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To all whom ¢ mauy concern: .

Be it known that I, WirLran B, Eware,
of Stoneham, county of Middlesex, State of
Massachusetts, have invented an Improve-

ment in Shock-Absorbers, of which the fol-.

lowing is a specification. .

This invention relates to shock-absorbers
for automobiles and the like, of the type
comprising a cylinder and piston, connected
one with the running-gear and the other
with the frame of the vehicle, and having

means for establishing open communication |

between the opposite end-portions of the cyl-

inder, permifting movement of the niston .

and cylinder toward and from each. other,
and having means for restraining such move-
ments.

The object of the invention is to provide
the cylinder with a continuously -open main
by-pass, permitting movements of the cyl-
inder and piston toward and from each other,
and also with an improved form of au-
tomatically-controlled by-pass . by which
movements of the cylinder and piston toward
and from each other are controlled in the
following manner: Upon the occurrence of a
feeble shock their movements toward each
other will be-unrestrained and their return

- movements restrained, and upon the occur-
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rence of a violent shock their movements |

toward each other will be unrestrained dur-
ing the first part of the stroke, and gradu-
ally restrained during the last part thereof
until checked. and their retnrn movements
will be unvestrained during the first part of
the stroke and severely restrained during the
Tast part thereof wntil checlked.

The invention also has for its object to
movably connect the iniperforate piston with
the piston-rod to provide for a short inde-
pendent movement of said rod. which is of
partictlar advantage  upon the occurrence of
feeble shocks, but is also of advantage at
other times. .

Figure 1 is a longitudinal vertical section
of a shock-absorber embodving this inven-
tion. Tig. 2 is a cross-section of the shock-
absorber shown in Fig. 1 taken on the dotted
line 2—2. Fig. 3 is a sectional detail of the
lower end-portion of the cylinder showing
the lowermost port of the main by - pass.
Fig. 4is a sectional detail of the lower end-
portion of the cylinder showing "modified
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-the main by-pass and automatically con-

_der another by-pass ¢

forms ‘of ports for the Jower ends of Loth
55
trolled by-pass. ‘

As here shown « represents a hollow eyl
inder, closed at ifs ends, and & a piston con-
tained therein and attached to a piston-rod
0, which extends through a suitable stuffing-
box 8% The cylinder has a by-pass connec-
tion between its upper and lower ends, com-
prising as here shown, two by-passes. Along
the wall of the cylinder @, a main by-pass ¢’
is formed or provided which extends from
end to end of the cylinder or thereabout,
which is open at both ends into said cylin-
der, and said by-pass is provided with a
manually operated regulating-valve ¢ The
port a* leading from the upper end of the
main by-pass to the eylinder may be circular
or of any other shape, and the port a* lead-
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ing from the lower end of the main by-pass

%o the cylinder may be made 2s an inverted

triangle, see Fig. 8, having its upper end 7
made substantially as wide as the by-pass,
and having its sides gradually converging
toward the lower end, or said Jower port may
be made as a long slot having parallel sides,
see Fig. 4. Also along the wall of the cylin-
is formed or provided,
which extends from end to end of the cylin-
der or thereabout, which is adapted to be
automatically controlled, and is employed
for controlling the movements of the eylin-
der and piston toward and from edach other.
As shown in Fig. 1, said by-pass ¢ has sev-
eral ports of variois sizes, arranged along its
length, all leading to the cylinder, as ¢, ¢2

¢®, ¢* and ¢". - At the upper end-portion of
said by-pass ¢ a check-valve d, of any suit-
able construction, is provided, which may
be made as a cylinder or ball, and, as. here
shown, said by-pass ¢ has an enlarged por-
tion provided with a seat d’, on which said
check-valve normaily rests, toclose the by-
pass. Said check-valve is moved by .varia-.
tions in pressure as the piston and cylinder
are moved relatively to each other. The seat
d’, 18 arranged below the port ¢*y so that the
cheekevalve. when seated, occupies a position
opposite said port ¢2, or thereabout. The
ports-¢?, ¢* and ¢* are arranged at the lower
end-nortion of the by-pass. As here shown,
the port ¢* is made of a lesser area than the
port ¢, and the port ¢® of Jesser area than
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the port ¢*, and the distance between the
ports ¢t and ¢ is less than the distance be-
tween the ports ¢ and ¢f, but. the sizes ot
the ports and their relative positions may be
varied. ' Vet it will be understood, that the
combined aveas of the three ports ¢*, ¢* ¢
shall be as great or greater than the avea of
the port ¢?, and the combined areas of the
ports ¢* and, ¢® shall be less than the area of
the port ¢ ‘

The lower end of the cylinder has a con-
nection adapting it to be connected with the
running-gear, and the piston-rod has at its

extremity a connection adapting it to be con--

wected with the frame. Said piston-rod,
lowever, is preferably made to move a short
distance without moving the piston,’as for
instance upon the occurrence of a very feeble
shock, and, as here shown, the piston " is
arranged loosely on, and so as to slide. on
{he rod for a short distance. "The piston-rod

“fas its lower end formed with a reduced por-
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tion 0%, and with shoulders 0* and 07, to thus
provide for a short movement of the rod in-
dependently of the piston. By loosely con-
necting the piston to its rod, as-here showi,
it will be observed that on a full siroke of
the piston it will not strike against the lower
end of the cvlinder for the reason that the
end ot the piston rod projects below it for a
short distance at such time. ,
Normally the piston D occupies a position
at or near the upper end of the cylinder, as
shown in Tig. 1, and when the piston and
cylinder are suddenly moved toward each
other a short distance, due to a feeble shock,
the check-valve in the by-pass ¢ opens, and
the liquid contained in the cylinder is forced
through the main by-pass o and also
throngh the by-pass ¢, so that such short
movements of the piston and eylinder in a
direction toward cach other are unrestrained.
Durine ihe return movements of said parts
the check-valve closes on its seat, closing the
Ly-pass ¢, consequently said return move-
ments of the pavts ave restrained.
When the piston and eylinder are sud-
denly moved toward each other for a long
distance, due to a violent shock, the piston
moves. presumably, o or neay the Jower
end of the evlinder, and the check-valve
opens, and the movements are unrest ained
until the piston passes the port ¢%. when the
combined wregs of the ports leading from the
tower end-portion of the cylinder being ma-
terially reduced, further moyements of the
parts are restrained, aud when the piston
jas=es the port ¢ and closes over a portion
of the port @t said movements are still for-

) ther vestrained, and se on until the piston

passes all the ports, and at the end of a
long stroke the piston is checked by a yield-
ing cushion formed,at the lower -end of the
eylinder. Thus movements of the piston and
eylinder in a dirvection toward each other are
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wnrestrained during the first part of the
stroke, und morve and more restrained during
the Iast part thercof, until checked.  On the
return movements of the parts the check-
valve closes, but during the first part of 5
said return movements they are unrestrained
for the reason that the ports above and be-
low the piston are open, permitting passage
of the liquid, and such unrestrained move-
ments of the parts continue until the piston
closes the port ¢?, when the remaining por-
tions of said return movements are severely
restrained. It will be noted that the ports
¢, ¢* and ¢ extend over a distance greater
than the thickness of the piston thereby pro-
viding openings both above and below the
piston.

In lieu of providing a trianguiar-shaped
port ¢*, as shown in ¥ig. 3, at the lower end
of the by-pass o/, said port may be made as
a parallel-sided slot, sce If ig. 4; and in lieu
of providing the, several ports é, ¢t ¢y at
{he lower end of the cylinder leading to the
by-pass ¢, a_similar parallel-sided slot may
De employed, it being understoed that I do
not limit my invention to the shape or num-
ber of the ports at the lower end of the by-
pass ¢ as long as they extend over a distance
greater than the thickness of the piston.

aving Lhus deseribed my invention, what
T elaim. as new and desive to secure by Let-
ters Patent 15— _

1. A shock-absorber comnprising a ¢ylinder
and imperforate piston, said cylinder hav-
ing two by-passes extending from end to 100
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end of it, each having a port ut its upper
end, and one having a port ab its lower end,

and the other having a serics of ports at

its loweyr end, the combined aveas of which

are as great as the avea of the port at the 105
upper end of the by-pass, the ports of said
series being so arranged as to permit the pis-

ton to move over them seriatim, whereby the
arens of the ports below the piston gradu-
ally become less than the areas of the ports 110
above the piston, including the port at the
upper end of the by-pass, to restrain and
finally check movement of the piston,a regu-
lating-valve contained in one of said ‘by-
passes, 2 valve-seatarranged in the other by- 115
puss and a check-valve movable {oward and
from said seat, substantially as deseribed. '

2. A shock-absorber comprising a cylinder
and an imperforate piston, said cylinder
having a by-pass between its upper and 120
lower ends, a check-valve arranged in said
by-pass permitting unrestrained movement
of the piston during the first part of its
down stroke and restrained movement there-
of during the last part of its up stroke, the 123
lower end portion of said by-pass being in
open communication with the cylinder for
a distance greater than the thickness of the
piston, whereby the area of open communi-
cation with the cylinder below the piston 130
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gradually Lecomes less than the area above
the piston us the piston moves in a down-
ward direction over the lower end portion
of the by-pass upon the occurrence of a vio-

o

stroke as compared with the last part of its
return stroke, substantially as described.

In testimony whereof, I have signed my

| name to this specification, in the presence

lent shock, thereby gradually restraining |

downward wovement of the piston more and
more during the last part of its stroke and
peruitting unrestiained movement of the
piston during the first part of its retwn
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two sithscribimg witnesses.
WILLIAM BRUCE KNAPD.
Witnesses:
B.J. Noyes,
I B Davis.
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