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(57) Abstract

A shock absorber including an inner tube (10) having a plurality of exponentially spaced ports (10f, 10g, 10h) coact- |
ing with a plurality of correspondingly spaced grooves (14c, 14d, 14e) in an outer tube (14) wherein the inner tube (10) has
longitudinally extending diametrically opposed flats (10c) which coact with the adjacent inner surface of the outer tube
(14) to define a pair of longitudinal passages (42) to return the fluid to the accumulator chamber (28) of the shock absorber
following its metering passage through the coacting ports (10f, 10g, 10h) and grooves (l4c, 14d, 14e).




Codes used to identify States party to the PCT on the front pages of pamphlets publishing international appli-

cations under the PCT.

AT

AU
BB

BE

BG
BJ

BR

CF

CG
CH
CM
DE
DK
I

Austria

Australia

Barbados

Belgium

Bulgaria

Benin

Brazil

Central African Republic
Congo

Switzerland

Cameroon

Germany, Federal Republic of
Denmark

Finland

France

Gabon

United Kingdom
Hungary

Ttaly

Japan
Democratic People’s Republic
of Korea
Republic of Korea
Liechtenstein

Sri Lanka
Luxembourg
Monaco
Madagascar

FOR THE PURPOSES OF INFORMATION ONLY

ML
MR

MW Malawi

NL
NO
RO
SD
SE

SN
SU
™D
TG

us

Mali
Mauritania

Netherlands

Norway

Romania

Sudan

Sweden

Senegal

Soviet Union

Chad

Togo

United States of America

o)

)



10

15

20

WO 87/05372

COMPACT SHOCK ABSORBER

Background of the Invention

This invention relates to shock absorbers and
more particularly to a shock absorber providing superior
shock absorbing characteristics in an extremely compacé
package.

Shock absorbers which force fluid through a
restricted orifice to convert the kinetic energy of a
moving part into an increase of thermal energy of the
fluid are commonly used on machines. The smoothest
deceleration of the moving parts is obtained by
absorbers which offer a constant resistive force to the
motion over the total length of the deceleration.

One class of such devices employs a piston
connected to the machine part and movable within a
metering cylinder or tube having a closed end. A series
of exponentially spaced orifices are formed along thg
length of the tube wall and the tube is supported within:
a housing filled with fluid. As the piston is forced
into the tube by the motion of the machine part, the

fluid is forced through the orifices and the kinetic
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energy of the part is converted into thermal energy of
the fluid. As the piston moves down the metering tube
it succcessively closes off the orifices so that the
force imposed on the load is maintained relatively
constant resulting in a substantially linear
deceleration of the moving part.

The force imparted on the part is a function
of the effective confiquration of the fluid orifices,
and shock absorbers of this class have been designed
wherein an outer tube or sleeve fits over the inner,
metering tube and is provided with metering means which
coact with the metering orifices in the inner tube to
vary the resistive force in response to relative
movement between the tubes, thereby allowing the shock
absorber to be selectively adjusted for use with parts
having varying weights and kinetic energy.

Whereas' these prior art shock absorbers have
provided the desired substantially constant resistive
force to the motion over the total period of the
deceleration and have provided the desired ability to

vary the resistance to accommodate parts having varying

weights and kinetic energy, the prior art devices have -

offered this performance and adjustability at the

expense of a rather large total package, which has had a
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limiting effect with respect to the usability of the
shock absorbers in certain environments where space

and/or weight are critical.

Summary of the Invention

The present invention is directed to a shock
absorber which offers superior shock absorbing
perform;nce and a wide range of adjustability and which
may be packaged in a relatively narrow profile and in a
relatively small weight package.

The shock absorber of the invention is of the
type including an inner tube or cylinder closed at its
rearward end and open at its forward end; a piston rod
and piston head assembly slidably received in the inner
tube with the rearward end of the piston head spaced
from the closed rearward end of the inner tube and the
piston rod projecting forwardly out of the open forward
end of the inner tube for impact by a moving object; an
outer tube or sleeve fitted over the inner tube; means
in the inner and outer tubes cooperating to define a
plurality of metering orifices; and adjusting means fog
providing relative movement between the tubes to
selectively vary the size of the metering orifices and
thereby selectively vary the impact resistance generated

by movement of the cushioning fluid through the orifices

PCT/US87/00416
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in response to impacting movement of the piston assembly
toward the closed, rearward end of the inner tube.

According to the invention, an annular
accumulator chamber is provided in the shock absorber
radially outwardly of the piston assembly at a
longitudinal location forwardly of the metering orifices’
and means are provided for routing the cushioning fluid
from the orifices axially forwardly between the tubes to
the annular chamber. This basic arrangement retains
the superior decelerating performance of the shock
absorber and the desired adjustability of the shock
absorber while substantially reducing the overall
diameter and bulk of the shock absorber.

According to a further feature of the
invention, the outer tube comprises the outer casing of
the shock absorber and extends to a location forwardly
of the inner tube, and the accumulator chamber is
defined forwardly of the inner tube between the outer
tube and the piston assembly. The outer tube thus
performs the dual function of assisting in the
adjustable metering of the fluid and also providing the
outer casing of the shock absorber.

According to a further feature of the

invention, the cooperating means in the tubes defining
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the metering orifices comprise a plurality of ports in
the inner tube at longitudinally spaced locations along
the side wall of the inner tube and a plurality of
longitudinally spaced interior grooves in the outer tube
respectively registering with the ports in the side wall
of the inner tube and skewed with respect to the
longitudinal axis of the shock absorber; and the
adjusting means comprises means providing relative
rotation between the tubes to skewingly move the grodves
relative to the respective ports and thereby selectively
vary the magnitude of the registration between the ports
and the grooves.

According to a further feature of the
invention, the means for routing the fluid forwardly
into the accumulator chamber comprises at least one
longitudinal passage defined between the tubes and
extending forwardly from a location adjacent the
rearmost metering orifice to the accumulator chamber.

In the disclosed embodiment of the invention,
the longitudinal passage is formed 1in part by a
longitudinally extending flat formed on the outer
surface of the inner tube. The flat coacts with the
confronting inner surface of the outer tube to define

the routing passage and provides a convenient and

PCT/US87/00416
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compact means of closing the fluid loop within the shock
absorber.

According to a _further feature of the
invention, the adjusting means includes an adjuster
member extending into the open forward end of the outer
tube and engaging at its rearward end with the forward
end of the inner tube and presenting an adjustment knob
at its forward end positioned forwardly of the forward
end of the outer tube. This arrangement provides khe
desired adjustability feature and retains the overall
diameter of the shock within the dimensions of the outer
tube.

In the disclosed embodiment of the invention,
the adjustment member is annular, the adjustment knob is
defined by the forward annular portion of the adjustment
member, and the adjustment member further defines aﬁ
annular bearing portion between its rearward end and the
adjustment knob journalling the piston.rod at its inner
periphery and coacting at itsrouter periphery with the
confronting inner periphery of the outer tube to define
the annular accumulator chamber. This arrangement
allows the outer tube to function to assist in thé
definition of the adjustable metering orifices; to

provide the outer casing of the shock absorber; and to

PCT/US87/00416
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define the outer boundary of the annular accumulator

chamber.

Brief Description of the Drawings

FIGURE 1 is a longitudinal cross-sectional
view of the shock absorber of the invention;

FIGURE 2 is a longitudinal cross-sectional
view of the inner tube of the shock absorber of FIGURE
1, rotated 90° with respect to its assembled position in
FIGURE 1;

FIGURE 3 is a perspective view of the inner
tube of FIGURE 2;

FIGURE 4 is a longitudidal cross—-sectional
view of the bearing member of the shock absorber of
FIGURE 1; and

FIGURE 5 is an end view of the bearing member

of FIGURE 4.

Detailed Description of the Preferred Embodiment

The 1invention shock absorber, broadly
considered, includes an inner tube 10, a piston assembly

12, an outer tube 14, and a bearing member 16.

PCT/US87/00416
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Inner tube 10 is formed of a suitable ferrous
material and includes a closed rearward end 10a and an
open forward end 10b. A pair of flats 1l0c are provided
along opposite diametrical sides of inner tube 10 and
arcuate flange portions 10d are provided adjacent the
open forward end of the inner tube between flats 10c. A
pair of arcuate fingers 10e project forwardly from the
forward end of the inner tube and a plurality of ports
10£f, 10g, and 10h are provided at longitudinally spaced
locations along the side wall of the inner tube. The
ports, in accordance with common practice, are
exponentially spaced to provide a relatively constant
resistive force to the motion over the total length of
the deceleration of the moving part. Ports 10f, 10g,
and 10h are positioned substantially angularly midway
between flats 10c and fingers 1l0e are positioned
substantially to one side of the longitudinal vertical
Center plane of the inner tube as viewed in Figure 3.

Piston assembly 12 is formed of a suitable
ferrous material and includes a piston rod 1l2a, a piston
head 12b at the rearward end of the rod, and a button or
pad 18 at the forward end of the rod secured to the rod
forward end by a bolt 20. Piston head 12b is slidably

received within inner tube 10 with the rearward end 12c¢

PCT/US87/00416
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of the piston head spaced from the closed rearward end
l0a of inner tube 10 and with the piston rod 1l2a
projecting forwardly out of the open forward end 10b of
the inner tube. Piston head 12b further includes at
least one axial passage 124 communicating with an
annular groove 1l2e in the piston head, and the piston
assembly further includes a piston ring 22 positioned in
groove 1l2e in sliding engagement with the inner
periphery of inner tube 10. Ring 22 is positioned' in
valving coaction with an annular passage 24 defined
between the outer annular surface of a rib portion 12f
of the piston head and the confronting inner surface of
inner tube 10 as the piston assembly moves rearwardly
within tube 10.

Outer tube 14 is formed of a suitable ferrous
material and includes a rearward portion l4a and a
forward portion 14b. Rearward portion 1l4a includes a
plurality of longitudinally spaced circumferentially
extending interior grooves l4c, l4d, and l4e formed in
the inner periphery of the tube and respectively‘
registering with ports 10f, 10g, and 10h. Grooves l4c,
14d, and l4e are skewed relative to the longitudinal
axis of the shock absorber so that relative rotation of
inner tube 10 and outer tube 14 selectively varies the

magnitude of the registration between the ports and the

PCT/US87/00416
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corresponding grooves and thereby selectively varies the
magnitude of the metering orifices cooperatively defined
by the respective ports and grooves. Grooves l4c, 144,
and l4e preferably extend completely around the inner
circumference of outer tube 14 to form a complete
circular groove in each case. The cuter surface of
outer tube 14 is provided with threads 14f extending for
substantially the entire length of the outer tube Fo
facilitate mounting of the shock absorber in a threaded
bracket plate such as seen at 26.

Inner tube 10 is rotatably positioned within
outer tube 14 with an O-ring 28 positioned in a groove
14g in the rear inner periphery of tube 14 sealingly
engaging the rear periphery of inner tube 10 and with
the flange portions 104 of the inner tube seating
against an annular shoulder 14h defined on the inner
periphery of the outer tube 14 forwardly of the metering
grooves.

Bearing member 16 is formed of a suitable
ferrous material and extends into the open forward end
of outer tube forward portion 14b. The rearward end of
bearing member 16 defines a pair of arcuate fingers
16a,16b which are complementary with respect to fingers

10e on inner tube 10 and which define arcuate openings
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l16c for intermeshing receipt of fingers l0e. Bearing
member 16 defines an annular bearing portion 16d
immediately forwardly of fingers l6a,l6b. Bearing
portion 16d journals piston rod 1l2a at its inner
periphery l6e and coacts at its outer periphery l6f with
the confronting inner periphery 14i of outer tube 14 to
define an annular accumulator chamber 28 in which a
split annular accumulator pad 30 is positioned. The
forward end of bearing member 16 defines an annular
adjuster knob 16g positioned forwardly of the forward
end of outer tube forwagd portion 14b and having the
same outer diameter as forward po;tion 14b. Bearing
member 16 also includes a seal portion 16h received
within the open outer end of forward portion 14b of
outer tube 14 and defining an annular groove 16;
receiving a O-ring 32 for sealing engagement with the
adjacent inner periphery of the outer tube and further
defining a groove 16j for receipt of a lock ring 34
coacting with a confronting groove in outer tube 14 to
preclude longitudinal displacement of the bearing member
relative to the outer tube. A seal 36 and a wiper 38
are positioned in the annular space between piston rod

l2a and the inner periphery of bearing member seal

portion 16h, and a coil return spring 40 of

PCT/US87/00416



10

15

20

25

WO 87/05372

-12-

conventional form is positioned between bearing member

seal portion 16h and button 18.

In the assembled relation of the parts as seen
in Figure 1, flats 10c on the inner tube coact with the
confronting inner surfaces of the outer tube to define a
pair of diametrically opposed longitudinally extending
passages 42. Passages 42 extend from a rearward
location adjacent the rearmost groove l4e in the outer
tube, extend forwardly therefrom to intersect grooves
14d and l4c, and finally communicate at their forward
ends with accumulator chamber 28.

In use of the invention shock absorber, as the
piston head 12b moves rearwardly within the inner tube
10 in response to impact of a moving object against
button 18, piston ring 22 moves forwardly in groove 1l2e
to assume a sealing posture relative to passage 24 to
preclude forward escape of the fluid in the tube 10
rearwardly of the piston head so that the fluid
rearwardly of the piston head is forced outwardly
through ports 10f, 10g, and 10h, is thereafter routed
around the corresponding grooves l4c, 14d, and l4e, and
is thereafter routed by passages 42 to the accumulator
chamber 28. The advancing piston head, in known manner,
successively covers the exponentially spaced ports in

the inner tube to provide a substantially constant

PCT/US87/00416
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resistive force to the motion over the total length of
the deceleration. As the piston head thereafter moves
forwardly under the urging of return spring 40, piston
ring 22 moves rearwardly in groove l2e to uncover
passage 24 and allow fluid from the accumulator chamber
28 to flow through passage 24, groove 1l2¢, and axial
bore 124 into the volume of the inner tube rearwardly of
the piston head so as to fill the inner tube behind the .
forwardly moving piston head and ensure that the inner
tube is filled upon the next impact loading. The extent
of registration between ports 10f, 10g, and 10h and
their corresponding grooves can be selectively varied by
selective turning movement of adjuster knob 1l6g.
Turning movement of knob 16g, by virtue of the skewed
posture of the grooves, varies the magnitude of the
registration as between the ports and the grooves and
thereby varies the magnitude of the resistive force
offered to the impacting object.

The 1invention shock absorber construction
allows the construction of a shock absorber of extremely
small dimensions yet offering high resistance to impact
loading and precise control of the magnitude of the
resistance offered to the impact loading. For example,

a commercially practical embodiment of the invention
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shock absorber has an external diameter of one inch and
an overall length of approximately four and one-half
inches. A shock absorber of this size and embodying the
invention construction is capable of generating
approximately 600 pounds of resistive force to the
impacting load and provides precise control of the exact
magnitude of the resistance offered to the impacting
load. The invention shock absorber is simple and
compact in design and operation and is therefor
relatively inexpensive to produce and yet is imminently
suitable for premium shock absorber applications wherein
high shock absorber reliability and precise shock
absorber control are imperative.

Whereas a preferred embodiment of the
invention has been illustrated and described in detail,
it will be apparent that various changes may be made in
the disclosed embodiment without departing from the

scope or spirit of the invention.
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Claims

l. In a shock absorber of the type including

an inner tube closed at its rearward'end and open at its
forward end; a piston rod and piston head assembly
slidably received in the inner tube with the rearward
end of the piston head spaced from the closed rearward
end of the inner tube and the piston rod projecting
forwardly out of the open forward end of the inner tube
for impact by a moving object; an outer tube
.surrounding the inner tube; a cushioning fluid
substantially filling the shock absorber; metering means
in the inner tube coacting with metering means in the
and outer tube to define a plurality of metering
orifices; and adjusting means providing relative
movement between the inner and outer tubes and operative
in response to such relative movement to selectively
vary the respective relative positions of the metering
means in the inner tube relative to the coacting
respective metering means in the outer tube to thereby
vary the size of the metering orifices and thereby
selectively vary the impact resistance generated by the

movement of the cushioning fluid through the metering

orifices in response to impacting movement of the piston
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assembly toward the closed rearward end of the inner
tube; the improvement wherein:

A) an annular accumulator chamber is provided
in said shock absorber radially outwardly of said piston
assembly at a longitudinal location forwardly of said
metering orifices; and

B) means are provided for routing the
cushioning £fluid from said metering orifices axially’
forwardly between said inner and outer tubes to said

annular accumulator chamber.

2, A shock absorber according to claim 1
wherein:

C) said outer tube comprises the outer casing
of said shock absorber and extends to a location
forwardly of said inner tube; and

D) said accumulator chamber is defined
forwardly of said inner tube between the forward

extension of said outer tube and said piston assembly.

3. A shock absorber according to claim 1

wherein:

C) said coacting means in said tubes

comprises
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’ 1) a plurality of ports in said inner
tube at longitudinally spaced locations
along its side wall, and

2) a plurality of longitudinally spaced
interior grooves in said outer tube
respectively registering with said ports
in said side wall of said inner tube and
skewed with respect to the longitudinal
axis of the shock absorber; and

D) said adjusting means comprises means
providing relative rotation between said tubes to
selectively vary the magnitude of the registration

between said ports and said grooves.

4. A shock absorber according to claim 1
wherein:

C) said routing means comprises at least one
longitudinal passage defined between said tubes and
egtending forwardly from a location adjacent the

rearmost metering orifice to said accumulator chamber.

5. A shock absorber according to claim 4

wherein:

D) said coacting means in said tubes comprises
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1) a plurality of ports in said inner
tube at longitudinally spaced locations
along its side wall, and

2) a plurality of longitudinally spaced
interior grooves in said outer tube
respectively registering with said ports
in said side wall of said inner tube and
skewed with respect to the longitudinal
axis of the shock absorber; and

E) said adjusting means comprises means
providing relative rotation between said tubes to

selectively vary the magnitude of the registration

between said ports and said grooves.

6. A shock absorber according to claim 5
wherein:

F) said longitudinal passage intersects each
of said grooves as it extends forwardly to said

accumulator chamber.

7. A shock absorber according to claim 6
wherein:
G) said ports lie generally along a straight

line parallel to said axis; and
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H) said passage is angularly displaced

relative to said ports.

8. In a shock absorber of the type including
an inner tube closed at its rearward end and open at its
forward end; a piston rod and piston head assembly
slidably received in the inner tube with the rearward
end of the piston head spaced from the closed rearward
end of the inner tube and the piston rod projecting
forwardly out of the open forward end of the inner tube
for impact by a moving object; an outer tube surrounding
the inner tube; a cushioning fluid substantially filling
the shock absorber; means in the inner and outer tubes
cooperating to define a plurality of metering orifices;
and adjusting means for providing relative movement
between the tubes to selectively vary the size of the
metering orifices and thereby selectively vary the
impact resistance generated by the movement of the
cushioning fluid through the metering orifices in
response to impacting movement of the piston assembly
toward the closed rearward end of the inner tube; the
improvement wherein:

A) an annular accumulator chamber is provided

in said shock absorber radially outwardly of said piston
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assembly at a longitudinal location forwardly of said
metering orifices;

B) means are provided for routing cushioning
fluid from said orifices axially forwardly between said
tubes to said annular accumulator chamber;

C) said coacting means in said tubes
comprising

1) a plurality of ports in said inner tube
at longitudinally spaced locations along its

side wall and defined generally along a

straight line parallel to said axis, and

2) a plurality of longitudinally spaced
interior grooves in said outer tube
respectively registering with said ports in
said side wall of said inner tube and skewed
with respect to the longitudinal axis of the
shock absorber;

D) said adjusting means comprising means
providing relative rotation between said tubes to
selectively vary the magnitude of the registration
between the said ports and said grooves;

E) said routing means comprising at least one
longitudinal passage defined between said tubes,
extending forwardly from a location adjacent the

rearmost metering orifice to said accumulator chamber,
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intersecting each of said grooves as it extends
forwardly to said accumulator chamber, being angularly
displaced relative to said ports, and being defined in
part by a longitudinally extending flat formed on the

outer surface of said inner tube.

9. A shock absorber according to claim 8
wherein:

F) said inner tube is flatted at diametrically
opposed locations on its outer surface to provide two of

said longitudinal passages.

10. A shock absorber according to claim 9
wherein:

G) said straight line lies substantially
angularly midway between said diametrically opposed

flats.

11. In a shock absorber of the type including
an inner tube closed at its rearward end and open at its
forward end; a piston rod and piston head assembly
slidably received in the inner tube with the rearward
end of the piston head spaced from the closed rearward

end of the inner tube and the piston rod projecting
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forwardly out of the open forward end of the inner tube
for impact by a moving object; an outer tube surrounding
the inner tube; a cushioning fluid substantially filling
the shock absorber; means in the inner and outer tubes
cooperating to define a plurality of metering orifices;
an adjusting means for providing relative movement
between the tubes to selectively vary the size of the

metering orifices and thereby selectively vary the

impact resistance generated by the movement of the
cushioning fluid through the metering orifices in
response to impacting movement of the piston assembly
toward the closed rearward end of the inner tube; the
improvement wherein:

A) an annular accumulator chamber is provided
in said shock absorber radially outwardly of said piston
assembly at a longitudinal location forwardly of said
metering orifices;

B) means are provided for routing cushioning
fluid from said orifices axially forwardly between said
tubes to said annular accumulator chamber;

C) said outer tube comprising the outer casing
of said shock absorber and extends to a location

forwardly of said inner tube; and

D) said adjusting means comprises an adjuster

member extending into the open forward end of said outer
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tube and engaging at its rearward end with the forward
end of said inner tube and presenting an adjustment knob
at its forward end positioned forwardly of the forward

end of said outer tube.

12, A shock absorber according to claim 11

wherein:
. E) s5aid adjustment member is annular;

F) said adjustment knob is defined by thé.
forward annular portion of said adjustment member; and

G) said adjustment member further defines an
annular bearing portion between its rearward end and
said adjustment knob journalling said piston rod at its
inner periphery and defining at its outer periphery the

inner periphery of said annular accumulator chamber.

13. A shock absorber comprising:
A) a piston assembly including a piston rod
and a piston head;
B) an inner tube
l) having a closed rearward end and an
open forward end,
2) slidably receiving said piston
assembly with the rearward end of said

piston head spaced from said closed



WO 87/05372

C)

PCT/US87/00416

-24-

rearward end of said inner tube and said
piston rod projecting forwardly out of
said open forward end of said inner tube,

3) having a plurality of iongitudinally
aligned ports formed at longitudinally
spaced locationsralong its side wall, and

4) having at least one longitudinally
extending flat formed in its outer surface
at a location anaularly spaced from said
ports;
an outer tube

1) comprising the outer casing of said
shock absorber,

2) surrounding said inner tube and
mounting said inner tube for rotation
therewithin,

3) having a plurality of longitudinally
spaced interior grooves respectively
registering with said ports and said inner
tube and skewed with respect to the
longitudinal axis of said shock absorber,
and

4) extending to a location forwardly of

the forward end of said inner tube; and

b
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D) an annular adjuster and bearing member

l) received in the open forward end of
said outer tube,

2) having means at its rearward end
engaging the forward end of said inner
tube to rotate said inner tube in response
to rotation of said adjuster and bearing
member,

3) defining an annular adjuster knob at’
its forward end positioned forwardly of
the forward end of said outer tube, and

4) defining an annular bearing portion
between its rearward end and said adjuster
knob journalling said piston rod at its
inner periphery and coacting at its outer
periphery with the confronting spaced
inner periphery of said outer tube to
define an annular accumulator chamber
communicating at its rearward end with the
forward end of the longitudinal passage
defined between said flat on said inner
tube and the confronting inner surface of

said outer tube.
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