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UNITED STATES PATENT OFFICE 
2,620,734 

CONSTANT DELIVERY PUMP 

Royal Bartlett Saalfrank, Gulfport, Fla., assignor 
to Milton Roy Company, Chestnut Hill, Pa., a 
corporation of Pennsylvania. 

Application May 15, 1948, Serial No. 27,294 

The present invention relates to constant de 
livery pumps. 
A further purpose of the invention is to Sin 

plify and improve the construction of constant 
delivery pumps in which a plurality of pumps 
in out-of-phase relationship are pumping from 
the same inlet to the same discharge, and pro 
visions are made for variation in the flow rate 
while maintaining uniformity at any given flow 
rate. 
A further purpose is to avoid the extremely 

high tolerances and expensive machining which 
have been required in the production of constant 
delivery pumps, while improving the accuracy 
and reliability of the mechanisms. 
A further purpose in a constant delivery pump 

employing a plurality of pumps each having a 
cylinder, a piston in the cylinder and an inlet 
and outlet connection to the cylinder, with com 
mon fluid connections to the inlets and outlets 
to all cylinders, is to provide a link or the like 
for controlling the motion of each piston, which 
link bears the same angular relation to each pis 
ton and is pivotally supported. 
A further purpose is to drive the links for the 

respective pistons by cams out of phase with one 
another, and to the pumping stroke of another 
link, and to mechanically connect each link to 
its piston by an adjustment. 
A further purpose is to adjust the mechanical 

connection between each link and its piston With 
respect to the pivotal support of each link, and 
preferably to adjust all links in unison to vary 
the throw of all pistons in unison. 
A further purpose is to pivot the links each at 

a plurality of Spaced points. 
A further purpose is to provide an adjustment 

slot in each link, and means for varying the me 
chanical connection with the adjustment slot 
along a line which maintains the same angular 
relation with respect to the piston for any ad 
justment at at least one position in the stroke 
and which at corresponding positions maintains 
the same angular relation with respect to each 
piston. - . . - 

A further purpose is to provide an approach 
portion at the beginning of the pumping stroke 
on each cam which is added to the uniform mo 
tion curve (and desirably also add to the dwell) 
and to correspondingly subtract from the uni 
form motion curve of the end of the pumping 
stroke on each can (and desirably also subtract 
from the dwell) and to overlap the can portions 
so as to give gradual acceleration and gradual 
deceleration of the pistons and other moving 
parts. 

9 Claims. (C. 103-38) 
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A further purpose is to provide correction for 
lost motion by lowering the base line of the cam. 
A further purpose is to add a correction for 

valve slippage, for stroke length below Optimum, 
for piston speed below optimum, and for piston 
diameter below optimun, on the pumping stroke. 
A further purpose is to add a correction for 

fluid compressibility throughout the pumping 
stroke of each cam. 
A further purpose is to retard the retraction 

Stroke on each cam to avoid volatilization of the 
liquid pumped when pumping volatile liquids as 
compared to the retraction stroke when pump 
ing non-volatile liquids. 
A further purpose is to drive through face canas 

preferably mounted and rotating as a single unit. 
A further purpose is to drive through a rocker 

parallelogram having equal parallel rockers and 
an intermediate link which follows a can and 
transmits the motion. - . . . 
A further purpose is to employ plunger type 

crossheads in prolongation of the pump pistons, 
and to inter-relate the crossheads to one an 
other during motion to prevent rotation. 
A further purpose is to drive a constant de 

livery pump from a can to a rocker parallelo 
gram, from the rocker parallelogram by a slid 
ing pivot, movable transversely to the piston line 
of motion, to the Swinging end of an adjustment 
rocker having a pivot movable toward and away 
from the line of piston motion, and by a sliding 
pivot on the adjustment rocker to the piston 
crosshead. 
A further purpose is to provide common and 

coaxial support for the adjustment rockers of a 
plurality of pumps. 
A further purpose is to provide coaxial pivot 

support for the end rockers of the rocker paral 
lelograms for a plurality of pumps. ---- 
A further purpose is to carry the piston to the 

same position at the end of the stroke in 
each pump regardless of variation in stroke 
length, to correct for compressibility of liquid, 
preferably by inclining the adjustment slot in 
each link at an angle to the piston which corre 
sponds with the angle of the adiustment rocker 
at the end of the stroke, and making the adjust 
ment along a line corresponding to the line of 
the adjustment rocker at the end of. the stroke. 
A further purpose is to operate a rocker. by a 

link from a cam for each piston, to connect an 
adjustment slot on the rocker to the free end 
of an adjustment rocker, and to connect the free 
end of the adjustment rocker to a transverse 
slot on the piston plunger. 
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Further purposes appear in the specification 
and in the claims. 
In the drawings I have chosen to illustrate a 

few only of the embodiments in which this in 
vention may appear, choosing the forms shown 
from the standpoints of convenience in illustra 
tion, Satisfactory operation and clear denon 
Stration of the principles involved. 

Figure 1 is a top plan view of a constant 
delivery pump of the present invention with the 
cover removed. 

Figure 2 is a longitudinal Section on the line 
2-2 of Figure. 

Figure 3 is a tranSVerse Section on the line 3-3 
of Figure 2. 

Figure 4 is a fragmentary exploded perspective 
showing the Operating mechanism. 

Figure 5 is an axial sectional perspective of the 
cam unit. 

Figure 6 is a diagram of the inlet and dis- 2 
Charge. 

Figure 7 is a can diagram showing the can 
throw or follower motion on the pumping stroke 
as the Ordinate, plotted against angle of rotation 
of the can as the abScissa. This diagram shows 
the correction for gradual acceleration and de 
celeration of the pistons. 

Figure 8 is a can diagram corresponding to 
Figure 7 showing the correction for lost motion. 
This and the remaining diagrams of this type 
show only a single cam track, whereas Figure 7 
shows the tracks of both cams, which are out-of 
phase opposite counterparts. 

Figure 9 is a cam diagram corresponding to 
Figure 7 showing the correction for valve slippage. 
Figure 10 is a cam diagram corresponding to 

Figure 7 showing the correction for stroke length 
below optimum. 

Figure 11 is a can diagram corresponding to 
Figure 7 showing the correction for fluid con 
pressibility. 

Figure 12 is a can diagram corresponding to 
Figure 7 showing the correction for piston 
diameter below optimum. 

Figure 13 is a can diagram corresponding to 
Figure 7 showing the correction for speed below 
optimum. 

Figure 14 is a circle diagram illustrating dia 
grammatically the correction for the arc of the 
rockers which support each link. 
Figure 15 is a cam diagram similar to Figure 

7 Showing the change in the return stroke when 
pumping a volatile liquid. 

Figure 16 is a pair of overlapped curves show 
ing the volume of discharge from the two pumps 
plotted against angle of can motion. 

Figure i7 is a View corresponding to Figure 2 
showing a modification of the form of Figures 
to 6 inclusive. 
Figures i 8 and 19 illustrate a further modifica- (i 

tion of the form of Figures 1 to 6, Figure 18 being 
an elevation of the mechanism for the operation 
of one pump, and Figure 19 being an exploded 
perspective of Such mechanism. 

Except for the features modified the device of 
Figure 17 and the device of Figures 18 and 19 
correspond to the device of Figures 1 to 6 
inclusive. 

DeScribing in illustration but not in limitation 
and referring to the drawings: 
The present invention is a further develop 

ment and improvement of the subject matter of 
patent application Serial No. 778,316, filed by me 
jointly with Milton Roy Sheen, deceased, and 
Robert T. Sheen, for Constant Delivery Pump, 

5 

0 

5 

30 

40 

4. 5 

4 
filed October 7, 1947, now abandoned, which is 
incorporated herein by reference and made a part 
hereof. 
In constant delivery pumps, in order to obtain 

a delivery curve which is constant Within a high 
degree of accuracy with variation in discharge, it 
has been necessary in the past to employ mech 
anism which entails expensive and complicated 
machining, with high tolerances throughout, and 
which is necessarily expensive to produce and 
difficult to maintain. By the present invention 
the mechanism required is greatly simplified, the 
machine operations are markedly reduced both in 
number and complexity, and the difficulty 
through maintenance is minimized, without, how 
ever, departing from the high accuracy previous 
ly obtained, and in fact with improvement in both 
accuracy and reliability. 
By the present invention it is possible to obtain 

Very accurate adjustment without employing 
mechanical devices such as constantly sliding 
power transfer members which are difficult to 
produce and likely to be subject to Wear. A suit 
ably pivoted member such as a link is preferably 
employed for driving each piston of a plurality of 
pumps which have a common inlet connection 
and a common outlet connection (the connections 
may be internal or external). The link or other 
pivoted member is movable in a path which bears 
the same angular relation to each piston, and the 
respective links for the different pistons are can 
operated out of phase with respect to one an 
other and with the pumping stroke of one link 
displaced with respect to the pumping stroke of 
another link. 
A naechanical connection extends from each 

link to its piston, and this connection is adjust 
able with respect to the pivotal support of the 
link, the adjustment being preferably common 
for all links and capable of varying all links in 
unison. The links are preferably mounted on 
pivoted rockers at Spaced points. The adjust 
ment preferably includes an adjustment slot and 
an adjustment in the slot which accomplishes 
adjustment on a line which maintains the same 
angular relation with respect to the piston for any 
adjustment at at least one position in the stroke 
and which line at corresponding positions main 
tains the same angular relation. With respect to 
the corresponding piston. It is therefore possible 
to make linear or uniform adjustment and to 
record the Same on a dial or the like reading 
linearly, Without necessity for numerous dial cor 
rections or for non-uniform dials. And a remote 
control or other automatic device can linearly 
change the adjustment as required. 
The present device in the preferred embodi 

ment transmits can notion through a rocker 
parallelogram whose link maintains parallelism 
With the line of piston motion, and which pref 
-erably makes sliding pivot connection with the 
swinging end of an adjustment rocker whose pivot 
is moved toward and away from the line of piston 
motion, and which in turn makes siding pivot 
connection with a plunger-type crosshead in pro 
longation of and connected with the piston. 
The cans are preferably separate cams for each 

pump Which are united together as a can unit. 
As shown in Figures 1 to 5 inclusive, the pumps 

Comprise a pair of Separate reciprocating piston 
pumps 20 and 2? having common inlet at 22 
(Figure 6) and common outlet at 23. Inlet 24 to 
each individual pump occurs through passages 
containing a plurality (preferably two) ball 
check Valves 25 and 26 on seats and arranged in 
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Series and discharging into a pump cylinder 2. 
Discharge in the individual pump from the pump 
cylinder takes place through passages contain 
ing a plurality (preferably tWO) Successive ball 
check valves 30 and 3 on seats and connecting to 
an individual discharge 32 from each pump. 
Access to the balls and seats of the respective 
check valves is conveniently provided through a 
removable cover plate 33 fastened and gasketed 
in any Suitable Way not shown. In each pump 
cylinder is located a pistOn 34 extending through 
packing 35 compressed by a packing gland 36. 
The piston preferably has an enlarged attach 
ment head 3 for connection to operating mecha 
S. 

Each pump will desirably be of the character 
set forth in Milton Roy Sheen U. S. Patents Nos. 
2,263,429 for Pump, issued November 18, 1941, 
and 2,367,893 for Liquid Pump, issued January 
23, 1945. It will be understood that other suitable 
pumps may be employed. 

In Order to accomplish constant delivery, a 
plurality of pumps are connected to the same in 
let and the same discharge, and are arranged out 
of phase so that generally. when one pump is on 
the exhaust, another pump is on the discharge 
stroke. In the preferred embodiment of the in 
vention, two pumps will be used, although some 
higher number might be employed, and with two 
pumps the pumps will preferably be 180° out of 
phase. The pumps will be arranged adjacent to 
one another with the line of travel of the pistons 
in the preferred embodiment parallel and the 
pistons extending out of the open ends of the 
cylinders, preferably in the same direction (not 
in opposite directions). The driving and adjust 
ing mechanism is contained in a housing 40 which 
is provided with a bracket extension 4f on which 
the pumps are mounted. The extension has a 
well 42 which is carried up as high as desired to 
provide for catching of leakage or for holding a 
liquid sealing bath, if this be desired. 
Extending in prolongation of each piston is one 

of two duplicate plunger-like driving crossheads 
43, united to the corresponding piston by a lock 
ing collar 44 around the attachment head 37. 
While each crosshead 43 is of circular shape and 
resembles a plunger, it is guided to perform a 
crosshead function. The crossheads 43 are 
guided at the forward or pump end of the housing 
at 45 and at the opposite or rear end at 46, for 
sliding motion back and forth on the axis of each 
piston. The wide spacing of the guides makes 
high tolerance in the guides unnecessary. A plug 
47 closes the guiding opening at 46. 

In order to prevent undesired rotation of the 
crossheads, each crosshead carries a crosshead 
interlocking guide 50 having a collar portion 5 
provided with a set screw for locking on one 
crosshead, and guiding fingers 52 for extending 
around the other crosshead. Thus the crossheads 
can slide back and forth freely without being 
permitted to turn. 
Motion is submitted to each crosshead by an 

adjustment rocker 53. Each rocker is pivotally 
supported at 54 coaxial with respect to the other 
adjustment rocker, the axis being located at One 
side of the lines of motion of the pump pistons 
and the axis extending transversely to the lines 
of motion of the pump pistons and in a direction 
to permit the rocker ends to swing back and 
forth with the crossheads. The adjustment 
rockers are as shown opposite counterparts of 
equal length, and toward their outer or rocking 
ends each adjustment rocker makes sliding pivot 
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6 
contact with a pivot pin 55 in a crosshead. The 
positions of the pivot pins 55 with respect to the 
crossheads are the same distance from the piston 
for each CrOSShead. Each pivot pin is conven 
iently secured as by a nut 56, and carries at its 
end toward the adjustment rocker a pivot block 
57 which turns on the pin 55. Each block 57 slides 
in a slot or guideway 60 extending longitudinally 
of each adjustment rocker. Thus each adjust 
ment rocker maintains a driving connection with 
the corresponding crosshead through the slid 
ing connection made by the guideway 60, the 
block 57 and the pin 55 for each pump. 
The adjustment rocker pivots are mounted on a 

support 6 having bearings 62 which are prefer 
ably Surrounded. On each side by cooperating bear 
ings 63 on the adjustment rockers, the bearings 
62 and 63 receiving pivot pins at 54. The adjust 
ment Support 6 is guided for motion transversely 
to the line of motion of the piston and toward or 
away from the same to change the volume of 
discharge of the constant delivery pump by 
sliding bearings 64 (preferably at the four 
corners) which engage guide rods 65 mounted at 
the bottom in lugs 66 on the inside of the housing 
and mounted at the top in a spider 67 which is 
fastened as by bolts 70 to the interior of the hous 
ing. 
The Support 6 moves up and down in its guides 

under the action of an adjusting Screw 
journalled in bearings 72 in the Spider and pro 
vided with driving connection, preferably through 
a dog-type clutch 73 driven manually or mechan 
ically from an adjustment drive 74 supported on 
a cap 75 of the housing. The adjustment drive 
may be manual or mechanical, direct or remote, 
as later explained, but here is shown as a manual 
adjustment through gearing of Well known chair 
acter operated by a crank handle 76. A suitable 
dial not shown may indicate the adjustment posi 
tion. 
The range of motion of the support 6 away 

from the lines of piston motion under the action 
of the screw 7 is limited by adjustable stop 
screws 77 on the spider which engage abutments 
80 on the support. Motion in the opposite di 
rection of adjustment is limited by the contact 
of the adjusting screws 80' on the support 6f 
against the lug 80º on the housing. 
The rocker motion of the adjustment rockers 

is caused by a sliding connection made with a 
rocker parallelogram. Preferably located on the 
outer end of each adjustment rocker, and there 
fore on a greater radius than the sliding con 
nection with the corresponding crosshead, is a 
sliding pivot connection with a link 8 by means 
of a pin 82 secured by a nut 83 and making piv 
otal connection to a block 84 sliding in a slot or 
guideway 85 extending transversely to the line 
of piston motion in each link 8 f. Thus as the 
adjustment rocker pivots are moved toward and 
away from the line of piston motion the effective 
rocker arm of the adjustment rockers acting on 
the crossheads changes equally for each pump, 
While the effective rocker arm by which each ad 
justment rocker is driven by its link 8 of the 
rocker parallelogram remains unchanged, since 
the guideways 85 are transverse to the direction 
of motion of the links. 
The links 8 maintain a direction parallel to 

the direction of the pistons during the motion 
of the links due to the action of parallelogram 
rockers 86 and 87, at the ends of each link. The 
rockers 86 and 87 are of equal length. Within 
each rocker parallelogram, the rockers are par 
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allel to one another. In the two. parallelograms 
(one for each pump) the rockers. 83 are prefer 
ably coaxial and the rockers 87 are preferably 
coaxial. The rockers 86 turn freely about shaft 
96 extending across the housing and the rockers 
87 similarly turn freely about shaft 9. Similariy 
supported. The shafts 90 and 9 are preferably 
Supported at their extreme ends so that slight 
variations in the supporting positions will nake 
little difference in the accuracy of positioning of 
the rockers. The shafts 3G and 9 as shown are 
at equal distances from the line of piston notion. 
Each link 8 makes pivot connection. With a rock 
er SF at 92 and With a l'Ocker 3 at 33 near the 
ends of the link. 
Thus it Will be seen that the link and i?ockers 

of each set make in effect a parallelogram, since 
the center distance between the rocker shafts 
90 and 9i are the same as the center distances 
between the link pivotal connections 32 and 93 
and the rocker allins of the two rockers are equal. 
Although the links move out of phase with one 

another, each link in the preferred enhodiment 
al Way S noves in a direction paraliei With the 
axis of its piston. 
The motion of the rocker parallelograms is im 

parted by carns whicin are preferably face cairns 
arranged and operating as a single unit. As best 
Seen in Figure 5, cars 34 and 95 have can tracks 
96 preferably facing inwardly and are separated 
by Spacers 9 and 9 and by a driving gear 
between the Spacers. The entire unit is united 
by pins 2 and has an internal bearing sleeve 
i3. Hach can track 93 cooperates with a can 
follower 4, conveniently arranged on the pivot : 
connection 93 between the link and rocker 87 
SO that the parallelograin moves back aid forth 
in response to the can track. 

he can unit is conveniently driven from an 
electric i?otor through a speed reducer and Worm 
drive. For this purpose the gear 3 will suitably 
be a worm wheel. The worn wheel and cam unit 
turns on shaft C5 (which is itself stationary) 
transverse to the axis of the pistons. A Worm 
i8 on a shaft interieshes with the Worm 
Wheel . . . the thrust froin the Wor; is taken 
by a thrust bearing (Figure 2) and the shaft 

f is suitably journalled at one end in a 
Spider í í2 Supported from the housing and at, 
the other end in a lug í í3 on the interior of the ; 
ihousing. The shaft is is reduced in section at 

4 to clear the crossheads. Drive to the shaft 
it is accomplished in any suitable way, con 
veniently from an electric notor 5 on a vertical 
axis Supported in the top 75 of the housing, driv 
ing by a convenient separable dog type clutch 
f 6 to a stub shaft 7 journalled at 28 in the 
Spider 2 and carrying a pinion 2. The pinion 
É2 meshes With a gear 22 on a shaft 23 jour 
nalling at 24 in the Spider and carrying at its 
Opposite end a pinion 25. The pinion 25 mesh 
es with a gear !26 on the worm shaft í 91. 
The gear Spider 2 is conveniently made re 

Inovable and the gears are themselves readily 
removable So that gears can be changed as re 
quired to valry the Speed reduction from the mo 
?O1. 

It will be noted that the rear end of the cross 
heads is carried back beyond the speed reduction 
to provide Widely Spaced sliding support for the 
crossheads, so that a slight variation in the cen 
ters of the crossheads Will not produce a serious 
error and excessively high tolerances in the bor 
ing of the guides will not be required. Through 
out the mechanism. Where possible widely spaced 
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8. 
points of shaft support are provided on critical 
components. - 
Wear can be reduced to a minimum by running 

the mechanism in oil, which fills the interior of 
the housing suitably up to a level above the 
Speed reduction gears. 

It will be evident that in the preferred embodi 
ment the shafts are stationary, and Supported at 
widely spaced points, so that a slight tolerance 
variation in the support location will not seri 
ously affect the mechanism. Except for the pis 
tons and crossheads, no sliding parts in con 
stant motion are employed. 

It will be understood that the pair of face 
cams provide a unit which can be replaced When 
ever different operating can characteristics are 
required. Thus if desired, the cam rocker par 
allelogram can be employed with variation in 
the cams if required for operation by the pump 
on markedly different liquids. 
The cans include the fundamental uniform 

motion, which is laid out on each can substan 
tially 180° out of phase. 
In accordance with the invention, the cams 

permit correction for stroke length, working 
pressure, Speed, volune, and fluid viscosity. A 
gradual approach curve to the pumping stroke is 
permitted to reduce harshness of operation and 
permit greater speed. Adjustment for a low op 
erating pressure angle is also made on the cams. 
The cams likewise permit compensation for lost 
notion in the mechanism, overlap of pistons due 
to valve slippage, and correction for compressi 
bility of the residual volume of fluid. Likewise 
the cams permit adjustment of the working 
plunger for any "Suck back' through the valve 
seat by the returning plunger. There is thus a 
full range of adjustment, and different sets of 
cams may be used whenever any one of the fac 
tors changes. 

It is very desirable to keep the pressure angle 
below 25°. The most difficult condition is 
created at the inception of the pressure stroke 
on the cam. Each cam is adjusted at this point 
to give an acceleration approximately equal to 
the acceleration of gravity. It is necessary to 
add stroke increments to one side of a cam equal 
to Stroke increments removed from the other 
side of the cam and to orient the two cams 180° 
out of phase so that a uniform pump delivery 
will be produced. 
This correction can be distributed over 60°, 

that is 30 on one cam to the point where the 
pressure angle would become too high (exceed 
25), plus 30° to adjust the matching slope on 
the opposing can. As seen in Figure 7, curve 
30 plots can rise against angle of rotation for 
uncorrected uniform motion on the pressure 
stroke only for one cam, and curve 3 does the 
same for the other cam, the dividing line be 
tween the plots for the two cams being at 32, 
which is the base line for the eam depicted by 
Curve 30. . . . 

With uncorrected uniform motion, the throw 
at the point where the correction would end is 
f33. An amount of motion one-half of this re 
quirement is established at 34 at the original 
Zero point on rotation of one cam, and a new 
Zero point 35 is established 30° behind the 
Original Zero and on the dwell. A modified cam 
Surface is now run from 35 to 36, which co 
incides with 34, and then to 37, where it inter 
Sects the uniform uncorrected motion curve 30. 
This correction gives a gradual acceleration of 
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the piston comparable to that of gravity, over 
än angle öf 60° from the new zero 35. 
The amount of throw added to cam curve 30 

at the beginning of the pumping stroke is sub 
tracted from cam curve 3 at 38 and 39 on 
the same slope and over the same 60° angle at 
the end of its stroke. Similarly at the beginning 
of cam curve 3 the same 60 correction is 
added at 4 ?, and a corresponding correction is 
subtracted at 42 at the end of the pumping 
stroke on cam curve 30. 
Thus the opposite cam has amounts of motion 

added to its uniform motion increments equal 
and opposite to those subtracted from the uni 
form motion increments of the high side of the 
other cam. This has the effect of gradually 
slowing down the motion of the piston at the 
end of the stroke, since the partial load is picked 
up by the other piston at an earlier point. 
Correction is also made for lost motion in 

herent in the parts. This correction is deter 
mined experimentally to be 0.002 inch per bear 
ing or 0.015 inch total in the device. The stroke 
is increased by this amount by lowering the 
radius of the low dwell 32 to 43 in Figure 8 
and slightly varying the slope of the corrective 
curve f44 at the beginning, of the pumping 
stroke, with the same corrective curve 431 added 
at the end of the return stroke of the same cam. 
DWells are shown at 432 and 433. - 
An additive correction 45 for valve slippage 

is included on the pumping stroke opposite the 
Valve slippage point as Shown in Figure 9. A 
Similar additive correction is applied on the 
other cam. As shown in Figure 10, an additive 
Correction 47 is made on the pumping stroke for 
Stroke, length below optimum, with a similar 
additive, correction. On the other cam not shown. 
For fluid compressibility, an additive correc 

tion 49 (Figure 11) is made progressively de 
Creasing all along the stroke. There is a similar 
additive correction on the other cam. 
In Figures 9 to 11, the corrections shown on 

Figure 7 are omitted for convenience. 
As shown in Figure 12, an additive correction 

52 is made for piston diameter below optimum 
on the pumping stroke opposite the point of valve 
Operating in the other cylinder. A similar addi 
tive correction is made. On the other cam, not 
shown. 

Figure 13 shows another additive correction 
54 on the pumping stroke, in this case for 

Speed below optimum. The opposite, cam has a 
similar additive correction. 
As well known in the mechanical arts, the fact 

that in the preferred embodiment the cam fol 
lowers are on rockers rather than moving truly 
radially to the cam center necessitates another 
Correction in the cam which is purely geometri 
cal in its purpose. Thus if on a cam path. 56 
turning about a center 57 a radial follower 
would at certain times reach points 58, 59 and 
60, but the particular rocker follower Would 

be at points (6, 62, and 63, the cam path is 
modified in any well known way to move the 
follower to points 6 ?, f62 and 63 when the 
angular position corresponds to following of 
points ? 58, 59 and 60. The time increment of 
motion is stretched out to allow the follower to 
reach points f6, f62 and 63. . 

Figure 15 shows a campath 64 for the full 
stroke having a pressure stroke from 65 to 66, 
a dwell from 66 to 67 and a suction stroke 
from 67 to 68. For nonvolatile liquids the 
cam suction stroke drops off rapidly at first at 
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f69, but for volatile liquids, to avoid flashing 

"into vapor, the drop of the cam path is made 
more gradual at 70. ??? 

Figure 16 indicates the characters of the dis 
charge curves 7 and 72 for the two pumps. At 
the point of overlap, 73, the ordinate above neu 
tral line f4 beneath curve 7, plus the ordinate 
above neutral line 14 beneath curve T2 is always 
equal to the ordinate above neutral line 74 under 
curve 7 or 72 at a point where there is no 
OVerlap. 

In the preferred form when the various cor 
rections are applied, all increments in pumping 

- Stroke due to a given piston give equal speeds of 
delivery, and all increments of overlapped pump 
ing strokes of two or more pistons give combined 
total delivery which equals all other increments. 
By these various corrections it has been found 

in practice that the flow curve at the discharge 
is extremely uniform and no appreciable indica 
tion is obtained of variation corresponding to the 

- end of one cycle and the beginning of another. 
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In Operation at any given adjustment position, 
the motor drives through the speed reduction to 
the Worm and worm wheel, which turns the cam 
unit so that (with exception of the short angular 
period of overlap) one pump is always on dis 
charge when another one is on suction. Each 
cam manipulates its follower. to move the rocker 
parallelogram of the corresponding pump back 
and forth, keeping the rocker motion always par 
allel to the piston axis and keeping the adjust 
ment slot of the particular rocker always trans 
verse to the piston axis. 
Each parallelogram link moves the end of its 

adjustment rocker back and forth and carries the 
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tion Will be changed. 

corresponding interconnected crosshead and pis 
ton through the pumping cycle, the stroke be 
ing determined by the position of the pivot pin 
55. On each crosshead with respect to the pivot 
54. In other words, if the pivot 54 is down close 
to the pivot pin 55, the stroke will be short and 
the volume of, delivery in each pump will be low, 
although the adjustment rocker: for each pump 
always moves back and forth through the same 
angle for a given can unit. To change the stroke 
of the adjustment rocker it is necessary to re 
place the cam unit by another cam unit, and this 
can readily be done. To change the timing of 
the cycle, the motor speed or the speed reduc 

For any given motor speed, speed reduction 
and cam unit, a wide variation in the volume of 
delivery can be accomplished during the opera 
tion of the pump Without stopping the mecha 
nism or interfering with delivery. To do this it 
is merely necessary to move the adjustment 
rocker pivots. 54 closer to the pivot connections 
55 to the crossheads to shorten the stroke and 
reduce the volume of delivery, or farther from 
such pivot. connections 55 to increase the stroke 
and increase the delivery. This adjustment is 
conveniently made by turning the screw by hand 
or power and directly or by remote control. Any 
suitable electric, pneumatic, hydraulic or other 
remote drive may be used to move the Screw up 
or down and obtain the required length of stroke. 
It will be understood, of course, that both pumps 
are adjusted simultaneously and to the same ex 
tent by adjustment of the screw. 

It will be evident that by the present invention 
in the preferred embodiment, the adjustable 
stroke drive of a plurality of pumps having a 
common inlet and a common discharge is con 
trolled by cam means which Operates a plurality 



2,620,784 
11 

of rocker parallelograms, and that each rocker 
parallelogram by its link or bridge manipulates 
an adjustment rocker which interconnects with 
the piston crosshead over a variable rocker arm 
length which can be controlled by moving the 
adjustment rocker pivots closer to or farther 
from the piston axes. ???? 

It will be evident that in any case the adjust 
ment. Support Will be moved on a line which 
maintains the same angular relation with respect 
to each piston for any adjustment at at least One 
position in the stroke and which at that position 
reached at different times in different pumps 
bears the same angular relation to the corre 
sponding piston. S SSSSS SSqqqS - - - - 

Figure 17. shows a modification of Figure 2 in 
which the adjustment slots 85 are On an angle 
to the piston which corresponds with the angle 
of each adjustment rocker. 53 with its piston, at 
the forward end of its stroke. The adjustment 
support 6 and its guide rods. 65 are canted. On 
the same angle, so that all adjustment takes 
place along this line. By this device the piston 
is always held at the same forward position in 
the cylinder at the end of the stroke, whether 2 
the Stroke is long or short (even at Zero stroke). 
This gives predetermined and very much reduced 
compressibility of liquid at the end of the stroke, 
and variation in such compressibility of the liq 
uid with stroke change may cause an error at 
very high pressures. . . . . . . 

It will be evident that in this form the angle 
of the adjustment rocker in the forward posi 
tion, the angle of the adjustment slot, and the 
angle of the parallelogram rockerS. in rear posi 
tion equals in each case the angle of the line of 
adjustment, with respect to the piston, 

In the form shown in Figures i8 and 19, each 
piston plunger 43 carries suitably transverse 
thereto, a slot 75. An adjustment support 6 
suitably adjusted as in the other forms pivotally 
mounts an adjustment rocker il 6 pivoted at TT 
and carrying a stud T8. On one side the Stud 
73 pivotally connects to a sliding block 9 

which adjustably moves in the slot 5 of the 
piston plunger. At the other end the stud 18 
carries a similar adjustment block which piv 
otally connects in an adjustment slot 80 of a 
rocker 8 having a fixed pivot at 82 and piv 
otally connected by a link 83 to the can foll 
lower. O4. The link 83 carries a yoke 84 which 
rides the cam pivot and is pivotally connected to 
the rocker í 8 l at i 85. .. V- 

: In operation the rocker if 8 moves back and 
forth under the action of the link 83. The no 
tion transmitted by the link 8 to the piston 
varies with the position of the stud T8 as the 
adjustment rocker carries the stud up and down. 
In view of my invention and disclosure varia 

tions and modifications to meet individual whim 
or particular need will doubtless become evident 
to others skilled in the art, to obtain all or part 
of the benefits of my invention without copying 
the structure shown, and I, therefore, claim all 
such insofar as they fall within the reasonable 
spirit and scope of my claims. 

Having thus described my invention what I 
claim as new and desire to secure by Letters 
Patentis: 

1. In a constant delivery pump, a plurality of 
pumps each having a cylinder, a piston in the 
cylinder, and an inlet and outlet connection in 
cluding check valves to the cylinder, there being 
a common fluid connection to the inlets and a 
common fluid connection to the outlets of the 

0. 

5 

20 

30 

35 

40 

45 

55 

60 

65 

70 

75 

12 
cylinders, a link for each piston movable in a path 
which bears the same angular relation to each 
piston, pivotal support for each link, cam means 
for driving the links out of phase with respect to 
one another and with the pumping stroke of one 
link displaced with respect to the pumping stroke 
of another link, and a mechanical connection 
from each link to its piston adjustable with re 
spect to the pivotal support for each linkin linear 
proportion between the adjustment and the 
change in the piston throw. - 

2. In a constant delivery pump, a plurality of 
pumps each having a cylinder, a piston in the 
cylinder, and an inlet and outlet “connection in 
cluding check valves to the cylinder, there being 
a common fluid connection to the inlets and a 
Common fluid commection to th? Outlets of the 
cylinders, a link for each piston movable in a path 
which bears the same angular relation to each 
piston, pivoted rockers Supporting each link at a 
plurality of Spaced points, can mechanism for 
driving the links out of phase with respect to one 
another and with the pumping stroke of one link 
displaced with respect to the pumping stroke of 
another link, a mechanical connection from each 
link to its piston, and an adjustment common to 
all links and varying in unison the throw of all 
pistons by the mechanical connections by vary 
ing the position of each mêchanical connection to 
the rocker pivots of each linkin linear proportion 
between the common adjustment and the change 
in the piston throw. - 

3. In a constant delivery pump, a plurality of 
pumps each having a cylinder, a piston in the 
cylinder, and an inlet and outlet connection in 
cluding check valves to the cylinder, there being a 
common fluid connection to the inlets and a com 
mon fluid connection to the outlets of the cylin 
ders, a link for each piston movable in a path 
which bears the same angular relation to each 
piston, pivotal support for each link, walls form 
ing an adjustment slot in each link, cam means 
for driving the links out of phase with respect to 
one another and with the pumping stroke of one 
link displaced with respect to the pumping 
stroke of another link, a mechanical connection 
between the adjustment slot of each link and the 
corresponding piston, and means for adjusting 
each connection in each adjustment slot in linear 
proportion between the adjustment and the 
change in piston stroke along a line which main 
tains the same angular relation with respect to 
the piston for any adjustment at at least one posi 
tion in the stroke and which at corresponding 
positions maintains the same angular relation 
with respect to each piston. SSSS 

4. In a constant delivery pump, a plurality of 
pumps each having a cylinder, "a piston in the 
cylinder, and an inlet and outlet connection in 
cluding check valves to the cylinder, there being 
a common fluid connection to the inlets and a 
common fluid connection to the outlets of the 
cylinders, a link for each pistonimovable in a path 
Which bears the same angular relation to each 
piston, pivoted rockers supporting each link at 
a plurality of spaced points, walls forming an ad 
justment slot in each link generally crosswise with 
respect to the link motion, cam-means for driv 
ing the links out-of phase with respect to one-an 
other and with the pumping stroke of one link 
displaced with-respect to the pumping stroke of 
another link, an adjustment support, adjustment 
rockers pivotally mounted on the adjustment 
Support and at their outer ends each engaging in 
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the adjustment slot of one of the links, means for 
moving the adjustment support in linear propor 
tion to the change in piston stroke on a line which 
maintains the same angular relation with respect 
to each piston for any adjustment at at least One 
position in the stroke and which at that position 
bears the same angular relation to all pistons, and 
means for interconnecting, each adjustment 
rocker and its piston while permitting adjustment 
of each rocker. 

5. In a constant delivery pump, a plurality of 
reciprocating piston pumps arranged with the pis 
tons adjacent, parallel and facing in the same 
direction, common fluid inlet and discharge con 
nections including check valves to the pumps, 
crossheads connected to the pistons and extend 
ing in prolongation thereof, guides for the croSS 
heads for notion in the direction of the piston 
axes, a rocker parallelogram comprising tWO 
rockers and a link for each crosshead, the paral 
lelogram rockers at each end having fixed pivots 
which are common for all parallelograms and 
are located transversely to the line of piston mo 
tion and at one side thereof, with pivotal inter 
connection between the parallelogram rockers 
and the link of each parallelogram, all rockers 
of the parallelograms being equal and parallel 
within each parallelogram and the rockers of all 
parallelograms being equal, adjustment rockers, 
One for each parallelogram, having a common 
pivot transverse to the lines of piston motion and 
at one side thereof, a sliding connection between 
each link at a point intermediate its pivotal con 
nections With the parallelogram rockers and the 
end of one of the adjustment rockers remote from 
its pivot, a sliding connection between each cross 
head and one of the adjustment rockers inter 
mediate between its pivot and the sliding con 
nection with the link, means for moving the ad 
justment rocker pivots toward and away from the 
crossheads in linear proportion to the change in 
piston Stroke and means for moving the links 
back and forth in a position generally out of phase 
with one another. 

6. In a constant delivery pump, a plurality of 
reciprocating pumps each having a piston and 
respectively adjacent with the pistons moving in 
parallel lines and facing in the same direction 
generally out of phase with one another, com 
mon fluid inlet and discharge including check 
valves to the pumps, CrOSSheads Secured to the 
pistons and extending in prolongation thereof 
and in parallel relation to one another, guides 
for the crossheads on the lines of piston motion, 
a drive, a can unit having cans pivoted for ro 
tation on an axis transverse to the lines of mo 
tion of the pistons and at One side thereof and 
driven by the drive, the respective cams being 
Secured in out-of-phase relation to one another, 
a rocker parallelogram adjoining each cam and 
including a pair of spaced equal parallel rockers 
on axes located to one side and transversely to 
the line of piston motion and a link making piv 
otal connection to the ends of the rockers and 
maintaining parallelism with the lines of piston 
motion, a follower for each cam interconnected 
with one of the links, an adjustment support, 
guides for moving the adjustment support trans 
versely to the lines of piston motion from a posi 
tion at one Side thereof, an adjustment for mov 
ing the support along the guides, pivots on the 
adjustment Support on a common axis transverse 
to the lines of motion of the pistons, equal ad 
justment rockers, one for each piston, pivoted 
One On each pivot, a sliding pivot connection be 
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tween the swinging end of each adjustment rocker 
and one of the parallelogram links extending 
transversely to the direction of motion of the 
links, and a sliding pivotal connection between 
each crosshead and one of the adjustment 
rockers extending longitudinally of the rocker 
at a position on the crosshead which is the same 
distance from each piston. ?? 

7. In a constant delivery pump, a plurality of 
reciprocating pumps having pistons which are 
adjacent, parallel and face in the same direction, 
common fluid inlet and outlet connections in 
cluding check valves to the pumps, a crosshead 
extending in prolongation of each piston, guides 
for the crossheads permitting motion in the line 
of the pistons, sliding interconnections between 
the crossheads preventing rotation of each cross 
head, a drive, a face cam unit having face cams 
Secured to One another on Opposite faces of the 
unit, respectively generally out of phase and 
mounted for rotation by the drive at an axis to 
Cne Side of and transverse to the lines of motion 
Of the pistons, a follower on each face cam, a 
rocker parallelogram for each piston including 
equal Spaced parallel rockers pivoted transversely 
to the lines of the pistons and each at the same 
distance from its piston at either end of the stroke, 
and including a link connected with the follower 
of One of the face cams and making pivotal con 
nection to the rockers at the ends, and adjust 
able means interconnecting each link with one of 
the crossheads adjustable in linear proportion to 
the change in piston stroke. 

8. In a constant delivery pump, a plurality of 
reciprocating pumps having pistons which are 
adjacent, parallel and face in the same direction, 
Common fluid inlet and outlet connections includ 
ing check Valves to the pumps, a crosshead ex 
tending in prolongation of each piston, guides for 
the crossheads permitting motion in the line of 
the pistons, a drive, a face cam unit having face 
cams Secured to one another on opposite faces of 
the unit, respectively generally out of phase and 
mounted for rotation by the drive at an axis to 
One side of and transverse to the lines of motion 
of the pistons, a follower on each face cam, a 
rocker parallelogram for each piston including 
equal Spaced parallel rocker arms pivoted trans 
Versely to the lines of the pistons and each at the 
Same distance from its piston at either end of the 
stroke, and including a link connected with the 
follower of one of the face cams and making piv 
otal connection to the rockers at the ends, the 
rocker pivots at each end of all parallelograms be 
ing coaxial, an adjustment support positioned at 
One side of the crossheads, guides for the adjust 
ment Support permitting it to move transversely 
to the lines of piston motion toward and away 
from the crossheads, pivots on the support on a 
common pivot axis transverse to the lines of no 
tion of the pistons and transverse to the line of 
motion of the Support, equal adjustment rockers 
pivotally mounted one on each pivot, a sliding 
pivot connection of each adjustment rocker with 
One of the links extending transversely of the lines 
of the piston motion, and a sliding pivot connec 
tion between each crosshead at the same distance 
from its piston and one of the adjustment rockers 
extending longitudinally of the adjustment 
rocker. 

9. In a constant delivery pump, a plurality of 
pumps each having a cylinder, a piston in the 
cylinder, inlet and outlet connections to the cyl 
inder, there being a common fluid connection to 
the inlets and a common fluid connection to the 
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outlets of the cylinders, including check valves in 
the connections, cam followers, one for each REFERENCES CITED 
pump, mechanical means for interconnecting The following references are of record in the 
each cam follower with one of the pistons, and file of this patent: 
Cam means for driving the followers out of phase 5 - NTS With respect to one another and with the pump- UNITED STATES PATENTS 
ing stroke of one piston displaced With respect to Number Name Date 
the pumping stroke of another piston, there being 14,089 Cowing ----- ------- Jan. 15, 1856 
an overlap at the beginning and end of the re- 41,154 Hale ---------------- Jan. 5, 1864 
Spective pumping strokes of the pistons and there 10 943,988 McCarty ---------- Dec. 21, 1909 
being a cam correction for gradual acceleration 1,132,284 Persson------------ Mar. 16, 1915 
and deceleration of the pistons added in the be- 1909,955 HerbSman ----------- May 23, 1933 
ginning of each pumping stroke and subtracted 2,018,975 Schutzniedrig ------ Oct. 29, 1935 
at the end of each pumping stroke. 2,259,587 Rush -------------- Oct. 21, 1941 

is 2,263,429 Sheen ------------ Nov. 18, 1941 
ROYAL BARTLETT SAALFRANK. 2,367,893 Sheen -------------- Jan. 23, 1945 


