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57 ABSTRACT 
A suspension system for a wheel driven, frame mounted 
motor vehicle including an inner rigid body telescoped 
into an outer rigid body with the pair of bodies inter 
connected between the wheel and the frame. A piston in 
the inner body extends into a piston chamber formed in 
the outer body. A connecting body having an expansion 
chamber formed therein is connected to the outer body, 
and has a deformable envelope disposed in the expan 
sion chamber filled with compressible fluid under pre 
determined pressure. Hydraulic fluid fills the piston 
chamber and the expansion chamber. Valve means are 
connected to communicate hydraulic fluid between the 
piston chamber and the expansion chamber responsive 
to the piston movement whereby the deformable enve 
lope will be compressed. 
The valve means includes an inlet valve and an outlet 
valve with a recess formed in the piston chamber axially 
therebetween to limit and direct the fluid into the inlet 
valve. Both the inlet valve and the outlet valve are 
unidirectional. Two suspension systems or shock ab 
sorbers can serve as a fork for a motorcycle type vehi 
cle. 

10 Claims, 4 Drawing Figures 
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SUSPENSION SYSTEM FOR AMOTOR VEHICLE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 5 
This invention relates to motor vehicle suspensions 

and more particularly to hydraulic suspensions used as 
shock absorbers. : 

2. Description of the Prior Art 
Hydraulic suspension systems or shock absorbers of 10 

the prior art usually are designed to include a chamber 
which is filled with hydraulic liquid to a predetermined 
level. A free air space usually exists in the chamber 
above the hydraulic liquid. These suspension systems 
have not been designed to effectively prevent air from 
entering the hydraulic fluid and becoming entrapped in 
the fluid. This entrappment phenomena often occurs 
when the hydraulic system undergoes periods of pro 
longed or severe use, as for example, when incorpo 
rated in the forks of motorcycles, which are used for 20 
racing, sometimes over rough and irregular roads. 
The air enters the hydraulic fluid (oil) in the form of . 

small bubbles or forms an outright air-in-oil emulsion. 
The air in the oil defeats the smooth and predictable 
action of prior art suspension systems, which can cause 
or add to steering instability, in addition to poor shock 
absorbing characteristics. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
improved suspension system which overcomes the prior 
art disadvantages; which is simple, economical and 
reliable; which uses a sealed compressible fluid that 
cannot be intermixed with the hydraulic fluid; which 
uses an expansion chamber to house the sealed com 
pressible fluid; which uses a recess to limit and direct 
hydraulic fluid displaced by a piston into the expansion 
chamber; which uses valve means to control flow to and 
from the expansion chamber; and which uses a control 
valve to introduce compressible fluid into the sealed 40 
deformable envelope disposed in the expansion cham 
ber. 
Other objects and advantages will be apparent from 

the following description of one embodiment of the 
invention and the novel features will be particularly 45 
pointed out hereinafter in the claims. 
BRIEF DESCRIPTION OF THE DRAWINGS 

This invention is illustrated in the accompanying 
drawings in which: 

FIG. 1 is a front elevational schematic view of a 
motorcycle fork embodying the suspension system of 
the present invention. 

FIG. 2 is a side elevational view, partly in section, 
taken along line II-II of FIG.1. 
FIG. 3 is an enlarged partial view of the upper por 

tion of FIG. 2. 
FIG. 4 is an enlarged partial view of the lower por 

tion of FIG. 2. 
F.G. 5 is a sketch of a wheel driven frame mounted 60 

motor vehicle. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the illustrated embodiment of the invention, the 65 
improved suspension system, designated generally as 1 
and 2, define two equal arms of a fork for a motor vehi 
cle, such as a motorcycle as shown in FIG. 5. Each of 
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2 
the suspension systems or shock absorbers 1 and 2 con 
sist of a pair of tubular metallic bodies 3 and 4, recipro 
cally telescoped together. The inner body is 3 and the 
outer body is 4. 

In particular, the tubular inner body 3 is rigid and is 
slidingly inserted in the tubular outer body 4 through an 
open end 5a thereofshown in FIG. 3, at which the outer 
body 4 is provided with an annular gasket 6 for the seal 
therebetween. A ring 7 protect a sleeve 8 protects body 
3 at the joint at end 5a. At the other end 5b of the tubu 
lar body 4, there is inserted and affixed an inverted cup 
type cylindrical body 9, with an interposed gasket 10. 
The bottom 9a of the body 9 closes the end 5b. The 
body is of conventional design and will permit connec 
tion of the end Sb of outer body 4 on or to a wheel axle 
of a motor vehicle. In the bottom 9a of body 9 there is 
a centrally and coaxially formed projection 11, on 
which is fixed, by means of a screw 12, the bottom 13a 
of a cylindrical tube 13 which extends coaxially inside 
the tubular bodies 3 and 4. 
At its other end the tube 13 is connected by means of 

a fitting 14 to a further tube 15 of smaller diameter, 
which extends coaxially in the tubular inner body 3. 
A rigid cylindrical tube 16 is coaxially interposed 

between the tubular inner body 3 and the tube 13. The 
tube 16 is integrally connected to the tubular inner body 
3 by a removable joint at its end portion 16a, of in 
creased thickness, between an annular shoulder 3a of 
the inner body 3 and a stop ring 17, internally supported 
by the same inner body 3, near its innermost end at the 
tubular body 4. The inner body 3 along with the end 
portion 16a of the tube 16 defines a piston. The piston 
16a can slide fluidproof on the tube 13 by interposition 
of gaskets 18 and 18a. 
The piston 16a is movable axially in a cylindrical 

annular chamber or piston chamber 19 formed by the 
tubular outer body 4 and by the tube 13 therein. On the 
upper end 16b of the tube 16 is a support ring 21 coaxi 
ally and slidably mounted on tube 15 and subjected to 
the action of a spring 22, also mounted on said tube 15. 
A second spring 23 is mounted on tube 15 in series with 
the spring 22, relative to which the spring 23 has a 
greater elastic force. A stop ring 24 is connected to the 
tube 15, and prevents the springs 22 and 23 from being 
disengaged from tube 15 during the operation of the 
fork. 
An elongated hollow body or connection body 25, 

whose inner wall is formed by a portion of the wall of 
the outer body 4 is fastened laterally relative to the 
outer body 4. The hollow connecting body 25 defines 
an expansion chamber 26 which is in communication 
with the annular piston chamber 19 through a unidirec 
tional outlet valve 27 and a unidirectional inlet valve 28 
respectively connected with through-holes. 27a and 28a. 
respectively, provided in the wall of the outer body 4 at 
a position spaced by a pre-determined amount along the 
same generatrix of said tubular body. The valves 28 and 
27 define valve means each of which are unidirectional 
and together direct the flow of fluid in opposite direc 
tions. This is schematically indicated at 32 and 33 which 
shows two flow regulating valves, one for each unidi 
rectional valve, which are controllable from the outside 
of the hollow connecting body 25 as shown schemati 
cally in FIG. 4 by control members 36 and 37 respec 
tively for valves 32 and 33. It should be noted that in the 
outer body 4, between the holes 27a and 28a, there is 
formed a truncated cone portion or recess 19a, having 
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downwardly turned conicity, whose minor diameter is 
equal to the inside diameter of the outer body 4. 

In the expansion chamber 26 is positioned a pocket or 
deformable envelope 29, of deformable material, filled 
with fluid under pressure (for example, air, inert gases 
and the like). The material which forms the pocket is 
impermeable to this fluid. The pocket 29 is fastened to 
the hollow connecting body 25 only at its portion 29a of 
limited dimensions. An aperture is provided in portion 
29a which can be connected with a source of fluid 
under pressure, not shown, through a passage 30 in 
housing 25 and a pressure regulating valve or device 
generally indicated by 31. The piston chamber 19 and 
19a and the portion of the expansion chamber 26 unoc 
cupied by the pocket 29 are completely filled up by the 
hydraulic fluid (oil) before the introduction of the fluid 
under pressure in said pocket. 
When a motor vehicle equipped with the above de 

scribed type fork encounters a jolt, bump or other major 
discontinuity in its course, the inner body 3 moves into 
the outer body 4 pushing the piston 16a into the piston 
chamber 19 thereby forcing the hydraulic fluid (oil) to 
flow into the adjacent expansion chamber 26 through 
the unidirectional valve 27. Which flow is resisted by 
the pressure exerted on the oil by pocket 29. The magni 
tude of the impact and hence the advance of the piston 
16a into the piston chamber 19, will determine how 
much the pocket 29 is compressed by the oil. 
At the end of the stress period the pocket 29 will 

return to its unstressed size and restore the hydraulic 
fluid (oil) to the system. Thus, the hydraulic fluid will 
be returned to the piston chamber 19 through the unidi 
rectional valve 28 and this return brings the piston 16a 
and hence the inner body 3 intergral therewith back to 
the initial position. 

During this return, and especially upon relatively 
large displacements of the inner body 3 with respect to 
the outer body 4, the upper end 16b of the tube 16 
strikes against the ring 21 moving it upward counter to 
the action of the springs 22 and 23. The elastic forces of 
these springs are such as to insure an immediate reposi 
tioning of the inner body 3 to the initial position occu 
pied by it before the impact of the wheel of the motor 
vehicle on the discontinuity of the course. 
When as a result of a particularly intense stress the 

piston 16a at the lower end of the inner body 3 contin 
ues in the stroke beyond the hole 27a in the truncated 
cone portion or recess 19a of piston chamber 19, a hy 
draulic braking action occurs on it. In fact, since the 
hole 27a has been passed, the piston 16a will compress 
the oil and force it to pass through the gap between the 
outer wall of the piston and the inner wall of the trun 
cated cone portion or recess 19a and to issue from the 
hole 27. This passage of oil exerts the braking action and 
ends when the piston 16a reaches the lower end of the 
truncated cone portion or recess 19a, at which point 
there occurs a hydraulic stop of the piston as said piston 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

and the truncated cone shaped chamber or recess 19a 
have the same diameter there, and no oil can pass be 
tween the two. 
The compressible fluid inside the pocket 29 can be 

charged to the desired pressure by using manometric 
means of any known kind. Advantageously the passage 
30 admitting the compressible fluid to the pocket or 
deformable envelope 29 may be equipped with a check 
valve 34 for the charging of the fluid. Also, an adjust 
able pressure relief valve 35, can be used in which the 
counterpressure spring can be adjusted to diverse pre 

65 

4. 
determined values established by the user of the motor 
vehicle. - 

When the compressible fluid has reached the desired 
pressure in the pocket 29, the pressure relief valve will 
be blocked by means not shown, so as to prevent the 
outflow of compressible fluid during the use of the 
notor vehicle. 

It will be understood that various changes in the 
details, materials, arrangements of parts and operating 
conditions which have been herein described and illus 
trated in order to explain the nature of the invention 
may be made by those skilled in the art within the prin 
ciples and scope of the invention. 

Having thus set forth the nature of the invention, 
what is claimed herein is: 

1. A suspension system for a wheel driven, frame 
mounted, motor vehicle comprising: 

a pair of interconnected rigid bodies connected be 
tween the wheel and the frame, the inner body 
telescoping into the outer body; 

a piston formed at the lower end of the inner body; 
a piston chamber formed in the outer body below the 

piston; 
a connecting body having an expansion chamber 
formed therein connected to the outer body; 

a deformable envelope disposed in the expansion 
chamber filled with compressible fluid under pre 
determined pressure; 

hydraulic fluid filling the piston chamber and the 
expansion chamber; 

first valve means connected to communicate hydrau 
lic fluid between the piston chamber and the expan 
sion chamber responsive to piston movement 
whereby the deformable envelope will be com 
pressed wherein; 

the first valve means includes at least one unidirec 
tional inlet valve to deliver fluid from the piston 
chamber to the expansion chamber and at least one 
unidirectional outlet valve to return the fluid from 
the expansion chamber into the piston chamber; 
and 

each of the unidirectional inlet valve and the unidi 
rectional outlet valve include flow regulating 
valves which are controllable from outside the 
expansion chamber and the piston chamber. 

2. A suspension system for a wheel driven, frame 
mounted, motor vehicle comprising: 

a pair of interconnected rigid bodies connected be 
tween the wheel and the frame, the inner body 
telescoping into the outer body; 

a piston formed at the lower end of the inner body; 
a piston chamber formed in the outer body below the 

piston; 
a connecting body having an expansion chamber 
formed therein connected to the outer body; 

a deformable envelope disposed in the expansion 
chamber filled with compressible fluid under pre 
determined pressure; 3. 

hydraulic fluid filling the piston chamber and the 
expansion chamber; 

first valve means connected to communicate hydrau 
lic fluid between the piston chamber and the expan 
sion chamber responsive to piston movement 
wereby the deformable envelope will be com 
pressed; and 

the first valve means includes at least one unidirec 
tional inlet valve to deliver fluid from the piston 
chamber to the expansion chamber and at least one 
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5 
unidirectional outlet valve to return the fluid from 
the expansion chamber into the piston chamber; 
and 

, the inlet valve and the outlet valve are connected one 
axially above the other; and 

a recess is generated in the piston chamber from the 
inlet valve to the outlet valve. 

3. The combination claimed in claim 2 wherein: 
the piston chamber is cylindrical; 
the piston is circular to be sealingly engaged within 

the cylindrical piston chamber; 
the recess slopes radially inwardly and downwardly 
from the inlet valve to the outlet valve to terminate 
at the outlet valve so that the recess will entrap 
fluid therein and direct it to the inlet valve upon the 
piston entering the recess area. - 

4. The combination claimed in claim 3 wherein: 
the recess defines a truncated cone-shape with the 

large diameter at the inlet valve, and the small 
diameter at the outlet valve which is equal to the 
cylinder size of the piston chamber. 

5. The combination claimed in claim 2 wherein: 
a second valve means is affixed in the connecting 
body in communication with the deformable enve 
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6 
lope to increase or decrease the maximum pressure 
of the compressible fluid therein. 

6. The combination claimed in claim 5 wherein: 
the second valve means is disposed axially above the 

first valve means. 
7. The combination claimed in claim 6 wherein: 
the first valve means includes an inlet valve disposed 

axially above an outlet valve. 
8. The combination claimed in claim 1 wherein: 
the suspension system includes two pair of intercon 

nected rigid bodies disposed substantially parallel 
to each other to define a fork for holding a wheel 
therebetween and interconnecting the wheel to the 
frame. 

9. The combination claimed in claim 1 wherein: 
a spring means is disposed in the inner body above the 

piston normally to bias the piston in the direction of 
the piston chamber. 

10. The combination claimed in claim 1 wherein: 
a second valve meanis including adjustable pressure 

relief valve means is affixed in the connecting body 
in communication with the deformable envelope to 
adjustably increase or decrease the pressure of the 
compressible fluid therein. 
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