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monds Aerocessories, Inc., Tarrytown, N. Y., a corpo-
ration of New York
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Claims priority, application Great Britairi
February 25, 1955

11 Claims. (Cl. 123---140)

This invention relates to a_ fuel injection pump for
internal combustion engines: - More particularly, it is di-
rected to a pump of the:type wherein means are provided
for controlling the delivery of one or.more pump mem-
bers as.a function of the air intake manifold pressure of
the engine.

A pump of the above type w111 meter fuel correctly,
i. e., in accordance with the air consumed per cycle by
the engine, only so long as the manifold pressure-affords
a true criterion of the amount of air induced-by -the en-
gine cylinders per cycle, That, however, does not hold
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true ‘at high engine speeds because ‘of the obstructive ef- '

fect of the inlet ports and valves, which results in a
deterioration in the filling of the cylinders with increas-
ing speed for a given intake manifold pressure. ‘As a con-
sequence, an- undesirable richening of the fuel/air ratio
occurs with increasing engine speed. = This is particularly
objectionable when the injection pump is intended for
use with spark-ignition engines of the type employed in
automotive vehicles and in certain stationary installations
where optimum fuel economy or operation is desired.

For convenience in explanation, the invention will be
described with reference to one specific type of injection
pump; however, as will appear from the description, the
invention is applicable to all pumps of the general type
referred to above.

The spec1ﬁc form of pump “with reference to whrch
the invention is described in the following description is
disclosed and claimed in my copending application Ser.
No. 567,395 filed February 23, 1956. In the aforesaid
apphcatron there is provided. an adjustable device which
is made up.of an adjustable element for controlling the
delrvery of the pump members and a displaceable. pres-
sure responsive member for controlllng the ad]ustable ele-
ment. The displaceable member is disposed in a hous-
ing so as to form with said housing a first and a second
pressure chamber on Tespective sides of the displaceable
member. Means are- provided for supplying a substan-
tially- unrestricted flow of fluid under pressure to the
first pressure chamber. A servo-valve-controlled passage
mtercomectmg ‘the first and ‘second préssure chambers
is provided along with a servo-valve therefor. ~ A restrict-
ed passage is prov1ded for venting ‘the second, pressure
chamber. The opening in the valve—open position” of
the servo-valve is chosen relative to the size of the re-
stricted passage so as to permit a rapid build-up of fluid
pressure in the second pressure chamber ‘when the servo-
valve is in its wide open position. This enables the pump
to change its’ delivery rapidly in a first direction. In

order to enable the pump to change rapidly in the reverse .

direction, an auxiliary venting means for the second pres-
sure chamber is provided. This includes a vent passage
of a size related to the restricted passage and to the size

of the second pressure chamber such as to decrease rapid-
ly the pressure in the second pressure chamber when un;
restricted. 'The servo-valve is operatively associated with
the last mentioned vent passage for r{e,smc;mg(the flow
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of fluid therethrough except when in the servo-valve-
closed position.

In accordance with the present mventmn a fuel in-
jection pump having its delivery controlled. primarily as
a function of the air induction manifold pressure of .the
engine is compensated for the deterioration in the -mass
of air induced per- cycle with. increasing speed by .the
provision of means to be driven by the engine for modi-
fying the pump dehvery in a manner tendmg to decrease
the delivery with increasing, speed for any given manifold.
pressure, More specifically the invention contemplates
the provrsron of ‘a centrifugal impeller to be driven. by-
the engine and having a fluid output coupled to modrfy
the control which pressure responswe means have over
the delrvery of the pump. -

A Dbetter understanding of the mventron w111 be had
frorn a reading of the followmg detailed descrrptlon thh
reference to the accompanymg drawmgs in ‘which: .

" Fig. 1 is an elevational view partly in section showing
a fuel m}ectron pump embodying the present invention;

Fig. 2 is a fragmentary elevational view showing the
servo-valve and the bifurcated lever for couplmg the in-
put srgnal thereto;-

. Fig. 3 is a‘sectional view taken on line 3—3 in Frg 2;

Fig. 4 is a fragmentary sectional view showing a modi-
fied construction of the servo-valve and baffle member
forming a part of the present invention; and

Fig. 5 is'a group-of curves demonstratmg the operat-
ing characteristics of the invention.

Referring now to the drawings, the fuel 1n]ectron pump
is provided with a cast housing 10 having a capsule pres-
sure chamber 12 and an operating chamber 14. A
drive shaft 16 passes through the chamber 14. and has
its upper end, which is not shown in the drawing, oper-
atively connected to a distributing valve arrangement
for sequentially connecting the pump cylinders, one of

which is shown at 18, to the fuel supply and to the in-

jection nozzles for the engine. The other end of the
drive shaft is arranged to be driven by the engine in a
suitable manner. The cylinder 18 along with a suitable
number of: furthet: cyhndefrs not shown, are positioned
in the form of a circle in a cylinder block 20. - Each of
the cylinders is provided with a pump member in the
form of a plunger 22 of which two are visible -in the
drawing.. The plungers 22 bear against a wobble-plate
24 which is mounted upon a combined skew shaft and
servo-piston unit 26. The unit 26 is slidably mounted -
upon the shaft 16 and keyed thereto by a’ key 28 for
driven rotation therewith. The unit 26 is prov1ded with
a cylindrical apron 30 making a sliding fit-in the cylin-
drical portion 32 of the housing '10." The apron 30 along
with the web portion 34 of the unit 26 forms a displace-
able pressufe.résponsive member -within the .aforemen-
tioned cylindrical portion 32. .- The wobble-plate 24 has
its- peripheral region provided with a bearing surface
which -engages a complementary strface in the housing

.. 10. This surface may be generally spherical in nature.
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Asthe combined skew- shaft and servo-piston-unit-26
moves longitudinally along the drive shaft. 16 :the skew
portion- of the- unit 26 will displace the center of: -the
wobble-plate 24-therby increasing- or decreasing its"tilt
or. inclination. In a known manner rotation of the skew.
shaft will cause the wobble-plate to reciprocate the pump-
members 22. . As shown in the drawing, the stroke of
the pump members will be 2 maximum when the unit. 26
occupres its extreme upward position and will be a mini-
mum when the unit 26 occupres 1ls extreme lowermost

" position,

70

Provision is made for connectmg a source of ﬂu1d under
pressure to the housmg 10 through the large port 36
for establishing a substantially unrestricted flow thereof.

. The pressure ﬁu1d mrght convemently be the. lubrrcatmg
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oil .employed in' the engine...-The fluid- will :fill..up the
portion of the chamber 14 above the unit 26 (a first pres-
sure chamber) and - pass ‘into a servo-valve-controlled
passage-38 formed in’the drive shaft 16° by way -of the
ports 40. It is noted that the ports 40-are located at'a
‘point’on the -drive shaft 16 “above -thé upper- limit of
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- between the spring 62 and the thrust race.64. to be ro-

‘movement of the servo-piston unit 26, A furthér group of
comparatlvely large ports 42 are located in the walls: of :
the ‘drive shaft 16 in communication with the ‘passage 38

in the lower portlon of the chamber:14 at a pornt well

tudinally upon the drive shaft 16. - As shown in the
drawing, the .valve 44'is provided with a land area 46
whrch ‘cooperates with the ports 42 to ‘provide a variable
‘obstruction ‘therefor: dependent -upon the relative posi-
tion of the servo-valve.. As long as the porfs 42 are not
completely obstructed . or closed. the pressure fluid  will
leave the: passage 38 through the. ports 42 entering the
enlarged internal portion 48 of ‘the valve 44 and exiting

‘through the ports 50 formed in the walls thereof.  This

fluid " will ‘now. commenice to fill. up’ the portion of -the
chamber 14 located below the servo-plston 26 (a second
pressure chamber).

.~ A second passage 52 is formed wrthm the drlve shaft
‘16 and communicates through a lateral passage 54 with
‘the_exterjor of the housing 10. The other ‘end of the
passage 52 communicates with. aplurality of port means
56 and. 58 which are located in: thé shaft 16 within the
Tower” portion ‘of chamber 14. . The port means:56. is

] A “servoivalve in the form of a cyhndrlcal sleeve .
‘member’ 44 s -mounted for sliding' ' movement ldngl- :
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Jlocated _with - respect- to .the servo-valve such that the

‘lower portion. 60 thereof completely obstructs ‘the port
means. 56 for all positions’ of the servo-valve except that
position wherein the land area 46 completely obstructs or
closes off the ports 42, i. e. for all positions other than
the servo-valve-closed -position.. The reason for. this will
be described below.." The other port means 58 is located
at a point which is always unobstructed by the servo-valve
and forms: with the. passages 52 and 54 'a permanent re-
strlcted passage -for venting the aforementioned second
pressure_chamber -in the- lower "portion of chamber 14,
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The: ports 42- as. well as the:clearance 48 and ports 50

in the servo-valve should be of such size and proportion
that the opening in the valve-open position of the servo-
valve -relative to-the size of the restricted passage.. will
permit; a rapid build-up of pressure in the second pres-
sure chamber below.the: servo-prston 26. .

.- A-helical compresswn spring 62 surrounds the drive
shaft 16 -and is: disposed : between -the - web :34 .of the
servo-piston 26 and ‘the -upper: face .of the 'servo-valve
44.-A thrust race 64 is-provided between the spring 62
and: the. upper -face of the valve44. - The spring 62 urges
the: va.lve 44 downwardly :against -the ‘bifurcated ends. 66
of:an articulable link: or.see-saw: lever 68 which: straddles
the_ drive: shaft 16. - ‘A seen in Figs. 2 and. 3 the ends 66
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of -the-lever :68. are provided ‘with tapered bearing sur-

faces 70 engaging V-notches 72 formed in the lower: edge
of :the: .servo-valve: 44. .. This prevents rotation:-of ‘the
servo-valve and .at the same time applies: the controllmg
force theréto... - The: other end of .the :lever 68 is acted
upon:by a thrust pin 74 ‘which in-turn iis-engaged by-a
sécond thrust pin 76 fixed-to one face of a pressure. re-
sponsive. device 78 situated in the chamber12.. The
device 78 :may take ‘the: form .of ‘a sealed multi-capsule
stack. . The chamber 12:is provided with a port 80 for
connection with' the air induction manifold of the engine:
The opposite face of the device 78 is posmoned centrally
by an adjustable abutment pin 82.

The deyice. as. described ‘so. far: corresponds ‘with the
‘ dlsclosure in: my-above-mentioned copendmg application.
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The -elements-now  to, be- descrrbed are “those’ forrmng a '

basis ‘of .the present invention. ‘The pressurizing means
takes-the form of a"centrifugal 1mpeller 90 posmoned
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unobstructed. therethrough with a. slight clearance.

tated by the drive shaft 16. = A baffle member 92 is
formed, as best seen in Fig. 1, integral with the hous-
ing 10 and positioned around the intermediate portion of
the sérvo-valve 44. The baffic member 92 has an open-
ing 94 therein. which - allows. the servo-valve to move
The
clearance also permits a somewhat restricted flow of the
controlling fluid between the first and second subsidiary
chambers 96 -and ‘98 formed on respective sides of the
bafffe. member. - A passage 100 formed in the walls of
the housing 10 interconnects the two subsidiary chambers
96 and 98.  For a purpose to be described, “the apron
30 of the unit 26 has: the lower portion of its outer
surfcae provided with a ‘taper 102,

In a modified form of the invention shown in Fig. 4
the integral baffle member-of Fig. 1 has now been re-
placed by an annular ring 104 which is positioned within

‘the bore 32 of the housing 10 so as to leave: the portion

of the bore 106 :below the ring in-the lower or second
subsidiary chamber 98.7 It should be noted that the walls
of ‘theé bore are joined -to the baffle 104 perpendrcular
thereto. ~/In ‘this embodiment the servo-valve is provided
with an annular radial extension or flange 108 -fitting
within: the bore-portion: 106 with a slight clearance there-
between. ‘ The clearance between the flange 108 and the
portion-of the bore 106 should be less than the clearance
existing between the baffle ring 104 and the servo-valve.
The reason for: this will be-apparent when the operatlon
of this -embodiment is described below.

-Returning to Figs. 1, 2 and 3 the operation of the pump
w1ll be -discussed first-assuming that the impeller 90 along
w1th baffle 92 and passage 100 is omitted.

. So long as the operating conditions of the engine re-
main unchanged (i.e. while the induction manifold pres-
sure applied to the capsule unit in the ‘chamber 12 ré-
mains; constant), the mechanism described above 'is in
a stable staté. - This arises:from the circumstance that,
under the conjoint influences of the control spring 62 and
the load transmitted by the linkwork 68, 74 and 76 from
the capsule unit 78, the servo-valve 44 assumes a position
in ‘which-its land area '46 so regulates the efflux’ of fluid
through - theoutlet ports 42 that, in conjunction with the
restricted provision for escape-of fluid from the second
pressure’chamber, the differential fluid pressure. acting on
the servo-piston unit 26 exactly balances the load exertéd
by the control spring 62. " Consequently, any given load
exerted upon the servo-valve 44 by the capsule unit.78
and its associated linkwork i is Hecessarily exactly counter-
balanced ‘by the load exerted by ‘the control ‘spring 62,
and, therefore, corresponds to a -particular length of that
spring:and hence a definite posmon of the combined skew
shaft and servo-prston unit 26. . Thus, any given value of
the induction manifold pressure . results in a correspond-
ing "~ stroke berng _performed . by the fuel- -pumping
plungers 22" -

- Let it be assumed that ‘the pump is in a stable fuel-
metermg condition with a. relatrvely low pressure obtain-
mg in the chamber 12; Wthh ‘of .course, corresponds to
the engine.. erther 1d11ng or belng on light load (that is
to say; when the: throttle admrttmg air into the induction
manlfold is partlally shut) If now the throttle is abruptly
opened the induction manifold pressure rises very.rapidly,
for example to atmospheric ;pressure ‘or. to some pressure
intermediate between- the. low pressure previously. exist-
ing and atmospheric pressure.... The capsule. unit 78 has
a relatively low: elasticity "and, therefore, this sudden in-
crease in- its ambient pressure not only:has: the effect of
diminishing momentarily the thrust exerted by the capsule
unit on-its associated hnkwork but also enables the cap-
sule unit to: undergo a-substantial-contraction. - This per-.
its ‘the servo—valve 44 momentarlly to slide under the
influence’of the control sprmg 62, it being borne in mind
that‘at the‘instant of opéning the-throttle and consequently
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applying the sudden increase in pressure.to the capsule
unit 78 the pump was operating at a relatively small
stroke; that is to sdy, the control spring 62 was sub-
stantially compressed and exerting a relatively large load
upon the servo-valve.

The momentary downward drsplacement of the servo-
valve 44 brings about a momentary large increase in the
effective opening of the associated outlet ports 42, and
thus permits high-pressure fluid from the passage 38 in
the drive shaft 16 to flow through these ports at a high
rate into the relatively lower-pressure region constituted
by the second pressure chamber. = This momentary high
flow of fluid temporarily raises the flilid pressure behind
the servo-piston unit 26 to.such a value that, acting on
the rear face of the servo-piston and thereby assisting the
control spring, the latter is enabled to expand and rapidly
move the servo-piston unit. - A condition of stability is
eventually established, with, the control spring 62 now
more distended and the servo-piston unit 26 having moved
to a position corresponding to a greater stroke of the fuel-
pumping plungers 22. - The load exerted by the control
spring on the servo-valve eventually exactly counter-
balances the new load exerted by the capsule unit 78.

Tt will be apprecrated from the foregomfJ description
that the provision of outlet ports 42 in the drive shaft
which are of substantial depth and peripheral extent,
taken in conjunction with the relatively low: spring rate
of the capsule unit 78, permits the stroke-varymg mech-
anism to respond very rapidly to an abrupt mcrease in
the inducticn manifold pressure.

Now .consider the operation of the dev1ce when the‘

throttle is suddenly closed or partlally closed from a
formerly open position. For this purpose  assume,
initially, that the port means ‘56 has been omitted. The

concomitant sudden reduction in the induction manifold

pressure causes the capsule unit 78 momentarily to dis-
tend, it being free to do so since at the instant of the
change of pressure in the induction mamfold the control
spring was relatively distended, correspond_mg to a sub-
stantial displacement of the servo-piston unit towards
the full-stroke position. The control spring 62 was,
therefore, at the instant under consideration, exerting a
relatively small load upon. the servo-valve.
sudden distension.of the capsule unit momentarily causes
the servo-valve to be moved by the lever 68 against the
control spring 62, and this movement results in the valve
completely closing the outlet ports 42 in the drive shaft,
thus precluding temporarily any further flow of fluid

- from one side of the servo-piston unit to the other. -Under.

‘the action of the high-pressure fluid on its front face, the
servo-piston unit now proceeds to move towards the posi-
tion at which the amplitude of the wobble-plate 24 is

diminished, forcing the fluid out of. the second pressure

chamber by way of the restricted vent passage referred to
earlier. This the servo-piston unit is free to do since
the fluid behind it is momentarily no longer being re-
plenished as it is normally by the passage of fluid past
the land area 46 on the servo-valve 44.  The rate at
which this movement of the servo-piston unit takes place
is, however, limited by the necessarily relatively. small
size of the vent passage by which fluid can escape from
the second pressure chamber. The vent passage has to
be. relatively small in order to limit the amount of fluid
supplied by way of the relatively large port 36 to the front
face of the servo-piston unit. In consequence the re-
sponse of the mechanism to a sudden closure of the
throttle is very sluggish and a considerable interval of
time may elapse before the mechanism has readjusted it-
self to the new pressure obtaining in the induction mani-
fold. During this interval the fuel delivered to the engine
is excessive, and misfiring and temporarily excessive fuel
consumption result.

Now consider the effect of the port means 56 Whlch

under normal steady metering, conditions (i. e. when the
land area 46 of the servo-valve 44.is.yery close to its.

Now the.
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shut off position with respect to the associated ports 42),
are just covered by the valve 44 and. are ‘thus moperatlve
as a leakage or vent path. During the momentary phase
when the capsule unit 78 is substantially expanded tem-
porarily, and consequently the valve 44 has been-moved
against the spring 62 and has shut off the associated ports
42, the additional port means 56 becomes exposed and
thus affords additional paths, in. parallel with the perma-
nently opened passage of relatlvely small size prevrously
mentioned, for the fluid to éscape from the Tower portion
of chamber 14 to the exterior of the housing 10, .

As will be appreciated from the above descrrptton the
effect of the prov1sron of the auxiliary venting passage
is. momentarily to increase the rate of fluid venting ot
spillage from the low pressure side of ‘the servo-piston
unit 26, thus increasing the speed at which the servo-
piston uvnit 26 can move in the downward direction to
diminish ‘the amplitude of the wobble-plate 24 and’ the
stroke of the pump plungers 22. *This. fac:lhty is’ pro-
vided for a-brief interval of time followmg upon- a sud-
den decrease in the air induction manifold pressure,

Now consider the effect of the eleéments 99, 92 and
100 of Figs. 1,2 and 3. In operatlon the, flnid in the first
subsidiary chamb"r 96 is set.in motion by, the centrlfugal
impeller 90 and a ceutnfugal pressure head is created
which results in circulation of the fluid through the pas-
sage 100 into the second subsidiary chamber 98. The
centrifugal pressure head is proportlonal to the square of
the peripheral velocity .of the fluid and’ thus is higher- at
the boundary of the chamber 96 than it is at a smaller

" radius such as at the opemng 94 in the baﬂie member, 92
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Since only a small clearance is provided’ between the
baffle member 92 and the servo-valve 44 which it sur-
rotinds, a fluid: pressure differential is estabhshed between
the two subsidiary chambers’ and is eﬂectlve upon the end
face 119 of the servo-valve 44 urgmg the latter in a direc-
tion towards ‘the servo-plston unit. 26. In effect, this is

equivalent to an increase in the metering’ force exerted

by the capsule stack upon the servo-valve 44 through the

associated linkwork. That is ‘to. say, the setting of the
mechanism tends to alter in such'a way as to reduce the

fuel delivery of the pump. Thus a weakening effect is
achieved upon the delivery of the pump per cycle w1th

increasing .speed, this effect following approxrmately a .
square law. Such a weakening effect conforms approxr-

mately to the rate of reduction of air consumptlon of. an

orthodox. four-cycle englne with, increasing speed. L

Referring to Fig. 5, the fuel requrrement of an ordmary
four-cycle spark-ignition engine at different speeds has
been plotted in curve 120 for an arbitrarily assumed
value of air induction manifold pressure. Since it has
also been assumed in determmmg the fuel requrrement»

‘that the fuel/air ratio is constant, curve 120 also rep-

resents the mass ofair induced in the cylmders per:cycle,
for varying speeds. Therefore, from Fig. 5 it can be seen
that the air mass induced. per cycle, for a given manifold
pressure, attains a maximum value at some intermediate.
point in the speed range of the engine, and. falls off both
above and below this speed. -

Curve 122 in Fig. 5 shows the output of an m]ectron
pump as being constant as long as.the manifold pressure .
is constant and in the absence of the fluid pressunzmg'
means of the instant invention. ’

Curve 124 shows how the fluid pressurizing means_or'
centrifugal impeller causes the pump delivery to fall off.
as the engine speed increases. Note particularly how
closely the curve 124 follows or approxunates the engme
requirement -curve 120 for the upper half of the speed
range. . As shown in Fig. 5 a slight error has been de-
liberately introduced .in the speed. correction curve at
low engine speeds. This. error was mtroduced in order,
to have perfect correction in the optlmum air filling.
region represeuted by the maximum pomt in curve 120,
This error in certain instancés may in fact be’ desuable_j
because it prov1des an enrrched mlxture i ‘ '




near 1dlmg' The error was mtroduced by mcreasmg the
pump delwery for. the particular manifiold pressure: prior
to. mcludmg the.correction of the centnfugal impeller.

A further feature of the invention is that the weakening
eﬂect as. descrlbed above.is correlated with the output of
the pump.-per. revolutron, ‘that. is to say;. with the stroke
of the pump plungers and, therefore, with the axial dis-
placement of the servo-piston unit 26. In this connection
it will ‘be reahzed that the arrangement so far described
depends for its effectlveness ‘upon. free circulation of fluid
through ‘the. passage. 100 interconnecting - the two. sub-
srdlary chambers. Consequently, if- this passage is par-
tlally obstructed the fluid pressure - differentially whlch
reduced. - Such an eﬂfect is ‘produced by the taper 102
on- the apron 30 of the servo-prston unit 26 which- is
arranged progressrvely to overrun. the mouth of the pas-
sage 100, . The selectlon of the taper.102, or alternatively
the proﬁlmg of the mouth of the passage -100,- can be
so selected .as_ to: afford any required. correlation between
the freedom of fluid clrculatxon from the one subsidiary
chamber to -the_ other.. _Thus’ the weakening effect can
be, correlated w1th the stroke of the plungers.
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1mpeller‘ in driven‘re]ationship to .the internal combus-
tion engine; means. for supplying fluid to said -impeller,
first fluid: coupling ‘means. coupled to said impeller at a
high pressure point therein, second fluid coupling means
coupled to.said impeller at a low pressure point therein,
and meats: coupling said  first and second fluid coupling

~means for exerting a differential: force upon said servo-

valve in-a manner tending-to change its position, whereby

. the delivery of said pump members is: controlled as a
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funiction of the speed of said engine.

3. A fuel injection pump: for internal combustion en-
gines having. an adjustable wobble-plate for. actuating a
plurality of pumping plungers of. variable stroke, a com-

- bined skew- shaft and servo-piston unit keyed to. and-lon-

gitudinally slidable ona drive shaft for altering the am-
plitude of the motion of the wobble-plate, and a housing
for said combined skew shaft and servo-piston unit form-
ing ‘with said unit a first and a second pressure chamber
on. respective sides of said ‘unit, comprising in combina-
tion, means for supplying a substantially unrestricted flow

~of fluid under pressure to said first chamber, a servo-

. By means of the feature just- described, the force op-

erative, upon the end face 110 of the servo-valve 44 can,
for'a given pump speed; be controlled in such a way
that the weakening effect bears any. relationship (e. g. a
linear. relatronshlp) to the pump ‘output .per revolution
and therefore, as would normally be required, to produce
a weakemng effect’ whrch would Tepresent.a- constant per-
centage Jof the pump output per stroke for any given
speed

In: the-‘embodrment shown in Fig. 4 the differential
force exerted upon the: servo-valve 44 is augmented by
the ﬂange 108. ‘Asa. result of the difference in clearance
between the valve 44 and the baffle 104, and. the flange
108 and ‘the wall of the bore portion -106, substantially
the whole of the fluid pressure differential :occurs . across
the ﬂange 108..-; Since : the ﬁange increases - the. surface
area. upon whlch the ﬂurd pressure differential is eﬁectlve,

the. force, developed is _greater than that developed in the

structure of Fig.' 1, .

“The mventron has been descnbed with reference to a
specrﬁc ‘embodiment thereof Nevertheless, it is intended
to. encompass he numerous changes and modifications
which will-appear obvrous to thosé skilled, in the art to
which is- appertains and “which come wrthm the scope
of the appended clalms " .

.  What I claim is: ~ )

TLCA fuel 1n1ect10n ‘pump for mternal combustron en-
gmes havmg an adjustable device! controlling the delivery
of one’ or more pump members;, and a displaceable pres-

sure responsrve member for controllmg the adjustable ‘de- -

vice ‘disposedin‘a housing and forming with said hous-
ing a first-and a second’ pressure ¢hamber on respective
sides: of ‘said member, comprising in combination, means
for supplying a substantially. unrestricted flow of fluid un-
der pressure to'said.first chamber, a servo-valve controlled
passage: mterconnectmg said two chambers; a servo-valve
therefor, a’ restrlcted passage for ventmg said” sécond
chamber, fluid Jpressurizing means responsive to the speed
of said pump’ for providing fluid under pressure with the
pressure varying as.a functron of ‘said speed, and means
coupling said pressurizing means to ‘said servo-valve for
applymg a force thereto proportional to' said pressure in

a manner, tendmg to change the position of said servo-

‘valve, Whereby ‘the delivery. of: said pump members is
eontrolled as.a functlon -of ‘the speed. of “said- pump.

2 ‘A fuel mjectlon pump for-internal combustion en-.

gmes havxng an adJustable element controlling . the: de-
hvery of. one or.more pump. members a fluid ‘operated
servo-p ton for controllmg the ad]ustable element, and

tion a centrifugal impeller, ‘drlve'means for couplmg said
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valve-controlled passage interconnecting said two cham-
bers, a:servo-valve therefor, a restricted passage for vent-

ing said sécond chamber, a fluid pressurizing means re-

sponisive to the speed of said pump. for providing fluid
under " pressure. with the pressure varying as a function
of said speed, and means coupling said fluid pressuriz-
ing ‘means to said servo-valve for applying a force there-
to proportional to said pressure in a manner tending to
change the position of said servo-valve, whereby the
stroke of said pump plangers is controlled as a function
of the speed of said pump.

4. A fuel injection pump for internal combustion en-
gines having an adjustable device controlling the dehvery
of .one or.more pump members, control means for pOSl-
tioning said adjustable device, and pressure responswe
means for coupling said control means to the air induc-
tion 'manifold of the engine for-regulating the control
means. in response to the dir pressure in said manifold
with - increased dellvery of said pump members corre-
spondmg to a rise in air pressure, and vice versa, said
engine being of the type wherein the mass of air induced
per cycle decreases with increasing speed above a given
value for any given induction manifold pressure, com-
prising in combination & centrlfugal impeller, drive means
for coupling said impeller in driven relationship to the en-
gine, means for supplying fluid to said impeller, and cou-
pling means for coupling the output of said impeller for

‘exerting a differential force upon said control means in

a manner tending to change its position towards one call-
ing for less delivery from the pump members with in-
crease_ in said force, and vice versa, the relationship be-
tween -said -impeller output and the regulating effect of
said . pressure responsive means being such as to cause
the delivery of said pump members to be progressively
decreased with- increasing speed for any given induction
manifold pressure at such a rate as to match said decrease
in mass of induced air at speeds above said given value
to prevent thereby an undesn'able richening of the fuel/
a1r ratio.

5. A fuel 1n]ectlon pump according to claim 4, where-
in said adjustable device is provided with valve means
directly coupled to said coupling means for modulating
the fluid output of said impeller as a function of the de-
livery - of said pump members, whereby the progresslve
decrease in delivery from said pump members is caused
to varyas a function of the presssure in said air induc-
tion manifold in addition to varying as a function of
the speed of the engine.

6. A fuel injection pump for mternal combustion en-
gines having a plurality: of individual pump members for
supplying. fuel to the cylinders of said engine, an adjust-
able element for c'ontrolling the delivery of all of said
pump members, and_a”fluid operated servo-system in-
cliding a‘fluid chamber for regulating said adjustable ele-
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ment in direct response to the air induction manifold
pressure of said engine, with increased delivery of said
pump members corresponding to a rise in air pressure,
and vice versa, said engine being of the type wherein
the mass of air induced per cycle decreases with increas-
ing speed above a given value for any given induction
manifold pressure, comprising in combination an impel-
ler disposed within said fluid chamber, drive means for
coupling said impeller in driven relationship to the en-
gine, and means for causing said impeller when driven
by said engine to vary the output of said servo-system in
a direction tending to decrease progressively said deliv-
ery of the pump members with increasing engine speed,
and vice versa, whereby the delivery of fuel is caused
to decrease with increasing speed so as to match said de-
crease in the induced air above said given value.

7. A fuel injection pump according to claim 6 where-
in said impeller is constructed and arranged for develop-
ing a fluid pressure which varies as a direct function of
the square of its speed of operation whereby the decrease
in said delivery of fuel substantially follows a square
law.

8. A fuel injection pump for internal combustion en-
gines having an adjustable element for actuating a plu-
rality of pumping plungers of variable stroke, a servo-
piston unit longitudinally slidable on a drive shaft for
causing the adjustable element to alter the stroke of
said plungers, a housing for said servo-piston unit form-
ing with said unit a first and a second pressure chamber
on respective sides of said unit, means for supplying a
substantially unrestricted flow of fluid under pressure to
said first chamber, a passage formed within said drive
shaft and extending beyond the limits of movement of
said servo-piston unit on both sides thereof, one or more
ports formed in the wall of said drive shaft on each side
of said servo-piston unit for establishing communica-
tion between said passage and said first and second cham-
bers, respectively, a servo-valve slidably mounted on said
drive shaft within said second chamber for operative valv-
ing cooperation with the drive shaft ports therein, and
means for coupling said drive shaft in driven relation to
said engine; comprising in combination a baffle member
surrounding an intermediate portion of said servo-valve
with a slight clearance therebetween and- dividing said
second chamber into first  and second subsidiary cham-
bers with movement of said servo-valve into said first
subsidiary chamber causing a decrease in the stroke of
said plungers, a centrifugal impeller mounted on said
drive shaft for driven rotation therewith within said first
subsidiary chamber, and a passage in said housing es-
tablishing communication between both of said subsidiary
chambers such that fluid tends to flow from the first to
the second subsidiary chamber in response to a pressure
differential ‘being developed across said impeller, thereby
to urge said servo-valve into said first subsidiary cham-
ber with a force varying as a function of the speed of said
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shaft, whereby the stroke of said plungers is
as a function of increasing engine speed.

9. A fuel injection pump according to claim 8, where-
in said servo-piston unit is provided with a portion mak-
ing sliding contact with the walls of said housing within
said second pressure chamber, said portion being con-
structed to variably obstruct the mouth of said passage
which establishes communication between said subsidiary
chambers as a function of the position of said servo-pis-
ton unit, to modify thereby.the amount by which. the
stroke of said plungers is decreased.

10. ‘A fuel injection pump according to claim 8, where-
in said housing has a straight bore portion surrounding
said servo-valve within said second subsidiary chamber
with the walls thereof joined to said baffle member per-
pendicular thereto, and said servo-valve is provided with
an annular radial flange fitting with a slight clearance
within said bore portion, said last mentioned clearance
being less than the clearance existing between the servo-
valve and the baffle member so as to increase the force
acting upon said servo-valve in response to a given rise
in pressure across said impeller, thereby to increase the
sensitivity of the pump.

11. A fuel injection pump for internal combustion en-
gines having its delivery controlled primarily as a func-
tion of the air induction manifold pressure of the engine
and compensated for the deterioration in the mass of air
induced per cycle by the engine with increasing speed
above a given value for any given induction manifold
pressure, comprising in combination a fuel pumping de-
vice, a pressure responsive means for controlling the de-
livery per cycle of said pumping device as a function of
said manifold pressure with increased delivery correspond-
ing to rise in manifold pressure, and vice versa, a cen-
trifugal impeller, means for coupling said impeller in
driven relationship to said engine, means for supplying
said impeller with a fluid, and means coupling an output
of said impeller to said pressure responsive means for
modifying its control of the delivery of said pumping de-
vice in a manner tending to decrease the delivery with
increasing speed, the relationship between impeller out-
put and the control exercised by said pressure responsive
means being such as to cause the delivery of fuel to de-
teriorate with increasing speed at such a rate as to match
said deterioration in the induced air at speeds above said
given value to prevent thereby an undesirable richening
of the fuel/air ratio.

decreased
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