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PATENT OFFICE.

AAGE E. WINCELER, OF MILWAUKEE, WISCONSIN.

LUBRICATING SYSTEM FOR INTERNAL-COMBUSTION ENGINES.

Application filed March 26, 1925. Serial No. 18,383

The invention relates to internal combus-

tion engines of the injection type. :
" In the operation of internal combustion
engines, particularly of the sleeve-valve type,
it is important that the engine and feed mech-
anism should be properly lubricated. One
object of the invention is to provide improved
means whereby the pumping of fuel to the
engine will be automatically stopped when
the pressure in the lubricating system of the
engine and the feed mechanism becomes de-
fictent. Another object of the invention is
to provide improved means for lubricating
the working parts of the fuel feeding mech-
anism for the engine. Other objects will ap-
pear from the description.

The invention consists in the several novel
features hereinafter set forth and more par-
ticularly defined by the claims at the conclu-
sion hereof.

In the drawings: Fig. 1 is a transverse I

section of an engine embodyin% the inven-
tion, the fuel feed mechanism being shown
in elevation. Fig. 2 is a vertical section
through the fuel feed mechanism. Fig. 3 is
a vertical longitudinal section of the mech-
anism for operating the metering valves.
I'ig. 4 is a longitudinal section of the fuel
feed mechanism taken through one of the
pumps and metering valves. Fig. 5 is a hor-
1zontal section taken on line 5—35 of Fig. 3.
Fig. 6 is a side elevation of parts of the con-
trolling mechanism actuated by the lubri-
cating oil. Fig. 7 is an inverted plan of said

5 parts. Fig. 8is a plan view of the fuel feed

mechanism, parts being omitted. Fig. 9 is
a detail view of the cam structure for operat-
‘ing the metering valves. Fig. 10 is a section
taken on line 10—10 of Fig. 4. ‘Fig. 111is a
detail section of one of the pitmen for con-
-necting the pump plunger to which it:is
attached to the wobble ring. :
_The invention is illustrated in connection
with an engine B of the six cylinder type
with cylinders vertically and longitudinally
aligned, but one of which is shown. The en-
gine casing comprises a crank-case . Each

cylinder comprises an inner wall 5¢ and an

outer wall 8°, which form a water-jacket 5°
around the cylinders. ‘An air inlet port b7
and an exhaust port &® are provided for each
cylinder. A crank-shaft 5! is suitably jour-
nalléd in the crank casing and provided with

cranks 5% which are respectively connected
by pitmen &' to the working pistons b
in the cylinders. The engine is of the fuel-
injection type and the upper end of each
cylinder is provided with a head C which is
secured to the cylinder casting by bolts e.
The engine is also of the four-cycle sleeve-
valve type and each cylinder 6* is provided
with an outer cylindrical sleeve 25 which is
operatively connected to an eccentric 26 on a
valve-operating shaft 27 which is driven
from the crank-shaft #'* in the ratio of 2 to
1. The eccentric 26 is provided with an arm
28 which is pivoted at 29 to a lug on the lower
end of sleeve 25 and is adapted to recipro-
cate the sleeve-valve in the cylinder 4*. Each
valve 25 is provided with a port 30 which is
adapted to register with the air intake port

6" and with a port 81 which is adapted to

register with the exhaust port &% in the cyl-
inder 6*. Each cylinder is also provided with
an inner cylindrical sleeve valve 32 which is
slidable in the sleeve valve 25 and is recipro-

cated by an eccentric 33 on the shaft 27 and

an arm 34 which is fixed to said eccentric and
is pivoted at 35 to a lug on the lower end of
sald sleeve valve 82. Fach innersleeve-valve
is provided with an air port 36 which, when
in registry with ports 30 and. b7, will admit
air into the cylinder every fourth cycle.
Each sleeve 32 is also provided with a port
37 which, during every fourth cycle of the
piston, is adapted to register with the ex-
haust port 31 in the outer sleeve valve and
an exhaust port #%. Each cylinder head ¢
comprises a cylindrical wall ¢” extending lon-
gitudinally of and into the working cylinder
b* and the sleeve valves 25 and 32 slide be-
tween said wall and said cylinder. Each
cylinder head comprises an inwardly extend-
ing wall ¢® which is inclined inwardly and
upwardly and formed with an opening c*.
A combustion-chamber ¢’ is formed in the

opening ¢° and the wall around the chamber

is extended upwardly to form a cylindrical
portion ¢**. The piston 5'® has a tip ¢*®
adapted to enter the combustion-chamber.
The top closure for the water jacket &°,
which is common to all of the cylinders, is
formed by a head E which is fitted to the

top of the cylinder casting to form a water-

space ¢ around the cylinder-head and
the combustion-chamber. The combustion-
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‘ture to the engine.

2

chamber and cylinder head illustrated are
more fully set forth in an application filed
by me of even date herewith (Case B), Se-
rial No. 18,381, to which reference may be had
for a more detailed description.

An injector D is removably mounted in the
cylindrical extension ¢** of each cylinder
head C. This injector comprises a valve d?
which is adapted to be opened by the pres-
sure of the fuel in the valve casing, acting
against a diaphragm d° as more fully set
forth in an application (Case A) filed by
me March 26, 1925, Serial No. 18,381, to
which reference may be had for a detailed
description thereof. Fuel under pressure is
delivered to each cf the injectors from the
feeding mechanism through pipes d** which
are connected to the injectors D. ,

The mechanism for feeding fuel under
pressure to the cylinders of the engine con-
stitutes a unit which is enclosed in a casing
adapted to contain Iubrieant, so as to keep
all of the working parts well lubricated and
which may be connected as a unitary struc-
This mechanism com-
prises a series of pumps and a series of me-
tering valves, both annularly arranged
around the axis of coaxial drive shafts, the

- pumps and metering valves operating longi-
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tudinally of the shaft or vertically, the sev-
eral mechanisms being arranged 1n vertical
series. The casing for enclosing the fuel
feeding mechanism and the gearing for driv-
ing it comprises a horizontally extending
hollow base-member ¢’ which is bolted at g*
to the crank-case of the engine and is pro-
vided with an upwardly extending integral
cylindrical member ¢g®; a hemispherical sec-
tion ¢g*, which is bolted to the top of member
¢® and in which the rotatable crank or wob-
ble ring for operating the pumps is dis-
posed; a cylindrical section ¢° in which the
pitmen for operating the fuel pumps are con-
tained, and which is bolted to the section g*;
a section g® in the lower portion of which the
fuel pumps are disposed and which is bolted
to the top of section ¢°; and a cover g7, which
is removably secured on the top section ¢° to
provide access to the mechanism for operat-
ing the metering valves which are disposed
in the upper portion of section g°.

A shaft H, centrally and vertically dis-
posed in the casing members ¢* and ¢, is
adapted to drive the fuel pumps. This
shaft is journalled in a ball-bearing A* which
is suitably mounted in the lower portion of
the casing section g% and in a ball-bearing
which is suitably mounted in the bottom
wall ¢ of the casing section g°.

The drive shaft H is connected to be
driven by suitable gearing fromthe crank-
shaft of the engine, Said gearing com-

_prises a shaft H’ which is coaxial with and is

disposed beneath the shaft H and is jour-
nalled in ball bearings 85 which are mounted

1,691,322

in the casing member ¢g*; a horizontal shaft
H? which is geared to the lower end of shaft
H’; and suitable gearing between shaft H*
and the cam shaft 27 of the engine, such, for
example, as that described and illustrated
in an application filed by me May 28, 1925,

Serial No. 82,550. This gearing drives the

shaft H’ in synchronism with the engine.
The driving connection between shafts H”
and H comprises a helically grooved portion
A* on shaft H’ and a correspondingly
grooved or ribbed sleeve 27 interfitting with
portion A*. The upper end of sleeve 4" is
slidably feathered to the lower end of shaft
H. By adjusting the sleeve 2% axially, the
relation between shafts H’ and H wiil be
varied to correspondingly vary the timing
of the fuel feeding mechanism as an entity
with respect to the crank movements of the
engine. Mechanism for controlling and
shifting the sleeve 47 to vary the timing of
the shaft H relatively to the shaft H’ com-
prises a rock-shaft 90 which is mounted in
the casing section ¢® and is suitably connect-
ed to any conveniently accessible point for
manipulation by the operator; and a forked
arm 93, which is fixedly clamped to the shaft
90 and is suitably connected to raise and
lower a collar 97 which extends loosel
arcund the helically ribbed sieeve A", Baﬁ
bearings 98 and 99 are interposed between
the non-rotatable collar 97 and the rotating
sleeve A'7 and are suitably held on said sleeve,
By shifting arm 98, the driving sleeve A
will be shifted longitudinally of the shafts

H and H’ and the helical interfitting connec-

tion between the sleeve and shaft H” will ro-
tate the shaft H relatively to shaft H’ and
correspondingly advance or retard the shaft
H and the fuel feeding mechanism operated
thereby relatively to the crank movements
of the engine.

Tuel pumps I, one for each working cylin-
der of the engine are annularly arranged
around the drive-shaft H. Eachpump (Fig.
4) comprises a piston or plunger I’ fitting In
a cylinder I? which is formed in the casing
section ¢g®. Kach plunger operates through
packings ¢ in a cylindrical recess 2. A ring
2% is interposed between these packing rings.
A sleeve 7° which extends around plunger I’
and fits in a cylindrical seat which is formed
in the wall around the pump and is arranged
concentrically with cylinder 12, is forced up-
wardly to spread the packing rings and keep
them pressed against the pump plunger. A
spring ¢ 1s interposed between a shoulder on
sleeve #° and an adjustable retaining ring 7,
which is screw-threaded to the casing mem-
ber ¢° to force the sleeve ¢¢ upwardly to
spread the packing rings. Sleeve #° is ac-
curately confined against transverse displace-
ment, so that the pump piston I” will be truly
and freely guided therein. A washer is dis-
posed above the packing ring ¢ and is per-
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forated so that any fuel which may be forced
around the plunger I’ will pass to the core

‘of the upper packing ring ¢ so as to assist in
-spreading the packing ring to keep it tight.

. The mechanism for successively operating
the fuel pumps comprises a hub L which is

-keyed to the shaft H and has its axis inclined

- relatively to the axis of said shaft to waobble

10

the ring L’ in which the hub is rotatable.
Ball bearings I, I are provided between said
hub and said ring. A gear L? which is fixed
to ring L’, has teeth which mesh with teeth
#* which are integrally formed on the lower

~end of casing section g° and are disposed in-
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side of the casing-section ¢g*. The hub L dur-
ing its rotation causes the gear L? to wobble
and the rolling tooth connection between
gear L2 and teeth I* retains the ring against
rotation, so that the pump-operating studs
2%, which are fixed in the ring, will be recipro-
cated in rotative succession. Each stud ¢
extends through gear 12 and ring L/ and is
secured therein by nuts #°%. At its upper end,
each stud is provided with a ball 7* which is
adapted to operate a pitman I* which is.con-
nected to the lower end of one of the pump
plungers I’. Each pitman is provided with
a ball-socket at either end for connection to
the balls on the pistons and plungers respec-
tively. Each pitman comprises an inner
bearing member 7%, which is provided at each
end with an outwardly facing semi-spherical

.socket 7%, in which the balls /% and 7*° are re-

spectively seated and a coacting retaining
ring ** for holding each of said balls in.its
socket in the pitman. An adjusting sleeve
% is threaded to the casing of each pitman
-to hold the bearing-members together and to
retain the ball therein. Laminated washers
I** are interposed between bearing members
{* and members '* respectively to facilitate
and aid in quick and accurate adjustment of
the bearings. The outer ends of the pitmen
are enlarged to enclose the bearing members
for each ball.

In operation, the wobbling movement im-
parted to ring I’, while the shaft H is rotat-
ing, will operate the studs I* to reciprocate
the pitmen 77 in rotative and equally timed
succession to reciprocate the pump pistons I”.
The ball-and-socket joints between the pit-
men and the pistons and the studs 7* permit
universal movement of the pitmen which is
necessary for the free operation of the pump
pistons by the studs on the wobble ring.

An annular lubricating oil chamber M is
formed in the casing section ¢°, to which oil
under pressure is supplied by a pipe m from
the customary engine-operated oil pump M?
in the crank casing and which may be of any
suitable construction as well understood in
the art. Slecves ¢° extend vertically through
the chamber M and are provided with radial
duets m’ to deliver oil from chamber M to
the pump pistons I’. Annular grooves m?

3

are formed in the peripheries of said pistons
to feed oil longitudinally thereof to their
bearings in sleeves ¢°. Longitudinal ducts
m?® in sleeves ¢° deliver lubricating oil under
pressure to the lower of each pair of packing
rings ¢ to aid in keeping them expanded. A
port m® extends longitudinally through each
pump piston I’ and has its upper end closed
by a screw or other suitable closure ms. A
cross-duct m” delivers oil from port m’ to
the port m®. The oil entering port m® is
forced downwardly out of the lower end of
ball 7*° on the pump piston to deliver oil to
the ball-bearing, of which the ball forms a
part. = A duct m® extends longitudinally
through bearing member 8 in each pitman
{7 to conduct oil from the upper ball-bearing
to the lower bearing around ball 8. This
construction exemplifies one in which provi-
sion is made for efficiently lubricating the
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pump pistons and the mechanism for operat- -

g them.

A metering device K is associated .with.

each fuel pump to control the volume and. .

time of injection of the fuel charges into the

combustion chamber. . Each pump is pro-
vided with a discharge duct d** which leads
to a check-valve 106 in a plug d*, to which
is connected to a pipe d*?-which is inclined
downwardly and connected to one of the in-

"jectors which, deliver the fuel into the com-

bustion chambers. KEach metering -device
controls the volume of the injected charge by
the peried during which it remains closed to

render its asscciated fuel pump. operating

during its compression stroke to force fuel
through the pipe d?2 to one of the injectors.
Each metering device comprises a valve %2
adapted to fit and close a geat &” which is
formed in the upper end of its associated
pump cylinder; a stem £* for sald valve; a
sleeve and head %* in which the stem is slid-
ably mounted ; a ring 107 held in a cross-wall
of the casing section ¢¢ and in which the head
%* is removably secured by screws %°1; a head
&7 on the lower end of the valve stem; and a
metallic bellows £'°, which has its ends re-
spectively attached to head %7 and ring 107.
Head %7 1s clamped against a shoulder on the
valve stem %* by a nut 27 A spring A° is
interposed between heads %* and %7 to close
the valve during the injection period. A
sheath 111, the purpose.of which is to limit
the expansion of spring %° when the metering
valve unit is removed so that undue expan-
sion of the metallic bellows A° is prevented,
extendsaround themetallicbellows;issecured
to the lower end of ring 107, extends to the

Jower end of the fuel supply chamber 108 and

is provided with holes 110 to permit fuel to
flow from the fuel reservoir or chamber 108
which is common to all of the metering de-
vices. A pipe 108’ supplies fuel to the cham-
ber 103." An overflow pipe 104 is connected
to said chamber to return any excess above a
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predetermined volume of fuel back to the
supply reservoir. The injection of fuel oc-
curs on the compression stroke of plunger I’
and while the metering valve %4* is momen-
tarily closed and any excess fuel from the
pumps is forced back into the chamber 103
while the valve is open, while on the other
hand fuel is admitted to the pump cylinders
through this valve during the suction stroke
of the plunger I".

The mechanism for operating the metering
valves in rotative succession to control the
volume of the fuel injections into the combus-
tion chambers respectively comprises a three
part cam, one part of which is rotatably ad-
justable relatively to the other two, to vary
the duration of the closed periods of the valve
and consequently the volume of fuel deliv-
ered to the injectors by the fuel pumps dur-
ing each pressure stroke of the pump pistons.
This mechanism is driven from a shaft H*,
which is coaxial with and driven by the shaft
T, so that accurate synchronism is attained
Letween the pumps and the metering devices.

Normally, the cam mechanism is designed to,

keep open the metering valve &%, so that the
pumps will be inoperative to deliver fuel
through pipes d** to the injectors until the

adjustable member of the cam has been

shifted to cause the closing of the metering
valves for sufficient periods to cause the
pumps to force liquid: fuel in substantially
solid compression to the injectors.

This cam structure comprises a lower mem-
ber o/, an upper member o* and a central
member o, which is rotatably adjustable rela-
tively to members o’, 0>. Each of these cams
is provided with a concentric circular por-
tion o® (Fig. 9) and a depression 0% which,
when they are longitudinally in registration,
are congruent and will provide the maximum
closure of the metering valves and cause the

maximum volume to be delivered to the in-

jectors. In its normal position, the central
member o will be positicned to render the
periphery of the cam structure circular, so
that the metering valves will not be closed
until the cam member o is rotatably adjusted.
As said member o is rotatably adjusted rela-
tively to members o” and 02, the period during
which the metering valves will remain closed
will be lengthened. Cam member o’ is
formed with u longitudinally extending hub
or sleeve 0% which extends downwardly and
is journalled in a bushing 0°% which is con-
fined in a hub 0°! integrally formed with the
casing section ¢°. Sleeve 0% is internally
ribbed and grooved correspondingly to the
shaft H* to form a feathered' connection
which permits said shaft to slide longitudi-

“nally in said sleeve which the shaft is rotat-

65

ing.” Cam member o? is provided with an up-
wardly projecting hub o®, which has its upper
end journalled in a bushing 0% in a head 0*

which is removably secured by bolts 0** to the

"ing and a grooved collar 125,

1,601,322

hub 02 of a supporting spider which is com-
posed of arms 0 and an outer ring o™ fitting
1n the upper portion of said casing section g°.
Hub o¢° of cam-member o® is ribbed and
grooved to interfit with the upper end por-
tion 0% of the shaft H* Cam members o’

and o? are secured together by bolts 0%,

which extend through arcuate slots in the

cam member o, to permit the latter to be ro-
tatively adjusted relatively to members o’
and 0%

Shaft H* is driven from shaft H by a
sleeve 7 which is pinned at 7’ to the lower end
of shaft H* and has a sliding rib and groove
connection with the upper end of shaft H.

‘The cam' members are held against axial

movement or longitudinally thrust by ball-
bearings 115 and 116. Shaft H* is provided
with a helically grooved and ribbed portion
A7 which interfits with corresponding ribs
and grooves in the hub 0® of cam o which is
confined against longitudinal movement be-
tween the cam members o’ and 0% Axial
movenent of the shaft H* relatively to the
cam members will effect a rotative adjust-
ment of cam member o relatively to members
o’, 0%, thus shortening or lengthening the ef-
fective length of the depressions o* in the
cam structure to correspondingly vary the
duration of the period in which the metering
valves wili be closed.

The mechanism for shifting shaft H* lon-
gitudinally to adjust cam o relatively to cam
members o/, 0% comprises a forked arm #®
which straddles one of the fuel pumps and
is fixed to a rock shaft #°. Links #° are piv-
oted to arm 7% and to a collar #', which en-
circles the sleeve 7 and is adapted to shift the
sleeve longitudinally on shaft H while the
said shaft is in rotation. An upper thrust-
bearing #'* and a lower thrust-bearing 7
are interposed between the sleeve » and col-
lar 7 and are suitably mounted on the sleeve.
A sleeve ¢ is slidable on sleeve » to hold the
bearing members in operative relation and
a nut 717 is threaded to said sleeve to lock the
sleeve 7% in its desired position. Rock shaft
1® extends across' a chamber 7'® which is
formed in the casing section ¢°. The outer
end of this chamber is enclosed by a remov-
able head 7° to provide access to the shifting
mechanism for the shaft.H* when desired.
Shaft 7° is extended to the outside of the cas-

(Figs. 5 and 6)
is slidably feathered to said shaft. The
inner face of this collar is provided with
teeth 126 which are adapted to engage teeth
127 on the hub 128, which is loosely mounted
on said shaft and is integrally formed with
an arm 129. The latter is connected by a rod
130 which is suitably connected to any con-
venient point within the reach of the oper-
ator. - When collar 125 is coupled to the arm
129, the operation of rod 135 will cause shaft
7° to be rocked to raise or lower the shaft H*
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to rotatably adjust the cam member o rela-
tively to cam members o', 0%

Shifting devices of like construction for
actuating the metering valves respectively
are arranged in annular series in the upper

portion of the casing-section g°. Each com-.

priscs a vertically swinging lever p which is
pivoted on a pin p° which is supported in
lugs p*. The latter are formed on the head
%+ of the metering unit with which the lever

tally extending arm p’ which encircles the
stem of the metering valve and is adapted to
engage a head or abutment p? on the upper
end of the metering valve stem %% A spring
p° which is disposed between lever arm p’
and the head %* of the metering unit, presses
said arm upwardly to hold it in engagement
with the abutment p®. Lever p also com-
prises an upwardly extending arm p°® which
carries an adjustable abutment-screw p.
Each lever p is operated by a horizontally
swinging arm p7?, which is pivoted on'a pin

p° adjacent the outer margin of casing-sec- .

tion ¢° and carries, at its distal end, a roller
p° which is pulled into contact with the mem-
bers of the cam structure by a spring p*
which has its inner end hooked to a lug p'.
The arm p? is provided with an abutment
P* which 15 adapted to engage the abutment-
serew p® to rock the lever p vertically to
open the metering valve. Said spring serves
to hold the arm p7 so that its roller p° will
remain in engagement with the cam struc-
tures o, 0%

In operation, the rotation of said cam
structure will operate the metering valves
in rotative succession, according to the oper-
ative length of the depressions o*, resulting
from the adjustment of cam-member o rela-
tively to the members o’, 0> The depression
will permit the arms p’ to be operated in-
wardly in rotative succession by springs p*°
and k. The levers p will thereupon swing
inwardly and downwardly and release the
metering valve stems, so that the metering
valves will be closed by their springs Z°.
While the rollers p? are riding on the circular
portion of the cam structure, lever arms P’
will hold the metering valve stems raised, so
that the valves will remain open .to prevent
the pumping of the fuel to the injectors, and
to allow the fuel to flow into the pump eyl-
inders.during the suction stroke of the pump.
The force of springs 4° determines the pres-
sure at which the fuel will be pumped to the
injector, ' '

The casing sections, containing the meter-
ing valve operating mechanism, are adapted
to contain lubricant to kee}f) all of the oper-
ating parts thoroughly lubricated. Lubri-
cating oil is conducted from chamber M by
ducts m*°, m?°, and the grooves in the bushing
0%, (Fig. 3) into the chamber containing
the mechanism for operating the metering

-into the metallic bellows.

5

valves. Ducts 109 in the metering valve
heads %* deliver oil from said chamber into
the metallic bellows % to lubricate the stem
k2. Annular oil distributing grooves 113 are
formed in the periphery of the valve-stems
k*. The pins p™, on which rollers p° are
journalled, are each provided with a vertical
opening p** extending therethrough and a
cross-port p*¢ to lubricate the bearing for the
roller. The duct m?*® delivers oil from duct
m*® to a channel m? to lubricate the bearing
between cam-sleeve 0° and the bushing o%.
A duet 200, in the upper end of which a tube
901 is secured, is adapted to drain the oil
above the level of the tube from the cham-
ber in the upper portion of casing section g°
into the chambers in the lower portions of the

casing to lubricate all other parts in the cas-

ing. :
The invention contemplates rendering the
engine inoperative when the pressure of lu-
bricating oil, pumped by the engine, is less
than a predetermined degree, to insure proper
lubrication of the engine and fuel feeding
mechanism. For this purpose, an automatic
pressure control device is provided which is
controlled by the pressure of oil in the lubri-
cating system, by which collar 125 will be
uncoupled from arm’ 129, so that it will be

impossible for the operator to shift the shaft:

H* to adjust cam-member o into position to
cause the metering valves to be closed. Arm
186 (Figs. 5 and 6) has its outer end con-
fined in a groove in collar 125 which is slid-
ably feathered to shaft 7. A torsional
spring 139 is applied to normally press arm
136 into- position to disconnect collar 125
from arm 129. Arm 136 is fixed to a rock-
shaft 137, which is journalled in lugs 138
and an arm 140 carrying an abutment-screw
141 is fixed to shaft 137. '

The pressure control device s, which is con-
trolled by the pressure of the lubricating oil,
comprises a casing s’ (Fig. 3) which is se-
cured to the casing-section g® by bolts s*; a
stem s* which is adapted to engage the ad-
justable abutment 141 on the arm 140, which
is fixed to shaft 187; a metallic bellows &%

“which is secured to a shell 87 and to a head

s% in the casing ¢'; and a duct s°, by which
oil under pressure will pass from duct m*°
Shell s7 is secured
to the upper end of stem &%, so that when
the 6il pumped through annular chamber
M in the feed mechanism casing and into the
metallic bellows is of sufficient pressure it will
force the stem s* downwardly against abut-
ment 141, thereby turning arm 140, shaft 137
and arm 136 and coupling the collar 125 to
the arm 129. A spring s** is interposed be-
tween the shell s7 and the casing to contract
the metallic bellows when the pressure of the
oil therein falls below a predetermined point.
The casing s” comprises a head s** which is
removably secured in place so as to provide
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access to the metallic bellows when desired.
Bolts s* secure the casing s’ to the casing
section ¢°. ¢
Normally, when the collar 125 is uncoupled
from arm 129, the cam-member o will be in
its normal position so as to close the depres-
sion in the cam structure, so that the meter-
ing valves will all be kept open. If the
pressure of the oil in the metallic bellows
g® from the lubricating oil pumping system

.of the engine is sufficient to overcome the

force of the spring s, it will operate the stem
8® to rock arm 140, shaft 137 and arm 136
to shift collar 125 into coupled relation with
the arm 129, so that the operator can then
adjust the cam-member o, to cause the me-
tering valves to be opened in rotative suc-
cession and in synchronism with the motor.

If at any time the pressure in the lubricating

system should fail, the spring s** will Lift
stem s* the torsional spring 139 will turn
shaft 187 and arm 136, thereby uncoupling
the collar 125 from arm 129, so that the cam-
member o will be free to return to its normal

5 position and rendered non-adjustable by the

operator.

The invention exemplifies improved fuel
feed mechanism for engines of the fuel in-
jection type in which provision is made for
automatically rendering the engine inopera-
tive if the pressure of the lubricating oil
falls below a predetermined minimum; also
one in which provision is made for lubricating
all parts of the fuel feed mechanism includ-

5 ing the pumps and the metering valves; also

one in which provision is made for efficiently
lubricating the mechanism for operating an
annular series of fuel pumps. :

The invention is not to be understood as
restricted to the details set forth, since these
may be modified within the scope of the ap-
pended claims, without departing from the
spirit and scope of the invention.

Having thus described the invention, what
I claim as new and desire to secure by Letters
Patent, is:

1. The combination of an enclosing casing
t pumps
in said casing, metering devices in said cas-
ing, mechanism for operating said devices in
said casing, means for delivering lubricant
under pressure to said casing to lubricate the
parts therein, and means for rendering the
pumps ineffective to deliver fuel when the

ressure of the lubricant in the casing falls
elow a predetermined degree.

2. The combination of an enclosing casing
adapted to contain lubricant, fuel pumps in
said casing, mechanism for operating the
pumps in said casing, metering devices in
said casing, mechanism for operating said
devices in said casing, means for delivering
lubricant under pressure to said casing to lu-
bricate the parts therein, and means for ren-
dering the pumps ineffective to deliver fuel

1,691,322

when the pressure of the lubricant in the cas-
ing falls below a predetermined degree.’

3. The combination of an enclosing cas-
ing adapted to contain lubricant, fuel pumps
in said casing, mechanism for operating the
pumps in said casing, metering devices in
said casing, means for delivering lubricant to
said casing to lubricate the parts therein, and
mechanism for operating said devices con-
trolled by the pressure of the lubricant in the
casing. .

4. The combination with an engine of the
fuel injection type, of a casing adapted to
contain lubricant, mechanism in said casing
for delivering fuel under pressure to the en-
gine, comprising a pump, mechanism for sup-
plying lubricant to said casing to lubricate
the pump, and means to render the pump in-
effective when the pressure of the lubricant
falls below a predetermined degree.

5. The combination with an engine of the
fuel injection type, of a casing adapted to
contain lubricant, mechanism for delivering
fuel under pressure to the engine comprising
a pump and a metering device to render the
pump effective to deliver fuel, mechanism for
supplying lubricant to said casing, and means
to keep the device open to render the pump

-ineffective when the pressure of the lubricant

falls below a predetermined degree.

6. In mechanism for feeding fuel to a
multi-cylinder engine, the combination of an
enclosing and supporting casing adapted to-
contain lubricant, a drive-shaft longitu-
dinally disposed therein, a series of fuel
pumps annularly arranged around the axis
of the shaft, mechanism for operating said
fuel pumps, metering devices in the casing,
mechanism driven by said shaft for operating
the metering devices, means for delivering
lubricant into the casing to lubricate the parts
therein, and means operated by the lubricant
gorlrendering the pumps ineffective to deliver

uel.

7. In mechanism for feeding fuel to a
multi-cylinder engine, the combination of an
enclosing and supporting casing adapted to
contain lubricant, a drive shaft longitudi-
nally disposed therein, fuel pumps annularly
arranged around the axis of the shaft, mech-
anism for operating said fuel pumps, meter-
ing devices in the casing, mechanisin driven
by said shaft for operating the metering de--
vices, means for delivering lubricant into the
casing to lubricate the parts therein, and
means operated by the pressure of the lubri-
cant in the casing to automatically open the
metering devices to prevent delivery of fuel.

8. In mechanism for feeding fuel to a mul-
ti-cylinder engine, the combination of an en-
closing and supporting casing adapted to
contain lubricant, a drive shaft longitudinal-
ly disposed therein, a series of fuel pumps
annularly arranged around the axis of the
shaft, mechanism for operating said fuel
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pumps, timing mechanism through which
said shaft is driven mounted in the casing,
metering -devices in the casing, mechanism
driven by said shaft for operating the meter-
ing devices, means for delivering lubricant
into the casing to lubricate the parts therein,
and means operated by the lubricant for ren-
dering the pumps ineffective to deliver fuel.

9. In mechanism for feeding fuel to a mul-
ti-cylinder engine, the combination of an en-
closing and supporting casing adapted to
contain lubricant, a drive shaft longitudinal-
ly disposed therein, a series of fuel pumps
annularly arranged around the axis of the
shaft, mechanism for operating said fuel
pumps, timing mechanism through which
said shaft is driven mounted in the casing,
metering devices in the casing, mechanism
driven by said shaft for operating the meter-
ing devices, means for delivering lubricant
into the casing to lubricate the parts therein,
and means operated by the lubricant for con-
trolling the metering devices to render the
pumps ineffective to deliver fuel.

10. In mechanism for feeding fuel to a
multi-cylinder engine, the combination of an
enclosing and supporting casing adapted to
contain lubricant, a drive shaft.longitudinal-
ly disposed therein, a series of fuel pumps
annularly arranged around the axis of the
shaft, mechanism in the casing and driven by
the shaft for operating said fuel pumps, tim-

ing mechanism through which said shaft is-

driven mounted in the casing, metering de-
vices in the casing, mechanism driven by
said shaft for operating the metering devices,
means for delivering lubricant into the casing
to Iubricate the parts therein, and means oper-
ated by the lubricant controlling the meter-
ing devices. : .

11. The combination of a casing adapted
to contain lubricant, a pump for delivering
fuel under pressure to the engine, a metering
device for controlling the delivery of fuel
to the engine, mechanism for controlling the
metering device to vary the charges of fuel,
means for supplying lubricant under pres-
sure to the casing to lubricate the mechanisns
therein, and means operable by the lubricant
whereby the controlling mechanism will be
rendered inoperative.

12.. The combination of a casing édapted to -

contain lubricant, a pump for delivering fuel
under pressure to the engine, a metering de-

vice for controlling the delivery of fuel to the -

engine, manually shiftable mechanism for
controlling the metering device to vary the
charges of fuel, means for supplying lubri-
cant under pressure to the casing to lubricate
the mechanisms therein, and means operable
by the lubricant to render the control mech-
anism inoperative. _

13. The combination of a casing adapted to
contain lubricant, a pump for delivering fuel
under pressure to the engine, a metering

7

device for controlling the delivery of fuel to
the engine, mechanism for controlling the
metering device to vary the charges of fuel
comprising a clutch, means for supplying
Jubricant under pressure to the casing to lu-
bricate the mechanisms therein, and means
operable by the lubricant for uncoupling the
cluteh, ‘

14. The combination of a casing adapted to
contain lubricant, a pump for delivering fuel
under pressure to the engine, a metering de-
vice for controlling the delivery of fuel to
the engine, mechanism comprising a cam for
controlling the metering devices to vary the
charges of fuel, means for supplying lubri-
cant under pressure to the casing to lubricate
the mechanism therein, and means operable

by the lubricant for controlling the operation

of the cam. ‘

15. In mechanism for feeding fuel to a
multi-eylinder engine of the injection type,
the combination ot a supporting casing adapt-
ed to contain lubricant, a drive shaft longitu-
dinally disposed therein, a series of recip-
rocating pumps annularly arranged in the
casing, mechanism enclosed in the casing for
operating the pumps, metering devices in
the casing, means driven by the shaft com-
prising a member coaxial therewith for oper-
ating the metering devices; a lubricant cham-
ber 1n the casing, means for delivering lubri-
cant under pressure to said chamber, means
for delivering fuel from the chamber to the
pumps, means for delivering lubricant from
said chamber to the mechanism for operating
the metering devices and to the mechanism
for operating the pumps.

16. In mechanism for feeding fuel to a
multi-cylinder engine of the injection type,
the combination of a supporting casing
adapted to contain lubricant, a drive shaft
longitudinally disposed therein, a series of
reciprocating pumps annularly arranged in
the casing, mechanism enclosed in the tasing
for operating the pumps, metering devices
in the casing, means driven by the shaft com-
prising a member coaxial therewith for oper-
ating the metering devices, a lubricant cham-
ber in the casing, means for delivering lubri-
cant under pressure to said chamber, means
for delivering fuel from the chamber to the
pumps, means for delivering lubricant from
said chamber to the metering devices and the
meclianism for operating them.

17. The combination of an enclosing casing
adapted to contain lubricant, pumps in the
casing for delivering fuel under pressure to
the engine, mechanism in the casing for oper-
ating the pumps, metering devices in the cas-
ing, mechanism in the casing for operating
the metering devices, means for manually
controlling the operation of the metering
devices by their operating mechanism,
means for delivering lubricant under pres-
sure to the casing, and means to render the

i
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manual control ineffective when the pressure
of the lubricant falls below a predetermined
point. L

18. The combination of an enclosing cas-
ing adapted to contain lubricant, pumps in
the casing for delivering fuel under pressure
to the engine, mechanism in the casing for
operating the pumps, metering devices,
mechanism in the casing for operating the
metering devices comprising an adjustable
cam, means for manually controlling the cam,

means for delivering lubricant under pressure

to the casing, and means to render the cam in-
operative when the pressure of the lubricant
falls below a predetermined point. :

19. In mechanism for feeding fuel to
engines, the combination of a casing adapted

_to contain lubricant, a reciprocating pump

comprising a piston and cylinder, a Iubricant
chamber in said casing, the piston having a
longitudinally extending port therein, a lubri-
cant duct between said chamber and the port
in said piston, and mechanism for operating

the pump comprising a pitman connected to.
" the piston, the longitudinal port being con-

nected to deliver lubricant to the bearing
between the pitman and the piston.

90. In mechanism for feeding fuel to
engines, the combination of an enclosing and
supporting casing adapted to contain lubri-
cant, a drive shaft' longitudinally disposed
therein, a series of reciprocating pumps, each
comprising a piston and cylinder, a lubricant
chamber in said casing, each piston having a
longitudinally extending port therein, lubri-
cant ports between said chamber and the port
in said pistons, and mechanism for operating
the pumps comprising pitmen connected to
the pistons, the longitudinal ports being con-
nected to deliver lubricant to the bearings
hetween the pitmen and the pistons respec-
tively. '

91, In mechanism for feeding fuel to
engines, the combination of an enclosing and
supporting casing adapteéd to contain lubri-
cant, a reciprocating pump comprising a
piston and cylinder, a lubricant chamber in
said casing, the piston having a longitudinal-
ly extending port therein, a lubricant port
between said. chamber and said piston to de-~
liver lubricant to the outside of the piston,
a port in the piston to deliver lubricant into
the longitudinal port, and mechanism for op-
erating the pump comprising a pitman con-
nected to the piston, the longitudinal port be-
ing connected to deliver lubricant to the
bearing between the pitman and the piston.

92, In mechanism for feeding fuel to
engines, the combination of an enclosing
casing provided with a chamber adapted to

. contain lubricant, a reciprocating fuel pump

6

comprising a piston and a cylinder, an oil
port extending longitudinally of the piston,
means to deliver oil from said chamber to
said port, a pitman for operating the piston

1,891,322

having a bearing therein to which said port
leads, and an operating element connected to

- the other end of the pitman, the latter having

a longitudinal port for delivering lubricant
to the bearing between the operating element
and the pitman. -

23. In mechanism for feeding fuel to en-.
gines, the combination of an encTosing casing
provided with a chamber adapted to contain
lubricant, a reciprocating fuel pump com-
prising a piston and a ¢ylinder, an oil port ex-
tending longitudinally of the piston, means
to deliver oil from said chamber to said port,
a pitman for operating the piston having a
ball-bearing between one end of the pitman
and the piston to which said port leads, an
operating stud and a ball-bearing -between
the stud and the other end of the pitman, the
latter having a port between the bearings to
deliver lubricant to the bearing between' the
stud and the pitman. :

24. In mechanism for feeding fuel to en-
gines, the combination of an enclosing casing
provided with a chamber adapted to contain
fubricant, an annular series of fuel pumps
each comprising a piston'and a cylinder, each
piston having longitudinal oil ports, means
to deliver oil from said chamber to said ports,
pitmen for operating the pistons each having
a bearing therein to which one of the ports
leads, operating studs connected to the other
end of the pitmen respectively, and means
for conducting oil from said ports to the bear-
ings between the pistons and the pitmen and
the bearings between the studs and the pit-
men. .

25. In mechanism for feeding fuel to en-
gines, the combination of a casing provided
with a chamber to contain lubricant, a recip-
rocating pump for delivering fuel to an en-
gine comprising a piston and a cylinder,
packing rings around the pistou, a spring-
pressed sleeve around the piston and for com-
pressing the packing rings. and means for
delivering oil from the chamber through the
sleeve to the packing rings.

96. In mechanism for feeding fuel to en-
gines, the combination of a casing provided
with a chamber to contain lubricant, a recip-
rocating pump for delivering fuel to an en-
gine comprising a piston and a cylinder,
packing rings around the piston, a spring-
pressed sleeve around the piston and for com-
pressing the packing rings, means for deliv-
ering oil from the chamber through the sleeve
to the packing rings and to the piston, a pit-
man for operating the piston, and means to
conduct oil through the piston to the connec-
tion between the pitman and the piston.

97. The combination with an engine of the
fuel injection type, of a casing, mechanism
for delivering fuel under pressure to the en-
gine comprising a pump and a metering de-
vice associated with the pump and operable
to control the delivery of the fuel pumped
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thereby, mechanism for supplying lubricant
under pressure to said casing, and means for
stopping the operation of the metering de-
vice when the pressure of the lubricant falls
below a predetermined degree.

28. The combination with an engine of the

fuel injection type, of a casing, mechanism.

for delivering fuel under pressure to the en-
gine comprising a pump and a metering de-
vice associated with the pump, mechanism
for operating said device to control the de-
livery of fuel pumped, mechanism for sup-

- plying lubricant under pressure to said cas-

16

fuel inj ection

ing, and means for rendering said second
mentioned mechanism inoperative when the
pressure of the lubricant falls below a prede-
termined degree so as to stop the operation of
the metering device. :
29. The combination with an engine of the
type, of a casing, mechanism
for dehivering f)L,lel under pressure to the en-
gine comprising a pump and a metering de-

vice associated therewith and operable to con-

trol the delivery of the fuel pump thereby,
mechanism for supplying lugricant under
pressure to said casing, and means for stop-
ping the operation of the metering device
when the pressure of the lubricant %alls be-
low a predetermined degree comprising a bel-
lows operated by the lubricant.

80. The combination with an engine of the
fuel injection type, of a casing, mechanism

for delivering fuel undex pressure to the en-

gine mounted in the casing and comprising a
pump and a metering device associated with
the pump and operable to control the delivery
of fuel pumped thereby, mechanism for sup-
plying Iubricant under pressure to said cas-
ing to lubricate the fuel delivering mecha-
nism, and means for stopping the operation

- of the metering device when the pressure of

the lubricant falls below a predetermined de-
gree.
Signed at Chicago, Illinois, this 24th day
of ‘March, 1925. /
- AAGE E. WINCKLER.
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