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1
HYDRAULIC PUMP

BACKGROUND OF THE INVENTION

The present invention relates generally to hydraulic
pumping apparatus and more particularly to axial pis-
ton type pumps.

PROBLEMS IN THE ART

In the operation of pumps of hydraulic systems the
problem of damage by contaminates to internal compo-
nents of the pump has long been troublesome. More
particularly, damage to the pumping pistons and cylin-
ders by metal chips or other foreign materials in the oil
usually starts out gradually, in a heretofore undetect-
able manner, with progressively increasing wear and
- galling of the metal parts to the point where irreparable
damage to the pistons and cylinders has occurred, or
indeed to the point of catastrophic failure of the entire
pumping mechanism.

In accordance with the present invention a novel re-
lief clutch apparatus is provided which not only detects
at the very beginning the occurrence of damaging
forces by contaminates, or excessive temperatures or
pressures, but also functions to automiatically and in-
stantaneously relieve the pumping pistons and cylin-
ders from the driving force of the piston actuating cam.
Hence immediate protection is afforded the pump prior
to the occurrence of damage to the internal compo-
nents.

SUMMARY OF THE INVENTION

In general the hydraulic pump of thé present inven-
tion is provided with a novel relief clutch apparatus
that functions to automatically relieve the pumping pis-
tons from the force of the piston driving cam in the
event that piston movement is impeded or obstructed
by the presence of contaminates in the oil being
pumped. The novel relief clutch apparatus is uniquely
adapted to relieve the pistons of the cam force substan-
tially instantaneously, within a portion of a piston
stroke, and thereby prevent damage to the pistons, cyl-
inders, as well as other internal components of the
pumping apparatus.

The relief clutch apparatus is further adapted to se-
lectively be made operatively responsive to the occur-
rence of unusual and damaging temperatures or system
pressures thereby providing important additional pump
and system protection cap abilities.

It is, therefore, a primary object of the present inven-
tion to provide a novel hydraulic pump that includes a
unique relief clutch apparatus which functions to auto-
matically protect the internal working components of
the pump from damage by contaminates such as metal
chips or other foreign matter in the pumping oil.

It is another object of the present invention to pro-
vide a novel relief clutch apparatus for a piston type
pump which apparatus automatically functions to pro-
tect the internal working components of the pump from
damage by excessive temperatures or pressures in the
event such should occur in the hydraulic system.

While the forms of embodiments of the present in-
vention as herein disclosed constitute preferred forms,
it is to be understood that other forms mlght be
adopted.

BRIEF DESCRIPTION OF THE DRAWINGS:
FIG. 1 is a side elevational view of a pumping appara-
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tus constructed in accordance with the present inven-
tion, the section being taken along a vertical plane
through the centerline of the apparatus;

FIG. 2 is a side sectional view of a relief clutch appa-
ratus comprising a portion of the pump of FIG. 1;

FIG: 3 is a second side sectional view of the relief
clutch apparatus of FIG. 2; .

FIG. 4 is a force diagram showing the forces to which
the relief clutch apparatus, FIGS. 2 and 3, is subjected;
and

FIG.5is a 31de sectional view of a modlﬁed relief
clutch apparatus for use in the pump of FIG. 1 and
comprising a modified embodiment of the present in-
vention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring in detail to the drawings, a variable dis-
placement pump constructed in accordance with the
present invention is illustrated in FIG. 1 and comprises
a housing indicated generally at 20 that includes a front
housing portion indicated generally at 22 and a rear
housing portion indicated generally at 24. The housing
portions are joined together at the central portion of
the pump and held by a plurality of studs 26.

A drive shaft 28 is mounted in the forward end of the
housing by tapered roller bearing assemblies 30 and 32
which are pressed into recesses 34 and 36.

An oil seal 38 is pressed into a recess 40 in housing
20 and includes an annular resilient element 42 that
wipes the periphery of drive shaft 28,

As seen in FIG. 1, the inner end of drive shaft 28 car-
ries a cam means indicated generally at 44 which in-
cludes a central bore 46 provided with a keyway 48
that receives a key 50 for preventing rotation.of cam
means 44 relative to shaft 28. The cam means is re-
tained on shaft 28 by a nut 52 which is tightened into
locked relationship on a threaded inner end of shaft 28.

With continued reference to FIG. 1, cam means 44
includes an inclined surface 54 which engages a plural-
ity of shoes 56 preferably formed of low friction mate-
rial, the latter including sockets §8 which form pivotal
ball joints with ball-shaped ends 60 formed on a plural-
ity of pumping pistons indicated generally at 62.

Each of the shoes 56 is surrounded by a metal casing
55 that is crimped around the ball-shaped end 60 of its
respective piston 62. Details of the piston shoe con-
struction are shown and described in detail in my U.S.
Pat. No. 3,357,363 issued Dec. 12, 1967.

With continued reference to FIG. 1 a cylinder barrel
cartridge assembly indicated generally at 70 is axially
slideably mounted within housing 20 on longitudinally
extending rods or barrel bearmg members, not illus-
trated, but shown and described in detail in my above
mentioned U.S. Pat. No. 3,357,363.

Pistons 62 are disposed in respective barrel cylmders

78 which receive low pressure oil or hydraulic fluid in
a novel manner via housing inlet port 80, passage 84 in
front housing portion 22, an inlet chamber indicated
generally at 86 within housing 20 and inlet ports 88

- formed in each piston 62.

65

Referring again to FIG. 1, inlet ports 88 in pistons 62
communicate with a cavity 71 formed in each piston 62
which in turn communicates with a respective cylmder
78.
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A ball-check valve 785 is freely carried in the opening
to cavity 71 between a valve seat portion and a stop
portion. Operation of such ball check valves 75 are de-
scribed in detail in my above mentioned U.S. Pat. No.
3,357,363.

On the suction stroke of the pistons 62, fluid is drawn
into a respective cylinder 78 via the passage and inlet
means described above as the low pressure fluid forces
ball-check valve 75 away from seat portion to allow
fluid to flow into cavity 71 and then into cylinders 78.

Now referring to FIG. 1 each cylinder 78 includes a
unique outlet port construction whereby a first cylinder
outlet port 81 is disposed in a side wall of each cylinder
78 and a second cylinder outlet port 83 is axially
spaced frora outlet port 81 and formed in the rearward
end of cylmders 78.

As seen in FIG. 1 each of the cylinders 78 includes
a respective reaction plug, indicated generally at 90 in
: free self-aligning engagement with the inner end sur-
; face 92 of rear housing portlon 24,

Each reaction plug 90 is provided with a central bore
94 that carries an outlet check valve 96 which is freely
retained in bore 94 by a threaded plug 98.

Each threaded plug 98 includes a seat portion 100,
a longitudinal passage 102, and a radial passage 103,
the latter communicating with an annular passage 104
formed in the outer wall of reaction plug 90.

With continued reference to FIG. 1, bore 94 in each
. reaction plug 90 includes a valve stop 106 and a com-

pression spring 108 which serve to limit the stroke of
the ball and bias it toward a closed position.

A plurality of valve means 87, attached to the outer
surface of barrel 70 by screws 89, covers each of the
first cylinder outlets 81 and is in the form of a substan-
tially flat, flexible reed-type valve. Valve means 87 is
normally biased in a closed position and the degrees of

- valve opening'is limited by a stiff back-up plate 91 at-
tached by screws 89 to valve means 87.

It is important to point out that the reed-type valves
87 are preferred because they provide efficient valve
means and yet conveniently take up little space. Fur-
ther, valves 87 are easily incorporated into the cylinder
barrel cartridge assembly 70 to provide an integral
package to offer the advantages described in detail in
my above mentioned U.S. Pat.'No. 3,357,363.

Pressurized fluid from cylinders 78 is first discharged
on the compression stroke of the pistons 62 through
first cylinder outlet 81, the fluid forcing valve means 87
open, and flows into an outlet chamber or cooling
chamber 93 formed in rear housing portion 24. Outlet
chamber 93 is isolated from the inlet fluid in inlet
chamber 86 by an annular floating barrel driving ring
and seal 95 engaging barrel 70 and an annular cylinder
barrel driving piston, indicated generally at 146 which
will be described in detail later herein.

Qutlet chamber 93 completely surrounds cylinder
barrel assembly 70 and forms a passage means for the
outlet flow of fluid through a check valve 220 disposed
in a housing outlet port 222 formed in the rear housing
portion 24.

As best seen in FIG. 1, as a piston 62 advances during .

the compression stroke, outlet port 81 is closed by the
outer wall of cylinder 78 and flexible reed valve 87 will
close.

It is important to point out that the flow through out-
let port 81 depends upon the position of barrel 70,
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hence port 81, relative to the stroke of piston 62. Fur-
ther, since the fluid from outlet port 81 flows com-
pletely around barrel 70, a very effective cooling flow
is developed.

When piston 62 advances to the position where out-
let port 81 is closed, the pressurized fluid is then dis-
charged through the second cylinder outlet port 83
through longitudinal passages 102 in reaction plugs 90,
a plurality of small radially extending passages 103, an-
nular recesses 104, an annular manifold, not illustrated,
barrel outlet port 122, radial passage 112, an outlet
member 110, passage 114, and a second housing outlet
port 116 to the load.

Hollow outlet member 110 includes the central pas-
sage 112 that communicates with high pressure dis-
charge passage 114 that in turn leads to housing outlet
port 116.

As seen in FIG. 1, outlet member 110 also includes
a foot portion provided with a surface 118 that is in
slideable sealed e¢rgagement with a longitudinally ex-
tending surface 120 formed in the outer wall of cylin-
der barrel 70.

It will be noted from FIG. 1 that whc_n cylinder barrel
70 is axially shifted relative to the housmg means 20 an
outlet port 122 formed in the cylinder barrel always re-
mains in communication with central passage 112 in
outlet member 110 notwithstanding axial movement of
cylinder barrel 70.

With continued reference to FIG. 1, pressure biased
outlet member 110 includes a piston surface 124 that
causes the pressurized hydraulic fluid in passage 112 to
bias the surface 118 on outlet member 110 downwardly
into sealed engagement with longitudinally extending
surface 120 on barrel 70.

A spring 126 augments the: biasing force of the high
pressure oil on piston surface 124 and also serves to re-
tain surface 118 in sealed engagement with surface 120
at low pressures and at the outset of operation.

The outer peripheral surface of outlet member 110
is provided with an annular seal 128 and a threaded
plug 129 is screwed into the hole forming passage 112

- and includes an inner protrusion that forms a retainer
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for the end of sprmg 126.

Pressurized oil is also released to a variable displace-
ment hydraulic control unit indicated generally at 135
by a second pressure biased outlet member 110-A,
FIG. 1 which is substantially identical to outlet member
110 previously described. It will be noted that outlet
member 110-A includes a base surface 136 that is hy-
draulically biased into'sealed engagement with a longi-
tudinally extending surface -138 formed in the outer
wall of cylinder barrel 70. Outlet member 110-A is bi-
ased downwardly against longitudinally extending sur-
face 138 by a force exerted by a piston surface 124 sub-
jected to pressurized oil in a passage 140.

Referring to FIG. 1, cylinder barrel 70 is constantly
biased towards the front of the housing means by a con-
trol spring 142 which is interposed between a spider
143 and an annular shoulder 145 formed on cylinder
barrel 70.

Cylinder barrel 70 is hydraullcally shifted axially
against the biasing force of control spring 142 by an an-
nular cylinder barrel driving piston indicated generally
at 146 in FIG. 1. Piston 146 is mounted in a cylindrical
surface 148 and forms therewith control cylinder 150
for receiving pressurized oil in a manner later to be de-
scribed. A small annular piston surface 152 of large di-
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ameter provides sufficient axial force with low control
pressures to shift cylinder barrel 70 against the force of
control spring 142,

With continued reference to FIG. 1, piston 146 in-
cludes a rear end 155 in force transmitting engagement
with floating barrel driving ring and seal 95, which in
turn is in force transmitting engagement with an annu-
lar base portion 157 on cylinder barrel cartridge 70.

Referring particularly to FIG. 1, pressurized oil is de-
livered through control 135 to control cylinder 150 by
means of passage 140 and 162 and the details of the
function of and structure of this control apparatus is
described in detail in my above U.S. Pat. No.
3,357,363.

When control cylinder 150 is pressurized, and cylin-
der barrel 70 is shifted upwardly the cylinder barrel is
adapted to shift rapidly by the inclusion.of a by-pass
flow chamber relief apparatus. Such apparatus com-
prises a relief valve plate indicated generally at 300
which is formed from a thin sheet of spring steel or the
like. As seen in FIG. 1, relief valve plate 300 engages
an end surface 302 in cylinder barrel 70.and is retained
in place by annular floating barrel driving ring and seal

It should be further pointed out that relief valve plate
300 is accurately located and retained in place against
radial shifting by the side walls of pumping pistons 62
which confront inwardly facing arcuate surfaces
formed on relief valve plate 300. Such relief valve plate
is shown in detail in my above mentioned U.S. Pat. No.
3,357,363.

With continued reference to FIG. 1, the pumping pis-
tons 62 are returned and biased against cam means 44
by a single centrally disposed return rod 194 which in-
cludes an arcuate socket 196. A ball 198 fits into a
socket 200 formed in a piston return yoke 202. Yoke
202 includes a plurality of circumferentially spaced
holes 204 that fit around neck portions 206 and which
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are large enough to permit free oscillation of neck por- -

tions 206 of the piston means 62,

The periphery of yoke 202 further includes a plural-
ity of piston shoe mounting recesses 55 that are shaped
to form snugly fitting sockets for the tops of the piston
shoe means.

Piston return yoke 202 applies force to the rear sides
of the ball-shaped piston ends 60 and in turn receives
force from piston return rod 194 via the pivot joint
formed by ball 198 and socket 200.

Pulse filtering apparatus 310 is shown and described
in detail in my above mentioned U.S. Pat. No.
3,357,363.

It is important to point out that the present invention
has been described only by way of illustration, with re-
spect to variable displacement operation and a cooling
circuit but is not limited to such an application.

Reference is next made to FIGS. 2 and 3 which illus-
trate in isolated relationship a relief clutch apparatus
constructed in accordance with the present invention,
which apparatus functions to automatically relieve the
pistons of the driving force of the cam upon the occur-
rence of any abnormal force imposed on any one of the
pistons. An example would be a force imposed by bind-
ing action between a piston and cylinder wall due to the
presence of contaminants in the hydraulic fluid.

Referring particularly to FIGS. 2 and 3, the formier
illustrates the relief clutch mechanism in its normal op-
erational position whereas FIG. 3 illustrates the same
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mechanism in its released position wherein the pistons
are isolated from the driving force of cam means 44.

As seen-in FIG. 3 the previously described piston re-
turn rod 194 includes a cylindrical cavity 422 in which
is mounted an upper latch member 416 and a lower
latch member 416-A Such latch members are normally
maintained in their spaced operational position of FIG.
2 by a jaw actuating pin indicated generally at 408. As
seen in FIG. 2, a left shoulder 410 of the pin is normally
disposed between left spaced ends of jaw members 416
and 416-A and the right end of pin 408 includes an en-
larged head portion 412 which is normally disposed be-
tween the right ends of the upper and lower latch mem-
bers. Hence it will be understood that during normal
operation the latch members form spring engaging
shoulders 418 for maintaining compression of the pre-
viously described -cam biasing spring 210.

It should further be mentioned that the right end of
jaw actuating pin 408 is engaged by a normal position
biasing spring 422 which is disposed in space 420.

Also it will be noted that each of the latch members
416 and 416-A is provided with a guide or positioning
flange 223 of cylindrical shape which conforms with
the shape of the inner surface of piston return rod 194
so as to align the latch assembly in the cavity.

The latch members 416 and 416-A are released when
the left end of jaw actuating pin 408 is caused to engage
adjustable pin engaging member 402. In such instance
the shoulders 410 and 412 of jaw actuating pin 408 are
longitudinally arrested, when cam 202 moves from the
position of FIG. 2 to the position of FIG. 3 with the re-
sult that latch members 416 and 416-A move to the left
beyond such shoulders 410 and 412 and are freed to
collapse or move inwardly to the position of FIG. 3.
When this occurs, spring releasing shoulders 418 move
inwardly thereby releasing cam biasing spring 210 from
the compressed position of FIG. 2 to the extended re-
leased position of FIG. 3. As a result, the piston return
force normally imposed by cam biasing spring 210 is
released from its biasing effect on piston return rod
194, Hence it will be understood that the piston feet 56
will no longer follow cam 202 and hence reciprocation
of piston 62 is immediately terminated.

With further reference to the embodiments of FIGS.
2 and 3, the above described pin engaging member 402
includes a threaded junction 404 with a longitudinal
bore through spring retainer 216. Hence pin engaging
member 402 can be longitudinally adjusted upon in-
serting a screwdriver into its slotted outer énd.

Reference is next made to FIG. 4 which is a force dia-
gram provided for the purpose of aiding in the descrip-
tion of the operation of the present relief clutch appa-
ratus. Assuming that the pump is operating and the pis-
tons 62 are reciprocating, in the event that one of the
pistons should galled due to contamination, such piston
62 will be arrested by the occurrence of obstructive
material or distortion at the area of contact with cylin-
der wall 78. Such obstructive material or distortion will
cause the cylinder wall to impose a frictional force F;
on the obstructed piston 62 and arrest its movement.
When this occurs piston return yoke 202 and the piston
foot 56 of the galled piston will be restrained by the ob-
struction from following the cam means 44. As the cam
means 44 progresses with its rotation through a fraction
of a cycle, the portion of the return yoke 202 at the un-
stuck pistons will be driven inwardly to the released po-
sition of FIG. 3. As piston return yoke 202 does this it
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will of course shift piston return rod 194 to the left
causing jaw actuating pin 408 to engage stationary pin
engaging member 402. This causes latch members 416
and 416-A to collapse inwardly, as previously de-
scribed, thereby releasing piston return spring 210
from its biasing effect on piston return yoke 202. Pis-
tons 62 can no longer follow cam 44 and their recipro-
cation is therefore terminated.

With continued reference to FIG. 4, when one of the
pistons 62 is resisted by frictional force F at its cylinder
wall contact 78 the force F, of the cam is imposed on
piston return yoke 202 with an effective lever arm
length of L, with the piston opposite to the arrested one
being moved inwardly a distance Ax. At the same time
piston return yoke 202 will apply a force on piston re-
turn rod 194 with an effective lever length L,. Hence
it will be understood that a bending moment is imposed
on return yoke 202 by cam 44 due to the arrested pis-
ton 62 which moment functions to overcome the force
F, of cam biasing spring 210 and thereby move piston
return rod 194 inwardly. Also it will be seen from FIG.
4 that the force effect on piston return rod 194 is multi-
plied by. a factor of 2 due to the different lever arm
lengths L, and L,.

Reference is next made to a modified embodiment of
the relief clutch apparatus illustrated in FIG. 5. Here
the elements of the clutch apparatus which are dis-
posed within the cylinder barrel 70 are identical to
those previously described with respect to the embodi-
ment of FIGS. 2 and 3. However, the embodiment of
FIG. 5 differs in that the relief clutch apparatus, includ-
ing the force releasing latch elements 416 and 416-A,
can be actuated and released from an external pressure
signal.

The structure of the embodiment of FIG. 5 comprises
a modified pump housing 24-A which includes a rear-
wardly extending fluid actuated cylinder 430 that slide-
ably mounts a fluid actuated piston 436 provided with
an O-ring seal 450. Piston 436, when extended from
left to right, functions to shift a fluid actuated pin 442
to the right with respect to spring retainer 216-A in
whick such pin is slideably mounted. Upon shifting of
pin 442 towards the right, as viewed in FIG. 5, such pin
is caused to engage jaw actuating pin 408 which is in
turn shifted to the right thereby causing the inward col-
lapse of upper and lower latch members 416 and 416-
A

With continued reference to FIG. 5, hydraulically ac-
tuated pin 442 and piston 436 are biased towards nor-
mal position by a return spring 440 with such piston
and pin being extendable against the spring upon the
application of external fluid pressure via a conduit 438.
Hence it will be understood that the release clutch ap-
paratus of FIG. § can readily be actuated by a rise in
system pressure merely by connecting conduit 438 with
any selected portion of the hydraulic circuit. It will be
understood that the embodiment of FIG. 5 can be made
responsive to any external pressure, as well as being
manually actuatable merely by connecting conduit 438
to a manually actuated pressure source.

As still another embodiment of the present invention
the relief clutch apparatus can be caused to react to the
occurence of excessive temperature within the pump-
ing mechanism. This can readily be done by merely ar-
ranging the embodiment of FIGS. 2 and 3 such that the
jaw actuating pin 41@ consists of an alloy which melts
at a precise preselected temperature, for example 250°
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Fahrenheit. Hence, upon the occurence of excessive
heat build-up within the pumping apparatus the special
jaw actuating pin, meltable at low temperature, will
upon melting permit latch members 416 and 416-A to
collapse inwardly, release the biasing effect of cam bi-
asing spring 210, and thereby immediately arrest recip-
rocation of pistons 62 within their respective cylinders
78.

It should be mentioned that operation of the various
above described relief clutch apparatus is substantially
instantaneous, it having been determined by test opera-
tions that reciprocation of the pumping pistons 62 is
terminated within a fraction of a single rotation of cam
means 44. It will therefore be understood that damage
to the pumping mechanism can most effectively be pre-
vented.

While the forms of embodiments of the present in-
vention as herein disclosed constitute preferred forms,
it is to be understood that other forms might be
adopted.

What is claimed is:

1. A hydraulic pump comprising, in combination,
housing means, a plurality of cylinders in said housing
means; a plurality of pistons disposed in said cylinders;
drive shaft means including a cam engaging said pis-
tons; a piston return yoke engaging said pistons; resil-
ient means biasing said yoke against said pistons; and
relief clutch means for modifying the biasing effect of
said resilient means on said yoke to relieve the pistons
of the driving force of the cam.

2." A hydraulic pump comprising, in combination,
housing means, a plurality of cylinders in said housing
means; a plurality of pistons disposed in said cylinders;
drive shaft means including a cam engaging said pis-
tons; a piston return yoke engaging said pistons; a pis-
ton return rod slideably mounted in said housing means
and engaging said piston return yoke; a piston return
spring between said piston return rod and said housing
means for biasing said piston return rod against said
yoke; and relief clutch means for disengaging said pis-
ton return spring from said piston return rod and
thereby relieve the pistons of the driving force of the
cam.

3. A hydraulic pump comprising, in combination,
housing means, a plurality of cylinders in said housing
means; a plurality of pistons disposed in said cylinders;
drive shaft means including a cam engaging said pis-
tons; a piston return yoke engaging said pistons; A pis-
ton return rod slideably mounted in said housing means
and including a first end engaging said yoke and a sec-
ond end provided with a bore,; relief clutch jaw means
disposed in said bore and laterally movable between a
spring retaining position and a spring releasing posi-
tion; a piston return spring normally disposed in com-
pressed relationship between said relief clutch jaw
means and said housing means; and actuating means
for said relief clutch jaw means.

4. The apparatus defined in claim 3 wherein said ac-
tuating means comprises an actuating pin disposed in
said jaw means for normally holding said jaw means in
said spring retaining position, said actuating pin being
adapted to release said jaw means to said spring releas-
ing position.

5. The apparatus defined in claim 3 wherein said ac-
tuating means comprises a jaw actuating pin slideably
mounted in said relief clutch jaw means between jaw
retaining and jaw releasing positions; and a pin engag-
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ing member mounted on said housing means in con-
fronting relationship with said actuating pin whereby
engagement of said actuating pin with said pin engaging
member shifts said pin and thereby releases said jaw
means to said spring releasing position.

6. The apparatus defined in claim 3 wherein said ac-
tuating means comprises a jaw actuating pin slideably
" mounted in said relief clutch jaw means between jaw
retaining and jaw releasing positions; and a pin engag-
ing member mounted on said housing means in con-
fronting relationship with said actuating pin, said piston
return rod, relief clutch jaw means, and actuating pin
being longitudinally shiftable by the occurrence of a
bending moment imposed on said piston return yoke as
a result of excessive frictional drag occurring between
one of said pistons and cylinders, said longitudinal
shifting serving to cause said jaw actuating pin to en-
gage said pin engaging member whereby said actuating
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pin releases said jaw means to said spring releasing po-
sition.

7. The apparatus defined in claim 3 wherein said ac-
tuating means comprises a jaw actuating pin slideably
mounted in said relief clutch jaw means between jaw
retaining and jaw releasing positions; and a pin engag-
ing member mounted for longitudinal movement on
said housing means between a released position and a
pin engaging position, said pin engaging member in-
cluding an outer end extending to the exterior of said
housing whereby force exerted on said outer end shifts
said pin engaging member into engagement with said
jaw actuating pin whereby said pin is shifted to release
said jaw means to said spring releasing position.

8. The apparatus defined in claim 7 that includes a
pressure responsive sensing means operatively -asso-

ciated with said outer end of said pin engaging member.
* k ok ok %



