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FUEL/OIL PUMP

2178800

The invention relates to ¢il pumps, and

more particularly to combined fuel and oil pumps used
in connection with two-cycle internal combustion

engines.

Attention is directed to the following

U.5. patents:

Inventor
Vaugnan

Lehmann

Bloch

Zeiher, et al.
Grupp

Zimmerman

Reid

Carignan
Edwards

Caswell

Bruno

Hoover

Thorbard, et al.
Denison, et al.
Anderson

Holt, et al
Lawson

Tice

Stadler

Patent No.

1,038,803
1,309,362
1,573,371
1,582,154
2,529,688
2,747,042
2,772,409
2,826,754
3,050,003
3,057,977
3,416,560
3,551,620
3,846,774
4,101,874
4,313,111
4,369,743
4,146,885
4,166,936
4,181,835

Granted
Sept. 17, 1912
July 8, 1919
Feb. 16, 1926
April 27, 1926
Nov. 14, 1950
May 22, 1956
Nov. 27, 1956
March 11, 1958
Aug. 21, 1962
Oct. 9, 1962
Dec. 17, 1968
Dec. 29, 1970
Nov. 5, 1974
July 18, 1978
Jan. 26, 1982
Jan. 25, 1983
Mar. 27, 1979
Sept. 4, 1979
Jan. 1, 1980 -~

Attention is alsc directed to the
following U.S. patent applications which disclose
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fuel and oil pumps: Walsworth S.N. 410,497, filed August
23, 1982, and titled "Combined Fluid Pressure Actuated
Fuel and 0il Pump;" and Baars S.N. 700,550, filed February
11, 1985, and titled "Marine Installation Including
Fuel/0il Mixing Device."

The invention provides a pump comprising a
housing, an oil pumping chamber in said housing, an oil
outlet passageway in said housing communicating with said
0il pumping chamber, an oil pumping piston reciprocally
movable in said oil pumping chamber to produce oil flow
intoe said oil outlet passageway in response to
reciprocation of said oil pumping piston, a switch mounted
on said housing and adapted to be operably connected to a
device for actuation thereof, a second piston reciprqcally
movable in said housing relative to said oil outlet
passageway between spaced first and second positions,
means biasing said second piston to said second position,
and means for closing said switch in response to movement
of said second piston to said first position, said means
for closing said switch including a rocker arm having
opposite first and second ends and being pivotally mounted
in said housing for movement about a pivoet peoint
intermediate said opposite ends, said first end being
engageable with said second piston for movement in one
direction in response to movement of said second piston to
said first position, and said second end being engageable
with said switch for closing said switch in response to

movement of said first end in said one direction.
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In one embodiment, the second piston moves to
the first position in response to an o0il pulse in the oil
outlet passageway, movement of the second piston to the
first position opens the o0il outlet passageway, and
movement of the second piston to the second position
closes the oil outlet passageway.

In one embodiment, the switch includes an
outwardly biased plunger movable inwardly to close the
switch, the second end of the rocker arm 1is engageable
with the plunger for moving the plunéer inwardly in
response to movement of the first end in the one
direction, and the means for biasing the second piston
includes the plunger and the rocker arm.

In one embodiment, the pump further comprises
resilient means for pivotally mounting the rocker arm in
the housing and for providing a seal between the rocker
arm and the housing.

In one embodiment, the rocker arm includes means
defining an annular groove extending around the rocker arm
at the pivot point, and the resilient means includes an
annular seal mounted in the housing and engagind‘thé
annular groove such that the rocker pivots about the seal.

In one embodiment, the second piston has a
longitudinal axis extending in the direction of movement
of the second piston, and the plunger has a longitudinal
axis parallel to the longitudinal axis of the second
piston and extending in the direction of movement of the

plunger.
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In one embodiment, the pump further comprises a
fuel pumping chamber in the housing, and a fuel pumping

piston reciprocally movable in the
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fuel pumping chamber to produce fuel flow in response
to reciprocation of the fuel pumping piston in the
fuel pumping chamber, and the oil outlet passageway
communicates between the o0il pumping chamber and the
fuel pumping chamber.

In one embodiment, the pump further
comprises a pressure actuated motor including a motor
housing, a movable wall located in the motor housing
and dividing the motor housing into high and low
pressure champers which inversely vary in volume
relative to each other, means communicating with the
chambers for causing reciprocation of the movable
wall in response to cyclical pressure variations,
means connecting the fuel pumping piston to the
movable wall for common movement therewith, and means
connecting the oil pumping piston to the movable wall
for reciprocation in response to reciprocation of the
movable wall.

In one embodiment, the means for
causing reciprocation of the movable wall includes
means for creating between the high and low pressure
chambers a pressure differential having an amplitude,
and the means connecting the oil pumping piston to
the movable wall affords absence of reciprocation of
the oil pumping piston when the pressure differential
is below a given amplitude and affords increasing oil
pumping piston reciprocation with increasing
amplitude of the pressure differential above the
given amplitude.

In one empodiment, the means for
causing reciprocation of the oil pumping piston is
operable to provide common movement of the oil
pumping piston with the movable wall during one
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portion of the reciprocation of the movable wall and
is operable to provide lost motion between the
movable wall and the oil pumping piston during
another portion of the reciprocation of the movable
wall.

The invention also provides an internal
combustion engine comprising a crankcase subject to
cyclical conditions of relatively high and low
pressures, a pressure actuated motor including a
motor housing, a movable wall located in the motor
housing and dividing the motor housing into high and
low pressure chambers which inversely vary in volume
relative to each other, means for causing
reciprocation of the movable wall and including means
connecting the crankcase to the high and low pressure
chambers s0 as to create therebetween a pressure
differential, a fuel/oil pump including a pump
housing, a fuel pumping chamber in the pump housing,
a fuel pumping piston reciprocally movable in the
fuel pumping chamber to produce fuel flow in response
to reciprocation of the fuel pumping piston in the
fuel pumping chamber, means connecting the fuel
pumping piston to the movable wall for common
movement therewith, an 0il pumping chamber in the
pump housing, an o0il outlet passageway in the pump
housing communicating with the o0il pumping chamber,
an oil pumping piston reciprocally movable in the oil
pumping chamber to produce o0il flow into the oil
passageway in response to reciprocation of the oil -
pumping piston, means connecting the oil pumping
piston to the movable wall for causing reciprocation
of the oil pumping piston in response to
reciprocation of the movable wall, a switch mounted
on the pump housing and adapted to be operably

\ e, v e T = M . 8 N .
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connected to a device for actuation thereof, a second
piston reciprocally movable in the housing relative to the
0oil outlet passageway between spaced first and second
positions, means for closing the switch in response to
movement of the second piston to the first position, and
means biasing the second piston to the second position.

The invention also provides an oil pressure
sensitive switch assembly comprising a housing, a switch
mounted on the housing "and adapted to be operably
connected to a device for actuation thereof, a rocker arm
having opposite first and second ends and being pivotally
mounted in the housing for movement about a pivot point
intermediate the opposite ends, the second end being
engageable with the switch for closing the switch solely
in response to movement of the first end in one direction,
and means for moving the first end of the rocker arm in
the one direction by a force produced by an oil pressure
pulse.

The invention also provides an internal
combustion engine comprising a fuel/oil pump including a
housing, a fuel pumping chamber in said housing, a fﬂelr
pumping piston reciprocally movable in said fuel pumping
chamber to produce fuel flow in response to reciprocation
of said fuel pumping piston in said fuel pumping chamber,
an oil pumping chamber in said housing, an o0il outlet

passageway in said housing communicating with said oil




-2 .

pumping chamber, an o0il pumping piston reciprocally
movable in said oil pumping chamber to produce oil flow

into said oil outlet passageway in response to
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reciprocation of said oil pumping piston, a switch mounted
on said pump housing and adapted to be operably connected
to a device for actuation thereof, a second piston
reciprocally movable in said housing relative to said oil
outlet passageway between spaced first and second
positions, means biasing said second piston to said second
position, and means for closing said switch in response to
movement of said second piston to said first position,
said means for closing said switch including a rocker arm
having opposite first and second ends and being pivotally
mounted in said housing for movement about a pivot point
intermediate said opposite ends, said first end being
engageable with said second piston for movement in one
direction in response to movement of said second piston to
said first position, and said second end being engageable
with said switch for «c¢losing said switch in response to
movement of said first end in said one direction.

In order that the invention may be more fully
understood, a preferred embodiment of the invention will
now be described, by way of example, with reference to the
accompanying drawing, in which: b

Figure 1 is a schematic view of an internal
combustion engine embodying the invention, being a
vertical sectional view of a fuel/oil pump embodying the
invention;

Figure 2 is a sectional view taken along line 2-
2 in Figure 1;

Figure 3 1is a partial sectional view of the
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fuel/cil pump of Figure 1.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Shown in the drawings is an internal combustion
engine 10 comprising a crankcase 12 (shown schematically),
and a combined fuel/ocil pump 14 and fluid pressure motor
16, the motor 16 being actuated by a source of alternating
relatively high and low pressures. In the preferred
embodiment, the source of alternating pressures is the
crankcase 12,

More particularly, the combined motor and pump
comprises a housing 18 which includes an upper housing
portion 19, an upper middle housing portion 21, a lower
middle housing portion 23, and a lower housing portion 25.
The upper housing portion 19 includes a peripheral wall 27
and a top wall 22, the upper middle housing portion 21
includes a peripheral wall 20 and an intermediate wall or
partition 24, and the lower middle housing portion 23

includes a peripheral wall 29, a bottom wall 26, and
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an inward extension 28. Any suitable means such as
screws 1l can be used to retain the housing portions,
19, 21, 23 and 25 in assembled relation.

The intermediate wall 24 includes a
central bore 30 and divides the housing 18 into an
upper compartment 32 and a lower compartment or fuel
pumping chamber 34. The walls 20, 22, 24, and 27
form a motor housing 36 defining the upper
compartment 32, and the walls 20, 24, 26, and 29 form
a pump housing 38 defining the lower compartment 34.

The pump 14 includes the pump housing
38, and a movable wall or member 40 which is located
in the lower compartment 34 and which divides the
lower compartment 34 into a variable volume upper
chamber 42 located petween the intermediate wall 24
and the movable wall or member 40 and a lower chamber
44 located between the bottom wall 26 and the member
40. The movable wall or member 40 includes a fuel
pumping piston 46 which, at its periphery, has
attached thereto a flexible membrane or diaphragm 48
which, in turn, is secured between the peripheral
walls 29 and 20 of the housing 18,

The fuel pumping piston 46 is provided
with one or more apertures 50, and a one-way check
valve member 52 affording flow from the lower chamber
44 to the upper chamber 42 and preventing flow from
the upper chamber 42 to the lower chamber 44.

The pump 14 also includes a valved fuel
inlet 54 which is adapted to communicate with a
suitable source of fuel {not shown) and which -
communicates with the lower chamber 44. The inlet 54
is located in the lower middle housing portion 23 and
includes one-way check valve means 56 affording
inflow of fuel in response to an increase in the
volume of the lower chamber 44 and which prevents
outflow of fuel from the lower chamber 44.
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The pump 14 also includes, in the upper
middle housing portion 21, a outlet 58 which
communicates with the upper chamber 42 and which is
adapted to communjcate with a device, such as a
carburetor, for feeding a fuel/oil mixture to the
crankcase 12.

The pump 14 also includes a cylindrical
space 60 which extends within the lower chamber 44 in
the extension 28 and which is in generally aligned
relation to the central bore 30 in the intermediate
wall 24. Located in the cylindrical space 60 is an
0il pumping plunger or element 62 which preferaply
extends integrally from the fuel pumping piston 4§,
and which is reciprocal in the cylindrical space 60.
The pump l4 also includes an oil pumping piston 66
whicn partially defines a variable volume oil pumping
chamber 68. The oil pumping chamber 68 is further
defined by the lower housing portion 25. Seal means
64 is provided between the cil pumping piston 66 and
the wall of the cylindrical space 60. The oil
pumping piston 66 is engaged by the oil pumping
plunger 62 in a manner described hereinafter.

The pump 14 also includes a valved
inlet 70 which is adapted to communicate with a
source of oil (not shown) and which communicates with
the oil pumping chamber 68. The inlet 70 is located
in the lower housing portion 25 and includes one-way
check valve means 72 whicn affords oil flow into the
oil pumping chamber 68 in response to an increase in-
the volume of the oil pumping chamber 68 and which
prevents outflow of oil.

The pump 14 also includes an oil outlet
passageway 74 communicating with the oil pumping
chamber 68. In the preferred embodiment, the oil
outlet passageway 74 is located in the lower middle
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housing portion 23 and communicates between the oil
pumping champer 68 and the lower chamber 44 of the
fuel pumping chamber 34. However, it should be
understood that in alternative embodiments the oil
outlet passageway 74 need not communicate with the
lower chamber 44. See, for example, the arrangements
shown in U.S. Walsworth Patent Application S.N.
410,497, filed August 23, 1982, and titled "Combined
Fluid Pressure Actuated Fuel and 0il Pump,” which is
incorporated herein by reference. The pump 14 also
includes one-way check valve means 76 which affords
0il flow out of the 0il pumping chamber 68 through
the oil outlet passageway 74 in response to a
decrease in volume of the oil pumping chamber 68 and
which prevents oil flow into the oil pumping chamber
68 through the oil outlet passageway 74.

The pump 14 further includes a switch
78 mounted on the housing 18 and operably connected
to a device 80 (shown schematically) for actuation
thereof. In the preferred embodiment, the switch 78
is mounted on the lower housing portion 25 and is
protected by a cover 81 attached to the lower housing
portion 25, Preferably, the device 80 is a warning
horn. 1In an alternative embodiment, the device 80
can be a warning light or other suitable alarm
indicator. A circuit 82 connecting tne switch 78 to
the device 80 is shown schematically in Fig. 1.
Preferably, the circuit 82 monitors oil pulses or
pressure spikes in the oil outlet passageway 74 by
monitoring the closing of the switch 78 and actuates
the device 80 when the rate of oil flow is too low.
For an example of such a circuit, see U.S5. Holt
Patent No. 4,369,743, which is incorporated herein by
reference.




m

In the preferred embodiment, the pump
14 further includes a second or switch piston 86
reciprocally movable in the lower middle housing
portion 23 of the housing 18 along a generally
horizontal longitudinal axis 83. 1In the illustrated
construction, the switch piston 86 is movable within
a cylindrical bore 91 in the lower middle housing
portion 23. The fit between the switch piston 86 and
the cylindrical pore 931 is loose enough so that a
small amount of oil can flow around the switch piston
86, but tight enough so that the switch piston 86 is
sensitive to oil pulses in the oil outlet passageway
74. The left end (as viewed in Fig. 1) of the
cylindrical bore 91 is sealed by a plug 93 and
communicates with the lower chamber 44 of the fuel
pumping chamber 34 through an opening 95. Thus, the
left end of the cylindrical bore 91 is filled with a
fuel/oil mixture.

The switch piston 86 is movable
relative to the o0il outlet passageway 74 between
spaced first and second or left and right positions
(as viewed in Fig. l1). The switch piston 86 is shown
in the right position in Fig. 1, and in the left
position in Fig. 3. In the preferred embodiment,
movement of the switch piston 86 to the first or left
position (Fig. 3) opens the oil outlet passageway 74,
and movement of the switch piston 86 to the second or
right position (Fig. 1) closes the o0il outlet
passageway 74. As best shown in Fig. 1, the oil
outlet passageway 74 turns at a 90° angle (from
horizontal to vertical) at the point at which the
switch piston 86 is movable into the oil outlet
passageway 74, The face or right end of the switch
piston 86 faces the downstream horizontal portion of

o P! hurv
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the oil outlet passageway 74. The upstream or
vertical portion of the oil outlet passageway 74 is
blocked by the switch piston 86 when the switch
piston 86 is in the right position and is opened to
the downstream portion of the o0il outlet passageway
74 when the switch piston 86 is in the left
position. Thus, the switch piston 86 acts as a check
valve, opening the oil outlet passageway 74 only in
response to an oil pulse or pressure spike in tne
downstream horizontal portion of the oil outlet
passageway 74.

The pump 14 further includes means for
closing the switch 78 in response to movement of the
switch piston 86 to the first or left position, and
means biasing the switch piston 86 to the second or
right position. Preferably, the switch 78 includes
an outwardly biased plunger 84 movaple inwardly to
close the switch 78, the plunger 84 having a
generally horizontal longitudinal axis 85 parallel to
the longitudinal axis 83 of the switcn piston 86 and
extending in the direction of movement of tne plunger
84, The means for closing the switch 78 in response
to movement of the switch piston B6 preferably
includes a rocker arm 88 having opposite first and
second or upper and lower ends and being pivotally
mounted in the housing 18 for movement about a pivot
point 87 intermediate the opposite ends. The upper
end of the rocker arm 88 extends into the cylindrical
bore 91 and is engageable with the switch piston 86
for movement in one direction (to the left in Fig.l)
in response to movement of the switch piston 86 to
the left position {Fig. 3}, and the lower end of the
rocker arm 88 is engageable with the plunger 84 of
the switch 78 for moving the plunger 84 inwardly in
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response to movement of the upper end of the rocker
arm 88 to the left. In the preferred embodiment, the
means for biasing the switch piston 86 to the right
includes the outwardly biased plunger 84 and the
rocker arm 88,

In the preferred embodiment, the pump
14 further includes resilient means for pivotally
mounting the rocker arm 88 in the housing 18 and for
providing a seal between the rocker arm 88 and the
housing. While various suitable resilient means can
be employed, in the illustrated construction, the
rocker arm 88 includes means defining an annular
groove extending around the rocker arm 88 at the
pivot point 87, and the resilient means includes an
annular seal 89 mounted in the housing 18 and
engaging the ananular groove such that the rocker arm
88 pivots about the seal 89. In the preferred
embodiment, the seal 89 is mounted or captured
between the lower housing portion 25 and the lower
middle housing portion 23, and the seal 89 prevents
the fuel/oil mixture in the left end of the
cylindrical bore 91 from leaking out of the lower
middle housing portion 23 into the switch cover 8l.
The seal 89 also biases the rocker arm 88 toward the
vertical position (as viewed in Fig. 1) so as to bias
the switch piston 86 to the right.

Thus, in operation, oil flows out of
the oil pumping chamber 68 and into the oil outlet
passageway 74 past the one-way check valve 76 in
response to a decrease in volume of the oil pumping =
chamber 68 due to downward movement of the oil
pumping piston 66. Actually, this oil flow is in the
form of pulses having a frequency egqual to the
fregquency of reciprocation of the oil pumping piston
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66. This oil flow in the 0il cutlet passageway 74
(actually each pulse) causes the switch piston 86 to
move to the left as oil flows out of the oil outlet
passageway 74 into the lower chamber 44. Movement of
the switch piston 86 to the left causes the rocker
arm 88 to pivot counterclockwise as viewed in Fig. 1,
thereby closing the switch 78.

The pressure actuated motor 16 is
connected to the oil pumping plunger 62 and to the
fuel pumping piston 46 so as to effect common
reciprocation thereof through a given stroke or
distance. As mentioned above, the pressure actuated
motor 16 is responsive to a source of alternating
relatively high and low pressures for effecting
reciprocation of the fuel pumping'piston 46 and the
oil pumping plunger or element 62. The pressure
actuated motor 16 includes a movable wall 90 which
divides the upper compartment 32 into an upper,
relatively low pressure variable volume chamber 92

.and a lower, relatively high pressure variable volume

chamber 94. The movable wall 90 includes a central
or motor piston 96 which, at its outer periphery, is
connected to a flexible membrane or diaphragm 98
which, at its outer periphery, is secured between the
upper housing portion 19 and the upper middle housing
portion 21 so as to divide the upper compartment 32
into the before-mentioned relatively low and high
pressure chambers 92 and 94.

The central motor piston 96 is also
preferably integrally connected with the fuel pumping
piston 46 and with the oil pumping plunger or element
62 to form a unitary member 100. In this last
regard, the member 100 extends from the fuel pumping
piston 46 toward the motor piston 96 and through the
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central bore 30 in the intermediate wall 24, and the
member 100 includes a connecting portion which forms
an open valve cage 102 connected to the motor piston
96. A suitable seal 104 is provided between the
intermediate wall 24 and the member 100.

The pressure actuated motor 16 further
includes means biasing the movable wall 90 so as to
displace the movable wall 90 in the direction
minimizing the wvolume of the high pressure chamber 94
and maximizing the volume of the low pressure chamber
92. In the illustrated construction, such means
comprises a helical spring 106 which, at one end,
bears against the upper or top housing wall 22 and
which, at the other end, bears against the motor
piston 96.

The pressure actuated motor 16 also
includes means 108 for creating a pressure
differential between the low and high pressure
chambers 92 and 94, respectively, so as to displace
the movable wall 90 in the direction minimizing the
volume of the low pressure chamber 92 and maximizing
the volume of the high pressure chamber 94. While
various arrangements can be employed, in the
illustrated construction, the means 108 includes
means adapted to be connected to a source of
alternating relatively high and low pressures,
preferably the crankcase 12, and including means
permitting flow from the low pressure chamber 92 and
preventing flow to the low pressure chamber 92, and
means permitting f£low to the high pressure chamber 94
and preventing flow from the high pressure chamber
94.

Y a4
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While the preferred source of
alternating relatively high and low pressures is the
crankcase 12, other sources of relatively high and
low pressures can be employed. In addition,
relatively high and low pressure can refer to two
positive pressures above atmospheric pressure, to two
negative pressures below atmospheric pressure, or to
one positive pressure above atmospheric pressure and
one negative pressure below atmospheric pressure.

More particularly, the means 108 for
creating the pressure differential between the
relatively low and high pressure cylinders 92 and 94,
respectively, includes a conduit system 110 (see Fig.
2) including a main conduit 112 adapted to be
connected to the crankcase 12, together with a first
or low pressure branch conduit 1ll4 which communicates
petween the low pressure chamber 92 and the main
conduit 112 and a second or high pressure branch
conduit 116 which communicates between the high
pressure chamber 94 and main conduit 112,

Included in the low pressure branch
conduit 114 is a one-way check valve 118 which
permits flow from the low pressure chamber 92 and
prevents flow to the low pressure chamber 92.

Located in the nigh pressure branch conduit 116 is a
one way check valve 120 which permits flow to the
high pressure chamber 94 and which prevents flow from
the high pressure chamber 94.

Accordingly, alternating pressure
pulses of relatively high and low pressures present
in the main conduit 112 will cause the existence of a
relatively high pressure in the high pressure chamber
94 and a relatively low pressure in the low pressure
chamber 92, which pressure differential is of

-
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sufficient magnitude, as compared to the piasing
action of the movable wall biasing spring 106, to
cause movement of the movable wall 90 from a position
in which the high pressure chamber 94 is at a minimum
volume to a position in which the low pressure
chamber 92 is at a minimum volume.

The pressure actuated motor 16 also
includes means responsive to piston movement
minimizing the volume of the low pressure chamber 92
for establishing communication between the low and
high pressure chambers 92 and 94, respectively, so as
thereby to reduce or minimize the pressure
differential between the low an high pressure
chambers 92 and 94, respectively, and thereby to
permit displacement of the movable wall 90 by the
biasing spring 106 in the direction minimizing the
volume of the nigh pressure chamber 94 and maximizing
the volume of the low pressure chamber 92. While
such means can pe provided, at least in part, by a
conduit (not shown) bypassing the motor piston 96, in
tne illustrated construction, such means comprises a
central port 122 in the motor piston 96, together
with a valve member 124 which is located in the open
cage 102 and which is movable between a closed or
upper and an open or lower position.

In addition, the means for effecting
communication petween the low and high pressure
chambers 92 and 94, respectively, includes a helical
valve member piasing spring 126 which urges the valve
member 124 to the open position and which, at one
end, bears against the upper or top wall 22 of the
housing 18 and which, at the other end, extends
through the port 122 in the motor piston 96 and bears
against the upper surface of the valve member 124.
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The valve member biasing spring 126 is designed so as
to be operable to overcome the pressure differential
between the low and high pressure chambers 92 and 94,
respectively, and thereby to displace tnhe valve
member as the motor piston 96 approaches the position
minimizing the volume of the low pressure chamber 92.

Preferably, the valve biasing spring
126 has a spring rate which serves to open the port
122 prior to the full stroke of the motor piston 96
when the engine is operating at low speed and which
serves to open the port 122 upon completion of the
full stroke of the motor piston 96 when the engine is
operating at nigh speed.

More particularly, in a two-stroke
.engine, movement of the piston relative to the
cylinder and crankcase serves to produce in the
crankcase cyclical conditions of relatively high and
low pressures defining a crankcase pressure amplitude
whicn varies in accordance with engine speed, i.e.,
which increases with engine speed. As, for example,
when engine operation is at idle or low speed, the
pressures in the crankcase can vary from about +3 psi
to about -3 psi, thus providing a crankcase pressure
amplitude of 6 psi. Also, for example, when
operating at high engine speed, the pressure in the
crankcase can vary from about +5 psi to -6 psi, or
from about +10 psi to about -1 psi, thus providing a
crankcase pressure amplitude of 1l psi.

Under operating conditions, because of
the connection of the crankcase to the low and high )
pressure chambers 92 and 94, respectively, and the
one-way check valves 118 and 120, the pressure
conditions in the low and high pressure chambers 92
and 94, respectively, rapidly reflect the pressures
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in the crankcase 12 and provide a pressure
differential across the movable motor piston 96,
i.e., between the low and high pressure cnambers 92
and 94, respectively, which pressure differential has
an amplitude approximating the crankcase pressure
amplitude.

Thus, partial movement of the motor
piston 96 between the positions causing minimum
volume of the low and high pressure chambers 92 and
94, respectively, will cause such contraction of the
valve biasing spring 126 as to overcome the force on
the valve member 124 occurring in response to the
pressure differential when the engine 10 is operating
at low speed. However, whenever the engine 10
operates at high speed, the force created by the
pressure differential is sufficiently great to
provide greater travel or full travel of the movable
wall 90 or motor piston 96 prior to opening of the
port 122. As a conseguence, the motor piston 96 is
.provided with a stroke which varies with engine
speed, i.e., is provided with a stroke which
increases in length with engine speed.

Additionally, there is provided a
member or post 128 whicn fixedly depends downwardly
from the top housing wall 22 in position for engaging
the valve member 124 as tne movaple wall 90 moves
upwardly to minimize the volume of the low pressure
chamber 92. Such engagement causes "cracking" or
slight opening or the port 122, thereby somewhat ~
diminishing the pressure differential across the
movable wall 90. Such diminishment of the pressure
differential facilitates immediately supsequent
operation of the valve member biasing spring 126 to
displace the valve memper 124 so as to fully open the
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port 122 and thereby to substantially eliminate the
pressure differential and obtain wall movement in the
direction minimizing the wvolume of the high pressure
chamber 94 under the action of the movable wall
biasing spring 106. It is also noted that the post
128 serves to stavilize or locate the upper end of
the valve member biasing spring 126,

The pressure actuated motor 16 also
includes means responsive to piston movement
minimizing the volume of the high pressure champer 94
for discontinuing communication between the low and
high pressure chambers 92 and 94, respectively, so as
to thereby permit the creation of fluid pressure
differential between the low and high pressure
chambers 92 and 94 by the pressure differential
creating means and thereby also to effect
displacement of the motor piston 96 in the direction
minimizing the volume of the low pressure chamber 92
and maximizing the volume of the high pressure
champer 94. While other arrangements can pbe
employed, in the illustrated construction, such means
comprises a plurality of studs or posts 130 which
extend downwardly from the valve member 124 and
througn the open valve cage 102 toward the
intermediate wall 24 for engagement with the wall 24
to seat the valve member 124 in the closed position
as the motor piston 96 approaches the position
minimizing the volume of the high pressure chamber
94.

Thus, in operation, the presence of -
alternating high and low pressures in the conduit
system 110 causes (assuming the valve member 124 to
be in the closed position) buildup and maintenance of
higher pressure in the relatively high pressure
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chamber 94 and reduction and maintenance of low
pressure in the low pressure chamber 92. The
pressure differential thus created causes
displacement of the movable wall 90, including the
motor piston 96, against the action of the motor
piston biasing spring 106, to the position minimizing
tne volume of the low pressure chamber 92. As the
motor piston 96 approaches the position minimizing
the volume of the low pressure chamoer 92, the valve
member biasing spring 126 serves to open the motor
piston port 122 by displacing the valve member 124 to
the open position and thereby to reduce or minimize
the pressure differential and permit displacement of
the movable wall 90 by action of the biasing spring
106 to the position minimizing the volume of the hign
pressure champer 94. During such movement, and in
the absence of a pressure differential, the valve
member 124 remains in the open position under the
action of the valve member biasing spring 126.

Upon approach of the movable wall 90,
including the motor piston 96, to the position
minimizing the volume of the high pressure chamber
94, the studs 130 engage the wall 24 to cause
movement of the valve member 124 to the c¢losed
position. With the motor piston port 122 thus
closed, the pressure differential is again created
and the movable wall 90 is again displaced in the
opposite direction to commence another cylce of
operation. As the fuel pumping piston 46 nas common -
movement with the motor piston 96, the pressure
actuated motor 16 causes reciprocation of the fuel
pumping piston 46 at a frequency less than the
frequency exciting the motor 16, i.e., less than the
rate of alternation of the high and low pressures in
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the crankcase 12. Also, the amount of fuel pumped
will vary in accordance with engine speed, i.e., will
increase with increasing engine speed.

In the preferred embodiment,
lost-motion means is provided for automatically
varying the amount of oil pumped so that oil pumping
does not occur until after a first engine speed
level, which can be intermediate the low and high
engine speeds, and so tnat, above the first engine
speed level, oil pumping increases with increasing
engine speed.

Accordingly, the oil pumping piston 66
is connected to the motor piston 96 to provide for
comﬁon movement therewith during a portion of the
motor piston stroke and to provide for lost motion
during another portion of the motor piston stroke.

In the preferred embodiment, the lower
end of the oil pumping element 62 nhas a diameter less
than the diameter of the remainder of the oil pumping
element 62 and forms a shoulder 132 which is
engageable with the upper end of the oil pumping
piston, and the o¢il pumping piston 66 has a
cylindrical, axial bore 134 which slidably receives
the lower end of the oil pumping element 62. Also,
the lower end of the o0il pumping element 62 includes
an axially extending slot 136, and the oil pumping
piston 66 includes a pin 138 extending through the
axial bore 134 and being slidably received in the
slot 136. As can be seen from viewing Fig. 1, -
engagement of the pin 138 with the lower end of the
slot 136 limits upward movement of the oil pumping
element 62 relative to the oil pumping piston 66.

Thus, with the oil pumping element 62
in the position shown in Fig. 1, the initial upstroke
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of the motor piston 96 from the position minimizing
the volume of the high pressure chamber 94 does not
cause accompanying movement of the oil pumping piston
66. However, before the motor piston 96 reaches the
position minimizing the volume of the low pressure
chamber 92, the pin 138 engages the lower end of the
slot 136 to cause common movement of the oil pumping
piston 66 with the motor piston 96. The initial
downstroke of the motor piston 96 causes only limited
oil pumping piston movement. More substantial oil
pumping occurs after the shoulder 132 engages the
upper end of the oil pumping piston 66. Thus,
limited oil pumping operation occurs only at the top
of the upstroke of the motor piston 96 and at the
bottom of the downstoke of the motor piston 96.
Accordingly, the pump 14 provides little pumping at
low engine speeds and increased oil pumping with
increasing speeds above low engine speed.

' .The combined pump and motor device can
pe mounted directly to the engine 10 so as to afford
immediate connection to the crankcase 12 and can be
connected to remote sources of oil and fuel.
Alternately, if desired, the combined device can be
located at a remote location more or less adjacent to
or with the sources of fuel and oil and a conduit
{not shown) can extend between the crankcase 12, or
other source of alternating high and low pressures,
and the combined device.

Various features and advantages of the -
invention are set forth in the following claims.
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CLAIMS

1. A pump comprising a housing, an oil pumping
chamber in said housing, an oil outlet passageway in said
housing communicating with said oil pumping chamber, an
0il pumping piston reciprocally movable 1in said oil
pumping chamber to produce oil flow into said oil outlet
passageway 1in response to reciprocation of said oil
pumping piston, a switch mounted on said housing and
adapted to be operably connected to a device for actuation
thereof, a second piston reciprocally movable in said
housing relative to séid oil outlet passageway between
spaced first and second positions, means biasing said
second piston to said second position, and means for
closing saild switch in response to movement of said second
piston to said first position, said means for closing said
switch including a rocket arm having opposite first and
second ends and being pivotally mounted in said housing
for movement about a pivot point intermediate said
opposite ends, said first end being engageable with said
second piston for movement in one direction in response to
movement of said second piston to said first position, and
said second end being engageable with said switch for
closing said switch in response to movement of said first
end in said one direction.

2. A pump as set forth in claim 1, wherein said
second piston moves to said first position in response to
an o0il pulse in said o0il outlet passageway, wherein

movement of said second piston to said first position
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opens said oil outlet passageway, and wherein movement of
said second piston to said second position closes said oil
outlet.

3. A pump as set forth in c¢laim 1 or 2, wherein
said switch includes an outwardly biased plunger movable
inwardly to close said switch, wherein said second end of
said rocker arm is engageable with said plunger for moving
said plunger inwardly in response to movement of said
first end in said one directicon, and wherein said means
for biasing said second piston includes said plunger and
said rocket arm.

4. A pump as set forth in claim 1, 2 or 3, further
comprising resilient means for pivotally mounting said
rocker arm in said housing and for providing a seal
between said rocker arm and said housing.

5. A pump as set forth in claim 5, wherein said
rocker arm includes means defining an annular groove
extending around said rocker arm at said pivot point, and
wherein said resilient means includes an annular seal
mounted in said housing and engaging said annular groove
such that said rocker arm pivots about said seal. b

6. A pump as set forth in claim 3, wherein said
second piston has a longitudinal axis extending in the
direction of movement of said second piston, and wherein
said plunger has a longitudinal axis parallel to said
longitudinal axis of said second piston and extending in
the direction of movement of said plunger.

7. A punp as set forth in any preceding claim,
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further comprising a fuel pumping chamber in said housing,
and a fuel pumping piston reciprocally movable in said
fuel pumping chamber to produce fuel flow in response to
reciprocation of said fuel pumping piston in said fuel
pumping chamber, and wherein said o©0il outlet passageway
communicates between said o0il pumping chamber and said
fuel pumping chamber.

8. A pump as set forth in claim 7, further
comprising a pressure actuated motor including a motor
housing, a movable wall located in said motor housing and
dividing said motor housing into high and low pressure
chambers which inversely vary in volume relative to each
other, means communicating with said chambers for causing
reciprocation of said movable wall in response to cyclical
pressure variations, means connecting said fuel pumping
piston to said movable wall for common movement therewith,
and means connecting said oil pumping piston to said
movable wall for reciprocation in response to
reciprocation of said movable wall.

9. A pump as set forth in claim 8, wherein said
means for causing reciprocation of said movable';ali
includes means for creating between said high and low
pressure chambers a pressure differential having an
amplitude, and wherein said means connecting said oil
pumping piston to said movable wall affords limited
reciprocation of said o0il pumping piston when said
pressure differential is below a given amplitude and

affords increasing oil pumping piston reciprocation with
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increasing amplitude of said pressure differential above
said given amplitude.

10. A pump as set forth in claim 9, wherein said
means for causing reciprocation of said oil pumping piston
is operable to provide common movement of said oil pumping
piston with said movable wall during one portion of the
reciprocation of said movable wall and is operable to
provide lost motion between said movable wall and said oil
pumping piston during another portion of the reciprocation

of said movable wall.
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1. A pump comprising a housing, an
oil pumping chamber in said housing, an oil outlet
passageway in said housing communicating with said
oil pumping chamber, an oil pumping piston
reciprocally movable in said oil pumping chamber to
produce oil flow into said oil outlet passageway in
tesponse to reciprocation of said oil pumping piston,
a switch mounted on said housing and adapted to be
operably connected to a device for actuation thereof,
said switch including an outwardly biased plunger
movable inwardly to close said switcn, said plunger
having a longitudinal axis parallel to said
longitudinal axis of said second piston and extending
in the direction of movement of said plunger, a
second piston reciprocally movable in said housing
relative to said oil outlet passageway between spaced
first and second positions and having a longitudinal
axis extending in the direction of movement of said
second piston, said second piston moving to said
first position to open said 0il outlet passageway in
response to an oil pulse in said oil outlet
passageway, movement of said second piston to said
second position closing said oil outlet passageway, a
rocker arm including opposite first and second ends
and means defining an annular groove extending around
said rocker arm intermediate said opposite first and
second ends, and resilient means for pivotally
mounting said rocker arm in said housing and for .
providing a seal between said rocker arm and said
housing, said resilient means including an annular
seal mounted in said housing and engaging said
annular groove such that said rocker arm pivots about
said seal, said first end of said rocker arm being




engageable with said second piston for movement in
one direction in response to movement of said second -
piston to said first position, and said second end of
said rocker arm being engageable with said plunger
for moving said plunger inwardly to close said switch
in response to movement of said first end in said one
direction,

12. A pump as set forth in Claim 11,
wherein said housing includes a first portion having

said second piston movable therein, and a second
portion having said switch mounted thereon, and

wherein said annular seal is mounted between said
first and second housing portions. '

T ETIF T
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113, An internal combustion engine comprising a
fuel/oil pump including a housing, a fuel pumping chamber
in said housing, a fuel pumping piston reciprocally
movable in said fuel pumping chamber to produce fuel flow
in response to reciprocation of said fuel pumping piston
in said fuel pumping chamber, an oil pumping chamber in
said housing, an o0il outlet passageway in said housing
communicating with said oil pumping chamber, an oil
pumping piston reciprocally movable in said o0il pumping
chamber to produce oil flow into said o0il outlet
passageway in response to reciprocation of said oil
pumping piston, a switch mounted on said pump housing and
adapted to be operably connected to a device for actuation
thereof, a second piston reciprocally movable in said
housing relative to said oil outlet passageway between
spaced first and second positions, means biasing said
second piston to said second position, and means for
closing said switch in response to movement of said second
piston to said first position, said means for closing said
switch including a rocker arm having opposite first and
second ends and being pivotally mounted 1in said hod%ing
for movement about a pivot point intermediate said
opposite ends, said first end being engageable with said
second piston for movement in one direction in response to
movement of said second piston to said first position, and
said second end .being engageable with said switch for
closing said switch in response to movement of said first

end in said one direction.
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14. An internal combustion engine as set forth in
claim 13, wherein said second piston moves to said first
position in response to an oil pulse in said oil outlet
passégeway, wherein movement of said second piston to said
first position opens said oil outlet passageway, and
wherein movement of said second piston to said second
position closes said o0il outlet passageway.

15. An internal combustion engine as set forth in
claim 13 or 14, wherein said switch includes an outwardly
biased plunger movable inwardly to close said switch,
wherein said second end of said rocker arm 1is engageable
with said plunger for moving said plunger inwardly in
response to movement of said first end in said one
direction, and wherein said means for biasing said second
piston includes said plunger and said rocker arm.

16. An internal combustion engine as set forth in
claim 15, wherein said second piston has a longitudinal
axis extending in the direction of movement of said second
piston, and wherein said plunger has a longitudinal axis
parallel to said longitudinal axis of said second piston

and extending in the direction of movement of said

plunger.

17. An internal combustion engine as set forth in

claim 13, 14, 15 or 16, and further comprising a pressure
actuated motor including a motor housing, a movable wall
located in said motor housing and dividing said motor
housing into high and low pressure chambers which

inversely vary in volume relative to each other, means
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communicating with said chambers for causing reciprocation
of said movable wall in response to cyclical pressure
variations, means connecting said fuel pumping piston to
said movable wall for common movement therewith, and means
connecting said oil pumping piston to said movable wall
for reciprocation 1in response to reciprocation of said
movable wall.

18. An internal combustion engine as set forth in
claim 17, wherein said means for causing reciprocation of
said movable wall includes means for creating between said
high and 1low pressure chambers a pressure differential
having an amplitude, and wherein said means connecting
said o0il pumping piston to said movable wall affords
limited reciprocation of said oil pumping piston when said
pressure differential is below a given amplitude and
affords increasing oil pumping piston reciprocation with
increasing amplitude of said pressure differential above
said given amplitude.

19. An internal combustion engine as set forth in
claim 18, wherein said means for causing‘reciprocation of
said oil pumping piston is operable to provide cghmon
movement of said oil pumping piston with said movable wall
during one portion of the reciprocation of said movable
wall and is operable to provide lost motion between said
movable wall and said o0il pumping piston during another
portion of the reciprocation of said movable wall.

20. An internal combustion engine comprising a

crankcase subject to c¢yclical conditions of relatively
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high and low pressures, a pressure actuated motor
including a motor housing, a movable wall located in said
motor housing and dividing said motor housing into high
and low pressure chambers which inversely vary in volume
relative to each other, means for causing reciprocation of
said movable wall and including means connecting said
crankcase to said high and low pressure chambers so as to
create therebetween a pressure differential, a fuel/oil
pump including a pump housing, a fuel pumping chamber in
said pump housing, a fuel pumping piston reciprocally
movable in said fuel pumping chamber to produce flow in
response to reciprocation of said fuel pumping piston in
said fuel pupping chamber, means connecting said fuel
pumping piston to said movable wall for common movement
therewith, an oil pumping chamber in said pump housing, an
0il outlet passageway in said pump housing communicating
with said o0il pumping chamber, an oil pumping piston
reciprocally movable in said o0il pumping chamber to
produce oil flow into said o0il outlet passageway in
response to reciprocation of said o0il pumping piston,
means connecting said oil pumping piston to said mo;abie
wall for causing reciprocation of said oil pumping pisten
in response to reciprocation of said movable wall, a
switch mounted on said pump housing and adapted to be
operably connected to a device for actuation thereof, a
second piston reciprocally movable in said housing
relative to said o0il outlet passageway between spaced

first and second positions, means biasing said second
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piston to said second position, and means for closing said
switch in response to movement of said second piston to
said first position, said means for <c¢losing said switch
including a rocker arm having opposite first and second
ends and being pivotally mounted in said housing for
movement about a pivot point intermediate said opposite
ends, said first end being engageable with said second
piston for movement in one direction in response to
movement of said second piston to sald first position, and
said second end being engageable with said switch for
closing said switch in response to movement of said first
end in said one direction.

21. An internal combustion engine as set forth in
claim 20, wherein said second piston moves to said first
position in response to an oil pulse in said oil outlet
passageway, wherein movement of said second piston to said
first position opens said o©il outlet passageway, and
wherein movement of said second piston to said second

position closes said oil outlet passageway.
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21. An internal combustion engine as set forth in
claim 20, wherein said second piston moves to said first
position in response to an oil pulse in said oil outlet
passageway, wherein movement of said second piston to said
first position opens said o0il outlet passageway, and
wherein movement of said second piston to said second

position closes said oil outlet passageway.

' -y B 3
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22.  An internal combustion engine as
set forth in Claim 20 or 21,wherein said switch includes
an outwardly biased plunger movable inwardly to close
said switch, wherein said second end of said rocker
arm is engageable with said plunger for moving said
plunger inwardly in response to movement of said
first end in said one direction, and wherein said
means for biasing said second piston includes said

plunger and said rocker arm.

23, An internal combustion engine as
set forth in Claim 22,wherein said second piston has
a longitudinal axis extending in the direction of
movement of said second piston, and wherein said
plunger has a longitudinal axis parallel to said
longitudinal axis of said second piston and extending
in the direction of movement of said plunger.

.24,  An internal combustion engine as
set forth in Claim 20,21,22 or 23,wherein said pressure
differential has an amplitude, and wherein said means
connecting said oil pumping piston to said movable
wall affords limited reciprocation of said oil
pumping piston when said pressure differential is
pelow a given amplitude and affords increasing oil
pumping piston reciprocation with increasing
amplitude of said pressure differential above said

given amplitude. -
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25, An internal combustion engine as set forth in
claim 24, wherein said means for causing reciprocation of
said o0il pumping piston is operable to provide common
movement of-said 0oil pumping piston with said movable wall
during one portion of the reciprocation of said movable
wall and is operable to provide lost motion between said
movable wall and said pumping piston during another
portion of the reciprocation of said movable wall.

26. An o©il pressure sensitive switch assembly
comprising a housing, a switch mounted on said housing and
adapted to be operably connected to a device for actuation
thereof, a rocker arm having opposite first and second
ends and being pivotally mounted in said housing for
movement about a pivot point intermediate said opposite
ends, said second end being engageable with said switch
for closing said switch solely in response to movement of
said first end in one direction, and means for moving said
first énd of said rocker arm in said one direction by a
force produced by an oil pressure pulse.

27. An assembly as set forth in c¢laim 26, wherein
said switch includes an outwardly biased plunger movable
inwardly to close said switch, and wherein said second end
of said rocker arm is engageable with said plunger for
moving said plunger inwardly in response to movement of

said first end in said one direction.
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28. An assembly as set forth in c¢laim 26 or 27,
further comprising resilient means for pivotally mounting
said rocker arm in said housing and for providing a seal
between said rocker arm and said housing.

29. An assembly as set forth in c¢laim 28, wherein
said rocker arm includes means defining an annular groove
extending around said rocker arm at said pivot point, and
wherein said resilient means includes an annular seal
mounted in said housing and engaging said annular groove
such that said rocker arm pivots about said seal.

30, An assembly as set forth in claim 29, wherein
said housing includes a first portion having said first
end of said rocker arm therein, and a second portion
having said switch mounted thereon, and wherein said
annular seal is mounted between said first and second
housing portions.

31. An assembly as set forth in claim 26, 27, 28, 29
or 30, wherein said means for moving said first end of
said rocker arm includes an oil passageway in said
housing, and a piston reciprocally movable in said housing
relative to said oil passageway between spaced firsE and
second positions, wherein said piston moves to said first
position in response to an o0il pulse in said oil
passageway, and wherein said first end of said rocker arm
is engageable with said piston for movement in said one
direction in response to movement of said piston to said
first position.

32. An assembly as set forth in claim 26, 27, 28,
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29, 30 or 31, wherein said means for moving said first end
of said rocker arm is operative to effect such movement by
a force produced by said oil pressure pulse.

33. An internal combustion engine as set forth in
any one of claims 13 to 19, further comprising resilient
means for pivotally mounting said rocker arm in said
housing and for providing a seal between said rocker arm
and said housing.

34. A pump substantially as hereinbefore described
with reference to the accompanying drawing.

35. An internal combustion engine substantially as
hereinbefore described with reference to the accompanying
drawing.

36. An oll pressure sensitive switch assembly
substantially as hereinbefore described with reference to

the accompanying drawing.
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