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PRESSURE REGULATING PISTON AND VALVE
Frank C, Druzynski, Birmingham, Mich., assignor to Cen-
tinental Aviaticn and Engineering Corporation, Defroif,
Mich,, a corporation ¢f Virginia
Filed June 26, 1963, Ser. No. 288,707
7 Claims. (Cl 123—48)

This invention relates to improvements in pressure
regulating valves and pistons, and more particularly to
an improved combination supply and discharge valve
for a reciprocating piston of the variable compression
ratio (VCR) type disclosed in U.S. Patents Nos. 2,742,-
027, 3,014,468 and 3,038,458, all issued in the name of
Wilfred P, Mansfield.

The aforesaid Mansfield patents disclose various forms
of VCR pistons which may be employed in the cylinder
or cylinders of an internal combustion engine for vary-
ing the compression ratio thereof by varying the clear-
ance volume of the cylinder. By maintaining more uni-
form combustion chamber pressures, such pistons in-
crease the efficiency of the engine and/or reduce the
weight and structural cost of the engine per unit horse-
power, in a simple, efficient and economical manner.
In one form of the Mansfield VCR piston, an inner piston
is connected in the usual manner to a connecting rod
and carries an outer piston which is adapted to move
axially to a limited extent relative to the inner piston.
Internal clearance spaces are -provided between the top
and bottom ends of the innmer and cuter pistons which
form upper and lower variable volume chambers adapted
to contain an incompressible fluid such as oil. By con-
trolling the flow of oil to and from these chambers, the
movement of the outer pistcn relative to the inner piston
in response to piston reciprocation and combustion cham-
ber pressure is controlled for varying the clearance vol-
nme of the cylinder in which the piston reciprocates.

An object of the present invention is to improve the
performance and reliability of a VCR piston. )

Another object is to provide an improved combina-
tion supply and discharge valve for the upper chamber
of the piston which responds rapidly to cyclic variations
in the upper chamber oil pressure and which is speed
compensated to thereby regulate fluid pressure in the
upper chamber in a manner which insures more uniform
maintenance of the maximum desired combustion cham-
ber pressure by the piston,

Further objects of the invention are to simplify the
design and assembly of the VCR piston and valve sys-
tem therefor, to increase the structural integrity of the
inner piston and/or to reduce cost,

Other objects, features and advantages of the present
invention will become apparent from the following de-
scription taken in conjunction with the accompanying
drawing wherein:

FIG. 1 is a vertical section through the axis of an im-
proved VCR piston censtructed in accordance with the
present invention. s

FIG. 2 is an enlarged fragmentary horizontal section
taken on the line 2—2 of FIG. 1. :

FIG. 3 is an enlarged vertical section taken on the
line 3—3 in FIG. 1.

FIG. 4 is a vertical section corresponding to that of
FIG. 3 but illustrating a different operative position of
the valve assembly of the invention. :

Referring to FIG. 1, there is shown by way of example
a preferred embodiment of a VCR. piston 10 .adapted
for reciprocation in the bore of the cylinder of a four-
stroke cycle internal combustion engine. Piston 10 com-
prises an outer piston 12 which is carried on an inner
piston 14. Outer piston 12 has a crown 16 which serves

10

< 15

20

40

45

50

86

60

65

70

2

as the head of the piston 10 and forms the movable
wall of the cylinder combustion chamber. Inner piston
14 is slidable within and axially of outer piston 12 and
carries rings 20, 22 and 24 which have a fluid sealing,
sliding engagement with the outer piston. Inner piston
14 is attached in a conventional manner by a wrist pin
26 to the upper end 28 of a commecting rod 38. An
upper, variable volume chamber 32 for containing con-
trol fluid is formed between the upper surface 34 of
inner piston 14 and the interior surface 36 of crown 16.
A lower, variable volume chamber 38 for containing
control fluid is defined by the annular space between the
upper surface 40 of a retaining ring 42 threaded in outer
piston 12 and a shoulder 44 of inner piston 14. Ring
42 carries a sealing ring 46 which has a fluid sealing,
sliding engagement with a reduced diameter portion 48
of inner piston 14.

Due to the clearance spaces provided by chambers 32
and 38, outer piston 12 can move downwardly (as
viewed in FIG. 1) relative to inner piston 14 until the
underside 36 of crown 16 abuts upper surface 34 of the
inner piston, and outer piston 12 can move upwardly
relative to inner piston 24 until ring 42 abuts shoulder
44, This movement of the outer piston is controlled
by autematically regulating the fiow of an incompres-
sible fluid into and out of chambers 32 and 38. The
control fluid preferably comprises oil supplied to piston
19 from the usual pressurized lubricating oil supply of
the engine via an oil passage 52 in rod 30. Passage 52
communicates at its lower end with a crankshaft oil
supply passage (not shown) and runs upwardly to the
upper end 28 of the rod where it communicates with
an annular groove 54 encircling wrist pin 26 and lead-
ing to an outlet 56 in the rod. Oil under engine lubri-
cating pressure flows upwardly from the rod passages
into a cavity 58 of a cap 69 and then through an axial
hole 62 in the cap into a spring chamber 64 in the
inner piston. A spring 66 disposed in this chamber biases
cap 60 downwarmdly into sliding sealed engagement
with the upper end of rod 30. The flow of oil branches
from chamber 64 into separate fiow paths leading to
lower chamber 38 and upper chamber 32, respectively.

The particular supply circuit to the lower chamber
38 illustrated herein is the subject of a copending appli-
cation ‘of William A. Wallace and Robert F. Pecha,
Serial No. 290,706, filed June 26, 1963, assigned to the
assignee of the present invention., In this lower chamber
circuit, oil flows from chamber 64 through a passage
70 to a combination inlet and discharge valve assembly
72 which controls the supply of oil to and from a pas-
sage 74 running downwardly in inner piston 14 from
valve 72 to chamber 38. When the volume of cham-
ber 38 is increased by downward movement of outer
piston 12 relative to the inner piston, a spring biased
valve member 76 opens in response to the pressure dif-
ferential between chambers 64 and 38 and permits oil
to flow via passages 70 and 74 to chamber 38. When
outer piston 12 moves upwardly relative to the inner
piston, the resulting reversal of pressure closes valve 76
and oil is forced from chamber 38 via passage 74 to a
port 78 in valve member 76 which leads to the hollow
interior thereof, port 78 being open at all times.

The oil then flows at a predetermined restricted rate
from- the spring chamber behind valve member 76 via
a restricted orifice 80, calculated to provide the necessary
flow restriction, to an annular cooling groove 82. The
oil then leaks downwardly to the crankcase via a clear-
ance space 84 between the outer and inner pistons, another
annular-chamber 86 and a drain passage 88. Valve. as-
sembly 72 is thus designed to permit rapid downward
movement of the outer piston relative to the inner piston,
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but controls movement in the opposite direction so that it
cccurs in small increments over several cycles.

In accordance with the present invention, the supply
of oil from chamber 64 to upper chamber 32 of the VCR
piston, and the release of oil from the upper chamber, is
controlled by a combination admission and discharge
spool valve assembly 109 disposed within inner piston 14
as illustrated generally in FIG. 1 and in detail in FIGS. 2
through 4. Valve assembly 1€0 includes a valve spool
102 which has a close sliding fit in a blind bore 184, and
a follower spool 106 having a close sliding fit in a counter-
bore 158. Spool 186 is cup-shaped and receives a heavy
spring 116 which abuts at one end against spool 166 and
at the other end against an end plug 1312 threadably se-
cured in counterbore 188. Spring 116 normally urges
spool 306 against a shoulder 114 at the innmer end of
counterbore 168, Valve spool 182 is also cup-shaped
and receives a light spring 116 which abuts at one end
against spool 102 and at the other end against the blind
end of bore 184, Spring 116 biases spool 102 towards
follower 186 so that a nipple 118 on spool 162 normally
abuts the end face of follower 106.

The ¢il supply path to upper chamber 32 includes a
radial passage 120 (FIGS. 1 and 2) ruaning from cham-
ber 64 to bore 104. The outlet end of passage 129 inter-
sects counterbore 188 so that communication exists be-
twesn chamber 64 and counterbore 108 in all positions of
spool 186. A vertical passage 122 (FIGS. 3 and 4) runs
from bore 1¢4 to upper chamber 32." Communication be-
tween passages 326 and 122 via bore 184 is closed by
valve 102 when it is in the positicns shown in FIGS. 2 and
4,.and axial movement of valve 192 to the position. illus-
"“frated in FIG. 3 opens this communication.

The oil discharge path from upper chamber 32 includes
a passage 124 (FIGS. 3 and 4) an inner piston 14 which
runs from chamber 32 down to the blind end of bore 184.
Passage 124 is offset horizontally slightly beyond the end
of bore 184 so that communication exists between cham-
ber 32 and the blind end of bore 164 in all positions
of valve 182. An outlet passage 126 runs from an annular
groove 128, which encircles bore 184 dabout midway be-
tween passages 122 and 124, down to the underside of
inner piston 14 (FIG. 1).  Communication between pas-
sages 124 and 126 via bore 184 is likewise controlled by
valve 192, this communication being closed when valve
142 is in the positions of FIGS. 2 and 3 and being opened
when it .is in the position shown in FIG. 4.

Follower 166 is moved axially from the position of
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FIG. 3 to that of FIG. 4 by valve 1§2, and by the pressure

cil from chamber 64 and passage 128 acting on the valve

end of the follower. Since follower 186 and valve 182
have only a simple contact connection, the oil pressure
in counterbore 168 between the spools reduces the effec-
tive force exerted by valve 102 on follower 106 but the
full effect of this pressure acts on the follower. The space
behind follower 186 is vented to cooling- grocve 82 by
an “Allen wrench. socket 130 in end plug 112.°

Valve operation

Assume that the chambei's and passages are flooded

" with oil and that valve 162 and follower 106 are biased -

into abutment. by their respective springs as shown in
FIG. 2. As shown in FIGS. 1 and 2, supply oil from
connecting rod 30 passes through chamber 64 and passage

128.into bore 104 between valve 102 and follower 106, If’

the upper chamber oil pressure acting on the spring end
of valve 102-is less than the supply oil pressure, the supply
oil pressure acting on the nipple face of valve 102 will
move the valve against the force of ‘spring 116 and-until

_ the edge of the spool valve uncovers the inlet to-passage .
Oil is. then supplied via passages 120,

122 (FIG. 3).
bore 184 and passage 122 to-the chamber 32. Filling of
the upper chamber- will continue until the 'pressure in
chamber 32 equals the supply oil pressure. _ At this time,
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spring 136 moves the valve 1§2 to the closed position of
FiG. 2.

When the upper chamber oil pressure exceeds the pre-
load of the discharge regulating spring 119, this pressure
acting via passage 124 against the spool valve moves it
and follower 192 until the inlet 128 to discharge passage
126 is uncovered by the spring end of valve 102 (FIG. 4).
The oil is discharged from chamber 32 via passage 124,
bore 164 and passage 126 to the crankcase until the upper
chamber oil pressure drops to the pre-load of spring 116.
This sequence will be repeated according to the pressure
cycle in chamber 32.

Piston operation

Assume that combustion chamber pressure .is below a
predetermined maximum value which VCR piston 19 is
designed to maintain, and that chambers 32 and 38 are
both filled with oil. As inner piston 14 decelerates in
approaching top dead center position at the end of the ex-
haust stroke and then accelerates in the opposite direction
on the intake stroke, the momentum of outer piston 12
tends to force it upwardly relative to inner piston 14,
thereby raising the oil pressure in lower chamber 38 above
that existing in spring chamber 64 and passage 76. The
maximum lower chamber pressure at this time may range
somewhere between 500 and. 1000 p.s.i., as compared to
a pressure of 200 to 250 1bs. p.s.i. in supply chamber 64,
depending upon engine speed.

The oil pressure in lower chamber 38 is transmitted
via passage 74 and valve port 78 to the body of oil con-
tained in the chamber behind valve 76. Thus, as ring
42 is forced upwardly by outer piston momentum, oil
pressure behind valve 76 builds up until it, plus the pres-
sure of its spring, forces valve 76 closed. Thereafter, as
lower chamber pressure peaks, a predetermined amount

of oil is forced-out of chamber 38 via passage 74, ports

78 to the interior of valve 76 and then through restricted
crifice 80 to cooling chamber 82 from which it leaks as
previously described.

The controlled leakage of a predetermined amount of
oil from lower chamber 38 permits outer piston 12 to
move a very smalil distance (a few thousandths of an
inch) upwardly relative to inner piston 14. This in turn
increases the volume of, and consequently reduces fluid
pressure in, upper  chamber 32. When oil pressure in
passage 120 exceeds that in chamber 32, valve 102 opens
(FIG. 3) toadmit oil from supply chamber ¢4 to cham-
ber 32. This added oil is trapped in chamber 32 by
valve 102 when it closes (FIG. 2) due to a pressure
reversal caused by the reversal of momentum forces as
piston 10 approaches and passes through the bottom dead
center position at the end of the intake stroke and at the
beginning ‘of the compression stroke. This prevents
outer piston 14 from moving back downwardly relative
to the inner piston until such time as the oil pressure in
chamber 32 exceeds the predetermined. pressure :at which
regulating valve assembly 100 is set to open against the
pressure of spring 110. Hence, upward movement of
outer piston 12 relative to inner piston 14 may occur
for several cycles, terminating when the cylinder clear-
ance volume has been reduced to the point where com-

‘bustion chamber pressure -reaches the -predetermined

maximum value which produces. the valve-opening pres-
sure in chamber 32. Thereafter, a state of relative equi-
librium exists wherein the outer piston 12 moves up and
down "very slightly: relative to the inner piston in each
cycle, its means relative position being that producing the
niaximum combustion chamiber pressure as predetermined
by the setting -of valve assembly 100,

If the combustion ‘chamber pressure is suddenly. in-
creased, as by opening the engine throttle or increasing
the load on the engine, valve assembly 100 is designed
to. rapidly discharge oil from upper: chamber 32 so that
outer piston 12 can -move rapidly downwardly relative
to inner piston: 14, thereby increasing the cylinder clear-
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ance volume and thus reducing combustion chamber pres-
sure to the desired maximum value within a relatively
few cycles of piston 18. Valve assembly 2108 is designed
to permit this downward relative movement of outer pis-
ton 12 more rapidly than gestricted orifice 80 permits
it to move upwardly in each cycle. This insures rapid
relief of excessive combustion chamber pressure and
limits oil pumping losses since the outer piston must
gradually “creep” back up to regain its original position
relative to the inner piston as compared to its more rapid
pressure relieving movement.

This downward movement of outer piston 12 relative
to inner piston i4 increases the volume of lower cham-
ber 38, causing the oil pressure therein t¢ drop to some
value between 150 p.s.i. and zero ps.d., or even to a
negative pressure, As lower chamber pressure drops,
valve 76 is forced open by pressure oil from chamber 64
to thereby supply lower chamber 38 with the required
volume of oil to satisfy the pressure conditions.

The above operation assumes that VCR piston 19 is
reciprocating at a constant speed. However, it has been
found that if a conventional spring loaded pressure regu-
lating valve rather than valve assembly 169 is used to
control pressure in chamber 32, combustion chamber
pressure tends to creep above the desired maximum limit
as the speed of the piston increases. This undesirable
run-out results at Jeast in part from the effect of piston
shell inertia upon the gas force in the cylinder combus-
tion chamber and also upon the upper chamber pressure
oil. Unlike 2 conventional piston which is rigidly at-
tached fo the connection rod by means of the piston pin,
outer piston 12 is free to float through the limits of the
designed-in stops 34 and 44, restrained only by a balance
of forces between the upper chamber pressure oil and the
gas pressure force in the cylinder. On the upward com-
pression stroke, for example, the inertia of piston 12 re-
sulting from the G-loading of its weight increases the gas
pressure (force) in proportion to its physical mass and
the speed of operation. This inertia effect tends to in-
crease the controlled cylinder pressure with increasing
speed.

However, valve assembly 108 of the present invention
prevents this undesirable increase in the cylinder gas pres-
sure due to its ability to compensate for the piston shell
inertia effect, thereby resulting in more constant reguia-
tion of the cylinder pressure over the speed range. This
speed compensating feature is obtained by the constant

xposure of the end face of follower 186 to supply oil
pressure in chamber 4. Since follower 186 has a larger
working area than valve 102, the effective difference in
these areas, e.g., the cross-sectional area of follower 186
minus that of valve 182, produces a net compensating
force on valve assembly 189 opposite to the valve-closing
force exerted by spring 118. This compensating force
is always less than the spring force and is derived from
the velocity-related variation in oil pressure in chamber
64. The supply oil experiences a proporticnal inertia
loading in the same fashion as piston 12 due to the
momentum forces exerted by the column of oil con-
tained in connecting rod passages 52, 54 and 56. The
resulting supply oil pressure variation is proporiional 1o
the square of engine r.p.m., and is additive to the lubri-
cating system pressure which varies directly with engine
r.p.m. Hence, the space between valve 182 and follower
186 is supplied with oil under a pressure which varies
with engine r.p.m., increasing at higher speeds and de-
creasing at lower speeds, as well as with the cyclical vari-
ation in the position of piston. The latter variaticn occurs
at double the frequency of, but substantially in phase
with, the cyclical variation in combustion chamber pres-
sure, both pressures peaking when piston 18 is in the
vicinity of top dead center. Since follower 186 provides

" the force transmitting connection between spring. 110

and valve 162, the oil pressure acting on follower 186
reduces the net force urging valve 182 from the uppel
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chamber discharge position of FIG. 4 to the closed posi-
tion of FIG. 2. Hence, the force required to open valve
assembly 108 is reduced as engine r.p.m. increases. This
speed compensating action has been found effective to
overcome the problem of non-uniform regulation of oil
pressure in upper chamber 38 which in turn. overcomes
the problem of non-unifcrm regulation of the combus-
tion chamber pressure by the VCR piston.

In addition to the aforementioned speed compensating
feature which relates to the discharge function of valve
assembly 198, the manner in which valve assembly 100
serforms its supply function also improves the perform-
ance of the VCR piston by providing greater sensitivity
and more rapid reponse to cyclic pressure variations in
the upper chamber oil pressure. This is achieved by us-
ing a balanced force spool valve which provides large
valve area openings for small valve motions and presents
minimal resistance to pressure differential changes, there-
by permitting more rapid filling as well as discharging of
the upper chamber. Second, with one side of valve 162
exposed to the supply oil carried in the connecting rod,-
further advantage is taken of the inertia effects on this
column of oil. At the beginning of the intake stroke
when the cylinder pressure is lowest, the residual upward
inertia of the supply oil in the connecting rod (reflected
as a momentary increase in supply cil pressure) will rap-
idly force the valve 162 to the filling position of FIG. 3.
Thus, the time necessary to open this valve is reduced,
thereby increasing filling time for the upper chamber at
the beginning cf the cycle. At the beginning of the com-
pression stroke, the residual downward inertia in the sup-
ply oil (reflected as a momentary decrease in supply oil
pressure) will cause the spool valve o snap shut more
quickly (to the position of FIG. 2), thereby trapping
more oil in the upper chamber. This rapid response to
pressure fluctuations coupled with the positive capillary
fiuid sealing provided by the closely fitted spool valve 102
also helps reduce the tendency of peak cylinder pressure
to vary with speed. Since spool valve 192 permits large
valve area openings for small valve travel, spring rate ef-
fects on cylinder pressure control are also reduced.

Valve assembly 180 also provides improved reliability
due to decrease susceptibility to- sticking and wear prob-
lems. First, valve 182 increases the tolerance of the
valve system to dirt, chips and other foreign material.
Inasmuch as sealing with spool valve 182 is accomplished
by minimal clearances at the periphery of the valve, only
those particles smaller than the valve clearance can cause
sticking or sealing problems. Since diameter clearances
in the neighborhood of .00812/.00016-inch are readily ob-
tainable by using conventional production operations, the
sensitivity of spool valve 182 to foreign materials carried
in the supply oil is many times less than that of a poppet
valve.  Secondly, since the spool valve is forced bal-
anced, it does not have to sustain physical loads such as
those imposed on a poppet valve. Hence, valve seat
pounding and wear are not a problem.

Because of the fewer number of pieces and compact-
ness of valve assembly 189, fewer and smaller holes need
to be bored into inner piston 14, This reduction in ma-
terial removed from the inner piston plus the elimination
of high assembly pre-stresses reduces the working stress
level of inner piston 14, thereby increasing its structural
integrity and potential life.

As is evident in the drawing, only ordinary machining
practices are necessary with this design. There are no
critical tolerances other: than contrel of spool valve clear-
ance. Bore 104 can be reamed and honed to size and
valve 102 centerless ground with only a minor final lap-
ping operation to achieve the necessary clearance.. The
two-piece design of valve 182 and {cllower 106 eliminates
concentricity problems between bore 184 and counterbore
168. Ordinary tolerances are adequate to-control the lo-
cation of inlet passage 122 and cutlet passage 126. - Plug
112 permits-adjustment of spring 11¢ fo obtain the proper
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pressure relief setting. Control of seating torque is not a
problem since plug 112 does not form part of a pressure
gasket sealing arrangement. )

All of the features noted above combine to represent
a significant reduction in Initial manufacturing and as-
sembly costs.

Iclaim:

1. In an internal combustion engine piston having first
and second parts movable relative to -one another in re-
sponse to reciprocation of the piston and a pressure fluid
containing chamber within said piston which varies in in-
ternal volume in response to said relative movement and
to variations in the quantity of pressure fluid therein, the
combination therewith of a supply and discharge valve
assembly for said chamber including a bore in one of said
parts, inlet and outlet passages communicating with said
chamber and said bore at axially spaced points there-
along, a spool valve movable in said bore to open said in-
let and close said outlet passages and vice versa for con-
trolling flow of fluid therethrough to thereby vary the
quantity of fluid in said chamber, means for yieldably
biasing said valve toward closed position to thereby regu-
late the pressure of the fluid in said chamber, speed com-
pensating means including a supply passage communicat-
ing with said bore and with a source of pressure fluid
which varies in pressure with the velocity of said piston
and a movable follower exposed to pressure fiuid in said
supply passage and operably connected to said valve and
biasing means for transiating a velocity-related pressure
variation in said source into a compensating force for:said
valve so that it is operable to provide substantially uni-
form regulation of the fluid pressure in said chamber re-
gardless of the velocity of said piston.

2. The combination set forth in claim 1 including a
counterbore in said one port’ communicating with said
sipply passage and said bore, said follower being disposed
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in said counterbore to form a movable wall thereof and -

bhaving a simple contact connection with said valve, said
counterbore having a stop therein for limiting movement
of said follower so that said valve and follower move
together during opening and closing of said outlet passage
and said valve moves independently of said follower dur-
ing opening and clesing of said inlet passage.

3. The combination set forth in claim 1 wherein said
follower is interposed between said biasing means and said
valve to provide a force transmitting connection therebe-
tween, means limiting said connection to the control of
said outlet passage by said valve, said follower having a
surface exposed to pressure fluid in said supply passage for
developing said compensating force. .

4, The combination set forth in claim 1 wherein sai
follower is disposed between and in abutting contacting re-
lation with said valve and biasing means to thereby. pro-
vide the operative force transmitting connection between
said valve and biasing means, said valve and follower
having their adjacent ends exposed to pressure fiuid in said
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supply passage, said end of said follower having a larger -

effective working surface exposed to the supply passage
pressure fiuid than said end of said valve.

5. The combination set forth in claim- 1 including a
connecting rod operably connected to said piston for con-
verting reciprocating movement thereof into rotary mo-
tion in the engine, said source of pressure fluid compris-
ing an oil passage in said rod extending lengthwise. there-
of for supplying oil from & lubrication system of the en-
gine to said piston, said supply passage communicating
with said rod passage near the piston end thereof.

[
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6. A variable compression ratio composite piston com-
prising outer and inner pistons movable axially relative
tc one another in response to reciprocation of the com-
posite piston, said cuter and inner pistons defining a pres-
sure fluid chamber therebetween which varies in internal
volume in response to said relative movement and to
variations in the quantity of pressure fluid therein, said
composite piston having inlet and outlet fluid flow pas-
sages communicating with said chamber, a valve movable
to open and close said passages for controlling fiow of
fluid therethrough to thereby vary the quantity of fiuid
in said chamber, means for yicldably biasing said vaive
towards closed position relative to said outlet passage to
thereby regulate the pressure of the fluid in - said cham-
ber, said composite’ piston having a compensating pas-
sage communicating with a source of pressure fluid in
said composite piston which varies in pressure with the
velocity of said composite piston and a follower exposed
to. pressure fluid in said compensating passage and hav-
ing an operable connection to said valve during move-
ment thereof in closing and opening said outlet passage
for translating a velocity-related pressure variation in
said source into a compensating force acting on said valve
so that it is cperable to provide substantially uniform
regulation of the fluid pressure in said chamber regard-
less of the velocity of said composite piston, said valve
having a pressure surface exposed to pressure fluid in
said comipensating passage such that opening and closing
movement of said valve relative to said inlet is responsive
{o the pressure variations of said source.

7. A combined supply check valve and pressure regu-
lating discharge valve .comprising a body having an inlet
passage for supplying fluid to a chamber and an outlet
passage for releasing fluid from the chamber, a valve
member movable in said body between a first position
closing said outlet passage and opening said inlet passage,
a second position closing both of said passages and a third
position opening said outlet passage and closing said in-
let passage, said valve member having a working area
“always exposed to fiuid in the chamber via said outlet
pissage for biasing said valve member from said first
towards said third position, a follower movable in said
body in contact with said valve member between said
second and third positions thereof, a regulating spring
biasing said follower against said valve member for yield-
ably urging said valve member from said. third to said
second position thereof to regulate the discharge of
fluid via said outlet passage and. means limiting move-
ment of said follower such that said valve member moves
independently of and out of contact with said follower
between said first and second positions,  said follower
having a working area and said valve member having a
second working area, both’of said last-mentioned areas
always being exposed to fluid entering said inlet passage
to develop forces acting oppositely on and tending to sep-
arate said valve member and follower, said follower area
having a greater effective area than said second area of
said valve member.
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