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Filed Jure 26, 1963, Ser. Neo. 290,705
8 Clatms, (Cl 92—82)

This invention relates to improvements in variable
compression ratio (VCR) pistons of the type disclosed in
U.S. Patents Nos. 2,742,027, dated April 17, 1956, 3,014,-
468, dated Dec. 26, 1961 and 3,038,458, dated June 12,
1962, all issued in the mame of Wilfred P. Mansfield,
More particularly, the present invention relates to im-
provements in the means for controlling flow of an incom-
pressible fluid, such as oil, to and from a chamber in a
VCR piston to thereby control movement of one part of
the piston relative to another.

The present invention is particularly directed to the
problem of providing a controlled discharge of oil at a
restricted rate from the lower chamber of & two-part
VCR piston, such as that disclosed in the aforesaid Mans-
field 2,742,027 patent. In one form of the Mansfield
VCR piston, an inner piston is connected in the usual
manner {0 a connecting rod and carries an outer piston
which is adapted to move axially to a limited extent rela-
tive to the inner piston. Clearance spaces are provided
between the top and bottom ends of the inner and outer
pistons which form upper and lower variable volums
chambers adapted to contain an incompressible fluid such
as oil. By controlling the fiow of oil to and from these
chambers, the movement of the outer piston relative to
the inner piston in response to piston reciprocation and
combustion chamber pressure is controlled for varying
the clearance volume of the cylinder in which the piston
reciprocates, as set forth in more detail in the aforesaid
Mansfield patents.

However, the known methods of controlling discharge
of cil from the lower chamber, such as a fized or an ad-
justable restricted orifice which discharges oil directly to
crankcase atmosphere, have been found to suffer from a
common problem, namely that of crankcase gas bubbles
being sucked through the discharge passage into the lower
chamber when the volume thereof is increased. This
condition is undesirable since accuracy of control and even
operation of the VCR piston itself depends upon maintain-
ing the wpper and lower chambers filied with an incom-
pressible as opposed to a compressible fluid. Once gas
finds its way into the chamber, an uncontroliable spongy
action results instead of a positive, hydraulically con-
trolled movement of the outer piston relative to the inner
piston.

It is an object of the present invention to provide an
improved VCR piston in which discharge of.oil or other
compressible fluid from a variable volume chamber there-
in is controlled by a flow restriction in a manner which
overcomes the aforementioned problem of air entrain-
ment in the chamber.

Another cbject is to provide an improved VCR piston
of the above character having a cooling chamber through
which the incompressible control fiuid is circulated to in-
ternally cool the piston and which is connected in a sim-
plified manner with the variable volume chamber for
preventing back bleed of compressible fiuid thereto and
for augmenting the supply of fiuid 4o said cooling
chamber,

A further object is to provide an improved valve assem-
bly for use in a VCR piston which is adapted to control
both supply of incompressible fuid to and the discharge
of such fivid from a variable volumne control chamber of
the piston.
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A more particular cbject is to provide in a VCR piston
of the upper and lower chamber type an improved control
fluid circuit for the lower chamber which provides for
internal cooling of the pision, prevents back bleed of com-
pressible fluid into the lower chamber and simplified con-
struction of the piston.

Gther 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 constriicted in accordance with the
present invention.

FiG. 2 is a fragmentary sectional view taken on the
line 2—2 of FIG. 1 with upper and lower chamber sup-
ply valves shown in elevation.

FIG. 3 is an enlarged and elevational view of an im-
proved valve assembly of the invention,

FIG. 4 is a vertical section taken on the line 4—4 of
FIG. 3.

Referring to FIG. 1, there is shown by way of example
a preferred embodiment of a VOR piston 1 adapted for
reciprocation in the bore of a cylinder of a four-stroke
cycle internal combustion engine.  Piston 10 comprises an
oufer piston 12 which is carried en an inner piston 4.
Outer piston 12 has a crown 16 which serves as the head
of piston 19 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 29, 22 and
24 which kave a fluid sealing engagement with the outer
piston. Inmer piston 14 is attached in a conventional
manner by a wrist pin 2§ to the upper end 28 of a con-
necting rod 38. An upper variable volume chamber 32
for centaining control 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 48 of a retaining ring 42 which
is threadably secured in the skirt 44 of cuier piston 12 and
the shoulders 46 and 48 of inner and outer pistons 14 and
22 respectively. A sealing ring 59 is carried in a groove
of ring 42 and has a fluid sealing, sliding engagement with
a reduced diameter portion §1 of inner piston 14.

Due to the clearance sraces provided by chambers 32
and 28, outer piston I2 can move downwardly (as viewed
in FIG. 1) relative to inner piston 14 until crown surface
35 abuts upper surface 34 of the inner piston, and the
-outer piston can move upwardly relative to the inner pis-
ton until ring 42 abuts shoulder 45 of the inner piston.
This movement of the cuter piston is controlled by auto-
matically regulating the flow of an incompressible con-
trol fivid into and out of chambers 32 and 38. The con-
trol fluid preferably comprises oil supplied to piston 18
from the uvsual pressurized lubricating oil supply of the
ecngine via an oil passage 52 in rod 3§, Passage 52 com-
municates 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 anni-
lar groove $4 encircling wrist pin 26 and leading to an
outlet 56. Oil under engine lubricating pressure flows
upwardly via passages 52, 54 and 56 into a cavity 58 of a
cap 69 which is urged downwardly by a spring 62 into
sliding sealed engagement with the upper end 28 of rod
38. 'The oil then passes through an axial hole 64 in cap
60 into a spring chamber 66 from which the flow of oil
branches into three separate flow paths leading respec-
tively to the upper chamber 32, the lower chamber 38 and
an annular cooling chamber 68.

Cooling chamber 68 is defined by an anmular external
greove 70 formed in inner piston 14 and by an inner
well 72 of outer piston 12, groove 70 being located ad-
jacent the external ring grooves 74 of the outer piston.
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Referring to FIG. 2, oil is fed from chamber 66 to cooling
chamber 68 by = radial passage 7§ in which is threadably
secured a metering plug 78 having a calibrated through-
passage 8¢. Oil is discharged downwardly from cham-
ber 68 via the anmular clearance space 81 (FiG. 1) be-
tween inner piston 14 and wall 72 to a larger annular
chamber 82 defined by an internal groove 84 in outer
piston 12 and by the adjacent extericr of the nner piston.
Downwardly inclined passages &6 in inner piston 14 drain
oil from chamber &2 to the crankcase sump of the engine.

Oil is fed from chamber 66 to upper chamber 32 by a
second radial passage 88 (FIG. 2) which communicates
via a one-way check valve 92 and a passage 94 with
chamber 32 (FIG. 1). Cil is discharged from chamber
32 through a passage 9% under the control of a pres-
sure regulating discharge valve 88 which opens to release
il to a drainage passage 1868 when oil pressure in cham-
ber 32 exceeds a predetermined value.

Oil is fed from chamber 66 to the lower chamber 32
via a third radial passagze 182 (FIGS. 1 and 2) which
leads to a combination inlst and discharge valve assembly
164 of the present invention. Valve 164 controls the
supply of oil to and from a combination supply and dis-
charge passage 186 running dewnwardly in inner piston
14 from the vaive 184 to chamber 38.

As best seen in FIGS. 3 and 4, valve £¢4 comprises a
cylindrical casing 166 having threads 130 for screwing the
valve assembly into a threaded bore 112 which extends
from cocling groove 78 radially into inner piston i and
intersects passages 102 and 106. A reduced diameter
nose 114 of casing 168 projects into a counterbore 115,
and a sealing gasket 118 (FIG. 2) is clamped between a
shoulder 126 (FIG. 4) of casing 168 and a shoulder 122
at the inner end of bore 112. Internally, casing 168 has
an axial inlet passage 124 with a chamfered valve seat
124 at the inner end thereof, a larger diameter bore 128
in which a bullet-shaped valve member 139 is slidably
received for axial movement therein, and a still larger
diameter bore 131 in which an end-plug 132 is thredably
secured. The nose of valve member 130 seats in fiuid
tight engagement against seat 125 to thereby close com-
munication between inlet 124 and an internal annular
groove 134 formed in bore 128 adjacent seat 125, A
light compression coil spring 135 at one end abuis plug
132 and at the other abuts the blind end of a bore 138
in valve member 139 to bias it towards seat 126, Two or
more radial ports 140 in valve member 130 provide com-
munication between bore 138 and groove 134. Casing
168 likewise has two or more radial ports 142 connecting
groove 134 with an annular groove 144 (FIG. 1) formed
in inner piston 34 and communicating with passage 106.

1t is to be noted that in accordance with the present
invention, plug 132 is provided with a restricted orifice
15¢ (FIGS. 3 and 4) which opens into an Allen wrench
socket 152 in the plug. Orifice 138 restricts the flow of
oil from the valve chamber formed by bores 28 and 138
to the reservoir of oil present in cocling chamber 68.
Ports 148 and groove 134 are located and dimensioned
relative to one another to that communication always
exists between the valve chamber and lower chamber 38
via passage 106 whether or not valve member 129 is closed
or open.

Operation

Assume that combustion chamber pressure is below a
predetermined maximum value which VCR piston 19 is
designed to maintain, and that upper and lower 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 exhaust stroke and then accelerates in the op-
posite direction on the intake stroke, the momentum of

uter piston 12 tends to force it upwardly relative to inner
piston 14, thereby raising the oil pressure in lower cham-
ber 38 above that existing in spring chamber 66 and
passage 102. The maximum lower chamber pressure at
this time may range somewhere between 500 and 1000
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p.si., as compared to a pressure of 290-250 Ibs. ps.i.
in supply chamber 66, deperding upon engine speed.

The oil pressure in lower chamber 38 is transmitted via
the column of cil in passage 185 to the body of oil con-
tained in the valve chamber. Thus, as ring 42 is forced
upwardly by outer piston momenium, oil pressure behind
valve member 138 builds up until it, plus the pressure of
spring 136, overbalances the oppositely acting force ex-
erted by the pressure oil in the supply chamber 66 on the
area of valve member 130 exposed in inict 124, forcing
the valve member against seat 126 to thereby close com-
munication between chambers 28 and 65. Thercafter, as
lower chamber pressure peaks, a predetermined amount
of oil is forced out of chamber 32 via passage 108, ports
142 and 149 to the interior of valve member 139, and
then through restricted orifice 159 to cooling chamber €8
frem which it leaks as previously described.

The controlied leakage of a predetermined amount of
oil from lower chamber 28 permiis outer piston 12 fo
move a very small 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 pas-
sage 99 (FIG. 2) excesds that in chamber 32, valve 92
cpens to admit oil from supply chamber 66 to chamber
32. This oil is trapped in chamber 22 when valve 92
closes due to reversal of the pressure differential between
chambers 32 and 66 upon reversal of momentum forces

piston 18 approaches and passes through the bettom

dead center positicn at the end of the intake siroke and
ai the beginning of the compression stroke.

The irapped oil prevents outer piston 12 from moving
back downwardly relative to the inner piston until such
time as the oil pressure in chamber 32 exceeds the pre-
determined pressure at which regulating valve $8 is set
to open against the pressure of its spring. Hence up-
ward movement of the outer piston 12 relative to inner
piston 24 may occur for several cycles, terminating when
the cylinder clearance volume has been reduced to the
point where combustion chamber pressure reaches fhe
predetermined maximum value which produces the valve-
opening pressurz in chamber 32. Thereafter a state of
relative equilibrium exists wherein the outer piston moves
upon and down very slightly relative to the inner piston in
each cycle, its mean relative position being that produc-
ing the maximum combustion chamber pressure as pre-
ictermined by the setting of valve 98.

if the combustion chamber pressure is suddenly in-
creased, as by opening the engine throtile or increasing
the load on the engine, valve 98 is designed to rapidly dis-
charge oil from upper chamber 32 so that outer piston
12 can move downwardly relaiive to inner pisten 14,
thereby increasing the cylinder clearance volume and thus
reducing combustion chamber pressure to the desired
maximum value. Valve 98 is designed to permit outer
piston 12 to move downwardly more rapidiy than re-
stricted orifice 159 permits it tc 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
criginal position relative to the inner piston.

The downward movement of outer piston 12 rclative
to inner piston 14 increases the volume of lower cham-
ber 38, causing the oil pressure therein to drop te some
value between 156 p.si. and zero p.si., or even to a
negative pressure. As lower chamber pressure drops, the
oil pressure behind vaive member 138 is relieved via
ports 148 and £42, permitting it to open against the light
pressure (e.g., about 2 ounces) of spring 136 as soon
as the pressure in passage 166 falls sufficiently below
that in passage 162. Oil from chamber 66 then flows
via passage 1€2 and inlet 24, past the space between
valve member 130 and valve seat #26, through groove
134, ports 342 and passage 166 to {hereby supply lower
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chamber 38 with the required volume of oil to satisfy
the pressure conditions.

It is to be noted that as the foregoing pressure re-
versal begins to occur, tending to create a partial vacuum
in lower chamber 38, that chamber 38 is isolated from
crankcase gases by the column of oil present in passage
186. This is in contrast to the prior arrangement where-
in a regulating orifice in ring 42 was directly exposed to

rankease gases. In the prior arrangement, rapid down-

ward movement of outer piston 12 would increase the
volume of chamber 38 and suck in gases from the crank-
case before a flow of oil from chamber 66 could be
established. The present invention precludes this hap-
pening.

Supplemental to the isolating effect of the column of
oil in passage 106, a small amount of oil may bleed
back from cooling chamber 68 to chamber 38 via re-
stricted orifice 150, valve member 138, ports 149 and
passage 106 since this bleed path is always open.  How-
ever, this does not cause bleed of compressible gases
back into chamber 38 since orifice 15¢ is isolated from
the crankcase gas by the relatively large quantity of con-
stantly circulating oil in cooling chamber 68. The cooi-
ing oil leaks in sufficient guantity downwardly from
chamber 68 through clearance space 81 to provide an
cil seal against such gases entering the cooling chamber.

It will be apparent from the foregoing description that
the present invention provides an improved oil supply
and discharge circuit for controlling the quantity of oil
in lower chamber 38 which overcomes the aforemen-
tioned problem of air entrainment in Iower chamber 38
while retaining the advantages of a restricted orifice flow
control, such as low manufacturing and maintenance cost
and freedom from wear problems. Also, the need for
a separate discharge passage from lower chamber 38 is
eliminated since passage 166 serves as a common inlet
and outlet passage for the lower chamber. In addition,
the oil discharge from lower chamber 38 via restricted
orifice 150 is utilized to advantage in supplementing the
oil supply to cooling chamber 68. Another advantage
is that a substantial duplicate of valve assembly 184
may be used as the supply valve 92 for upper chamber
32, the only difference being that restricted orifice 150
is omitied from valve 22, thereby simplifying construction
of piston 19,

It is to be understood that the diameter of resiricted
orifice 150 (about .025 inch for the particular piston
19 illustrated herein) may be varied in accordance with
known design practice to 'suit the particular pressure
conditions encountered as well as the requirements of
the particular size piston employed to thereby provide
the desired regulation of upward movement of outer piston
12 relative to inner piston 14,

We claim:

1. In a variable compression ratio piston for an in-
ternal combustion engine comprising first and second
parts movable relative to one another in response to
reciprocation of the piston, said parts defining first and
second fluid chambers within said piston which vary in
internal volume oppositely to one another in response
to said relative movement and to variations in the quantity
of fluid therein, a supply passage adapted to receive an
incompressible fluid under pressure from a source ex-
fernal to the piston, first and second inlet passages com-
muxnicating between said supply passage and said first and
second chambers respectively, non-return valve means
permitting one-way flow of fluid through said first and
second passages towards said first and second chambers
respectively, a first discharge passage leading from said
first chamber to the exterior of said piston, a pressure
regulating discharge valve controlling flow of fluid from
said first chamber through said first discharge passage
and means for regulating discharge of fluid at a restricted
rate from said second chamber including a third cham-
ber in said piston normally flooded with said pressure
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fluid from said supply passage and a flow connection
adapted for draining fluid from said third chamber to
the exterior of the piston.

2. The combination set forth in claim 1 wherein said
third chamber comprises an annulus in said piston sup-
plied with fluid from said supply passage for cooling said
piston.

3. The combination set forth in claim 1 wherein said
second inlet and discharge passages have a common
portion between said second chamber and said non-return
valve means therefor, said second chamber non-return
valve means being adapted to permit one-way flow from
said supply passage to said common portion of said pas-
sages and to permit flow at a restricted rate from said
common portion to said third chamber.

4. The combination set forth in claim 3 wherein said
second chamber non-return valve means comprises a valve
casing having relatively unrestricted passage therein
adapted to comnect said second inlet passage with said
common portion of said second passages, said casing
having a valve seat in said casing passage and a bore
aligned with said valve seat, a valve member movable
in said bore and co-operable with said seat to open and
close communication between said second inlet passage
and said common portion of said second passages, a
plug in said bore remote from said seat, a spring in said
bore between said valve member and plug for biasing
said valve member towards said seat, said plug having
a restricted orifice for connecting said casing bore with
said third chamber, and means connecting said casing
bore on the plug side of said valve member with said
common portion of said second passages.

5. In a variable compression ratio piston adapted for
operation in an internal combustion engine comprising
first and second parts movable relative to ome another
in response to reciprocation of the piston and defining
first and second liquid chambers therebetween which vary
in internal volume as a result of said relative movement
and in an opposite sense relative to one another, means
for unidirectionally supplying liquid to said first chamber,
means including a pressure regulating valve for control-
ling discharge of the liquid from said first chamber for
regulating said relative movement in one direction, means
for unidirectionally supplying liquid to said second cham-
ber, and means including a restricted orifice for con-
trolling discharge of the liquid from said second cham-
ber for regulating relative movement in a direction op-
posite to said one direction; the combination therewith of
means in said piston including a third chamber having
an inlet communicating with sad orifice and an outlet
communicating with the exterior of said piston, said third
chamber being continuously flooded with liquid between
said inlet and outlet thereof to thereby isolate said second
chamber from gaseous fluid to which the piston is ex-
posed in the engine.

6. In a variable compression ratio piston having an
internal chamber formed therein which varies in volume
as a result of pressure regulating movement of said piston,
a hydraulic control circuit comprising a source of liquid
under pressure, means in said piston defining a supply
passage communicating with said scurce and said cham-
ber, a check valve in said passage operable to permit
unidirectional flow from said source to said chamber, and
means for conducting liquid from said chamber to the
exterior of said piston including a restricted orifice com-
municating with said chamber and a second chamber in
said piston having an inlet communicating with said
orifice and having an outlet communicating with the
exterior of said piston, and means in said piston for sup-
plying liquid to said second chamber to maintain it con-
tinuously filled with liquid to thereby provide a liguid
barrier between said first chamber and the exterior of
the piston.

7. The hydraulic circuit set forth in claim 6 wherein
said last mentioned means comprises a passage in said
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piston leading from said source to said second chamber
and having a flow capacity greater than said restricted
orifice, said second chamber being arranged such that
the flow of liquid thereinto from said inlet and branch
passage circulates in cooling relation therethrough to said
outilet for cooling the piston.

8. The hydraulic circuit set forth in claim 6 wherein
said valve and restricted orifice are disposed adjacent one
another remote from said first chamber, said piston hav-

8
ing a combination inlet and outlet passage for said first
chamber communicating at one end with said first cham-
ber and at the other end with said valve and orifice, said
inlet and outlet passage being normally filled with liquid
to thereby provide a supplemental liquid barrier between
said first chamber and the exterior of said piston.

No references cited.



