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This invention relates to a fluid pump of the variable 
displacement type and more particularly to such a pump 
of the wobble plate type. p 
Pumps of the aforementioned type generally include 

a plurality of plungers which arev reciprocated by the 
oscillation of an inclined wobble plate to produce a de 
sired pressure in the pumped fluid; :the linclination of the 
wobble plate being adjustable to vary Ithe pump stroke 
and thereby displacement of the pump per operating cycle 
or per unit time. Such pumps are particularly adapted 
for use in systems requiring a relatively constant source 
of fluid Vunder a predetermined pressure since they can be 
accurately adjusted to vary the displacement of the pump 
by adjusting the tilt angle of the wobble plate. In high 
pressure sensitive systems such as automotive fuel injec 
tion systems, however, such pumps must necessarily have 
both a high degree of pressure control accuracy `and a 
relatively long life free from mechanical failures. 
The invention contemplates an improved wobble plate 

adjusting mechanism for such ñuid pumps which is of a 
rugged construction adapted to provide a .long trouble 
free life and which is capable of being very accurately con 
trolled by pressure controlled devices subject to the vary 
ing conditions in the associated equipment. The inven 
tion features a Itransformation of the eccentric load 
imposed on the rotating'wobble plate to a load parallel 
to and through Ithe axis of the pump driving shaft thus 
allowing relative freedom of adjusting movement and 
minimizing frictional losses between the several elements 
of the adjusting mechanism. In the illustrative embodi~ 
me-nt, a displacement varying mechanism constructed in 
accordance with the invention is shown and described as 
adapted for use in a fuel pump for an automotive engine 
of either `the carbureted and fuel linjection types. How 
ever, the invention is considered to be applicable generally 
to pumps of the type described which may be adapted for 
other uses. 
‘The foregoing and other features, advantages and ob 

jectives of the invention will become more apparent from 
the following description of the illustrative embodiment 
thereof, having reference to the accompanying drawings, 
in which: 
FIGURE l is a sectional View of a pump constructed 

in accordance with the invention and taken substantially 
on the line 1~1 of FIGURE 2; 
FIGURE 2 is an elevational end view of the pump 

of FIGURE l; and 
FIGURE 3 is a sectional View 4taken substantially on 

the line 3-3 of FIGURE 2. 
The pump shown in FIGURE 1 includes a housing 

member 10 having a cylindrical portion 1l. closed at one 
end thereof by an integrally `formed end plate 12 which 
carries a central hub 14. A bearing 16 is mounted 
within hub 14 and receives one end of a drive shaft 18 
therein. rllhe drive shaft 18 extends through the housing 
and into a bearing 29 which is secured in pump end cover 
22. Intermediate housing 10 and cover 22 are a plu 
rality of plates extending transversely of the pump hous 
ing. These plates include a plunger guide plate 24, a 
pressure chamber plate 26 having inlet and outlet ports 
therein, and an inlet and outlet valve and manifold plate 
28. A plurality of bolts 30 secure cover 22 and plates 
24, 26 and 28 to the housing 10. In order to properly 
assemble the plates in relation to the remainder of the 
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pump, the cover 22 may be provided with an axially 
extending hub 32 on which the pla-tes 24, 26 and 28 are 
piloted. A key or other suitable means, not shown, may 
be used to permit assembly of the plates only when they 
are in proper alignment relative to each other and to 
cover 22. Bolts 34 fasten the plates to the cover in order 
to permit removal and assembly of the plate and cover 
group as a unit. The housing, plates and cover are sepa 
rated and sealed by suitable gaskets positioned between 
adjacent elements. 
The cover 22 is provided with an inlet passage 36 and 

an outlet passage 38. An annular groove formed in 
the upper side of the plate 28 cooperates with the under 
side of the cover 22 and the gasket interposed therebe 
tween to form an inlet manifold chamber 4d which is 
connected through ythe gasket to the cover inlet passage 
36. Plate 28 is also provided with a second annular 
groove opening on the lower side plate thereof which 
intersects a plurality of pressure outlet recesses 43 formed 
therein and cooperates with the upper side of the plate 
.26 and the gasket interposed therebetween -to form an 
annular outlet manifold chamber 42 concentric with and 
larger in diameter than the inlet manifold chamber 40. 
An outlet passage 44 connects outlet chamber 42 with 
the cover outlet passage 38 through a check valve 4S. 
The plate 26 is provided with a plurality of pressure 

chambers 46 and an inlet passage 48 and an outlet pas 
sage 50 for each of the pressure chambers. Each of the 
outlet passages 50 is controlled by an outlet. check valve 
52 which is mounted in one of the recesses 43 formed 
between the plates 26 and 2S. Each of the inlet passages 
48 is controlled by an inlet check valve .54 which is 
mounted in an inlet chamber 55 formed intermediate 
the plate 26 and recesses provided therefor in the lower 
side of plate 28. 
The plunger guide plate 24 has a plurality of cylinders 

or bores 56 therethrough which are adapted to recip 
rocably mount pump plungers or pistons 5S. Each of 
the cylinders 56 are in alignment with an inlet passage 
48 and an outlet passage Si) and a pressure chamber 46 
formed in the plate 26. The gasket between plate 24 and 
plate 26 extends between each of the pressure chambers 
46 and the cylinders 56 to provide a plurality of dia 
phragm portions 69, each of which is engaged on its lower 
side by one of the pistons 5S and on its upper side by 
a diaphragm return spring 62. Thus, each. of the dia~ 
phragms 60 is reciprocated to provide a pumping action 
when the pistons 58 are reciprocated Within their respec 
tive cylinders 56. . 
Each of the pistons 58 has a plunger arm 64 extending 

from its lower surface and terminating in a rounded end 
66. Individual sockets 68 are Áformed within a wobble 
plate or plunger actuating ring 70 and are adapted to` 
receive and thrustably engage the plunger ends 66. The 
ring 70 is mounted on the outer race of an anti-friction 
type bearing 72 and is retained from rotation by a ball 
headed key or guide member 65 which is carried by and 
extends longitudinally from the underside of plate 24 
and slidably engages the side walls of a radial. slot formed 
in lthe ring 70. The inner race of the bearing 72 is 
secured to a hub 74 which spacedly embraces the drive 
shaft 18 yand is formed integrally with a rotatably driven 
stroke control lever member 76. 
As best seen in FIGURE 3, an enlarged section 73 

is formed on the drive rshaft 1S immediately below the` 
reduced diameter portion thereof which passes through 
the hub 74. This enlarged section carries a driving 
platform or member 82 which is drivingly connected 
thereto by a pin 80. The stroke control lever member 
76 is pivotally hinged at one side of driving member 82 
-by a hinge pin 84. Thus, rotation of the driving member 
82 translates a-ny inclination of the stroke control lever 
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76 into an oscillatory or swinging movement of the 
plunger actuating ring 70 thereby effecting the pumping 
stroke of the individual plungers with resultant flexure 
of the diaphragms ott to pump lluid to and from their 
respective pressure chambers 46. lt should be noted 
that the peripheral surfaces of the pistons 5S are semi 
circular in cross-section to permit cafnting of the several 
pistons in their respective guide bores 56 to accommodate 
for lateral displacement of the plate ’70 relative to the 
axis of the pump due to its angular adjustment about 
the pivot 84. On the down stroke, fluid is drawn through 
inlet passage 36, annular manifold chamber 40, the 
inlet check valve 5d and through the inlet pasage 48 to the 
pressure chamber. On the up stroke of the piston and 
diaphragm, the inlet valve 54 is closed and outlet valves 
45 and 52 are opened, permitting the pressurized fluid 
to flow through the outlet passage Sil to the annular 
manifold chamber 42 and to be delivered to any desired 
point from outlet passage 38. 

Adjustment of the inclination of the stroke control 
lever 76 and thereby the stroke of the individual pump 
plungers is varied by an adjusting mechanism including 
a camshaft 90. The camshaft 90 is rotatably mounted 
in the housing 19 and extends transversely thereof in 
spaced parallel relation to the drive shaft 18. Intermedi 
ate its ends the camshaft 9d is provided with a cam sur 
face 92 which thrustably engages one end of a lever 
94. The lever 94 is pivotally mounted by a pin 96 car 
ried by the housing member l@ and has an aperture 98 
therein which spacedly embraces an enlarged portion 100 
of the drive shaft 18. This enlarged portion of the shaft 
18 thrustably engages the inner race of the shaft mounting 
bearing 16. The camshaft 9o is adapted to -be rotated 
by an actuating lever 83 which is secured to an end 
thereof projecting from the housing member. The lever 
S8 may be actuated by any suitable control mechanism re 
sponsive to one or more engine operating conditions 
such as speed or manifold pressure or vacuum. The re 
sultant rotation of the camshaft ‘90 causes the cam sur 
face engaging end of the lever 94 to be raised or lowered 
accordingly. Two cam lugs or bosses 192 are formed 
on the lever 94 on diametrically opposite sides of the 
drive shaft and transfer this movement of the lever 94 
to a cam follower ring 194. The ring 104 embraces 
the shaft 1S immediately above its enlarged portion 1th) 
and carries the outer race ltloa of an anti-friction bear 
ing 106. When the several elements of the displacement 
controlling mechanism are in their 11o-stroke positions, 
as shown in FIGURES 1 and 3, the ring 104 rests on 
the upper annular shoulder formed by the enlarged 
portion 14N? of the shaft and tends to rotate with the 
shaft 18. However, upon stroke varying movement of 
the lever ‘94, the ring 104 is carried out of thrust en 
gagement with this shoulder and the cam lugs of the 
stroke control lever 94 tend to frictionally restrain the 
cam follower ring from rotation with the shaft. The 
inner race 1Mb of the bearing 106 carries a hub portion 
10S of a yoke member 1MB. Two cam lugs 112 extend 
longitudinally from the hub portion 108 and thrustably 
engage two mating bosses or lugs 75 formed on the under 
side of the stroke control lever 76 in diametrically flank 
in relation to the shaft 18. The lugs 112 also slidably 
engage two flat surfaces 83 formed on diametrically oppo 
site >sides of the hub of the driving platform member 82 
thus providing a driving connection between the yoke 
member 116` and the drive shaft 1S. 

It will thus be seen that any rotation >of the camshaft 
90 from its position shown in the drawings is translated 
into angular adjustment `of the stroke control lever 
which, as indicated above, imparts a wobble or oscilla 
tory movement to the plunger actuating ring 70 upon rota 
tion of the shaft 18 thereby causing the piston or plungers 
5S to reciprocate. The loads imposed Von the'inclined 
actuating ring'and stroke control lever by the individual ' 
pumping actions of the several pistons are inclined to‘ 
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4 
and radially offset from the axis of the shaft 18. Thus 
the combined pumping action of the several pistons im 
poses an eccentric resultant load on the plunger actuating 
ring. This eccentric load rotates with the drive shaft and 
is transformed through the abovedescribed displacement 
controlling mechanism of the invention to a load parallel 
to and through axis of the shaft, being transferred through 
the lugs 75 of lever 76, the lugs 112 of yoke member 110 
and the bearing 196 to the lugs 102 of the casing mount 
ed lever 94. 
From the foregoing description, it will be seen that the 

several objectives of the invention are accomplished in . 
the preferred illustrative embodiment wherein minimum 
deflective and frictional loads are imposed on and be 
tween the several elements of the displacement varying 
mechanism. 

While the foregoing description has been restricted to 
one illustrative embodiment of the invention, it will be 
obvious to those skilled in the art that various modifica 
tions might be made therein without departing from the 
scope and spirit of the inveniton, as deñned in the fol 
lowing claims. 

Iclaim: 
1. In a fluid pump having a plurality of cylindrical 

bores, displacement varying control means comprising a 
plurality of plunger members each having a head por 
tion thereon reciproca'bly mounted in each of said bores, 
the periphery of said plunger head portions each being 
spherical to permit limited angular movement of the 
plunger with respect to its mounting bore, means oper 
able to effect controlled reciprocation and oscillation of 
each of said plungers, said means including an actuating 
ring pivotally connected to each of said plungers and 
tiltable to control the strokes of the plungers, »a rotat 
able drive shaft, a first lever member embracing said 
shaft and rotatably mounting said actuating ring and 
mounted for rotation with said drive shaft and for piv 
otal movement about an axis spaced from and extend 
ing transversely of the axis of said drive shaft, said iirst 
lever having thrust bearing surfaces extending laterally 
of its pivotal axis and spaced on diametrically opposite 
sides of said shaft, a second lever member embracing 
said shaft and pivotally mounted in longitudinally spaced 
relation to said .lirst lever member and having thrust bear 
ing surfaces thereon extending laterally of its pivotal 
axis and spaced on diametrically opposite sides of said 
shaft, a ñrst thrust member slidably mounted on and 
adapted to be driven with said shaft, said first thrust 
member having diametrically opposite, longitudinally ex 
tending portions thrustably engaging vthe bearing surfaces 
of said ?rst lever member and defining a line of engage 
ment passing substantially diametrically through said 
shaft and parallel to the pivotal axis of said second lever. 
a second thrust member slidably mounted on said shaft 
and rotatable with respect thereto, said second thrust 
member rotatably mounting said first thrust member and 
‘being in thrust engagement with the bearing surfaces of 
said second lever member and defining a line of en 
gagement passing substantially diametrically through said 
shaft and parallel to the pivotal axis of said second lever, 
and control means operable to effect movement of said 
second lever member thereby shifting said thrust mem 
bers longitudinally of said drive shaft to effect a corre 
sponding stroke controlling movement of said first lever 
member and said actuating ring. 

2. ln a variable displacement ñuid pump having a plu 
rality of cylindrical bores, displacement effecting means 
comprising a plunger member reciprocably mounted in 
the open end of each of said bores and having a head 
portion thereon, the periphery of e-ach of said plunger 
head portions being spherically formed to permit limited 
angular movement relative to its respective mounting 
bore, and means operable to eifect controlled reciproca 
tion and oscillation of each of said plungers, said means 
including an actuating ring pivotally connected to each 
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of said plungers and tiltable to control the stroke of the 
plungers, a drive shaft rotatably mounted in said hous 
ing, a lever member embracing said shaft and rotatably 
mounting said actuating ring and mounted for rotation 
with said drive shaft and for pivotal movement about 
an axis spaced from and extending transversely of the 
axis of said drive shaft, and control means including a 
yolíed thrust member slidably mounted on said shaft and 
thrustably engaging said lever member on diametrically 
opposite sides of said shaft and deñning a line of engage 
ment therebetween parallel to the pivotal axis of said 
lever, said thrust member being operable upon controlled 
movement thereof longitudinally of said drive shaft to 
eiiect stroke controlling movement of said lever member 
and of said actuating ring. 

3. ln a pumping mechanism having a plurality of 
plungers reciproca'oly mounted in a housing member and 
actuated by a ring tiltable to control the stroke of the 
plungers, means for controllably tilting said actuating 
ring including a drive shaft, a driving member secured 
to and extending radially from said shaft, a first lever 
member embracing said shaft and pivotally mounted on 
said driving member about an axis spaced from and ex 
tending transversely of the axis of said drive shaft, said 
iirst lever member rotatably mounting said actuating ring, 
a second lever member embracing said shaft and piv 
otally mounted within said housing :member in longi 
tudinally spaced relation to said iirst lever member for 
movement about a stationary :axis spaced from and ex 
tending transversely of the axis of said drive shaft, a 
first thrust member slídably mounted on said shaft and 
adapted to be driven by said driving member, said ñrst 
thrust member thrustably engaging said first lever mem 
er on opposite sides of said shaft parallel to the pivotal 

axis of said lìrst lever member, a second thrust member 
slidably mounted on said shaft and rotatable with re 
spect thereto, said second thrust member rotatably mount« 
ing said first thrust member and being in thrust engage 
ment with said second lever member on opposite sides 
of sm‘d shaft parallel to the pivotal axis of said second 
lever member, and means operable to eiîect movement 
of said second lever member thereby controllably shift 
ing said thrust members longitudinally of said drive 
shaft to elîect a corresponding stroke controlling move 
ment of said Vñrst lever member and of said actuating 
ring, 
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4. 1n a pumping mechanism having a plurality of 
piungers mounted for pumping reciprocation Within pump 
ing chambers defined by a housing member and an ac 
tuating ring operably connected to each of said plungers, 
means for controilably tilting said actuating ring to effect 
pumping reciprocation of said plungers, said means in 
cluding a drive shaft, a first lever member embracing 
said shaft and rotatably mounting said actuating ring, 
said lever member being drivingly connected for rota~ 
tion with said drive shaft and mounted for swinging 
movement about an axis spaced from and extending 
transversely of the axis of said shaft, a second lever 
member embracing said shaft and pivotally mounted With 
in the housing member for swinging movement about a 
stationary axis spaced from and extending transversely 
of the axis of the drive shaft, means operable to effec-t 
movement of said second lever means, and thrust means 
slidably mounted on said shaft and extending intermedi 
ate and thrustably engaging said lever members on dia 
metrically opposite sides of said shaft on lines substan 
tially parallel to the respective pivotal axes of said levers, 
said thrust means being operable upon swinging move 
ment of said second lever member to effect a correspond 
ing stroke controlling movement of said first lever mem 
ber and of said actuating ring. 
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