve codperat-
ing with the pump and the eylinder for con-
trolling ‘the direction -of flow of the fluid
through said pump. S

45. The combination with a fluid cortain-
ing cylinder and a piston adapted to be re-

spectively connected with the relatively mov--

able bodv and gear of a vehicle, of a valve
chest having two sets of fluid connections
with said cylinder at points above and be-
low the travel of the piston therein, a valve
for controlling the direction of flow: of the
fluid- through one set of said fluid connec-
tions to the exclusion of the other set, and
vice versa, means for shifting .the valve, a
pump, and means for operating said pump.

46, The combination with a fluid contain-

-ing cylinder and a piston adapted to be re-

spectively connected with the relatively mov-
able body and gear of a vehicle, of a valve
chest having two sets of fluid connections
with said cylinder at points above and below
the travel of the piston. therein, a valve
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rotatable in the valve chest and operable to
shut off the flow of fluid and to control the

- - direction of flow through one set of fluid
connections, a pump cooperating with said

5 valve, and means for operating said pump.
47. The combination with a fluid contain-

ing cylinder and a piston adapted to be.re-

ctively connected with the relatively mov-

.10/chest connected with said cylinder, a valve

'/ within said chest. for controlling the flow -

of fluid. relative to the cylinder, a recipro:
cating piston . pump codperating ith said
valve, and means operated by a  relative
15 movement between the body and gear for
operating the pump. ' , ’
48, The combination with.a fluid contain-
ing cylinder and a piston adapted to-be re-
spectively connected with the relatively mov-
.20 able body and gear of a vehicle, of a valve
chest connected to the cylinder, a valve
within said chest, a pump the cylinder of
which is conhected with the valve, a cam co-
operating with the piston of said pump, and
25 means for imparting movement tn <2id pump
piston.. . ' 3
49. The combination with a fluid contain-
ing cylinder and a piston adapted to be re-
spectively connected with the relatively mov-
30 able body and gear of a vehicle, of a valve
chest on said cylinder, mutiple fluid con-
nections between said valve chest and the
respective ! portions of the cylinder, said
fluid connections having .check valves for
35 controlling the direction of flow of the fluid,
a reversing and shut off valve operable with-
in said valve chest, a pump coSperating with
the valve, and means for operating said
pump. : ) L
~40. - 50. The combination with a fluid contain-
ing eylinder and & piston adapted to be re-
spectively connected with the relatively mov-
-able body and gear of a vehicle, of pumping
mechanism cooperating with. the cylinder

spe
a%le body and gear of a.vehicle, of a valve.

for distributing the fluid therein propor-
tionately to the load upon the body, and
means for replenishing the liquid supply to
said pump. o T
~ 51. The combination with a fluid contain-
ing cylinder and a piston adapted to be re-
spectively connected with the relatively mov-
-able body and gear of a vehicle, of pumping
mechanism codperating with the cylinder for
distributing the fluid therein proportion-
ately to the load upon the body, a reservoir,
and means cobperating with the pump for
replenishing the liquid by feeding the same
from the reservoir to the cylinder. . = -
52, In a fluid spring, the combination with
r. cylinder and a piston, of a plurality
of chambers contalning cushioned liquid
columns one of which is directed normally
into contact with the load sustaining sur-
face of the piston and the other into contact
with the recoil retarding surface of the same
piston. ; v
- 53. In a.vehicle, the combination with a
_running gear, and a body displaceable under
“varying load conditions with respect to said
‘running gear, of liquid controlled spring
mechanism for returning the body to, and re-
taining it yieldably at, a normal prede-
termined distance with respect to the at-
tachment to the running gear, said liquid
controlled spring mechanism embodying a
cylinder, a piston, means for retaining sep-
arate cushion bodies of liquid in contact
with the upper surface and the lower sur-
face respectively of said piston, and pump
mechanism for shifting the liquid with re-
spect to the piston. ' s

In testimony whereof I have signed my

name to this specification in the presence
of two subscribing witnesses. -
- CHARLES SNOW KELLOGG.
Witnesses: -
‘M. C. Roprieuez, -
""H. 1. BErNHARD.
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