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" This invention relates generally to fuel injec-

tion systems for diesel engines and particular-
Iy for dual fuel engines. As is well known in
the art, dual-fuel engines use, instead of fuel
oil, a gas of some kind, such' as, for instance,
natural gas, which is admitted to the combus=
tion chambers through the air intake manifold
or in some other manner. Due to the nature of
this gas, compression thereof in the combustion
chambers does not cause its spontaneous ignition,
as in the case of fuel oil, and accordingly auxil-
iary means are required to ignite it. While
ignition means, such as an electric spark, have
been used to accomplish this purpose, a more
commonly employed means is the use of pilot
charges of fuel oil injected into the combus-
tion chambers by the usual injection pumps.
This pilot charge of oil, being ignited by the
temperature induced by the compression there-

of in the usual manner, then ignites the gas. 2

The purpose of burning gas instead of fuel oil
1S to make use of gas that may be readily and
cheaply- available in the vicinity of the location
of the engine, such as, for instance, in oil fields

where natural gas is to be found in large volume, -

and thus avoid burning the moére expensive fuel
'oil. To accomplish this economy as fully as possi-
ble, the pilot charge of oil should be held to a
minimum quantity consistent with being suf-

ficient to assure the ignition thereof and of the 2

gas in the combustion chambers. As some gases
are more difficult to ignite than others, the
amount of this pilot charge of oil varies and
may range, for example, from five to twenty
percent of the entire charge. Individual setting
of the fuel pump centrol racks, according to the
manufacturer’s calibrations thereon, to meter
and deliver such a small quantity of oil through
the pumps has proved to be inaccurate and un-
satisfactory in the case of dual-fuel engines.

This is due to inexactness in the machining of *

pump parts and to inaccuracies in calibrating
the fuel control racks, particularly in the range

of calibrations indicating these smaller deliveries.

of oil where the curve of the helix of the pump
plunger approaches the longitudinal.. Setting the
control racks of pumps of a dual-fuel engine ac-
cording to these rack calibrations has resulted
in the delivery of unequal guantities of oil, in
the delivery of quantities of oil which are insuf-
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ficient to cause ignition thereof when subjected

to the temperatures and pressure of the com-
Dbustion chambers, and in the total failure of
the pumps to deliver any oil. In addition, when
a gas having a different B. t. u. content is.to

be used it is again necessary to adjust individual-"

ly all the fuel control rack settings according to
the rack calibrations, which is both time-~con-
suming and wasteful of oil. While the device
disclosed herein may be used in any type of en-
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‘gine employing individual fuel injection pumps,

it has particular application to dual-fue] engines.

It is an object of our invention to provide im-
broved means for insuring substantially  equal
pbredetermined minimum deliveries of. fuel oil
through the fuel injection pumps for dual fuel
operation. . .

Another object is to provide improved fue] con-
trol means that may be -effectively adjusted to
increase or decrease simultaneously and equally
such predetermined minimum quantities of oil
and, if desired, to make such adjustment during
‘operation of the engine.

-+ A further object is to provide improved means

for not only establishing predetermined minimum
quantities of fuel injeetion for dual operation
but also for allowing complete flexibility of fuel
control whereby the engine may be easily trans-
ferred to straight diesel operation. .
Other objects and advantages will be more ap-
parent.to those skilled in the art from the fol-
lowing: description of the accompanying draw-

ings in which: .

Fig. 1 is a-perspective view showing the -co-
operative relation between a conventional -fuel
injection pump of & dual fuel engine, a. governor
operatively connected thereto and means acting in
conjunction with the control rack of such pump
to effect the desired pump operation;

Fig. 2 is a diagrammatic side elevation of most
of the elements shown in Fig. 1;

Fig. 3 is a diagrammatic plan view of a number
of conventional fuel injection pumps, showing
our improved combination therewith including
means for simultaneously and equally varying
the degree of minimum fuel injection; and
- Fig. 4 is a modification of the means for vary-

‘ing the degree of minimum fuel injection.

In the particular embodiment of the invention
which is disclosed herein for the purpose of illus-
strating one specific form among possible others
that the invention might take in practice, we
have shown in Figs. 1 and 2 one of a number
of conventional fuel injection pumps 1 of a dual-
fuel diesel engine which per se need not be de-
scribed as it is well known in the art. Each
bump has a usual fuel control rack 2 slidable
along ifs axis through the pump body and whose
teeth, Fig. 3, mesh with a geared metering valve
within the pump body. The details of such a
metering valve are, of course, well known in the
art and hence need not be disclosed except in their
broader aspects as illustrated herein. To vary
the amount of oil delivered by the pump through
an outlet pipe 3 to a spray nozzle and combus-
tion chamber . (not shown), the control rack 2
is linearly advanced or retracted by a usual speed
governcr 4 which has an oscillatable arm 5 con-
nected through a link 6 to a collared arm 7
secured to a regulating shaft 8 for oscillating the
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same. The: ascillating motion: is: transmitted
to fuel control rack: 2 first through. a collared
lever 9 afixed to said shaft and provided with
an adjusting screw 8a; then through a free=~
turning collared lever 10 provided with a. lug.

{0, Figs. 1 and 2, engageable with adjusting-

serew 9¢; and finally a link {1 connecting col=-:
lared lever i6 with fuel conftrol. rack: 2.. Such.
motion of the regulating shaft. either advances
the rack to the left, as viewed in Pigs: ¥ and 2,
to increase the fuel delivery, or retracts the rack
to the right to diminish such delivery. Disposed
about regulating shaft § and positioned between
free-turning collared lever 10 and a spring collar.
12 affixed to said shaft is a torsion spring 12a
adapted and arranged to bias the outer end of
collared lever 10 to the right to exert a continu-
ous yielding. pressure in a fuel reducing direc-
tion. against control rack 2 through link {f. As
shown in Fig..1, governor 4, through regulating
shaft .8, a collared lever. I3 affixed to said shaft,
a link 14, and a lever 15, also performs the func-
tion of operating a. spring-loaded butterfly valve
{6 in a. gas supply line {7 to regulate- the flow

of gas therethrough to.the combustion chambers =

in accordance with the demands: of the engine.
As the. construction and operation. of this type
of fuel injection pump and of the governor: to
control the oil through the pumps. and the gas
to the combustion chambers are: well-known.and
understood in the art, it is deemed unnecessary
to describe either further.

To overcome the difficulties incident to the
necessity of having extreme nicety ef pump con-
trol for dual fuel operation we provide means
consisting of & stop lever i8 of any suitable eon-
tour but preferably that shown.in Figs. iand 2,
which is pivotally mounted on a pin.24.in a. bi-
furcated arm 6 of a bracket 20. A curved. edge
22 of stop lever 18 not enly provides. a line con-
tact with the end of the: rack se that stop. lever
18- may be rotated with a minimum of frictisn
while in contact with the rack, but is alsa so:off-
set with respect to fulérum. pin 2{ that a portien
of such curved edge is. advanced .or. retracted by
said rotation. Bracket 28 is: preferably clamped
to the fuel injection pump body at. a.convenient
point beneath the fuel control rack by a separable
clamping ring 23 carrying a mounting member
24 to. which the bracket is secured by bolts. 2B.
Shims 26 may be interposed between the bracket
and mounting member to insure exact, initial
positioning of surface 22 relative to control rack
2 in order.tc cbtain the precise minimum amount
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of fuel for dual fuel operation. After this mini- -

mum amount. is determined. far one particular
pump, the stop lever {8 is locked in that position
by a removable lock pin 21, of any suitable design,
extending through the stop-lever and bracket 28.
While we have deseribed apparatus of our device
as applying to a single fuel injection pump, it is
of course understood that identical apparatus is
similarly applied to-each of the other pumps of
an engine and. that. the stop lever {8. of each
pump will be-individually adjusted and locked
by. a pin.for dual fuel operation.

The stop means for the several pumps are then
connected together to function egually, simul-
taneously and by means of a single confrol.:- To
do this, there extends beneath brackets 20 and
stop levers 18 of all the pumps & common con-
trol shaft 28 mounted in bearings 28, one of whica
is split.. 'This control shaft is manually rotatable
by any convenient means, such as, for instance,
a2 Enurled wheel 398 attached to the shaft, and can
Be locked in any position against movement by
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any suitable means, such as, a screw 31 threaded
through the farther of the two extended ends of
split bearing 23. This control shaft carries a plu-
rality of adjustable collared levers 32, the iree
ends of which are connected to the outer ends
of all stop levers 18 by links 33. When the fore-
going, connections are fully made, the lock pins
271 are then removed, whereupon rotation of con-
trol shaft 28 by wheel 34 in one or the other direc-
tion causes.eurved edges 22 of all stop levers 18,
through this linkage means, to be simultaneously
advanced or retracted equal distances.
Operation—The method of assembly and oper-
ation of our device are as follows: With the fuel
injection pumps removed from the engine,
clamping. rings 23 carrying mounting. members
24.are fastened ta the pump body. Disregarding
the manufacturer’s calibrations an the fuel con-
trol racks, each pump is.then tested, by a.process
of trial and. error, to.meter and. deliver a, certain
estimated quantity of fuel oil per minute, which
estimated amouni is believed to be the least
amount. that will ignite under pressure in the
combustion chambers, Holding the fuel control
rack in this adjusted position and with removable
lock pin. 27 in position to hold.stop lever i8 and
bracket 28 relatively immovable, bracket 20 is
then secured to mounting member 24 by holts 25
so that curved edge 22 is in contact with the free
end of fuel control rack 2. To obtain a precise
fit of curved edge 22 with fuel control rack 2, it
may be necessary to interpose shims 26 between
the bracket.and the mounting member to be held
in place by the pressure of.bolts 25, Fig. 3. With
bracket 20 secured to mounting member 24, the
rack is yieldingly ‘held against stop lever 18 by
the force of torsion spring f2e acting through
free-turning lever {0 and link {1.. When all the
pumps of the engine have been: individually-tested
and adjusted in the manner described: above 0
that all pumps meter and deliver: precisely ‘the
same amount, the pumps are then mounted on
the engine and secured thereto. in their usual
positions. Control shaft 28 on which have bzen
previously mounted enough levers 32 -to provide
one for each stop lever 18 is next locked against
turning by tightening screw 3f. Links 23 are
then connected to stop levers. I8 and fo levers 32
and levers 32 secured to the control shaft. With
the completion of these linkage assemblies, lock

- pins 27 are removed. Owing to the fact that con-

trol shaft 28 is- locked against movement and that
no play is provided in the linkage means between
the control shaft and the stop levers, the removal
of lock pins 27 does not alter the adjusted posi-
tions of the stop levers and the stop levers, thus

" rigidly held by said linkage means, act as stops

to prevent the racks from moving beyond the
point determined by said tests to be the positien
in which the rack will meter and deliver said
estimated ‘quantity of 0il" through each pump.
The advancing of the racks in this manner has
had the effect of increasing the gaps between ad-
justing screws $¢-and lugs {0 so that it now be-
comes necessary to decrease this distance, which
is done merely by means of said adjusting screws.

I the estimated quantity of ‘oil to be delivered

through each pump proves sufficient tc operate
the engine efficiently and economically, no ad-
justment of our device is necessary. The puInps
operate in the usus! manner with the exception
that the fuel control racks.are now prevented by
said stop levers from heing retracted heyond the
point at which they were set by said test to deliver
not less than said estimated quantity of ofl. The
racks may also be moved in the other direction
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by action of the governor in the usual manner,
as when an additional load is placed on the en-
gine or when the gas supply is reduced or cut off
entirely. In these instances, as the engine slows
down, the governer rotates regulating shaft §4n
a counterclockwise direction, as viewed in Figs.
1 and 2, the first part of said movement actuating
‘butterfly valve {3 in gas supply line {1, the latter
part of said movement actuating all fuel control
racks through adjusting screws 8a, lugs 18a, fres-
turning levers {0, and links 1l. The movements
of all racks are simultaneous and equal, resulting
‘in the maintenance of relatively equal deliveries
of oil through the pumps. Should this estimated
quantity of oil prove insufficient to cause ignition,
or should a gas of poorer quality be used, requir-
ing a greater percentage of fuel oil to cause igni-
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‘tion, confrol shaft 28 would be unlocked by

loosening screw 31, then rotated by wheel 39 in
a counterclockwise direction until curved edges
22 were advanced to force spring-loaded fuel con-
‘trol racks 2 to a point where the pumps would
meter-and deliver larger but stiil relatively equal
amounts of oil. The control shaft would then be
relocked in this new position. - Conversely, in the
‘event a better quality gas were used, the control
shaft, after being vnlocked, would he rotated in
a clockwise direction, retracting stop levers 18
and allowing fuel control racks 2 to move back

under action of torsion spring I2¢ so that all .

pumps would then deliver smaller but still rela-
tively equal quantities of oil, the control shaf
then being relocked. These adjustments of the
stop levers to these new minimum delivery set=-
tings can be made while the engine is running.
The modification of our invention, shown in
‘Fig. 4, mav be emvloved in instences where the
space hetween the fuel iniection pumrs and the
en~ine wall is insvffirient to accommodate the
“outwardly extending levers of the preferred form.
In this modification, ston levers {8’, now short-
ened longitudinally, are fixedly movnted on ro-
tatahle fulerum bins 21’ -between arms 19’ of
brackets 20’ which are adjustahlv secured to
the pump body, as in the preferred form. Se-
cured to an axial extension of each fulcrum pin
21’ is a lever 24 which is connected to a common
control shaft 28’ by a link 35 and an adivstable
lever 36. Rotation of common control shaft 28’

in a counterclockwise direction advances a curved ;

edge 22’ of stop lever 18’, forcing spring-loaded
fuel control rack 2’ forward to meter and deliver
a greater minimrm ocuvantity of oil, while rota-
tion of the shaft in the other direction retracts

curved edge 22’ allowing the sprinz-loaded rack 5

to move backwardly to meter and deliver g lesser
minimrm aqnantity of oil.. For mounting pur-
poses, bracket 29’ is provided with a lock pin
27’. As in the preferred form, each pump of an
engine is equivrped with a stop lever and means
connecting the stop lever with the control shaft
so that all stop levers may be advanced or re-
tracted sim»itaneously and equally by means of
the control shaft. Algo, as in the preferred form,
all pumps are first tested and adjusted to meter
and deliver identical quantities before the stop
levers are mommnted thereon. It shorld be under-

stood that the control shaft in both modified.

and preferred forms may be disposed either as
shown in the drawings, or positioned in iront
of the fuel injection pump, or in any other con-
venient position, depending on the space avail-

able in the vicinity of the pumps, the linkage:
means in both cases being readily adaptable to

almost any position of the control shaft.
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6
While our invention has particular application
to dual-fuel engines where only relatively small
quantities of oil are metered and delivered

_‘through the pumps, as has been described above,
~ it is readily seen that our adjustable stop means

may also be used, without modification, with the
fuel injection pumps of engines burning fuel oil
exclusively to advance or retard the idling speed

-of the engine.

From the disclosure herein, it is seen that we
have provided a simple, efficient and economical
adjustable fuel control means for fuel injection

‘pumps of both dual-fuel and single-fuel diesel
‘engines, whereby all pumps after being tested

and adjusted to meter and deliver equal quan-~
tities of fuel oil, will be held to meter and deliver
not less than such quantities, and whereby such
minimum quantities may be simultaneously and
equally increased or decreased during the Opera-
tion of the engine.

It will, of course, be understood by those skllled
in the art that various changes may be made in
the construction and arrangement of parts with-
out departing from the spirit of the invention
as set forth in the appended claims.

We claim;

1. The combination in a fuel injection control
apparatvs for internal combustion engines hav-
insr injection pumps and a no-mally movable

“mo control element for varying the pump dis-
cnazge comprising, stationary means for limit-
ing movement of said pump control element so
that a predetermined minimum pump discharge
may be effected, means for varying the limiting
position of said I'mit means so as to vary said
predetermined minimum discharge, and means
movable relative to said limiting means for op-
erating said normally movable pump element
while the limiting means remains stationary,
thereby to increase the pvmp discharge when-

ever desired, said means for limiting movement
of the pump control element including oscilla-
table members, one for -each puvmp, and the
means for varying the limiting position of the
limit means inclvding an element commonly
connecting said oscillatable members together so
that the same may be simultaneously and uni-
formlv actuated.

2. The combination in a fuel injection control
apparatus for internal combustion engines hav-
ing injection pumps and a normally movable
pump control element for varying the pump dis-
,- stationary means for limit-
ing movement of said pump control element so
that a predetermined minimum pump discharge
may be effected, means for varying the limiting

position of said limit means so as to vary said

predeterm’ned minimvm discharge, and means
movable relative to said limiting means for op-
erating said normally movable pump element

while the limiting means remsins stationary,
thereby to-increase the pump discharge when-

ever desired, said movable pump control elements
being spring biased in a direction to reduce the
pump discharge, and the means for limiting
movement of such pump control elements inelud-

ing members, one for each prvmp, providing abut-

ment surfaces arainst which said movable ele-
ments are yieldably pressed to effect the mini-
mum discharge.

3. The combination set forth in claim 2 further

'characterlzed in that the abutment members are

pivotally supported and the abutment surfaces
are curved so as to be effective in the selection
of minimum discharge,
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4. The combination in a fuel injection control
apparatus for internal combustion engines hav-
ing injection pumps and a normally movable
pump control element for varying the pump dis-
charge comprising, stationary means for limit-
ing movement of said pump. control element so
that a predetermined minimum pump discharge
may be effected, means for varying the limiting
position of said limit means so as to vary said
predetermined minimum discharge, and means
movable relative to said limiting means for op-
erating said normally movable pump clement
while the limiting means remains stationary,
thereby to increase the pump discharge when-
ever desired, said movable pump control elements
being spring biased in a direction to reduce the
pump discharge, and the means for limiting
movement of such pump control elements in-
cluding pivoted members adapted tc provide

abutments against which said movable elements ¢

are yieldably pressed to define the minimum dis-
charee, the abutment rortion of said pivoted
members being offset from the pivotal axes sO
as to swing in an arc toward or away from the
pump control element and thereby control the
extent of minimum pump discharge.

5. The combination in a fuel injection control
apparatus for internal combustion encines hav-
ing injection pumps and a normally movable
pump . control element for varying the pump dis-
charge comprising, stationary means for limit-
ing movement of said pump control element so
that a predetermined minimum pump discharge
may be effected, means for varying the limiting
position of said limit means so as to vary said
predetermined minimum discharge, and means
movahle relative to said limiting means for op-
erating said normally movable pump element
while the limiting means remains stationary,
thereby to increase the pump discharge when-
ever desired, said movable elements of the in-
jection pumps being spring biased in'a direction
to reduce the pump discharge, and the means
for limiting movement of such pump control ele-
ments including pivoted members adapted to
provide abutments against which said movable
elements are yieldably pressed to define the mini-
mum discharge, the abutment portion of said
pivoted members being offset from the pivotal
axes, and the means for varying the limiting
position of said abutting portions ineluding an
oscillatable shaft commonly connected by levers
and links to the respective pivotal members.

6. The combination in a fuel injection control

apparatus for internal combustion engines hav- :

ing injection pumps and a normally movable
pump control element for varying the pump dis-
charge comprising, stationary means for limiting
movement of said pump control element so that
a predetermined minimum pump discharge may
be effected, means for varying the limiting posi-
tion: of said limit means so as to vary said pre-
determined minimum discharge, and means mov-
able relative to said limiting means for operat-
ing said normally movable pump element while
the limiting means remains stationary, thereby
to increase the pump discharge whenever desired,
said movable elements of the injection pumps
being spring biased in a direction to reduce the
pump discharge, and the means for limiting
movement of such pump control elements includ~
ing pivoted members adapted to provide abut-
ments against which said movable elements are
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yieldably pressed to define the. minimum - dis-
charge, the abutment portion of said pivoted
members being offset from the pivotal axes, and
the means for varying the limiting position of
said abutting portions. including an oscillatable
shaft commonly connected by levers and links
to the respective pivotal members and the levers
having releasable connections with said shaft
whereby the abutment members may be sepa-
rately adjusted in accordance with the individual
pump characteristics. .

7. The combination in a fuel injection control
apparatus for internal combustion engines hav-
ing injection pumps and a normally movable
element for varying the pump discharge com-
prising, a plurality of members, one for each
pump, adapted to provide abutment surfaces for
individually engaging said pump control ele-
ments to determine a desired minimum dis-
charge for each pump, means for movably sup-
porting said abutment members so that said
surfaces are movable to provide a variable dis-
tance through which said pump control elements
must move before engaging said surfaces and
thereby adjust the amount of minimum dis-
charge of each pump individually, and means for
commonly - actuating said members so that their
abutment surfaces simultaneously effect the same
desree of minimum discharge position: for all
pumps.

8. The combination in a fuel injection control
apparatus for internal combustion engines hav-
ing injection pumps and a normally movable
element for varying the pump discharge com-
prising, a plurality of members, one for each
pump, adapted to provide abutment surfaces for
individually engaging said pump control elements
to determine a desired. minimum discharge for
each pump, means for movahly supporting said
abutment members so that said- surfaces are
movable- transversely of the direction of move-
ment of the pump control elements to provide a
variable. distance through which said pump con-
trol elements must move. before engaging said
surfaces and thereby adjust the amount of mini-
mum discharge of each pump individually, and
means for commonly actuating said members so
that their abutment surfaces simultaneously
effect the same degree of minimum  discharge
position for all pumps.

FRANCIS EDGAR PELLY.
EARL RUSSELL CAVE,

REFERENCES CITED

The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Name Date
1,497,258 Beals$ oo June 10, 1924
2,159,360 Starretal. e~ May 23, 1939
2,360,526 Staples e Oct. 17, 1944
FOREIGN PATENTS
Number Country Date -
280,756 THALY e 1930
473,017 Great Britain e 1935

OTHER REFERENCES

American-Bosch Fuel Injection Equipment for
Diesel Engines, United American~-Bosch Corp.,

- New York, N. Y., page 37.



