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ABSTRACT OF THE DISCLOSURE

An oleo-pneumatic cushioning device for railway cars
which collapses and achieves internal metered transfer of
hydraulic fluid between a pair of hydraulic chambers
in addition to achieving compression of a compressible
fluid within the unit to dissipate energy applied thereto.
The unit includes a lockup device which is operative to
prevent the interchange of hydraulic fluid between the
hydraulic chambers upon the application to the unit of
forces of low magnitude, but which is responsive to a pre-
determined increase in fluid pressure within one of the
hydraulic chambers developed by the application of forces
in excess of a predetermined magnitude to unlock and
allow the interchange of hydraulic fluid between the
hydraulic chambers thereby allowing the unit to collapse
and dissipate energy. .

This invention relates to cushioning devices for rail-
way cars and more particularly to cushioning devices
adapted to be operatively connected to a coupler ad-
jacent the end of a railway car for absorbing impact
forces exerted against the coupler.

The present invention is especially directed to a cush-
ioning system or shock absorbing system in which the
metering of a fluid is employed as an energy dissipafive
device. The majority of cushioning systems used for end-
of-car cushioning employ the principal of hydraulic fluid
metering to dissipate the energy. This method of energy
dissipation is velocity sensitive in that the amount of
energy dissipation is directly proportional to the velocity
of fluid flowing through the metering orifice of the cush-
joning device. On downgrade run-ins of the cushioning
devices, the velocity of fluid flowing through the metering
orifice will be low and the energy dissipated will also be
low allowing low loads to contract the cushioning device.

Because of the velocity sensitive nature of this method
of energy dissipation, the cushioning device will be per-
mitted to go solid or completely contract under the appli-
cation of extremely low velocity impacts such as slack
run-in during a downgrade locomotive braking condi-
tion. When a sizable number of railway cars are included
in a single train, the length of the train may shorten con-

siderably by the sum of the travel of the cushioning .

units on all of the railway cars equipped with such units.
Additionally slack run-outs of the coupled railway cars
without a sufficient energy dissipation in each of the
cushioning units create an acceleration which increases
with each successive car. Other objections which result
from present end-of-car hydraulic fluid metering systems
include the gradual lengthening of a train when the brakes
are released after a stop, the creeping of cars at loading
docks and the inability of some cushioning units to te-
turn to neutral or centered position sufficiently rapid after
an impact to be ready for a second impact.

Another problem in present end-of-car cushioning units
employing fluid metering systems results from the wear
of the piston seals caused by the continuous back and
forth movement or hunting of the piston which is induced
by normal train operation. With the present systems, the
train action induces continuous reciprocation or hunting
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of the piston with many reversals of the piston séals. As
a buff load is gradually applied, the train action caused
by the velocity sensitive nature of .the cushioning device
produces a relatively large drift of the hydraulic cushion-
ing device causing increased wear on the piston seals and
the cylinder seals of the cushioning device.

Thus, the two main undesirable features in present end-
of-car cushioning units are: (1) The uncontrolled hunting
or longitudinal reciprocation induced by train action on
the piston or the movable portions of the device, and (2)
the slack run-in of the cushioning device upon the appli-
cation of continuous low velocity impact load with the
cushioning device going solid and thereby having insuffi-
cient enmergy dissipating capability when the cushioning
unit is subjected to a draft force when in the full buff
position.

It is therefore a primary object of the present inven-
tion to provide a novel cushioning device of the fluid
metering type for an end-of-car cushioning system which
eliminates the uncontrolled hunting or longitudinal back
and forth movement of the piston which is induced by
normal train action.

A further object of this invention is the provision of a
novel fluid metering type of cushioning device which re-
tains its full energy dissipating capability under train
operating conditions involving draft and buff forces which
are below a predetermined minimum.

A further object of this invention includes the provision
of a resilient draft gear in combination with such a fluid
metering type of hydraulic cushioning device to supple-
ment and complement the cushioning action of the hy-
draulic cushioning device.

The present invention comprises a hydraulic-pneumatic
cushioning device of the fluid metering type for dissipat-
ing energy applied to the couplers of the railway cars.
In operation of the invention is effective to maintain a
positive resistance to impact forces until a predetermined
fluid pressure is reached within specific areas of the
cushioning device. Basically the cushioning device com-
prises inner and outer cylinders which cooperate in
telescoping relationship to define an inner variable volume
hydraulic fluid chamber and an outer variable volume
hydraulic chamber separated by an orifice plate. An
elongated metering member is fixed to one of the cylinders
and is received within a metering orifice formed in the
orifice plate. The metering member cooperates with the
orifice to vary the effective size thereof in response to the
relative positioning of the inner and outer cylinders. A free
floating piston disposed within the inner cylinder in sealed
relation with the inner cylindrical wall thereof and forms
a movable partition separating the inner hydraulic cham-
ber from a variable volume pneumatic chamber. The
pneumatic chamber is filled with a compressible fluid
such as compressed air or nitrogen and is maintained
under a predetermined pressure. The fluid pressure with-
in the pneumatic chamber is operative under conditions of
no load to maintain the cushioning device in its extended
or neutral position. This is accomplished by causing the
floating piston to force a majority of the hydraulic fluid
from the inner hydraulic chamber to the outer hydraulic
chamber. Upon receiving a buff force or impact load,
the cushioning device will contract causing the hydraulic
fluid within the high pressure outer hydraulic chamber
to be forced through the metering orifice into the low
pressure inner hydraulic chamber causing movement of
the free floating piston and increasing the pressure within
the pneumatic chamber. As this occurs, a large amount of
the evergy applied to the cushioning device is dissipated.

The cushioning device includes means which prevent
contracting thereof under low impact loads until such
time as a predetermined fluid pressure is reached within
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the high pressure outer hydraulic fluid chamber, thereby
allowing the low force impacts to be absorbed by a re-
silient cushioning mechanism which is provided for simul-
taneous cooperation with the hydraulic pneumatic cush-
ioning device both in draft and buff.

As the predetermined unlocking pressure is reached
within the outer or high pressure hydraulic chamber,
the hydraulic cushioning device will unlock and con-
tract absorbing a substantial amount of the energy ap-
plied thereto. As the hydraulic-pneumatic cushioning
device is contracted, it cooperates with the resilient cush-
ioning mechanism to achieve a relatively smooth transi-
tion of forces, thereby precluding any transmission of
jarring from the coupler of the railway car to the under-
frame thereof.

The cushioning device is provided with a variable vol-
ume auxiliary draft cushioning chamber defined between
the inner and outer cylinders which is in fluid communi-
cation with the inner hydraulic chamber. Means is pro-
vided for control of the ingress and egress of hydraulic
fluid between the inner hydraulic chamber and the aux-
iliary draft cushioning chamber to provide cushioning in
draft as well as in buff.

Other and further objects of this invention will be
obvious upon understanding of the illustrated embodi-
ment about to be described or will be indicated in the
appended claims, and various advantages not referred to
herein will occur to one skilled in the art upon employ-
ment of the invention in practice. A preferred embodi-
ment of the invention has been chosen for the purpose
of illustration and description and is shown in the ac-
companying drawings forming a part of the specification
wherein:

FIGURE 1 is a side elevational view of a plurality of
railway cars coupled to each other;

FIGURE 2 is a plane view having portions thereof
broken away showing the hydraulic cushioning device
comprising this invention mounted within a thick sill
adjacent the rear end of a draft gear and coupler struc-
ture, the cushioning device being illustrated in a neutral
position; _

FIGURE 3 is a fragmentary sectional view of the
cushioning device of FIGURE 2, illustrating the neutral
condition thereof;

FIGURE 4 is a fragmentary sectional view of the
cushioning device of FIGURE 3 illustrating the lockup
mechanism in detail;

FIGURE 5 is a fragmentary sectional view of the
cushioning device of FIGURE 4, illustrating initial con-
tact between the seals of the lockup member and the
orifice plate;

FIGURE 6 is a fragmentary sectional view of the
cushioning unit of FIGURE 3, illustrating the auxiliary
draft cushioning mechanism in detail.

Referring now to the drawings for a better understand-
ing of this invention, railway cars 10 illustrated in FIG-
URE 1 are interconnected by means of couplers 12. With
reference to FIGURE 2, assuming that the railway cars
are of the cushioned underframe type, an end-of-car cush-
ioning system will be arranged inwardly of each of the
coupler 12. A fixed center sill generally designated 14,
within which the cushioning system is arranged, is a hat-
shaped sill having side webs 16 with bottom legs 18. The
center sill construction is provided with an open outer end
which is flared to receive coupler member 12 and to allow
swinging of the coupler member relative to the center sill
construction. Connection between the coupler member 12
and the center sill 14 is achieved by means of a yoke mem-
ber 22 disposed within the center sill and transmitting
forces from the coupler to draft gear and hydraulic cush-
ioning device structure as described in detail hereinbelow.
A shank portion 24 of the coupler 12 is connected to the
yoke 22 by means of a pivot pin 26. A coupler carrier
member 29 is located at the flared portion of the center
sill and supports the shank portion 24 of the coupler
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12. While the coupler 12 has been shown as a type F
coupler (Association of American Railroads’ designation)
mounted about a vertical pin, it is to be understood that
the present invention may, if desired, be employed with
a type E coupler connected to a horizontal key.

Mounted within the yoke 22 is a resilient draft gear
generally indicated 28 and comprising 2 plurality of re-
silient pads 30 separated by metal plates 32. A front
follower stop 34 in engagement with the draft gear 28 is
adapted to engage front stops 36 secured to the inner
surface of the fixed center sill structure 14.

As illustrated in FIGURES 2 and 3 and forming an
important part of this invention, a hydraulic-pneumatic
cushioning unit generally designated 38 is positioned rear-
wardly of the draft gear 28. The hydraulic cushioning de-
vice 38 comprises an outer cylinder 40 and an inner
cylinder 42 movably cooperating in telescoping relation-
ship. Disposed within the inner cylinder 42 is a float-
ing piston 44 dividing the inner cylinder into a pneumatic
chamber 46 and an inner hydraulic chamber 48. An outer
hydraulic fluid chamber 50 formed within the outer cyl-
inder 40 contains a relatively incompressible liquid such
as hydraulic fluid. The pneumatic fluid chamber 46
formed within the inner cylinder 42 contains a compres-
sible fluid such as air or dry nitrogen gas. A metering pin
52 secured to the outer cylinder 406 has a free end thereof
received within a metering orifice 54 in an orifice plate
56 forming a closure for the inner end of the inner cyl-
inder 42. The inner hydraulic chamber 48 is in fluid com-
munication with the outer hydraulic chamber 50 by means
of the metering orifice 54. The metering pin 52 is tapered
as shown in FIGURE 3 and controls the effective size
of the metering orifice 54 in relation to the relative posi-
tion of the cylinders 40 and 42 thereby forming a velocity
sensitive control for the cushioning unit.

The inner cylinder 42 has an end cap 58 thereon which
serves the additional function of a rear follower block.
The end cap 58 has an externally threaded inner exten-
sion 60 engaging internal threads within the inner cyl-
inder 42 as shown in FIGURE 2. The inner cylinder 42
extends through an opening 62 in the yoke 22 and the
end cap 58 engages a peripheral shoulder or rim 64 de-
fined inwardly of the yoke 22. Thus, upon forward move-
ment of the yoke 22, which would occur upon the applica-
tion of a draft force, the shoulder 64 in engagement with
the end cap 58 causes extending movement of the inner
cylinder 42. The outer cylinder 40 abuts a rear support
66 secured to the fixed sill structure 14. A rear follower
stop generally designated 68 has a lug 69 which engages
a portion of the front face of the packing gland adapter
84 as illustrated in FIGURE 2 to maintain the outer
cylinder in its proper position. The front abutment sur-
faces 72 on the rear follower stop 68 engage the end
cap 58 to limit the rearward travel of the inmer cylinder
42 upon exertion of impact forces against the coupler
12, as shown in FIGURE 2.

With reference now to FIGURE 3 illustrating an im-
portant part of this invention, a packing gland adapter
84 is retained at one extremity of the outer cylinder 40
and carries a packing member 86 therein for the establish-
ment of a fluid tight seal between the outer cylinder 40
and the inner cylinder 42. A retainer 85 threadedly en-
gaging the gland adapter 84 retains the packing 86 and
an outer bearing 87 in assembly. The outer bearing main-
tains alignment between the inner and outer cylinders.
An inner annular bearing member 88 is retained at one
extremity of the inner cylinder 42 for the establishment of
bearing engagement between the inner cylinder and the
inner wall 89 of the outer cylinder 40.

The packing assembly 86 and the bearing member
88 cooperate to define a variable volume annular draft
cushioning chamber 94 between the inner and outer cyl-
inders. An annular pressure responsive fluid flow control
mechanism 96 is disposed about the outer circumference
of the inner cylinder 42 and is axially movable relative
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to the inner cylinder 42 within limits defined by an an-
nular stop mmeber 98 formed on the inner cylinder 42
and a stop surface 109 formed on a spacer member 102.

A plurality of ports 104 are formed in the inner cylinder
and communicate the inner hydraulic chamber with the
draft cushioning chamber 94. Hydraulic fluid is inter-
changed between the inner hydraulic chamber and the
draft cushioning chamber upon relative movement of the
inner and outer cylinders.

With reference now particularly to FIGURE 6, the flow
control mechanism 96 includes a generally ring-like body
member having at least one and preferably a series of
poppet valve constructions which include preventing the
flow of hydraulic fluid in one direction and allowing the
flow of hydraulic fluid in the opposite direction in response
to pressure of the hydraulic fluid. Each of the pressure
responsive flow control or poppet structures comprises
a stepped valve housing bore 97 which is internally
threaded at its outer extremity to receive a valve seat
structure 99. The valve seat 99 is provided with an axial
bore and a frusto-conical seat surface. A poppet 161
is disposed within the bore and is maintained in engage-
ment with the valve seat under a predetermined me-
chanical bias by a spring 103.

The poppet 101 is a generally rectangular member and
when disposed within the cylindrical valve housing bore
defines a plurality of flow passages between the poppet
edges and the bore. An annular groove 105 intercon-
nects the inner periphery of the flow control mechanism

with each of the bores 97 and a recess 107 formed at 5

the inner periphery of the flow control mechanism pro-
vides a flow passage from the groove 105 to the porfs
104 in the inner cylinder 42. The annular recess 107 ob-
viates the need for precise radial alignment of the flow
control mechanism relative to the ports 104. An an-
nular recess 109 is formed at the inner periphery of the
flow control mechanism 96 defining an -annular shoulder
for engagement with the stop 98 of the inner cylinder
42. The flow control mechanism, being loosely received,
by the internal cylinder 42 is movable axially of the
inner cylinder within limits defined by the surface 100
and the stop 98. As illustrated in FIGURE 3, a clearance
exists between the outer circumference of the flow con-
trol mechanism 96 and the inner cylindrical wall 89 of
the outer cylinder 40. Hydraulic fluid flowing from the
low pressure or inmer hydraulic chamber 48 into the
draft cushioning chamber 94 therefore passes through
the ports 104 and around the flow control mechanism
96 by means of the clearance between the flow control

mechanism 96 and the outer cylinder. During the flow of

hydraulic fluid into the draft cushioning chamber 94,
the flow control mechanism 96 is maintained in engage-
ment with the stop 98 by the hydraulic fluid allowing the
flow of hydraulic fluid between the surface 100 and the
flow control mechanism 96. Upon reversal of the flow of
hydraulic fluid from the draft cushioning chamber 94 to
the low pressure inner hydraulic chamber 48, which oc-
curs during extension of the cushioning device to its
normally extended or static position, the flow control
mechanism 96 is forced by the flowing fluid to move into
engagement with the annular stop surface 100 of the
spacer member 102 to prevent the flow of hydraulic fluid
around the outer periphery of the flow control mech-
anism 96 in the return direction. The flow control mech-
anism 96 in its relation to the inner cylinder 42 defines a
calibrated fixed flow control orifice or fluid flow passage
which severely restricts the flow of hydraulic fluid being
exhausted from the draft cushioning chamber 94 thereby
causing ' substantial energy dissipation as the cushioning
device .is extended by its internal pressure after being
contracted by an impact or buff force. The draft cushion-
ing mechanism will also dissipate energy applied to the
inner cylinder in draft when the inner cylinder is in its
contracted position or neutral position as will be explained
in detail hereinbelow.
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Referring now to FIGURES 3 and 4, forming an im-
portant part of this invention, the hydraulic cushioning
device 38 is particularly adapted to permit contraction of
the outer and inner cylinders 40 and 42 thereof only when
a predetermined fluid pressure is reached within the high
pressure hydraulic chamber 50 of the outer cylinder 40.
As pointed out above, the outer hydraulic chamber 50
contains a relatively incompressible fluid such as hydrau-
lic fluid which is metered through an orifice 54 in an
orifice plate 56 fixed at the inner end of the inner cylin-
der 42 by a metering pin 52 secured to the closed end of
the outer cylinder 40. The inner hydraulic chamber is also
filled with an incompressible fluid. The freely floating
piston 44 is mounted for movement within the inner
cylinder 42 and separates the compressible fluid such as
air, nitrogen or the like from the hydraulic fluid within
the inner hydraulic chamber 48. In order for the cushion-
ing device 38 to be contracted under buff forces, hydrau-
lic fluid must flow from the high pressure hydraulic cham-
ber 506 through the metering orifice 54 and into the inner
hydraulic chamber 48.

To prevent the flow of hydraulic fluid from the outer
chamber 50 to the inner hydraulic chamber 48 under con-
ditions of low impact force applied to the hydraulic cush-
ioning device 38, a lockup member generally designated
120 is disposed within the inner hydraulic chamber 48
and is adapted to establish a fluid tight seal with the ori-
fice plate 56 about the metering orifice 54. The lockup
member 128 is in the form of a generally hat-shaped
body 121 having a cylindrical bore 122 formed therein.
The cylindrical bore 122 receives the outer or free ex-
tremity of the metering pin 52 in sealing engagement
therein established by a seal member 124 which is re-
tained within an annular groove 126. A bolt member 128
is threadedly retained by a threaded bore 130 formed in
the closed end 132 of the hat-shaped body 121, and ex-
tends into an axial bore 134 formed within the metering
pin 52. A spring member 136 is disposed within the axial
bore 134 and has one end thereof in engagement with the
shoulder 138 defined by a head 140 on the bolt 128. A
plastic insert 142 retained by the bolt 128 locks the bolt
within the threaded aperture 130 to prevent the possibility
of inadvertent separation. The spring 136 is retained in
compressed condition within the bore by a retainer mem-
ber 144 which is threadedly received by internal threads
146 formed at the outer extremity of the bore 134. The
other extremity of the spring 136 bears against and is
maintained under compression by a shoulder 148 defined
by the retainer 144.

It is therefore apparent that the lockup member 120 is
positively prevented from becoming separated from the
metering pin 52 by virtue of the bolt, spring and retainer
construction. It is also apparent that the lockup member
may move relative to the metering pin within latitude
determined by the end wall 132 and engagement between
the shoulder 148 of the retainer 144 and a shoulder 150
defined by an enlarged portion 152 of the bolt 128. The
lockup member is illustrated in FIGURES 1 and 4 in its
neutral position.

A skirt member 154 is formed integrally with the lock-
up member 120 and is provided with a sealing face 156
defining a generally planar surface. An annular groove
158 is formed in the sealing face 156 and cooperates with
a retainer member £6¢ which is retained within the groove
158 by a series of screws 162 to define a pair of generally
concentric sealed grooves 164 and 166. Inner and outer
sealing members 168 and 170 are retained respectively
within the grooves 164 and 166 by the retainer member
166. A sealing portion of the sealing members 168 and
178 extend outwardly slightly beyond the annular sealing
face 156 for engagement with a generally planar sealing
face 172 formed on the orifice plate 56. With reference
particularly to FIGURE 5, as the lockup member 120
moves into contact with the surface 172 of the orifice plate
initial contact is made by the outer concentric member
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170 which extends slightly beyond the plane established
by the inner concentric sealing member 168. For example,
the outer sealing member may extend .015 inch beyond
the inner sealing member. As the lockup member is
slightly compressed against the sealing surface, the outer
sealing member 170 will yield and the inner sealing mem-
ber 168 will move into sealing engagement with the sur-
face 172.

A vacuum passage 174 extends through the lockup
member body 121 and interconnects the cylindrical bore
122 of the lockup member with the face seal of the lock-
up member at a position intermediate the inner and outer
seals 168 and 170. The vacuum passage 174 opens at a
position intermediate the inner and outer sealing mem-
bers 168 and 176 so that a reduced pressure may be
effected within the annular area defined between the seal-
ing members when the same are disposed in sealing en-
gagement with the planar sealing surface 172 of the ori-
fice plate 56.

A fluid bleed passage 176 is formed in the body 121
of the lockup member 120 and provides fluid com-
munication between the inner hydraulic chamber 48
and the cylindrical bore 122 of the lockup mem-
ber. The purpose of the fluid bleed passage 176 is to allow
the flow of hydraulic fluid between the inner and outer
hydraulic chambers 48 and 50 to allow continued rela-
tive movement between the inner and outer cylinders
after a seal has been established between the lockup
member 128 and the orifice plate 56. The metering pin
52 is provided with an enlarged diameter portion 178 at
its free extremity defining a cylindrical surface 180 which
closely interfits with the cylindrical bore 122 in the lock-
up member body 121. The enlarged diameter portion also
defines a tapered annular shoulder 182. A sealing ring
184 which may be of the O-ring type is disposed within
a seal groove 186 formed within the cylindrical bore 122
of the body 121. The O-ring 184 extends slightly beyond
the cylindrical surface defining the bore 122 and is adapted
for sealing engagement with the cylindrical surface 180
of the metering pin 52. A relief passage 188 communi-
cates the groove 186 with the outer hydraulic chamber
50 and prevents the possibility of a buildup of pressure
behind the O-ring 184 which might force the O-ring from
the groove.

With the cushioning mnit 38 in its contracted or par-
tially contracted condition the lockup member 120 will
be separated from its sealing engagement with the orifice
plate 56. Under this condition the compression spring 136
acting between the shoulder 148 of the retainer 144 and
the shoulder 138 of the bolt head 14¢ wiil force the lock-
up member into maximum interengagement with the
cylindrical enlargement of the metering pin 52. The closed
end 132 of the lockup member under this condition will
be in engagement with the free extremity of the metering
pin and the shoulder 182 of the metering pin will be dis-
posed inwardly of the anpular seal groove 186. Under
conditions of maximum interengagement between the
lockup member and the metering pin the O-ring 184 will
not engage the cylindrical surface 18¢ of the metering
pin and fluid communication between the inner hydraulic
chamber and the cylindrical bore 122 will be established
by way of the bleed passage 176.

When the hydraulic cushioning unit 38 is contracted
by buff forces, hydraulic fluid is forced from the outer
hydraulic chamber 50 to the inner hydraulic chamber
48 through the metering orifice 54. This causes the pis-
ton 44 to be forced from its neutral position as illustrated
in FIGURE 3 toward the outer extremity of the inner
cylinder. This causes compression of the gas within the
pneumatic chamber from an initially charged pressure
which, for example, might be 260 p.s.i. at its neutral or
FIGURE 3 position to a maximum of 1500 p.s.i. at the
fully contracted or full buff position of the cushioning unit
As the buff force is released the compressed gas will force
the piston toward the orifice plate 56 causing hydraulic
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fluid within the inner hydraulic chamber 48 to be displaced
into the outer hydraulic chamber 50 through the metering
orifice 54. Prior to the establishment of a seal between the
lockup member, the fluid will flow around the lockup mem-
ber and into the outer hydraulic chamber. As the hydraulic
cushioning unit nears its neutral position, for example
within Y4’’ of its neutral position, the outer sealing mem-
ber 170 will sealingly engage the orifice plate preventing
further flow of fluid therearound. Since the shoulder 182
of the metering pin 52 will be positioned inwardly of the
O-ring 184 the flow of hydraulic fluid will continue at a
reduced rate from the inner hydraulic chamber 48 to the
outer hydraulic chamber 50 by way of the bleed passage
176. The hydraulic cushioning unit will therefore con-
tinue to be extended toward its neutral position even
though sealing engagement has been established between
the lockup member 120 and the orifice plate 56. After the
outer seal has been established only a slight relative move-
ment of the cylinders 40 and 42, for example .015 inch,
is necessary to compress the material forming the outer
sealing member sufficiently for the establishment of a fluid
tight seal between the orifice plate and the inner concen-
tric sealing member 168. The inner and outer concentric
sealing members, when in sealing engagement with the
orifice plate, define an enclosed area therebetween which
is in fluid communication via the vacuum passage 174
with the cylindrical bore 122 inwardly of the positive
seal 124,

Further extension of the cushioning unit 38 toward its
neutral position after the lockup member has established
inner and outer concentric seals with the orifice plate 56
results in the metering pin 52 being partially withdrawn
from the cylindrical bore 122. Because the positive seal
124 prevents fluid pressure from balancing the pressure
within the bore 122, a partial vacuum or reduced pres-
sure will be formed within the cylindrical bore 122 and
acting through the vacuum passage 174 will cause a pres-
sure depression in the enclosed area between the inner
and outer sealing members 168 and 170. This pressure
depression effectively establishes area differentials of the
lockup member represented by the effective lockup di-
ameters D1 and D2, through which hydraulic fluid pres-
sure in the inner and outer hydraulic chambers acts to
control unlocking pressure of the hydraulic unit. At the
neutral position of the hydraulic cushioning unit, the
hydraulic fluid within the inner hydraulic chamber
will be maintained under pressure by the gas pres-
sure in the compressible fluid chamber acting through
the floating piston 44. The hydraulic pressure with-
in the inner hydraulic chamber acts through the
effective area defined by the diameter D1 of the lockup
member established by the sealing element 170 producing
a predetermined force maintaining the lockup member
120 in sealed relationship with the orifice plate 56. Be-
cause of the reduced pressure established between the
inner and outer concentric sealing members 168 and
176¢ the hydraulic fluid within the outer hydraulic cham-
ber 50 must act through the smaller effective annular area
of the lockup member defined between the diameter D2
of the inner sealing member 168 and the diameter defined
by the cylindrical surface 180 of the enlarged diameter
portion 178 of the metering pin 52. In order to unlock the
lockup member 120 from its sealing relation with the
orifice plate 56, the pressure within the outer hydraulic
chamber must be sufficiently high that acting through the
smaller effective annular area, it overcomes force devel-
oped by the gas pressure through the area defined by di-
ameter D1 maintaining the lockup member 120 in a
locked condition. For example, employing an internal
area established by the diameter D1 of 10.99 inches
square, a pneumatic pressure of 260 p.si. and an exter-
nal annular area established between the diameters D2 and
the diameter circumscribed by the cylindrical surface 180
of 1.58 inches square, it has been determined that an
internal fluid pressure within the outer hydraulic chamber
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of 1810 p.s.i. must be reached for unlocking of the lockup
member to occur. It has been found desirable to allow
unlocking of the lockup member at an end force on the
car coupler in the range of 100,000 Ibs. The above exam-
ple is intended merely for purposes of illustration and
is not to be taken as limiting in regard to this invention.

With the hydraulic unit 38 in its neutral locked condi-
tion, the lockup member 128 will effectively prevent the
flow of hydraulic fluid between the inner and outer hy-
draulic chambers when the unit is subjected to a low level
buff force or a draft force. The cushioning unit 38 when
subjected to a draft force in its neutral locked position
will extend to its fully extended position without any
transfer of hydraulic fluid between the inner and outer
chambers. This extension will be small, for example, less
than two inches in a unit having a 30-inch stroke, and
will cause a vacuum to be formed within the outer hy-
draulic fluid chamber 50 developing a void or vapor
bubble therein. Hydraulic fluid within the draft cushion-
ing chamber 94 will be metered into the inner hydraulic
chamber 48 by the flow control mechanism 96 in the man-
ner described above. The additional volume of hydraulic
fluid forced into the inner hydraulic chamber 48 will force
the piston 44 toward the outer extremity of the inner
cylinder thereby further compressing the compressible
fluid within the chamber 46.

Upon dissipation of the draft force the cushioning unit
38 will be forced to return to its neutral position by the
compressed gas within the chamber 46 which acts on the
piston and forces a volume of hydraulic fluid to flow from
the inner hydraulic chamber 48 into the draft cushioning
chamber 94. At the same time the void or vapor bubble
will dissipate and the cushioning unit 38 will have re-
turned to its neutral position.

The resilient draft gear 28 will act simultaneously with
the hydraulic cushioning unit 38 in draft between the neu-
tral and fully extended positions to effect a smooth force
transition in the same manner discussed above.

OPERATION

When the coupler structare 12 of the railway car is
impacted with a force which is less than that required for
unlocking the lockup member 128, for example, below
100,000 1Ibs., the cushioning urnit because of the lockup
member will remain in its neutral position and will trans-
mit the force directly from the resilient draft gear to the
underframe of the railway car. The resilient draft gear,
under low impact loads, will therefore be effective acting
alone to dissipate sufficient energy to afford ample pro-
tection to the railway car lading, Assuming that the cou-
pler structure 12 of the railway car has received a buff
impact which is above the force magnitude required for
unlocking of the lockup member, the pressure of the hy-
draulic fluid within the outer hydraulic chamber 50 will
rise to a sufficient level that, acting through the smaller
effective area inside the inner concentric seal member
168, the force produced on the lockup member will be
greater than the force developed by the hydraulic fluid
pressure within the inner hydraulic chamber 48 acting
through the area defined by the diameter D1 of the outer
concentric seal 170. When this occurs the lockup member
will move slightly away from the sealing surface 172 of the
orifice plate 56 and will allow the flow of hydraulic fluid
from the outer hydraulic chamber 50 to the inner hydrau-
lic chamber 48. The hydraulic cushioning unit 38 will
therefore begin to contract forcing hydraulic fluid from the
outer hydraulic chamber 50 through the metering orifice
54 under velocity sensitive control of the metering pin 52
into the inner hydraulic chamber 48 causing compression
of the gasiform fluid within the compressible fluid cham-
ber 46.

As the cushioning unit 38 contracts, the draft cushioning
chamber 94 will become enlarged and hydraulic fluid
will flow through the ports 104 from the inner hydraulic
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10
chamber 48 to the draft cushioning chamber 94 in the
manner described hereinabove.

After dissipation of the buff forces the compressible
fluid pressure stored within the chamber 46 by collaps-
ing of the hydraulic cushioning unit 38 will act through
the piston 44 to force hydraulic fluid from the inner hy-
draulic chamber 48 to the outer hydraulic chamber 50
causing the cushioning unit to extend toward its neutral
position. Extension of the cushioning unit 38 by the com-
pressible fluid is controlled by the calibrated flow passage
defined between the flow control mechanism 96 and the
inner cylinder. Under normal internal extension of the
cushioning unit, therefore, the flow control mechanism
will cause a snubbing action merely tending to retard
rapid extension of the cushioning unit and prevent slam-
ming of the same to the fully extended position and to
prevent rebouding as discussed hereinabove. Extension
of the cushioning unit by draft forces of sufficient magni-
tude to actuate the poppets of the flow control mech-
anism will cause the flow control mechanism to define a
pressure differential sensitive draft cushioning mechanism
having the capability of dissipating expected draft forces
in the manner described above.

As the hydraulic cushioning unit 38 moves near to its
neutral position, the outer sealing member 170 will en-
gage the sealing surface 172 of the orifice plate 56 de-
fining the effective area defined by the diameter D1 of the
lockup member. As the unit 38 moves from this initial
contact position, the inner seal defining the diameter D2
will be formed by the establishment of sealing engage-
ment between the inner sealing member 168 and the seal-
ing surface 172 defining the enclosed area between the
seals. The metering pin being partially withdrawn from
the bore 122 effects a pressure depression in the enclosed
area thereby allowing fluid pressure in the outer hydraulic
chamber 50 to act only through the smaller effective sur-
face area defined by the difference in diameter of the
inner sealing member 168 and the cylindrical surface 180
of the metering pin 52. In this condition the hydraulic
cushioning unit 38 is in its neutral locked condition and
will remain so until a buff force is applied to the coupler
12 of the railway car 10 of sufficient magnitude to raise
the hydraulic pressure in the outer hydraulic chamber to
the predetermined unlocking pressure.

While the hydraulic cushioning unit of this invention
has been generally disclosed in its application as an energy
dissipating device for railway cars, it is obvious that it is
equally well suited for applications in various other en-
vironments. For example, loading docks for ocean going
vessels may employ the invention to allow collapsing or
moving of a portion of the dock adjacent the vessel to
prevent damage to both the vessel and dock in case of
impacts therebetween. Aircraft landing gear might also
be provided with the instant invention to protect the air-
craft from damage in case of severe landing impacts.

It will be evident from the foregoing that I have pro-
vided a unique hydraulic cushioning unit which effectively
prevents downgrade run-ins of the hydraulic cushioning
unit due to train operation. Due to the unique construction
of the instant invention, the cushioning device will not be
permitted to go solid or completely contract under the
application of extremely low velocity impact such as slack
run-in during a downgrade locomotive braking condition,
for example. The hydraulic cushioning unit incorporating
the instant invention will be maintained in its neutral
position until such time as buff forces developed by im-
pact become sufficiently high to cause an increase in hy-
draulic prezsure within the outer hydraulic chambers of
the cushioning units of sufficient magnitude to cause un-
locking of the lockup member of the cushioning unit. Since
the hydraulic cushioning units incorporating this invention
will normally be retained in their neutral positions, con-
tinucus back and forth movement of the free pistons due
to train action is effectively prevented and piston seals
therefore experience little wear thereby prolonging the life
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of the cushioning unit. Subsequent to impact forces, un-
locking of the lockup member 120 and dissipation of the
impact forces, slack run-outs of the coupled railway cars
wil] be effectively prevented by the draft cushioning
mechanism set forth hereinabove. Excessively rapid ex-
tension of the cushioning unit as well as rebounding of
the same is effectively prevented by the draft cushioning
mechanism, thereby reducing any tendency of damage to
the railway car lading by slamming or rebounding of the
cushioning unit. The hydraulic cushioning unit of the in-
vention cooperates with the resilient draft gear structure
both in buff and draft, thereby producing a cushioning
effect thereby producing smooth force transition protect-
ing the railway car lading. Therefore it is seen that this
invention is one well adapted to obtain all of the objects
hereinabove set forth together with other advantages which
become obvious and inherent from the descripticn of the
apparatus itself.

It will be understood that certain combinations and sub-
combinations are of utility and may be employed without
reference to other features and subcombinations.

What is claimed is:

1. A railway car having an underframe structure, a
coupler device movably carried by said underframe struc-
ture, an oleopneumatic cushioning unit interposed between
s2id underframe structure and said coupler device and
adapted to dissipate buff forces applied to the coupler de-
vice to protect the lading within the railway car frem
excessive shock, said cushioning unit comprising inner and
outer tubular members disposed in telescoping relation and
being movable one relative to the other between collapsed,
neutral and fully extended positions, means closing the
outer extremities of said tubular members, an orifice plate
closing the inner extremity of the inner tubular member
and defining an inner variable volume hydraulic chamber
within said inner tubular member and an outer variable
volume hydraulic chamber within said outer cylinder, a
metering orifice formed in said orifice plate allowing the
interchange of hydraulic fluid between said inner and cuter
hydraulic chambers, a metering pin cooperating with said
metering orifice to define a velocity sensitive control for the
interchange of hydraulic fluid between the inner and outer
chambers, said orifice plate defining a substantially planar
sealing surface, a lockup member disposed within said
cushioning unit and adapted in the neutral to fully ex-
tended positions to form a seal with said sealing surface to
prevent the interchange of hydraulic fluid between said
hydraulic chambers, said lockup member when in sealing
engagement with said sealing surface presenting a small
surface area to the hydraulic fluid in said outer hydraulic
chamber and presenting a large surface area to the hy-
draulic fluid within said inner hydraulic chamber, whereby
hydraulic fluid pressure in said outer hydraulic chamber
acting through said small surface area must rise substan-
tially in excess of the hydraulic fluid pressure in said inner
hydraulic chamber acting through said large surface area
to break said sealing engagement, collapsing of said
cushioning unit subsequent to unlocking of said lockup
member being controlled solely by said velocity sensitive
control upon movement of said cushioning unit back to its
neutral position upon dissipation of said buff force said
lockup member automatically establishing said sealing en-
gagement with said sealing surface.

2. A railway car as set forth in claim 1, said lockup
member establishing inner and outer annular seals about
said metering orifice defining an enclosed area therewith,
means developing a pressure depression in said enclosed
area whereby said fluid pressure in one of said fluid cham-
bers acts through the area defined by said inner seal and
the fluid pressure in the other of said chambers acts
through the area of said lockup member defined by said
outer seal.

3. A railway car as set forth in claim 2, said lockup
member being supported by said metering pin and co-
operating with said metering pin during movement of said
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cushioning unit to its neutral position to effect said pres-
sure depression in said enclosed area.

4. A railway car as set forth in claim 3, said lockup
member comprising a body portion provided with a bore, a
portion of said metering pin being received in sealing rela-
tion within said bore, a skirt formed on said body and
provided with inner and outer sealing members surround-
ing said bore, a vacuum passage communicating the area
between the inner and outer sealing members with said
bore, means biasing said lockup member bore into full
interengagement with said metering pin, said lockup mem-
ber being moved against said bias as said cushioning unit
moves to its neutral position cau:ing said metering pin to
be partially withdrawn from said bore.

5. A cushioning unit comprising an outer tubular mem-
ber and an inner tubular member disposed in telescoping
relationship and movable one relative to the other, said
tubular members having closed outer ends, an orifice plate
closing the inner end of the inner tubular member and
defining inner and outer variable volume hydraulic cham-
bers, said orifice plate having a metering orifice formed
therein defining fluid communication between said inner
and outer chambers for the interchange of hydraulic fluid
between said inner and outer chambers upon relative
movement of said tubular members, a metering pin ex-
tending through said metering orifice and cooperating with
said metering orifice to form a velocity sensitive control
for said interchange of hydraulic fluid, a freely, movable
piston disposed within said inner tubular member and de-
fining a compressible fluid chamber, lockup means sup-
ported by said metering pin and cooperating with said
orifice plate in the neturai position of said cushioning unit
to prevent the interchange of hydraulic fluid between the
inner and outer hydraulic chambers until a predetermined
hydraulic fluid pressure differential is developed between
said inner and outer chambers, upon the development of
said predetermined fluid pressure differential said means
being automatically moved out of said cooperation with
said orifice plate allowing the interchange of hydraulic
fluid between said chambers and allowing said cushioning
unit to be collapsed under sole control of said velocity
sensitive control means, upon movement of said cushioning
unit back to said netural position said means automatically
establishing said cooperation with said orifice plate.

6. A cushioning unit as set forth in claim 5, said lock-
up means comprising a body formed with a bore and
having a sealing face, said bore receiving one extremity of
said metering pin in sealing relation therewith, means nor-
mally biasing said lockup member into full interengage-
ment with said metering pin, said sealing face during rela-
tive movement of said tubular members toward the neutral
position contacting said orifice plate and establishing seal-
ing engagement about said metering orifice.

7. A cushioning unit as set forth in claim 6, said seal-
ing face having inner and outer annular sealing members
which cooperate with said orifice plate to define an en-
closed annular area about said metering orifice, means to
effect a pressure depression in said enclosed annular area,
at the neutral position of said cushioning unit fluid pres-
sure within the outer fluid chamber acts through the effec-
tive surface area of said lockup means established by the
inner periphery of said annular area and fluid pressure
within said inner fluid chamber acts through the surface
area of said lockup means defined by the outer periphery
of said lockup means, thereby requiring a greater fluid
pressure within said outer fluid chamber than in said inner
fluid chamber to break the sealing engagement between
said lockup means and said orifice plate.

8. A cushioning unit as set forth in claim 6, said sealing
face having inner and outer annular sealing members de-
fining an enclosed area about said orifice in the neutral
position of said cushioning unit, said body having a vac-
uum passage interconnecting said bore with said enclosed
area, during extension of said cushioning unit subsequent
to collapsing thereof, said lockup means engaging said
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orifice plate prior to said cushioning unit reaching its
neutral position, said- metering pin being partially with-
drawn from said bore upon further movement of said
cushioning unit toward said neutral position, whereby a
pressure depression is established within said bore and
is operative through said vacuum passage to establish a
pressure depression in said enclosed area, fluid pres-
sure within said inner fluid chamber acting through the
surface area of said lockup means defined by said outer
sealing member and fluid pressure developed within said
outer hydrautic fluid chamber acting through the effective
surface area of said lockup means established by said inner
sealing member, whereby greater fluid pressure is required
in said outer hydraulic chamber than within said inner
hydraulic chamber to break the sealing engagement be-
tween the sealing face and said orifice plate,

9. A hydraulic cushioning unit for use in railway cars
comprising inner and outer tubular members disposed in
telescoping relation and being relatively movable between
collapsed neutral and fully extended positions, means clos-
ing the outer ends of said tubular members, said inner
member having an orifice plate fixed at its inner extremity
defining a barrier separating the inner and outer variable
volume hydraulic chambers and providing a metering ori-
fice allowing the interchange of hydraulic fluid between
the inner and outer hydraulic chambers, means defining
a variable volume gas chamber within said inner tubular
member, velocity sensitive metering means cooperating
with said metering orifice to control the interchange of
hydraulic fluid between said inner and outer hydraulic
chambers upon relative movement of said tubular mem-
bers, a lockup member disposed within said cushioning
unit, said lockup member preventing the interchange of
hydraulic fluid between said inner and outer hydraulic
chambers whereby collapsing of the cushioning unit is
prevented upon the application of buff forces of a magni-

tude below a predetermined minimum, said lockup mem-

ber allowing the interchange of hydraulic fluid between

said inner and outer hydraulic chambers upon the appli-.

cation to said cushioning unit of a buff force of a mag-
nitude above said predetermined minimum. :

10. A hydraulic cushioning unit as set forth in claim 9,
said orifice plate defining a substantially planar sealing
surface, sealing means carried by said lockup member
adapted to engage said sealing surface in the neutral posi-
tion of said cushioning unit and to establish a seal about
said metering orifice.

11. A hydraulic cushioning unit as set forth in claim

10, said sealing means of said lockup member establish-
ing inner and outer concentric seals with said sealing sur-
face and defining an enclosed area between said inner
and outer concentric seals, means establishing a pressure
depression in said enclosed area whereby hydraulic fiuid
in said outer hydraulic chamber acts on said lockup mem-
ber through an effective area established by said inner
concentric seal and hydraulic fluid in said inner hydraulic
chamber acts on said lockup member through an area de-
fined by said outer concentric seal and a fluid pressure in
said outer hydraulic chamber of greater magnitude than
the fluid pressure within the inner hydraulic chamber to
break said concentric seals and allow the interchange of
hydraulic fluid between said inner and outer hydraulic
chambers.

12. A hydraulic cushioning unit for use in railway cars
comprising an outer fluid cylinder and an inner fluid cyl-
inder movable relative to each other, an orifice plate on
the inner end of said inner cylinder, a metering member
on said outer cylinder cooperating with said orifice plate
to meter the flow of fluid between the inner cylinder and
the outer cylinder upon relative movement therebetween,
and a freely movable piston mounted within said inner
fluid cylinder forming a compressible fluid chamber with-
in said inner cylinder, said orifice plate forming an en-
closed inner variable volume hydraulic fluid chamber
within said inner cylinder, said outer cylinder forming
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with the orifice plate an outer variable volume hydaraulic
fluid chamber, a lockup member within said cushioning
unit and cooperating with said orifice plate in the neutral
position of said unit to prevent the interchange of hydraulic
fluid between the inner and outer hydraulic fluid chambers
thereby preventing relative movement between the inner
and outer tubular members, said lockup member cooperat-
ing with said orifice plate so that a minor area thereof
is exposed to hydraulic fluid in the outer chamber and a
major area thereof is exposed to hydraulic fluid in the inner
chamber, said lockup member being movable from its neu-
tral position when a predetermined pressure differential is
reached between said outer hydraulic chamber and said
inner hydraulic chamber, fluid communication between
the high pressure chamber and the low pressure chamber
will be effected and said cushioning unit will be allowed to
collapse to dissipate energy applied to said cushioning
unit, said piston returning under bias of said pressurized
compressible fluid to its neutral position after absorption
of energy by the cushioning device and causing said lockup
member to return to its neutral position again establishing
said cooperation with said orifice plate to prevent said
interchange of hydraulic fluid.

13. A device for retarding motion of a moving body by
dissipation of energy by hydraulic means, said device com-
prising a tubular member, means disposed in movable
relation within said tubular member and defining with
said tubular member first and second variable volume
hydraulic fluid chambers, movable means forming a force
transmitting wall in one of said variable volume hydraulic
fluid chambers, means for transmitting force to said force
transmitting wall, whereby force is transmitted by said
force transmitting wall to said hydraulic fluid in said one
hydraulic fluid chamber, means defining fluid communi-
cation between said first and second hydraulic fluid cham-
bers, means defining a velocity sensitive hydraulic fluid
flow control whereby hydraulic fluid is metered between
said first and second chambers upon relative movement
of said tubular members thereby dissipating energy caus-
ing said relative movement, said device having lockup
means movable between a locked position blocking the
interchange of hydraulic fluid between said first and sec-
ond chambers and an unlocked position allowing the in-
terchange of hydraulic fluid between said first and second
chambers, said lockup means, when in its locked position,
being responsive to a predetermined pressure differential

Jbetween said first and second chambers to move to said

unlocked position, whereby said interchange of hydraulic
fluid may occur only after said predetermined pressure
differential has béen: established.

14. A cushioning unit comprising an outer tubular
member, an inner tubular member slidably disposed in ra-
dial spaced relation within said outer tubular member,
base means closing the outer ends of said members, seal-
ing means secured to one of said members and closing
said radial space between the members to form a main
variable volume chamber enclosed by said members, an
orifice plate secured to the inner open end of said inner
tubular member and dividing said main chamber into an
inner and an outer chamber, a fixed area opening in said
orifice plate, a metering pin carried by the base of said
outer tubular member and movable through the opening
in said orifice plate to vary the effective area thereof, hy-
draulic fluid in said inner and outer chambers, means
mounted within said inner tubular member, said means in-
cluding gas under pressure to thereby pressurize said
hydraulic fluid, and valve means carried by said metering
pin to seal said orifice plate opening thereby isolating said
outer chamber from said gas pressure and limiting separat-
ing movement of said members.

15. The structure of claim 14 characterized in that said
valve means is resiliently mounted on said metering pin
to permit controlled separation movement of said member
upon application of external force to said members.

16. In a railway car the combination of center sills,
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front draft Iugs secured to said center sills adjacent their
ends, back stop lugs secured to said center sills in inwardly
spaced relation to the ends, intermediate lugs secured to
center sills between said front and rear lugs, a rear cyl-
inder retained longitudinal movement between said rear
and intermediate lugs, a front cylinder slidably received
in said rear cylinder, hydraulic fluid in said cylinders,
means in said front cylinder including gas under pressure
to pressurize said hydraulic fluid and cause separating
movement of said cylinders, a coupler receiving yoke
mounted within said center sills for longitudinal sliding
movement, front followers mounted within said yoke and
normally engaging said front draft lugs and yoke, a rear
follower mounted within said yoke for movement relative
thereto and normally engaging the inner portions of said
yoke, means connecting said rear follower and front cyl-
inder for movement in unison, resilient gear precom-
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pressed between said front and rear followers and nor-
mally holding said followers in engagement with the yoke,
and means mounted within said front cylinder and acting
to isolate said rear and front cylinders to limit the separat-
ing movement thereof due to expansion of the gas thereby
preventing additional compression on said resilient gear.
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