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Buff forces are applied through the coupler shank 36S - 
to the front follower 25F and then through the front draft 
gear 25, which is movable rearwardly as a unit to trans 
mit the buff forces through the thrust bars 29 and into 
the inner cushioning unit 27 which reacts against the 
rear stops 26. Over-solid loads are relieved by engage 
ment of the rear end of the outer cushioning unit 25 with 
the over-solid abutments 24 prior to full closure of the 
inner cushioning unit 27. Upon release, the inner cush 
ioning unit 27 must return the outer unit 25 and stub sill 
25 to their initial positions. 

in accordance with this invention, the inner cushioning 
unit is of a self-restoring hydraulic fluid throttling type, 
and as best shown in FiG. 3, includes a cylinder sleeve 
46 sealed at its inner or rear end by a rectangular end cap 
41 that may have a removable fill plug 41P threadedly 
engaged therein. While the cylinder sleeve 48 and the 
end cap 41 are represented as separate parts secured as 
by welding at 4OW, they may be formed as integral parts 
of a one-piece structure. A ram 42 extends into the cylin 
der sleeve through its outer end and carries a piston 43 
that is lengthwise reciprocably operabie within the cylin 
der sleeve 40. 
A ring-shaped cylinder cap 44 is shown fixed within 

the cylinder sleeve in peripheral sealing engagement there 
with and includes an outwardly projecting integral tubular 
end projection 44T. An elongated sleeve-shaped seal 
boot 45 encircles the ram 42 and at one end is mounted 
in sealed relation upon the tubular projection 44T of the 
cylinder cap 44 by means of a band clamp 45, and at the 
other end has a reverse fold 45F sealed upon an enlarged 
section of the ram 42 by means of a band clamp 47. At 
its extreme outer end the ram 42 is affixed to a transverse 
follower plate 48 and a return spring 49 encircles the 
cylinder sleeve 40 and reacts between the follower plate 
48 and a peripheral shoulder 4ES on the cylinder end cap 
to urge these elements apart. 
A variable volume high pressure chamber 50 is defined 

within the cylinder 40 in the space between the end cap 
41 and the piston 43, and a variable volume low pressure 
chamber 51 is defined in the space between the boot 45, 
the ram 42, and the ring-shaped cylinder cap 44. 

During closure of the hydraulic element such as is 
occasioned by a buff impact in the application illustrated 
herein, the follower ram 42 and piston 43 move inwardly 
towards the cylinder end cap 41 and cause displacement 
of hydraulic fluid from the high pressure chamber 50 to 
the low pressure chamber 51 by flow through a passage 
extending through the piston and establishing communica 
tion between these chambers. The loss of volume within 
the cylinder 40 occasioned by inward travel of the ram 
42 is accommodated by expansion of the low pressure 
chamber 51 occasioned by changes in the contour of the 
boot 45. 
Upon release the parts of this hydraulic cushion are 

restored by the action of the return spring 49 which, in 
addition, must be strong enough to restore the thrust bars 
29, the friction gear 25, and the associated rigging to 
their original release position. 

EDetails of the piston arrangement and flow passage con 
figuration of a presently preferred embodiment of a hy 
draulic cushion are best seen in FIGS. 4 to 7. The piston 
43, as illustrated, is integral with the ram 42 and is pro 
vided with an axial bore 43B of progressively inwardly 
stepped configuration opening centrally through its high 
pressure face 43H. The passage from the low pressure 
chamber 51 to the high pressure chamber 50 through the 
piston 43 is completed by a set of four branches 52 radi 
ating obliquely from the bore 43B at a location adjacent 
its open end. The branches 52 open through relieved 
corner regions at the low pressure side of the piston 43. 
The open end of the piston bore 43B is equipped with ele 
ments for defining an orifice configuration that is variable 
in accordance with the instantaneous pressure conditions 
existing in the high pressure chamber 59. 
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The provision of a pressure responsive variable orifice 
for the hydraulic cushioning element enables it to develop 
greater effective capacity and to adapt automatically as 
required by the characteristics of the load to which it is 
subjected. At the time a load is initially applied, it is 
important that the orifice opening be of minimum size to 
enable it to offer maximum resistance to flow, and effect 
a rapid build-up of reaction force. By this means, the 
energy dissipation provided by the gear may start more 
quickly aid at a iiigher levei, thereby acting over a 
longer travel distance and providing greater effective 
capacity. . 
The pressure developed in the high pressure chamber 

50 is essentially dependent upon the closure velocity. 
Since this pressure determines the initial reaciton offered 
by the cushion 27, and since the cushion's reaction deter 
mines the deceleraiton in accordance with the masses 
acting in the system, the velocity at various stages of 
closure is dependent on both the initial velocity and the 
masses that are involved. 

In the preferred arrangement illustrated in FIG. 4, the 
extreme outer end of the piston bore is bordered by an 
internal axial shoulder to define a seat for an orifice insert 
ring 53 that is locked in place by a suitable retainer ring 
53R. 
The orifice ring 53 presents a knife-blade orifice edge 

and has an orifice surface 53S of a configuration to present 
an orifice passage that flares in a direction leading into the 
piston bore 43B. An intermediate bearing insert 54 is 
fixed within the piston bore at a location inwardly of the 
branches 52 and presents an annular abutment surface 
facing a corresponding shoulder 55S provided on a T 
shaped orifice pin 55. The bearing insert 54 guides slid 
ing movement of the orifice pin 55 which projects through 
the bore 43B towards the orifice ring 53 and terminates 
in an end face 55F substantially filling the opening through 
the orifice ring 53 and exposed directly to pressure con 
ditions in the high pressure chamber. 
A coil-type load spring 56 of substantial strength is 

nested within the intermediate length region of the bore 
43B to react between an intermediate seat 43R therein 
and the shoulder 55R provided on the orifice pin 55. This 
load spring 56 is under predetermined initial compres 
sion and normally maintains the orifice pin 55 in its full 
forward position as determined by the bearing insert 54 
and as illustrated in FIG. 4. This establishes the level 
of the initial force acting to hold the orifice opening at 
a minimum size until pressure in the high pressure cham 
ber 59 reaches a predetermined value related to the 
strength of the load spring 56 and the exposed area on the 
face 55F of the orifice pin 55. 
An important feature of this invention is the achieve 

ment of a compound variable orifice action and for this 
purpose a center pin 57 is slidable in an axial through 
bore of the main orifice pin 55 and is normally held in 
the position illustrated in FIG. 4 by a load spring 58 that 
nests within the reduced innermost region of the piston 
bore. The center pin 57 has an enlarged head 57H ar 
ranged in countersunk relation in the rear of the main 
orifice pin 55 and having abutting engagement therewith 
to determine the maximum projection of its outer end 
face 57F at a location flush with the end face 55F and 
approximately at the plane of the knife edge of the orifice 
ring 53. The head 57H on the center pin 57 functions 
as a seat for its load spring 58. 

In generai, the load spring 58 for the center pin 57 
is substantially weaker than the load spring 56 for the 
main orifice pin 55, and while the center pin 57 has less 
face area exposed to pressure in the high pressure cham 
ber 50, the strength of the load spring 33 and the extent 
of precompression thereof is selected so that the center 
pin 57 has a substantially softer action, that is, it will re 
tract at a pressure value substantially less than that to 
which the main orifice pin initially responds. 
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As is best seen in FIGS. 6 and 7, the piston 43 is pro 
vided with return flow passages 59 equipped with ball 
check return flow valve facilitates 60, each including a 
ball valve 60B and a load spring 60S to limit pressure 
build-up in the low pressure chamber 51 during the re 
turn stroke of the cushion and also to facilitate more 
rapid release of the unit. While no pressure relief flow 
passages are illustrated in the piston disclosed herein, it 
should be understood that relief facilities of the type 
shown in FIG. 5 of our pending application, Serial No. 
220,323 may be incorporated to limit the pressure in 
the high pressure cylinder 50 to some preselected maxi 
mum permissible value. 

For a hydraulic cushion to operate efficiently, it is im 
portant that it set up high flow resistance as rapidly as 
possible upon impact. For this purpose, the initial orifice 
size should be a minimum and, therefore, the main 
orifice pin 55 projects centrally into the orifice ring in 
sert 53 in extremely close fit relation, for example, in the 
arrangement illustrated in FIG. 4, an annular dimension 
of about 42 of an inch is provided between the outer 
periphery of the main pin 55 and the inner periphery of 
the insert ring 53. Since the main pin 55 is loaded by 
an extremely strong spring 56, it will have no tendency 
to deflect until significant pressure values build up in the 
high pressure chamber 50. This may tend to make the 
initial response of the cushion too sharp and result in 
excessive pressure build-up causing an overshoot of the 
pressure beyond that for which the gear is designed. 
The main pin 55 must, however, have a strong load spring 
56 if it is to exert a control over the orifice configuration 
at high values of reaction force. Thus, the center pin 
57 is given a softer action and normally masks supple 
mental flow ports 55P provided in the side walls of the 
main pin 55 at locations adjacent the end face 55F. Upon 
retraction of the center pin 57, limited flow is permitted 
through the ports 55P and the branches 52 to minimize 
the tendency for high peaked shock effects, such as are 
normally associated with rapid build-up of pressure in a 
hydraulic cushion. It is preferred, however, that the 
center pin 57 be preloaded sufficiently to encourage a 
substantial initial pressure build-up before it retracts. 
The compound pin arrangement has an additional ad 

vantage in that it increases the maximum effective area 
at the orifice at full deflection. The effective size of the 
orifice passage existing between the insert ring 53 and 
the main orifice pin 55, as illustrated in F.G. 5, is equal 
to the area of the frustum region designated at "A' in 
FIG. 5, and for the illustrated orifice configuration this 
area is somewhat less than the area of the opening defined 
by the insert ring. In this instance, the center pin 57 and 
the supplemental ports 55P that it uncovers add to the 
maximum effective area available at the orifice and this 
increases the range of orifice size variation without, how 
ever, increasing the desired minimum initial orifice size. 

in a presently preferred embodiment, the orifice ring 
insert has a diameter of 1/8”, the main pin 55 has a diam 
eter of 1Ag', providing an annular clearance of 42' be 
tween the insert 53 and the pin 55, and the center pin 57 
has a diameter of /2'. 

Force deflection characteristics for the main pin load 
spring 56 and the center pin load spring 58 are given in 
the following table: 

Defectio in Inches Spring 56 Spring 58 
(Pounds) (Poundis) 

Initial PrecOImpression.--------------------- 1,285 275 
16------------------------ 1,530 302 
ls.-- 1,775 330 
846 2,015 357 
14 2,260 385 
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For these orifice, pin and spring characteristics and 
an effective piston face diameter of 8%', the pin action at 
Various pressure levels in the high pressure chamber 50 
is as follows: 

Pressure in psi. 
in chamber 50 

IncheS Defection 
of Pin 57 

Inches Deflection 
of Pin 55 

'964--------------- Sólid. 
1964, goes solid at Do. 
Solid.------------- Do. 

To some extent the shaping of the orifice defined be 
tween the insert ring 53 and the main pin 55 and the pro 
vision of a load spring for the main pin with greater total 
deflection can also be used for increasing the range of 
orifice size variation but this will not as effectively control 
the initial pressure build-up. 

Various arrangements for the orifice contour defined 
between the main floating pin and the orifice ring element 
are shown in FIGS. 8, 9 and 10, with each of these ar 
rangements providing an orifice configuration that in 
creases in area with progressive deflection of the pin. 
In the arrangement of FEG. 8 the orifice ring 153 has a 
more sharply angled surface 153S adjacent its mouth and 
cooperates with the pin 55 here shown diagrammatically 
with its end face 155F of right circular configuration. 
In FIG. 9 an orifice ring 253 having a smoothly curved 
orifice Surface 2.53S is shown and the series of arrows A 
illustrate the progressive increases in orifice area. Finally, 
in FIG. 10 a pin 355 of hemispherical end face configura 
tion and having a normal position indicated by the phan 
ton line P is employed with a conical orifice ring 353 to 
provide an orifice opening having an area that increases 
rapidly with pin deflection. 
With the arrangements shown in FIGS. 8, 9 and 10, 

the full orifice opening capacity can be developed without 
requiring unduly large pin deflections. The compound 
variable orifice feature is still importantly useful with 
these contoured orifice arrangements in order to permit 
the main orifice pin to establish a minimum clearance 
at its normal position without, however, creating excessive 
shock on the initial pressure build-up as this is minimized 
by the action of the center pin which is arranged to act 
at lower pressure values and increase the initial orifice 
opening when some selected lower pressure value is 
exceeded. 
With reference to any of the orifice arrangements dis 

closed herein, it is possible to achieve more rapid pressure 
build-up by reducing the clearance between the main pin 
and the orifice ring to substantially zero and such an 
arrangement is particularly feasible with the compound 
orifice feature which acts to control sharp pressure peaks 
against overshoot. 
While preferred embodiments of the invention are il 

lustrated herein, it is to be understood that changes and 
variations may be made by those skilled in the art without 
departing from the spirit and scope of the appended 
claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as follows: 
1. In a hydraulic cushioning element having relatively 

movable means providing a high pressure chamber, a 
low pressure chamber and a passage extending there 
between, means in said passage providing a flow restrict 
ing orifice at an end thereof exposed directly to said high 
pressure chamber, a pin disposed in lengthwise slidable 
relation in said passage and having a free end facing 
through said orifice and exposed directly to pressure con 
ditions in said high pressure chamber, resiliently yield 
able means acting against said pin with predetermined 
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initial force to bias said pin towards said high pressure 
chamber to an orifice narrowing position and establish a 
minimum initial orifice opening and enable retraction of 
the pin and corresponding opening of the orifice when 
pressure in the high pressure chamber increases beyond 
a predetermined value determined by said initial force, 
said pin having an axial bore through said free end and 
having a side bore adjacent said free end and communi 
cating directly between said axial bore and said passage, 
a center pin disposed in lengthwise slidable relation in 
said axial bore and having a free end facing through said 
orifice and exposed directly to pressure conditions in said 
high pressure chamber, resiliently yieldable means in said 
axial bore and acting against said center pin with pre 
determined initial force to bias said center pin towards 
said high pressure chamber to a side bore masking posi 
tion and enable retraction of said center pin and corre 
sponding uncovering of said side bore when pressure in 
the high pressure chamber increases beyond a predeter 
mined value determined by the last named initial force. 

2. Ín a hydraulic cushioning element having relatively 
movable means providing a high pressure chamber, a low 
pressure chamber and a passage extending therebetween, 
means in said passage providing a flow restricting orifice 
at an end thereof exposed directly to said high pressure 
chamber, a pin disposed in lengthwise slidable relation 
in said passage and having a free end facing through said 
orifice and exposed directly to pressure conditions in said 
high pressure chamber, resiliently yieldable means acting 
against said pin with predetermined initial force to bias 
said pin towards said high pressure chamber to an orifice 
narrowing position and establish a minimum initial orifice 
opening and enable retraction of the pin and correspond 
ing opening of the orifice when pressure in the high pres 
sure chamber increases beyond a predetermined value 
determined by said initial force, said pin having an axial 
bore through said free end and having a side bore adjacent 
said free end and communicating directly between said 
axial bore and said passage, a center pin disposed in 
lengthwise slidable relation in said axial bore and having 
a free end facing through said orifice and exposed directly 
to pressure conditions in said high pressure chamber, 
resiliently yieldable means in said axial bore and acting 
against said center pin with predetermined initial force 
to bias said center pin towards said high pressuire cham 
ber to a side bore masking position and enable retraction 
of said center pin and corresponding uncovering of said 
side bore when pressure in the high pressure chamber in 
creases beyond a predetermined value determined by the 
last named initial force, the last named predetermined 
value of pressure being substantially less than the first 
named predetermined value of pressure to enable retrac 
tion of said center pin and uncovering of said side bore 
in advance of retraction of said first named pin, 

3. In a hydraulic cushioning element having relatively 
movable means providing a high pressure chamber, a 
low pressure chamber and a passage extending therebe 
tween, means in said passage providing a flow restricting 
orifice at an end thereof exposed directly to said high 
pressure chamber, a pin disposed in lengthwise siidable 
relation in said passage and having a free end facing 
through said orifice and exposed directly to pressure 
conditions in said high pressure chamber, resiliently yield 
able means acting against said pin with predetermined 
initial force to bias said pin towards said high pressure 
chamber to an orfice narrowing position and establish 
a minimum initial orifice opening and enable retraction 
of the pin and corresponding opening of the orifice when 
pressure in the high pressure chamber increases beyond 
a predetermined value determined by said initial force, 
said pin and said orifice having cooperating surfaces pro 
viding an annular orifice therebetween having a con 
figuration that progressively increases in size upon retrac 
tion of said pin, said pin having an axial bore through 
said free end and having a side bore adjacent Said free 
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8 
end and communicating directly between said axial bore 
and said passage, a center pin disposed in lengthwise slid 
able relation in said axial bore and having a free end 
facing through said orifice and exposed directly to pressure 
conditions in said high pressure chamber, resiliently yield 
able means in said axial bore and acting against said 
center pin with predetermined initial force to bias said 
center pin towards said high pressure chamber to a side 
bore masking position and enable retraction of said center 
pin and corresponding uncovering of said side bore when 
pressure in the high pressure chamber increases beyond a 
predetermined value determined by the last named initial 
force, the last-named predetermined value of pressure 
being substantially less than the first named predeter 
mined value of pressure to enable retraction of said center 
;in and uncovering of said side bore in advance of retrac 
tion of Said first named pin. 

4. In a hydraulic cushioning element having relatively 
movable lineans providing a high pressure chamber, a low 
pressure chamber and a passage extending tharebetween, 
means in said passage providing a flow restricting orifice at 
an end thereof exposed directly to said high pressure 
chamber, a pin disposed in lengthwise slidable relation 
in said passage and having a free end facing through said 
orifice and exposed directly to pressure conditions in said 
high pressure chamber, resiliently yieidable means acting 
against Said pin with predetermined initial force to bias 
said pin towards said high pressure chamber to an orifice 
narrowing position and establish a minimum initial orifice 
opening and enable retraction of the pin and correspond 
ing opening of the orifice when pressure in the high pres 
Sure chamber increases beyond a predetermined value 
determined by said initial force, said pin having a central 
passageway communicating with an intermediate region 
of Said passage and having one end opening through said 
free end, a center pin disposed in lengthwise slidable rela 
tion in Said first pin for substantially sealing said passage 
way against flow therethrough and having a free end 
facing through said orifice and exposed directly to pres 
Sure conditions in said high pressure chamber, resiliently 
yieldable means in said passageway and acting against 
said center pin with predetermined initial force to bias 
said center pin towards said high pressure chamber to a 
passageway Sealing position and enable retraction of said 
center pin to open said passageway when pressure in the 
high pressure chamber increases beyond a predetermined 
valve determined by the last named initial force. 

5. In a hydraulic cushioning element having means in 
cluding a cylinder, a ram, and a piston fixed on the ram 
and slidable lengthwise within the cylinder to define high 
pressure and low pressure chambers on opposite sides of 
the piston, said piston having a passage therethrough 
establishing communication between said chambers, 
means in said passage providing a flow restricting orifice 
eXposed directly to said high pressure chamber and hav 
ing an orifice configuration that flares in a passage di 
rection leading away from the high pressure chamber, 
a pin disposed in lengthwise slidable relation in said piston 
and having a free end projecting along said passage to 
face through said orifice and be exposed to pressure 
conditions in said high pressure chamber, resiliently yield 
able means in said piston and acting against said pin with 
predeternlined initial force to bias said pin towards said 
high pressure chamber to an orifice narrowing position 
and establish a minimum initial orifice opening to enable 
retraction of the pin and corresponding opening of the 
crifice when pressure in the high pressure chamber in 
creases beyond a predetermined value determined by said 
initial force, said pin having an axial bore through said 
free end and having a side bore adjacent said free end and 
communicating directly between said axial bore and said 
passage, a center pin disposed in lengthwise slidable rela 
tion in said axial bore aid having a free end facing through 
Said orifice and exposed directly to pressure conditions in 
Said high pressure chamber, resiliently yieidabie means in 



s 

3,150,788 
9 

said axial bore and acting against said center pin with 
predetermined initial force to bias said centerpin towards 
said high pressure chamber to a side bore masking posi 
tion and enable retraction of said center pin and corre 
sponding uncovering of said side bore when pressure in 
the high pressure chamber increases beyond a predeter 
mined value determined by the last named initial force. 

6. In a hydraulic cushioning element having means in 
cluding a cylinder, a ram, and a piston fixed on the ram 
and slidable lengthwise within the cylinder to define high 
pressure and low pressure chambers on opposite sides 
of the piston, said piston having a passage therethrough 
establishing communication between said chambers, 
means in said passage providing a flow restricting orifice 
exposed directly to said high pressure chamber and having 
an orifice configuration that flares in a passage direction 
leading away from the high pressure chamber, a pin dis 
posed in lengthwise slidable relation in said piston and 
having a free end projecting along said passage to face 
through said orifice and be exposed to pressure condi 
tions in said high pressure chamber, resiliently yield 
able means in said piston and acting against said pin with 
predetermined inital force to bias said pin towards said 
high pressure chamber to an orifice narrowing position and 
establish a minimum initial orifice opening to enable re 
traction of the pin and corresponding opening of the orifice 
when pressure in the high pressure chamber increases 
beyond a predetermined value determined by said initial 
force, said pin having an axial bore through said free end 
and having a side bore adjacent said free end and com 
municating directly between said axial bore and said pas 
sage, a center pin disposed in lengthwise slidable relation 
in said axial bore and having a free end facing through 
said orifice and exposed directly to pressure conditions 
in said high pressure chamber, resiliently yieldable means 
in said axial bore and acting against said center pin with 
predetermined initial force to bias said center pin towards 
said high pressure chamber to a side bore masking posi 
tion and enable retraction of said center pin and corre 
sponding uncovering of said side bore when pressure in the 
high pressure chamber increases beyond a predetermined 
value determined by the last named initial force, the last 
named predetermined value of pressure being substantial 
ly less than the first named predetermined value of pres 
sure to enable retraction of said center pin and un 
covering of said side bore in advance of retraction of said 
first named pin. 

7. In a hydraulic cushioning element having means in 
cluding a cylinder, a ram, and including a piston fixed on 
the ram and slidable lengthwise within the cylinder to de 
fine high pressure and low pressure chambers on opposite 
sides of the piston, said piston having a passage there 
through establishing communication between said cham 
bers, means in said passage providing a flow restricting 
crifice exposed directly to said high pressure chamber and 
having an orifice configuration that flares in a passage di 
rection leading away from the high pressure chamber, a 
pin disposed in lengthwise slidable relation in said piston 
and having a free end projecting along said passage to face 
through said orifice and be exposed to pressure conditions 
in said high pressure chamber, resiliently yieldable means 
in said piston and acting against said pin with predeter 
mined initial force to bias said pin towards said high pres 
sure chamber to an orifice narrowing position and establish 
a minimum initial orifice opening to enable retraction of 
the pin and corresponding opening of the orifice when 
pressure in the high pressure chamber increases beyond a 
predetermined value determined by said initial force, said 
pin having a central passageway communicating with an 
intermediate region of said passage and having one end 
opening through said free end, a center pin disposed in 
lengthwise slidable relation in said first pin for sub 
stantially sealing said passageway against flow there 
through and having a free end facing through said orifice 
and exposed directly to pressure conditions in said high 
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10 
pressure chamber, resiliently yieldable means in said pis 
ton and acting against said center pin with predetermined 
initial force to bias said centerpin towards said high pres 
sure chamber to a passageway sealing position and enable 
retraction of said center pin to open said passageway 
when pressure in the high pressure chamber increases 
beyond a predetermined value determined by the last 
named initial force. 

8. In a hydraulic cushioning element having means in 
cluding a cylinder, a ram, and a piston fixed on the ram 
and slidable lengthwise in the cylinder to define high pres 
sure and low pressure chambers on opposite sides of the 
piston, said piston having a passage extending therethrough 
to establish communication between said chambers, said 
piston having a ring element in one end of said passage 
for direct exposure to said high pressure chamber and 
defining a flow restricting opening for said passage, a pin 
element in said piston and disposed in said passage and 
having a free end centered in said ring element and facing 
said high pressure chamber, one of said elements being 
mounted for lengthwise shifting movement into said pas 
sage and said elements having cooperative surfaces pro 
viding an annular orifice therebetween having a configu 
ration that progressively increases in size upon inward 
shifting movement of said one element and a load spring 
carried in said piston and projecting along said passage 
to act with predetermined initial force upon said one ele 
ment and hold said one element towards said high pres 
sure chamber to establish a minimum size orifice initially, 
with said load spring being yieldable to allow retraction 
of said one element into said passage and corresponding 
expansion of the orifice when pressure in the high pres 
stare chamber increases beyond a predetermined value de 
termined by the initial force of said spring and the effec 
tive transverse area of said one element, said pin element 
having an axial bore through said free end and having a 
side bore adjacent said free end and communicating di 
rectly between said axial bore and said passage, a center 
pin disposed in lengthwise slidable relation in said axial 
bore and having a free end facing through said orifice and 
exposed directly to pressure conditions in said high pres 
sure chamber, resiliently yieldable means in said axial bore 
and acting against said center pin with predetermined ini 
tial force to bias said center pin towards said high pres 
Sure chamber to a side bore masking position and enable 
retraction of said center pin and corresponding uncovering 
of said side bore when pressure in the high pressure cham 
ber increases beyond a predetermined value determined 
by the last named initial force. 

9. In a hydraulic cushioning element having means in 
cluding a cylinder, a ram, and a piston fixed on the ram 
and slidable lengthwise in the cylinder to define high pres 
sure and low pressure chambers on opposite sides of the 
piston, said piston having a passage extending there 
through to establish communication between said cham 
bers, said piston having a ring element in one end of said 
passage for direct exposure to said high pressure chamber 
and defining a flow restricting opening for said passage, a 
pin element in said piston and disposed in said passage and 
having a free end centered in said ring element and facing 
said high pressure chamber, one of said elements being 
mounted for lengthwise shifting movement into said pas 
sage and said elements having cooperative surfaces pro 
viding an annular orifice therebetween having a configu 
ration that progressively increases in size upon inward 
shifting movement of said one element and a load spring 
carried in said piston and projecting along said passage 
to act with predetermined initial force upon said one ele 
ment and hold said one element towards said high pres 
sure chamber to establish a minimum size orifice initially, 
with said load spring being yieldable to allow retraction 
of said one element into said passage and corresponding 
expansion of the orifice when pressure in the high pressure 
chamber increases beyond a predetermined value deter 
mined by the initial force of said spring and the effective 
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transverse area of said one eilement, said pin element hav 
ing an axial bore through said free end and having a side 
bore adjacent said free end and communicating directly 
between said axial bore and said passage, a center pin dis 
posed in lengthwise siidable relation in said axial bore and 
having a free end facing through said orifice and exposed 
directly to pressure conditions in said high pressure chana 
ber, resiliently yieldable means in said axial bore and act 
ing against said center pin with predetermined initial force 
to bias said center pin towards said high pressure chamber 
to a side bore masking position and enable retraction of 
said center pin and corresponding uncovering of said side 
bore when pressure in the high pressure chamber increases 
beyond a predetermined value determined by the last 
named initial force, the last named predetermined value 
of pressure being substantially less than the first named 
predetermined value of pressure to enable retraction of 
said center pin and uncovering of said side bore in ad 
vance of retraction of said shiffable one of said elements. 

10. In a hydraulic cushioning element having means 
including a cylinder, a ram, and a piston fixed on the ran 
and slidable lengthwise in the cylinder to define high 
pressure and low pressure chambers on opposite sides of 
the piston, said piston having a passage extending there 
through to establish communication between said chain 
bers, said piston having a ring element in one end of said 
passage for direct exposure to said high pressure chamber 
and defining a flow restricting opening for said passage, a 
pin element in said piston and disposed in said passage 
and having a free end centered in said ring element and 
facing said high pressure chamber, one of Said elements 
eing mounted for lengthwise shifting movement into Said 

passage and said elements having cooperating surfaces 
providing an annular orifice therebetween having a con 
figuration that progressively increases in size upon inward 
shifting movement of said one element and a load spring 
carried in said piston and projecting along said passage 
to act with predetermined initial force upon said one ele 
ment and hold said one element towards said high pressure 
chamber to establish a minimum size orifice initially, with 
said load spring being yieldable to allow retraction of said 
one element into said passage and corresponding expan 
sion of the orifice when pressure in the high pressure 
chamber increases beyond a predetermined value deter 
mined by the initial force of said spring and the effective 
transverse area of said one element, said pin element hav 
ing a central passageway communicating with an inter 
mediate region of said passage and having one end open 
ing through the said free end, a center pin disposed in 
lengthwise slidable relation in said first pin for substan 
tially Sealing said passageway against flow therethrough 
and having a free end facing through said orifice and ex 
posed directly to pressure conditions in said high pressure 
chamber, resiliently yieldable means in said piston and 
acting against said center pin with predetermined initial 
force to bias said center pin towards said high pressure 
chamber to a passageway sealing position and enable re 
traction of said center pin to open said passageway when 
pressure in the high pressure chamber increases beyond a 
predetermined value determined by the last named initial 
force. 

11. In a hydraulic cushioning element having means 
including a cylinder, a ram, and a piston fixed on the ram 
and slidable lengthwise in the cylinder to define high 
pressure and low pressure chambers on opposite sides of 
the piston, means completing a flow passage through said 
piston establishing communication between said chambers 
and comprising first and second flow restricting orifices 
exposed to said high pressure chamber, a first pin 
disposed in lengthwise slidable relation in said piston 
and having a free end facing through said first ori 
fice and exposed directly to pressure conditions in said 
high pressure chamber, resiliently yieldable means in said 
piston and acting against said first pin with predetermined 
initial force to bias said first pin towards said high pres 
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2 
sure chamber to a position where it substantially closes 
said first orifice to enable retraction of said pin and cor 
responding opening of said first orifice when pressure in 
the high pressure chamber increases beyond a predeter 
mined value determined by said initial force, said pin 
and said orifice having cooperating surfaces providing an 
annular orifice therebetween having a configuration that 
progressively increases in size upon Tetraction of said 
pin, a second pin disposed in lengthwise slidable relation 
in said piston and having a free end facing through said 
second orifice and exposed directly to pressure conditions 
in said high pressure chamber, resiliently yielding means 
in said piston and acting against said second pin with 
predetermined initial force to bias said second pin towards 
siad high pressure chamber to an orifice narrowing posi 
tion and establish a minimum initial orifice opening to 
enable retraction of said second pin and corresponding 
opening of said second orifice when pressure in the high 
pressure chamber increases beyond a predetermined value 
determined by said last named initial force, the last-named 
predetermined value of pressure being substantially less 
than the first named predetermined value of pressure to 
enable retraction of said second pin and opening of said 
Second orfice in advance of retraction of said first pin. 

12. In a hydraulic cushioning element having means 
including a cylinder, a ram, and a piston fixed on the 
ran and siidable lengthwise in the cylinder to define high 
pressure and low pressure chambers on opposite sides of 
the piston, means completing a flow passage through said 
piston establishing communication between said chambers 
and comprising first and second flow restricting orifices ex 
posed to said high pressure chamber, said last means in 
cluding a ring element in said piston in an end of said 
passage that is directly exposed to said high pressure 
chamber, a first pin element disposed in lengthwise slid 
able relation in Said piston and having a free end centered 
in said ring element and facing said high pressure cham 
ber, one of said elements being mounted for lengthwise 
shifting movement into said passage and said elements 
having cooperative surfaces providing an annular orifice 
therebetween having a configuration that progressively in 
creases in size upon inward shifting movement of said one 
element and a load spring carried in said piston and act 
ing With predetermined initial force upon said one element 
to hold said one element towards said high pressure cham 
ber and establish a minimum size orifice initially, with said 
load Spring being yieldable to allow retraction of said 
One element into said passage and corresponding expan 
Sion of the orifice when pressure in the high pressure 
chamber increases beyond a predetermined value deter 
mined by the initial force of said spring and the effective 
transverse area of said one element, a second pin disposed 
in lengthwise slidable relation in said piston and having 
a free end facing through said second orifice and exposed 
directly to pressure conditions in said high pressure cham 
ber, resiliently yielding means in said piston and acting 
against said Second pin with predetermined initial force 
to bias Said Second pin towards said high pressure chamber 
to an orifice narrowing position and establish a minimum 
initial orifice opening to enable retraction of said second 
pin and corresponding opening of said second orifice when 
pressure in the high pressure chamber increases beyond 
a predetermined value determined by said last named ini 
tial force and the effective transverse area of said sec 
ond pin, the last named predetermined value of pressure 
being Substantially less than the first named predetermined 
value of pressure to enable retraction of said second pin 
and opening of said second orifice in advance of opening 
of said first orifice. 

13. In a hydraulic cushioning element having means 
including a cylinder, a ram, and a piston fixed on the ram 
and slidable lengthwise within the cylinder to define high 
pressure and low pressure chambers on opposite sides of 
the piston, said piston having an axial bore opening into 
Said high pressure chamber and having a stepped cross 
Sectional configuration providing an outer region of 
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greatest diameter and bordered by an axially directed in 
ternal seat of corresponding diameter, an intermediate 
region of intermediate diameter and bordered by an axial 
ly directed seat and in inner region of smallest diameter 
and bordered by an axially directed seat, said piston hav 
ing a passage therethrough leading from the low pressure 
chamber into an outer region of the intermediate region 
of the said axial bore and then through said bore to estab 
lish communication between said chambers, an orifice in 
sert ring fixed in said bore to abut against the seat border 
ing said outer region of the bore, said insert ring provid 
ing a flow restricting orifice exposed directly to said high 
pressure chamber and having an orifice configuration that 
flares in a passage direction leading into said piston bore, 
an annular bearing insert fixed in said bore in said inter 
mediate region thereof, a pin of T-shaped lengthwise 
cross-sectional configuration disposed in lengthwise slid 
able relation in said bearing insert and having a head in 
wardly of said bearing insert to engage and be retained 
thereby and having a free end projecting through said 
bearing insert to face through said orifice and be exposed 
to pressure conditions in said high pressure chamber, a 
load spring reacting between the seat that borders said 
intermediate region and said pin head and exerting pre 
determined initial force to bias said pin towards said high 
pressure chamber to an orifice narrowing position and 
establish a minimum initial orifice opening to enable re 
traction of the pin and corresponding opening of the ori 
fice when pressure in the high pressure chamber increases 
beyond a predetermined value determined by said initial 
force, said pin having an axial throughbore having a side 
bore adjacent said free end and communicating directly 
between said axial bore and said intermediate region of 
said piston bore, a center pin disposed in lengthwise slid 
able relation in said axial bore and having an enlarged 
head on its inner end in retained engagement with the 
head of the first-named pin, and having a free end facing 
through said orifice and exposed directly to pressure con 
ditions in said high pressure chamber, and a load spring 
in the inner region of said piston bore and reacting be 
tween the seat bordering the same and the enlarged head 
of said center pin to apply predetermined initial force to 
bias said center pin towards said high pressure chamber 
to a side bore masking position and enable retraction of 
said center pin and corresponding uncovering of said side 
bore when pressure in the high pressure chamber increases 
beyond a predetermined value determined by the last 
named initial force. 

14. In a hydraulic cushioning element including a cyl 
inder, a ram, a piston fixed on said ram and slidable 
lengthwise in the cylinder to define high pressure and low 
pressure chambers on opposite sides of the piston, a pas 
Sage extending through said piston to establish communi 
cation between said chambers, said passage having a flow 
restricting orifice at one end exposed directly to said 
high pressure chamber, a pin disposed in lengthwise slid 
able relation in said piston and having a free end facing 
said high pressure chamber, resilient means normally 
projecting said pin towards the orifice to narrow the effec 
tive size of the orifice and to allow increase in effective 
size of the orifice by retraction of the pin when pressure 
increases in the high pressure chamber. 

15. In a hydraulic cushioning element including a cyl 
inder, a ram relatively lengthwise slidable in the cylinder 
and defining, in conjunction with the cylinder, a variable 
volume high pressure fluid chamber, means engaged be 
tween the ram and cylinder to sealingly connect the same 
in relatively slidable relation and to define cooperatively 
therewith a low pressure fluid chamber, means providing 
a passage leading between said chambers and having an 
orifice adjacent the high pressure chamber and having an 
orifice configuration that flares in a direction leading into 
the passage, a shiftable pin disposed in said passage and 
having a free end of smaller transverse area than said 
orifice and located at said orifice for direct exposure to 
pressure conditions in said high pressure chamber, a load 
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14 
spring carried in said ram and acting with predetermined 
initial force upon said pin to move said pin towards said 
orifice to establish a minimum orifice opening and to 
allow increase in the effective size of the orifice by retrac 
tion of the pin when pressure in the high pressure cham 
ber increases beyond a predetermined value determined 
by the initial force of said spring and the effective trans 
verse area of said pin. 

16. In a hydraulic cushioning element including a cyl 
inder, a ram, a piston fixed on the ram and slidable 
lengthwise in the cylinder to define in conjunction with 
the cylinder and ram high pressure and low pressure 
chambers on opposite sides of the piston, said piston hav 
ing a passage extending therethrough to establish com 
munication between said chambers, means providing an 
orifice in said passage located directly at said high pres 
sure chamber and having an orifice configuration that 
flares in a direction leading into the passage, a shiftable 
pin disposed in said passage and having a free end of 
smaller transverse area than said orifice and located at 
said orifice for direct exposure to pressure conditions in 
said high pressure chamber, a load spring carried in said 
ram and acting with predetermined initial force upon 
said pin to move said pin towards said orifice to establish 
a minimum orifice opening and to allow increase in the 
effective size of the orifice by retraction of the pin when 
pressure in the high pressure chamber increases beyond a 
predetermined value determined by the initial force of 
said spring and the effective transverse area of said pin. 

17. In a hydraulic cushioning element including a cyl 
inder, a ram, a piston fixed on said ram and slidable 
lengthwise in the cylinder to define high pressure and low 
pressure chambers on opposite sides of the piston, a pas 
sage extending through said piston to establish communi 
cation between said chambers, said piston having a ring 
element in one end of said passage for direct exposure to 
said high pressure chamber and defining a flow restrict 
ing opening for said passage, a pin element in said piston 
and disposed in said passage and having a free end cen 
tered in said ring element and facing said high pressure 
chamber, one of said elements being mounted for length 
wise shifting movement into said passage and said ele 
ments having cooperating surfaces providing an annular 
orifice therebetween having a configuration that progres 
sively increases in size upon inward shifting movement of 
said one element and resilient means in said piston pro 
jecting along said passage and abutting said one element 
to yieldably hold said one element towards the high pres 
sure chamber and allow retraction of said one element 
and increased opening of said orifice when pressure in 
creases in said high pressure chamber. 

18. In a hydraulic cushioning element including a cyl 
inder, a ram, a piston fixed on the ram and slidable 
lengthwise in the cylinder to define high pressure and 
low pressure chambers on opposite sides of the piston, 
said piston having a passage extending therethrough to 
establish communication between said chambers, said 
piston having a ring element in one end of said passage 
for direct exposure to said high pressure chamber and 
defining a flow restricting opening for said passage, a pin 
element in said piston and disposed in said passage and 
having a free end centered in said ring element and fac 
ing said high pressure chamber, one of said elements being 
mounted for lengthwise shifting movement into said pas 
sage and said elements having cooperative surfaces pro 
viding an annular orifice therebetween having a config 
uration that progressively increases in size upon inward 
shifting movement of said one element and a load spring 
carried in said piston and projecting along said passage 
to act with predetermied initial force upon said one ele 
ment and hold said one element towards said high pres 
sure chamber to establish a minimum size orifice initially, 
with said load spring being yieldable to allow retraction 
of said one element into said passage and corresponding 
increase in the effective size of the orifice when pressure 
in the high pressure chamber increases beyond a prede 
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termined value determined by the initial force of said 
Spring and the effective transverse area of said one ee 
Inlet. 

19. In a hydraulic cushioning element having means 
providing a high pressure chamber, a low pressure chain 
ber, wall structure separating said chambers and having 
a passage communicating therebetween and having an 
nular knife blade edge structure bordering and defining 
a portion of said passage that is exposed directly to said 
high pressure chamber, a shiftable metering pin disposed 
in said wall structure and having a free end intercepting 
said passage with said free end being smaller than and 
centered in clearance relation within said knife blade 
edge structure to continuously present maximum expo 
sure area directly to pressure conditions in said high pres 
sure chamber to define in cooperation with said edge 
structure an annular flow region having a symmetrical 
configuration that progressively increases in size upon 
shifting of said pin into said passage, and yieldable means 
mounted in said wall structure and biasing said pin to 
wards an orifice narrowing position to allow retraction 
of said pin and increased opening of said orifice when 
pressure increases in said high pressure chamber. 

20. In a hydraulic cushioning element having means 
providing a high pressure chamber, a low pressure cham 
ber, wall structure separating said chambers and having 
a passage communicating therebetween, and a ring elle 
ment mounted in said wall structure and bordering and 
defining a portion of said passage that is exposed directly 
to said high pressure chamber, a pin element disposed in 
said wall structure and having a free end intercepting said 
passage with said free end being smaller than and cen 
tered in clearance relation within said ring element for 
exposure directly to pressure conditions in said high pres 

2 5 

6 
sure chamber, one of said elements being mounted for 
i.e:ngthwise shifting movement into said passage and said 
elements having cooperating annular surfaces providing 
an annular orifice therebetween, having a symmetrical 
configuration that progressively increases in size upon 
shifting of said one element into said passage, and yield 
abie means mounted in said wall structure and biasing 
said one element towards an orifice narrowing position 
in said passage to allow retraction of said one element 
and increased opening of said orifice when pressure in 
creases in said high pressure chamber. 

21. An arrangement in accordance with claim 20 and 
wherein said pin element has an axial bore through said 
free end thereof and has a side bore adjacent said free 
end and connecting directly between said axial bore and 
said passage, a center pin disposed in lengthwise slidable 
relation in said axial bore and having a free end facing 
through said orifice and exposed directly to pressure coin 
ditions in said high pressure chamber, resiliently yield 
able means in said axial bore and acting against Said cen 
ter pin with predetermined initial force to bias said center 
pin towards said high pressure chamber to a side bore 
nasking position and enable retraction of Said center pin 
and corresponding uncovering of said side bore prior to 
opening of said orifice. 
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