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VARIABLE METERING PUMP 

BACKGROUND OF THE INVENTION 

This invention relates to a variable metering pump 
having a plunger and more particularly to a pump 

’ whose capacity can be varied during operation without 
decreasing its volumetric efficiency. 
The prior art plunger type variable displacement 

pump had the drawbacks that adjustment of the 
plunger stroke unavoidably caused the shift of the for 
ward endof the reciprocating plunger, leading to varia 
tions in the volume of a pump chamber and con 
sequently the volumetric efficiency or performance of 
the pump and that where it was attempted to change 
the pump capacity when the plunger was operated with 
an extremely small stroke, then said change was in-‘ 
evitably accompanied with a decline in the volumetric 
ef?ciency. 

SUMMARY OF THE INVENTION 

According to an aspect of this invention, there is pro 
vided a variable metering pump comprising a plunger 
type pump unit; a connecting rod rockably connected 
at one end to the plunger; an Oldham coupling consist 
ing of a pair of guide blocks having grooves formed in 
the facing sides at right angles and provided with paral 
lel but not coaxially arranged shafts and a crank ring 
fitted on both sides with guide rollers engaging said 
grooves and inserted into the other end of the connect 
ing rod; means for shifting one of the guide members to 
adjust the stroke of the plunger; ‘and a lubricating 
system for’ lubricating the sliding portions of the 
plunger and the crank ring. 
An object of this invention is to provide a variable 

metering pump which is little subject to decreases in a 
volumetric efficiency with the resultant high linearity 
of performance characteristics and allows the preset 
capacity of a measuring device and the amounts ac 
tually measured to accord mutually with high precision. 

Another object of the invention is to provide a varia 
ble metering pump permitting the variation of its 
capacity even during operation without resulting in a 
substantial reduction in a volumetric efficiency. 
Another object of the invention is to provide a varia 

ble metering pump causing the plunger to make a 
reciprocating movement using a novel type of 
reciprocating mechanism. 

Still another object of the invention is to provide a 
variable metering pump having a lubricating system for 
supplying lubricant from a centrifugal pump coupled 
with the drive shaft of said metering pump to the sliding 
portions and rotary members of the plunger. 
A further object of the invention is to provide a vari 

able metering pump which eliminates the necessity of 
using parts of precision work for which there are de 
manded particularly rigid tolerances, thus reducing 
manufacturing cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional view of a variable metering 
pump according to this invention; 

FIG. 2 is a plan view, partly in section, of the pump of 
FIG. 1; . 

FIG. 3 is a perspective view of the dismembered 
parts of a crank mechanism; 
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2 
FIGS. 4A to 4D illustrate the operation of the‘ crank 

mechanism; and 
FIG. 5 ‘is a perspective view of a lubricating system 

taken out. ' 

DETAILED DESCRIPTION OF THE INVENTION 

There will now be described by reference to the ap 
pended drawings a variable metering pump according 
to this invention. Throughout the ?gures, numeral 1 is a 
body of box construction containing the driving 
mechanism of the pump. On the side wall la of the 
body 1 is ‘projectively formed a housing 2 in which 
there are received the later described plunger, piston 
and associated parts thereof. At the outer end of the 
housing 2 is disposed a pump unit 3. On the inner sur 
faces of two side walls 1b and 10 (FIG. 2) perpendicu 
lar to the side wall 1a are mounted bearings 4 and 5. At 
the center of the box body is rotatably supported in a 
horizontal plane a shaft 6 having a driving worm 7. 
On the side wall‘ 1b of the body 1 is placed a hollow 

mount 8 on which there is ?xed an electric motor or a 
power source 9. The driving shaft 9a of the electric 
motor projecting into the mount 8 is connected 
through a coupling 10 to one end. of the driving worm 
shaft 6. 

Referring to FIG. 1, on an upper rib 1d and lower rib 
1e horizontally disposed in the body 1 are mounted 
bearings 11 and 12, on which there is rotatably sup 
ported a connecting rod-driving shaft 13, which in turn 
is ?tted with a driving worm wheel 14 engaging the 
driving worm 7. To the upper end of the connecting 
rod-driving shaft 13 is integrally ?tted a lower (or ?rst) 
guide block 15 having a flat upper surface 15a. In said 
upper surface 15a is formed at right angles to the con 
necting rod-driving shaft 13 a groove 16 whose central 
line perpendicularly intersects the axis of the connect 
ing rod-driving shaft 13. 
On the upper portion of the inner surfaces of the side 

wall 1a of the body 1 and opposite side wall 1f thereof 
are formed ?anges l7 and 18. At the center of said 
?anges 17 and 18 is rotatably supported a shaft 19 hav 
ing a feed screw 20 through bearings 21 and 22. To the 
feed screw 20 is screwed a guide member 23 so as to be 
moved along said screw 20 according to its rotation. To 
the lower end of the guide member 23 is ?xed a 
downwardly extending cylindrical support member 24, 
into which there is ?tted a revolving shaft 25 through 
bearings 26. At the lower end of the revolving shaft 25 
is integrally formed an upper (or second) guide block 

_ 27 having a flat lower surface 27a, in which there is 
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formed at right angles to the revolving shaft 25 a 
groove 28 whose central line perpendicularly intersects 
the axis of said revolving shaft 25. 
Between the guide blocks 15 and 27 is placed a ring 

29 having ?at upper (or ?rst) and lower (or second) 
surfaces on which there are mounted two pairs of rol 
lers 30 and 31 in perpendicularly intersecting rows, 
which in turn are ?tted into the grooves 28 and 16 of 
the guide blocks 27 and 15 respectively. An assembly 
of the guide blocks 15 and 27 and the ring 29 con— 
stitutes an Oldham coupling. 
Numeral 32 is a connecting rod, into one end of 

which there is inserted the ring 29, and the other end of 
which is rockably connected to a piston 33 sliding 
through a cylinder 34 received in the housing 2. The 
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axes of the connecting rod-driving shaft 13 and the 
revolving shaft 25 and that of the piston 33 are in the 
same plane. An assembly of the shafts 13 and 15, ring 
29, connecting rod 32, piston 33 and cylinder 34 con 
stitutes a reciprocating mechanism 35. 
To that portion of the feed screw shaft 19 which 

faces the side wall If of the body 1 is ?xed a worm 
wheel 36, with which there is engaged a vertically 
disposed worm 37. On that portion of the top side lg of 
the body I which faces the side wall If is mounted a 
reading device 38, to the lower end of whose casing 39 
is ?tted a bearing 41, which in turn supports one end of 
the worm shaft 40 of the worm 37, said worm shaft 40 
penetrating the reading device 38. To the upper end of 
the worm shaft 40 is ?xed a knurled knob 42. In the 
casing 39 of the reading device are received a pair of 
superposed gears 43 and 44. The lower ?rst gear 43 is 
fixed to the worm shaft 40 and the upper second gear 
44 having a number of teeth differentiated by one tooth 
from that of the gear 43 and is rotatably mounted on 
the worm shaft 40. To the lower end of the casing 39 is 
rotatably ?tted an idle gear 45 engaging both of said 
paired gears 43 and 44. To the second gear 44 is ?tted a 
dial plate 46 for indicating amounts of displacement 
between the connecting rod-driving shaft 13 and the 
revolving shaft 25 by sliding about the worm shaft 40. 
The top plate 47 of the reading device 38 has an open 
ing 48 through which to observe reading indicated by 
numerical graduations on the dial plate 46. 
To one end of the piston 33 is ?xed through a ?xing 

member 50 one end of a plunger 49. The plunger 49 is 
reciprocatably extended through a pumping housing 52 
into a plunger chamber 51, and has the middle part 
supported by the inner wall of the pump housing 52 
through a gland packing 53. 
Numeral 54 is an inlet part communicating with the 

pump chamber 51 through a check valve 55, and nu 
meral 56 is an outlet part communicating the pump 
chamber 51 through another check valve 57. 
Throughout FIGS. 2 and 5, numeral 58 is a centrifu 

gal pump rotatably supported by the worm shaft 6 for 
driving the reciprocating mechanism 35 so as to rotate 
with said shaft 6. The centrifugal pump 58 is connected 
through a piping 61 (FIG. 5) to the inlet part 59 of an 
oil filter unit 60. The outlet part 62 of the oil ?lter unit 
60 communicates through a piping 63 with the interior 
of the top end of the cylindrical support member 24. 
The bearings 26 in said support member 24 are con 
nected through passages 64 to the groove 28 of the 
upper guide block 27 (FIG. 1). One end of a piping 66 
is connected to another outlet part 65 of the oil ?lter 
unit 60 and the other end is ?tted with a nozzle 67 fac 
ing the upper surface of the connecting rod 32. The oil 
filter unit 60 has a detachable ?lter element 60a ?tted 
to the upper or side wall of the body 1. The base of the 
body 1 defines a lubricant reservoir 68. 
There will now be described the operation of a varia 

ble metering pump according to this invention. When 
the driving worm 7 is rotated by the electric motor 9, 
the lower guide block 15 is rotated through the driving 
worm wheel 14. Since, as previously described, the 
reciprocating mechanism 35 is of Oldham coupling 
type, upper guide block 27 is made to rotate through 
the ring 29 with the rotation of the lower guide block 
15. When the connecting rod-driving shaft 13 and 
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4 
revolving shaft 25 are displaced from each other, then 
the ring 29 is guided into the grooves 28 and 16 formed 
in the upper and lower guide blocks 27 and 15 respec 
tively through the two pairs of rollers 30 and 31 accord 
ing to the rotation angle of the connecting rod-driving 
shaft 13, thereby causing the connecting rod 32 to slide 
lengthwise. Each of the pairs of said rollers 30 and 31 
may consist of a single key. 

FIGS. 4A to 4D present the relationship of the 
travelling distance of the connecting rod 32 and the 
rotation angle of the upper and lower blocks 27 and 15. 
O1 and 02 represent the central axes of the shafts 25 
and 13 respectively. Referring to FIG. 4A, the groove 
16 of the lower guide block 15 is at right angles to the 
axis of the cylinder 33, and the axis 01 is displaced for a 
distance 6 to the left of the axis 02. At this time, that 
end of the connecting rod 32 which faces the piston 33 
takes a most advanced position (hereinafter referred to 
as the “forward stroke”). When the lower block 15 
rotates, for example, through an angle 0 from its posi 
tion shown in FIG. 4A, then the connecting rod 32 in 
dicates a displacement y from the end point of the for 
ward stroke. 

FIG. 4C represents the case of 0 = 90°, at which time 
the connecting rod 32 makes a maximum displacement 
e from said end point. FIG. 4D denotes the case where 
the lower block 15 rotates through an angle of (180° — 
0), that is, where the connecting rod is displaced for a 
distance of y. 

While the lower block 15 continues rotation, the 
connecting rod 32 reciprocates between the end point 
of the forward stroke and a point displaced for a 
distance e from said end point causing the piston 33 to 
reciprocate for the same distance as 6. 
When the plunger 49 retracts itself, operating liquid 

is sucked into the pump chamber 51 from the inlet part 
54 in amounts corresponding to said retraction. Con 
versely, when the plunger 49 advances, the liquid is 
pressurized and delivered in amounts corresponding to 
said advancement from the pump chamber 51 through 
the outlet port'56 to the outside. The check valves 55 
and 57 play the role of preventing the backward flow of 
the liquid. 

Displacement of the axial center of the revolving 
shaft 25 and worm driving shaft 13 is effected by rotat 
ing the knob 42 and in consequence the feed screw 20 
through the adjusting shaft 40, worm 37 and worm 
wheel 36 and moving the guide member 23 along the 
feed screw 20. In this case, the extent of said axial 
center displacement can be arbitrarily de?ned while 
observing reading in the dial plate 46 through the open 
ing 48. When the axial centers of the shafts 25 and 13 
are aligned, then the amount of delivery will become 
zero. 

Since the variable metering pump of this invention is 
constructed as described above, displacement e of the 
axial center of the upper and lower guide blocks 27 and 
15 represents the stroke of the plunger 49, so that 
amounts of operating liquid delivered from the pump 
unit 3 bear an extremely exact proportion to the extent 
of said axial center displacement 6. Since this displace 
ment 6 is adjusted by moving the upper guide block 27, 
and not the connecting rod 32, the end point of the for 
ward stroke is always fixed regardless of the extent of 
said axial center displacement 5, thus enabling the 
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deepest point reached by'the plunger 49 when inserted 
into the pump chamber 51 and in consequence the 
resulting volume of said chamber 51 to be always ?xed. 
Accordingly, the performance characteristics of the‘ 
metering pump of this invention maintains a high 
linearity over a broad range of operation. The axial 
center displacement e is effected by rotating the knob 
42 to move the guide member 23, so that said displace 
ment 6 bears an exact proportion to the degree of rota- 1 
tion of said knob 42. This enables not only the pump 
output accurately to agree with reading on the dial 
plate 46 indicated by numerical graduations impressed 
thereon at an equal space, but also said pump output to 
be automatically set at a prescribed value by rotating 
the feed screw 20 using an electric motor and posi 
tioner, thereby permitting remote control.‘ As previ 
ously described, the metering pump of this invention 
eliminates the necessity of using parts of high precision 
work with the resultant decrease in manufacturing cost. 
Further, if the body 1 is constructed in two or three 
blocks, it will offer the advantage of facilitating the 
fitting and removal of the reciprocating mechanism. 
There will now be described the operation of the 

lubricating system. During the operation‘of the variable 
metering pump, the centrifugal pump 58 is actuated by 
rotation of the worm shaft 6 to suck up lubricant from 
the lubricant reservoir 68. The lubricant is supplied 
through the piping 61 to the oil ?lter unit 60 to be ?l 
tered by the ?lter element 60a. Part of the ?ltered 
lubricant is conducted through the piping 63 to the 
bearings 26 and then through the passages 64 to the 
upper and lower blocks 27 and 15 and the sliding ‘por 
tions of the ring 29, while the remainder of the lubri 
cant passes through the piping 66 to be dripped on to 
the connecting rod 32 from the nozzle 67. During ‘the 
pump operation, the sliding portions. of the ring 29 are 
forcefully supplied with lubricant, thereby reducing the 
possibility of said portions being subjected to excess 
heat buildup or wear and also preventing the lubricant 
itself from being deteriorated by high temperatures 
which would otherwise occur. Moreover, attachment 
of the centrifugal ‘pump to the worm driving shaft 
eliminates the necessity of providing any extra driving 
device to drive said pump, so that it is possible to real 
ize the miniaturization of the variable metering pump. 
Since the lubricant is ?ltered by the ?lter element be 
fore application, it is free from any foreign matter, thus 
increasing the durability of the aforesaid sliding por 
tions of the ring 29. 
What is claimed is: 
1. A variable metering pump comprising: 
a pump unit including a plunger; 
21 ?rst guide block rotated by a power source; 
a second guide block facing the ?rst guide block; 
a ?rst groove formed in that surface of the first guide 

block which faces the second guide block; 
a second groove formed in that surface of the second 

guide block which faces the ?rst guide block; 
a ring disposed between the ?rst and second guide 

blocks and having rollers mounted on ?rst and 
second ?at surfaces thereof in perpendicularly in 
tersecting rows with one set of said rollers ?tted 
into said ?rst groove and the other set ?tted into 
said second groove; 
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6 
a reciprocating mechanism including a connecting 

rod, into one end of which there is ?tted the ring 
and the other end of which is connected to the 
plunger of the pump unit; 

means for causing the second guide block to slide 
over the second ?at surface of the ring thereby to 
adjust the strokes of the plunger of the pump unit; 
and 

a lubricating system for lubricating the sliding por 
tions of the reciprocating mechanism. 

2. The variable metering pump according to claim 1 
wherein the plunger stroke adjusting means comprises: 

a reading device including a ?rst gear ?xed to a shaft 
for driving the plunger stroke adjusting means, a 
second gear having a number ‘of teeth dif 
ferentiated by one tooth from that of the ?rst gear 
and idly ?tted to said shaft, a dial plate rotata‘bly 
supported by the second gear and an idle gear en 
gaging the ?rst and second gears; 

a feed screw rotated by said shaft; and. 
a guide member ?tted to the second guide block so 

as to be moved along the central axis of the screw 
by rotation of said feed screw. 

3. The variable metering pump according to claim 1 
wherein the lubricant system comprises: 

a centrifugal pump for delivering lubricant coupled 
with a driving shaft rotated by the power source; 
and 

an oil filter unit for eliminating foreign matter from 
the lubricant delivered from the centrifugal pump, 
thus supplying puri?ed lubricant to the sliding por 
tions of the reciprocating mechanism through the 
oil ?lter unit. ' 

4. A variable metering pump comprising: 
a pump unit including a plunger; 
a ?rst guide block rotated by a power source; 
a second guide block facing the ?rst guide block; 
a ?rst groove formed in that surface of the ?rst guide 

block which faces the second guide block; 
a second groove formed in that surface of the second 

‘ guide block which faces the ?rst guide block; 
a ring disposed between the ?rst and second guide 

blocks and having a ?rst key mounted on one ?at 
end surface thereof and another key formed per 
pendicular to said ?rst key on another flat end sur 
face thereof, said keys being ?tted into said first 
and second grooves respectively; 

a reciprocating mechanism including a connecting 
rod, into one end of which there is ?tted the ring 
and the‘other end of which is connected to the 
plunger of the pump unit; 

means for causing the second guide ‘block to slide 
over said one ?at end surface of the ring thereby to 
adjust the strokes of the plunger of the pump unit; 
and 

a lubricating system for lubricating the sliding por 
tions of the reciprocating mechanism. 

5. The variable metering pump according to claim 1 
wherein the surface of the ?rst guide block in which 
said ?rst groove is formed and the surface of the second 
guide block in which said second groove is formed are 
?at. 

6. The variable metering pump according to claim 1 
wherein the ?rst and second ?at surfaces of the ring are 
opposite each other. 
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7. The variable metering pump according to claim 1 
wherein said one set of rollers ?tted into said ?rst 
groove are on the ?rst ?at surface of said ring, and the 
other set of said rollers ?tted into said second groove 
are on the second ?at surface of said ring. 5 
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8 
8. The variable metering pump according to claim 4 

wherein said one ?at end surface of said ring faces the 
?rst guide block, and said another ?at end surface of 
said ring faces the second guide block. 

* Ill * * Ill 


