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2,654,326 _
CONSTANT DELIVERY PUMP

Robert T. Sheen, Wyndmoor, Pa., Royal Bartlett
Saalfrank, Gulfport, Fla., and John W. Welker,
Jenkintown, Pa., assignors to Milton Roy Com-
pany, Chestnut Hills, Pa., a corporation of

Pennsylvania

Abp]ication October 7, 1948, Serial No. 53,232

2 Claims.
1

The present invention relates to constant de-
livery pumps of the character which will produce
a uniform or constant output throughout the
pumping cycle.

A purpose of the invention is to simplify the
design, construction and maintenance of con-
stant delivery pumps particularly with respect
to the cams which are employed.

A further purpose is to accomplish change in
the pump delivery by change in speed without
change in the constant level of the delivery
throughout the pumping cycle.

A further purpose is fo design the constant de-
livery pumps so that cam calculations can more
‘readily be made for differences in pressures, vis-
cosities, speeds and volumes.

A further purpose is to permit the control of
the output of a constant delivery pump by speed
change, while providing corrections for one pump
with respect to another in the constant delivery
pump assembly, so that the delivery at one level
will be constant throughout the eycle.

A further purpose is to reduce the number of
-parts and particularly to reduce the number of

connections and the amount of lost motion pos- :

‘sible in the operating mechanism of a constant
delivery pump, while at the same time obtaining
less frictional loss and greater efficiency, par-
ticularly avoiding the production of vector com-

- ponents of motion which are not directly useful
in the pump operation.

A further purpose is to arrange the operating
mechanism to and including the cams in straight
line relation along a plane which includes the
centers of the lines of motion of the pumping
“elements so as to obtain maximum effectiveness
particularly at high pressures and at high speeds
of operation.

A further purpose is to mount the cams on a
‘cam unit which extends through the interiors
of yokes which interconnect with the pumping
- elements, the yokes desirably being supported and
guided at both ends of the bifurcated portions.

A further purpose is to drive the cam unit
through a° worm wheel forming part of the cam
unit and desirably to operate the worm wheel
from a worm unit consisting of a worm, shaft
and bushings capable of being removed as & unit.

A further purpose is to provide great accuracy
of support of the cam unit by turning it on a
shaft supported at opposite ends of the cam unit
comparatively remote from the center, and pref-
erably to use a stationary shaft on which the
cam unit turns with bearing support being pro-
‘vided by a bushing.
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Further purposes appear in the specification
and in the claims.

In the drawings we have chosen to illustrate
a few only of the numerous embodiments in which
our invention may appear, choosing the forms
shown from the standpoints of convenience in
llustration, satisfactory operation and clear
demonstration of the prineciples involved.

Figures 1 and 2 illustrate one embodiment of
the invention.

Figure 1 is a sectional plan view of a constant
delivery pump in accordance with the invention,
the section being taken on the line 1—{ of Fig-
ure 2,

Figure 2 is a sectional side elevation of Figure
1, the section being taken on the line 2—2 of
Figure 1.

Figure 3 is a view corresponding to Figure 2
llustrating a variation. )

The preferred embodiment of the invention
is illustrated in Figures 4 to 6 inclusive.

Figure 4 is a sectional plan view of this em-
bodiment, the section being taken on the line
4—4 of Pigure 5.

Figure 5 is a vertical section of Figure 4 on
the line 5—35.

Figure 6 is a vertical section of Figure 5 on
the line 6—6. :

Figure 7 is a front elevation of a further em-
bodiment of the invention.

Figure 8 is a diagrammatic cireuit diagram of -

& speed changer which may be employed in the

invention. ,

In the drawings like numerals refer to like
parts throughout.

Describing in illustration but not in limita-
tion, and referring to the drawings: _ :

Efforts have been made in the past to obtain
constant delivery by a pump throughout its
pumping cycle, as exemplified in Baker U. S.
Patent 1,382,450, granted June 21, 1921. 'These
prior devices have been complicated and ex-
pensive, including many parts, with numerous
points of connection, great opportunity for lost
motion, and great complexity particularly in
calculation of the cams, since the forces are not
applied directly or in straight line relation, and

vectors are introduced. These prior art designs
“have not been capable of sufficient structural

support of the moving parts to permit safe op-
eration at high pressures and have not been
susceptible of sufficient balance to permit opera~-
tion at high speeds. Frictional losses in the prior
art forms have been high and efficiencies have
accordingly been low.
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The present invention is designed to overcome
these difficulties and to produce a much simpli-
fied and less expensive form, which will have
fewer moving parts and parficularly fewer cams,
fewer points of interconnection and therefore
less danger of inaccuracy from lost motion, less
frictional loss and greater efficiency. In the
present invention a straight line relationship is
maintained at the point of cam force application,
so that no motion component is introduced which
is only partially applicable (through a resultant)
to the motion of the pumping elements.

Tn accordance with the invention the great
simplicity of the design and the support provided
for all elements permits operation at high pres-
sures. Likewise the extent of support and the
possibility of dynamically balancing permits op-
eration at high speeds.

Cam correction is greatly simplified by the
present invention. Not only are there fewer cor«
rections since no corrections are necessary for
change in angularity of positions of the operat-
ing parts, but also those corrections made are
simplified.

It will ke evident that each of the pumps (two
or more) which makes up the constant delivery
pump has a cam which is respectively out of phase
with the cam of anocther pump. Thus if there are
two pumps the cams will be approximately 1890°

out of phase. If there are thres pumps, the cams ;

will be approximately 120° out of phase. In the

preferred practice however this figure is not ex-
act, since there is preferably an overlap at the
beginnings of the pumping strokes of individual
pumps, so that with two pumps the pumping
stroke of each pump will preferably be some-
what greater than 180°.

The detail of the cam corrections forms no part
of the present invention and-has been set forth
very fully in Saalfrank U. S. application Serial
No. 27,294, filed May 15, 1948, now Patent No.
2,620,734, for Constant Delivery Pump, incorpo-
rated herein by reference. Suffice it to say that
the cams are corrected so that the total delivery

.of all pumps is the same at all points in the pump- |

ing eycle, and this remains true notwithstanding
change in the volume of delivery. Corrections
are made in the preferred embodiment for pres-
sure, viscosity, speed and volume, but the pump
delivery will remain constant over a wide varia-~
tion in capacity once the corrections are applied.

Due to the straight line character of the cam
action and the elimination of exira parts, the ap-
plication of cam corrections for -the various fac-
tors is greatly simplified, since vectors do not re-
quire consideration.

In accordance with the present invention the
change in volume of delivery of the pump is ac-
complished by change in speed without in any
way . impairing the uniformity of delivery at a
particular level.

The accuracy of the device is greatly improved
by mounting the cams together in a cam unit
which turns inside the interiors of yokes, and
which is supported at relatively widely spaced
points by a cam shaft. The cam shaft is pref-
erably stationary and the cam unit preferably is
provided with a bushing on the shaft. Likewise
in the preferred embodiment the worm which
drives the cam unit is assembled with its compo-
nents as a separate unit before insertion into the
mechanism, thus greatly facilitating assembly.

As shown in the form of Figures 1 and 2, the
constant delivery pump comprises pumps 20 and
2{ having a commnion inlet 22 and a common out-
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let 22, Each pump has & cylinder 24 and a pump-
ing element 25. The pumping element may suit-
ably be 2 piston passing through a stuffing box 26.
It will be understood of course that the pumping
clement 25 may be of any suitable type, and the
detail of this element is not important to the
present invention, the question of whether it be &
piston, diaphragm or bellows not being critical.

The pump may be of any of a wide variety of
types, but will preferably conform to Milton Roy
Sheen U. S. Patent 2,263,429, granted November
18, 1941, for Pump, or U. S. Patent 2,367,893,
eranted January 23, 1945, for Liquid Pump. The
cylinder block 21 has inlet valve passages 28
which contain inlet valves 20 and 31, preferably
of the ball type, and the outlet passages 32 have
additional valves 33 and 34 which are also pref-
erably of the ball type. The respective inlet
valves are in series and the respective outlet
valves are in series. The pumping elements 25
include extensions 35 in the form of plungers
which are effectively part of the pumping ele-
ments and are united thereto by tubular nuts 36
suitably threaded fo the extensions and sur-
rounding enlarged ends of the pistons. The ex-
tensions 35 may be comparatively short as shown
in the form of Figures 1 and 2 and of Figure 3, or
may be elongated and yoke-shaped as shown in
Figures 4 to 6 inclusive.

All of the pumping elements are aligned side
by side and the center lines of motion of the
pumping elements include the center lines of mo-
tion of the extensions 3b. Thus it will be seen
that these center lines of motion lie in the same
plane whether there be two pumps or more than
two lined up side by side. In this plane is located
the center of a follower 37, suitably a roller, piv-
oted on a pin 33.

A cam unit 40 operates the followers. In the
form of Figures 1 and 2 the cam unit comprises
cams 41 and 42 having face cam tracks 43. The
cam tracks conveniently face towards one an-
other in the case where two pumps are employed,
and the followers occupy positions in the cam
tracks.

Located intermediately between the cams, co-
axial therewith and connected thereto is a worm
wheel 44. Spacers 45 suitably occupy positions
between each cam and the worm wheel to prop~
erly position the cams.

A sleeve or bushing 48 passes through the in-
terior of the cams, spacers and worm wheel, and
provides internal bearing for them. The cam unit
is united together by bolts 471 extending through
the cams, spacers and worm wheel.

The cams are arranged approximately 180° out
of phase, as shown in Figure 2, and each includes
correction for the other as set forth in detail in
Saalfrank application above referred to. Thus
with the correction provided there will normally
be a slight overlap of the pumping strokes, (one
pump beginning the pumping stroke before the
other finishes), but the volume delivered by the
pumps in the aggregate will be the same, whether
a single pump is providing the output or a plu-
rality of pumps are at the moment contributing
to the output.

The cam unit is rotatably supported on a shaft
48 whose center is in the plane above referred to
which includes the lines of motion of the centers
of the various pumping elements. The shaft is
transverse to such lines of motion. Collars 48’
center the cam unit on the shaft. The shaft is
preferably stationary, and is supported in a hous-
ing 50 at two widely spaced supports 51, so that
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great aceuracy in pesitioning.of the.shaft.can be
Obtained without regquisement of high preeision
in the Jocation of the supperts 51. .Caps may he
provided -at 62 fo.seal the housing. :

The same heusing 59 likewise provides sliding -

hearing suppart 53 for the pumping elements or
their extensions so as to guide them during re-
eiprocation,

An extension 54 from the housing may desira-
bly support the pump proper. The space.areund
the packing gland may suitably be enclosed by a
well 55, which may be used if desired to retain
& sealing liguid.

‘The drive is accomplished by an electric mo-

bor 56 driving $o a speed .changer 57 .connected -

to a coupling 58 which drives a shaft 80 car-
Iying a worm 64. The motor and speed changer
Is supported on @ base 62. The shaft 60 has bear-
ing support at one end in the housing at 63 and
has journal and thrust bearing .support at the
ofher end in the housing 64.

The speed changer shown in this form is of
the well known mechanica] variable speed inter-
Imeshing type in which the motor drives a roller

carrier 85 having revolvably mounted thereon 25

cone rollers 68 carrying pinions 67 which inter-
-mesh with a ring gear 68 on the output side.
-'The speed of rotation of the rollers and there-
fore of the pinions as they revolye is controlled
by a frictionally engaging stationary control ring
10 which is moved lengitudinally of the cone
rollers by an adjustment cam 14 operated by a
eontrol handle 12. .One commereial type of eone
speed changer of the character herein deseribed
Is the Graham, ’

The form of Figures 1 and 2 employs a motor
and drive located to one side of the constans de-
livery pumping housing. Figure 3 shows a medi-
fication in which the device is mounted on the
constant delivery pump heusing, simply posi-
tioning the shaft 60 yertical rather than hori-
zontal, in bearing supports €3’ and 64’. To
change the direction of the drive 90° a gear box
13 of well known character is employed between
the speed changer 57 and the coupling 58.

The preferred embodiment shown in Figures
4 to 6 differs somewhat from that. preyviously de-
seribed. The cam unit 4{’ in this form includes
cams 41’ and 42’. Followers 31 on the yokes
ride the cam tracks. The pump element exten-
slon 3%’ is here in the form of a yoke having
hearing portions 74 and 75 at the opposite ends
and a bifurcated yoke portion 16 between. The
bearing portion 74 is guided a$ §3 on the housing
as in the other form, while the opposite bear-
ing portion 75 is guided in the opposite end of the
housing at 71. A chamber 18 is provided at the
outer end of the housing to leave room for the
end of the yoke.

In this form the cam unit extends through
openings 80 in the yokes. Thus as best seen in
Figures 4 and 6, the spacers 45 are within the
yokes, whereas the cams are outside the yokes
and the worm wheel is between the yokes.

A great advantage of this arrangement is fhat

the entire cam unit can be assembled with the
yokes outside the housing and then can be in-
serted bodily in the housing through the remov-
able end portion 81 of the housing, thus greatly
facilitating the assembly.

The drive in the form of Figures 4 to 6 is po-
sitioned on the pump housing as in Figure 3.
In this form a variable speed motor device 56’
is mounted on the housing and drives to a gear
82 on. g suitable shaft 83 supported in bearings
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84. ‘The stubshaft-eonnects toa wog type chitch
85. The other end of sthe dog type chitch 85
eonnects 1o a shaft 607 which forms a part of =
worm assembly. A-flanged bushing 86 :surround-
ing the shaft 60’ fitsin an opening 87 :of an arm
88 extended inwardly from the housing. The
opposite end of the shaft is journalled -at 190 -on
an .arm 94 from the housing. The worm ©! -on
the shaft .engages the worm wheel 44. :Spacers
92, 93 and 94 surround the shaft 60’ on the op-
‘osite sides-of the worm and a thrust bearing :25
is docated at the end .of the shaft adjoining the
arm 94 to take the thrust load.

It will be evident that the worm shaft, the
worm, the bushing, thrust bearing and :spacers
:can be removed bodily by taking off the cover
portion 86 of the heousing and nemoving = screw
97 which holds the flanged bushing in place. As
shown in Figure 1, the cam shaft may he entirely
enclosed and entirely internal., ‘However, in Fig-
ures 4 and 6 the cam shaft is shown extending

.outside the housing -at 98 to suggest that if de-

sired individual housings weould be intercon-
‘neeted and interdriven by this shaft. Of .course
if this were to e .done the shaft would cease to
e stationary, and would be :suitably connected
to the cam unitin any suitable manner notshown
in the drawings.

Figure 7 illustrates that the number of pumps
employed may not be limited to amy particnlar
number. In this form there is a drive 562 inter-

--connecting by a gear train 100 -with sewveral wari-
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able speed wunits 87/, 512 and §33 each .of which
-operates @ constant delivery pump #01, 482 and
1083. A meehanical interconnection .of drives as-
sures an accurate proportioning of the several
flows from the several units. "The seversl pumps
may operate on common suction .or common gdis-~
charge or on individusl suction and individual
-discharge or any combination thereof to give
the desired results. Each volumetric flow will
then be in a definite ratio to each other wvolu-
metric flow as may be desired, regardless of
change of speed of the prime driver.

Where :a variable speed motor device is to be
used, it can of course be a variable speed direct
current moter of any well-known type commer-
clally available. It is, however, preferable in
most cases to employ a variable speed direct
current motor with power from an alternating
current source. Such devices are well known
and a typical device of $his kind is diagrammagti-~
eally illustrated in Figure 8. One deviee of this
character is known commercially as Thymotrol.

‘Transformer 104 has its primary conneeted to
the alternating current source and ifs secondary
tapped. The end taps 105 and 108 are connected
to rectifier tubes (Thyratrons) i97, 188, 119 and
{11 respectively, Opposite terminals of the tubes
107 and {10 are connected to one side of the
armature 112 of a direct current motor 443. The
other side of the armature of the motor is con-
nected to the intermediate tap 114 of the sec-
ondary of the transformer. The opposite termi-

‘nals of rectifier tubes {08 and {11 are connected

to one side of the field (15 of the motor, the
other side of the field being connected to the in-
termediate terminal 114. Each of the tubes is
connected to electronic circuits 16 as well known

-in the art, and the starting, stopping and speed

are controlled by a switch and regulator {i7.
The mechanism of Figure 8 is well known in the
art, and it will be understood that any other suit-
able rectifier can be provided to operate a direct

.current motor,
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In operation of any of the forms, it will be
seen that once the device is assembled, it is
merely necessary to vary the speed adjustment to
obtain constant delivery at any output level
The particular type of speed changer used will
vary widely to suit the individual installation.
The type of arrangement shown in Figure 7 may
be employed with particular advantage where
a chemical reaction is involved and it is desired
to supply several different chemicals by the
pumps 101, 102, 103, but to have the system in-
dependent of fluctuations in the electrical source,

Tt will be evident that in all of the forms shown
there is a straight line relation provided between
the motion of the pumping elements and the
cams. Aside from the connection between the
followers and the cams, there is no pessibility of
lost. motion. The moving parts which accom-
plish the main operation are limited to the cam
unit, the followers and the pumping elements
with their extensions. Very little frictional loss
can occur and maximum efficiency is obtained.

In making the cam corrections, allowance does
not have to be made for complicated vectors as
in other devices. Corrections can easily be ap-
plied to the cams for the different variables which
may apply to the individual installation.

The structure is unusually rugged and even in
case maintenance is required it can easily be per-

formed. The wide spacing between the points of :

support of the cam shaft assures accuracy in the
cam positions notwithstanding that slight wear
may occur. The rear or outrigger bearing on the
‘yoke assures accurate yoke alisnment and elimi-

nation of any tendency of the yoke to whip or 3

jump. The installation of the cam unit as a sub-
assembly and the similar installation of the worm
unit as a sub-assembly makes it possible to
change these units readily at any time, as for

example where it is desired to make an inspec-.

tion, to replace worn parts, or to change the ap-
plication of the pump to a different service, and
therefore to use a different set of cams having
different corrections.

The prase “common inlet and outlet,” as used
in the claims, is defined to include any case where
{the pumps draw from a common source and dis-
charge into a common system, whether this is by
means of manifolding at the pumps or by means
of separate pipes to the source or system.

In view of our 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 our invention without copying
the structure shown, and we, therefore, claim all
such ingofar as they fall within the reasonable
spirit and scope of our claims.

Having thus described our invention what we
claim as new and desire to secure by Letters
Patent is:

1. In z pump having constant delivery at any
setting and variable delivery constant through-
out the cycle at various settings, a plurality of
pumps aligned side by side and each having an
aligned pumping element in parallel relation fac-
ing in the same direction and having a common
inlet and outlet, a yoke extending in prolonga-
tion and secured to each pumping element, hav~
ing a bearing on either side of a bifurcated yoke
portion, the bifurcated yoke portions being ar-
ranged side by side in the various yokes, a fol-
lower on each yoke having its center in g plane
which includes the center lines of motion of the
pumping elements, sliding bearing supports for
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the portions of the yokes at opposite ends of the
bifureated portions, a shaft extending through
the bifurcated portions of the yokes, a cam unit
comprising a cam for each follower and co-
operating therewith, a gear between the cams,
a bushing on the interior of the cam unit jour-
naling on the shaft and connhecting means ex-
tending through the eams through the bifurcated
portions of the yokes and through the gear and
uniting the same together to form the cam unit,
a stationary cam shaft extending through the
bushing, and having support at the opposite ends
of the shaft on either side of the cam unit, a

“drive having g gear interconnected with the

gear on the cam unit and a speed changer on
the drive.

2. In a pump having constant delivery at any
setting throughout the cycle and having variable
delivery at various settings, a plurality of pumps
having pumping elements aligned and extending
in the same direction and having a commeon inlet
and outlet, a plurality of yokes each extending
in the direction of the line of motion of one of
the pumping elements and conunected thereto,
each yoke having a sliding bearing portion at
opposite ends of a bifurcated yoke portion, and
the bifurcated yoke portion of the various yokes
being arranged cide by side, sliding bearings for
the yokes engaging the bearing portions at oppo-
site ends of the bifurcated yoke portions, fol-
lowers on one side of each yoke having their cen-
ters in the plane which includes the lines of mo-
tion of the pumping elements, a cam unit extend-
ing through the interiors of thebifurcated portions
of the yokes and rotatable on an axis in the plane
including the lines of motion of the pumping ele-
ments transverse to such lines of motion, said
cam unit including a cam operatively intercon-
nected with each yoke, the cams being respective-
ly out of phase and having corrections for one
another to the extent that the delivery of the
pump for any capacity is constant throughout
the cycle, said cam unit also having a worm wheel
interposed between the cams at a position be-
tween the yokes, and said cam unit having fas-
tening means extending through the cams and
the worm wheel and uniting the cam unit to-
gether as a single unif, a worm unit including a
worm cooperating with the worm wheel, and in-
cluding s shaft and removable bushings, the
worm unit being removably mounted with re-
spect to the worm wheel, and a support mounting
the bushings for the worm unit.

ROBERT T. SHEEN.
ROYAL BARTLETT SAALFRANK.,
JOHN W, WELKER,
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