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‘This invention relates to diaphragm pumps,

and is particularly concerned with the provision

. of an improved diaphragm pump which is adapt-

ed to be used for pumping under the most difficult

-8 conditions. It should be understood, however,

that the present pump is capable of ‘general ap-

plication and may be used for any type of service
where its charaeteristics may seem.desirable,

One of the objects of the invention is the pro-

10 vision of an improveéd pump particularly dadapted -

to the pumping of gritty materials or. dirty water

" or, for chemicals which would be damaged by con-

tact with lubricants or packings in other types of

-pumps,

.18 Anothei object of the invention‘is the provision-

. of dn improved pump which is adapted to. pump
~water carrying a considerable amount of foreign
‘matter, such as might be the case in pumping

-~ water out of sumps and in which the pump is-
'20 particularly sadapted to be cleaned with the'

.- greatest of ease.

- Another object of the. invention is the provision’

of -an improved- pump ‘which is adapted for the

pumping of foodstuffs, medicines, or any fluids or.
- 25 flowable material intended. for humsan consump-

tion, in which contact  with foreign materials
- would . be detrimental to. the material being
- pumped, -

Another object is the provision 01' an improved_

30 pump of the diaphragm type, which is ‘so con-
structed as -to- eliminate high and low torque
values, excessive vibration, and which’ produces

T a substantially steady flow:from ‘the discharge.. .

~ Another ‘object is the' provision of an improved

- 35. pump of the diaphragm type which is economical
.in the amount of floor space occupied and which‘

- requires but & relatively small foundation.
' Another obiect s the provision ot an improved
. pump of ‘the diaphragm type so. ‘arranged that
40 -the action of the pump causes & constant flow of
‘Hquid through the manifolds, thereby tending to
carry sediment along with the liquid and to keep
it in suspension in the .water, and eliminating

. -the clogging of the manifold and other. chambers.-
45 Another object is the provision of an lmproVedv

pump construction of the diaphragm _type, in

which all of the parts are accessible for repair or -

" replacement, and inivhich'the valves are capable
of easy removal for cleaning ‘or other service.

" 50 = Another object Is the provision of an improved

pump of the dlapragm type, having a substantial--

Py ]y constant fiow, thereby climinating the uneven
Toad :on thé drive shaft which is present in the

devices of - the prior art, and eliminating the

55 necessity tor air chambers which ‘are; usually

necessary on reciprocating pumps on account

of the intermittent action of the pumps of the
.prior art. .

" Another object is the provision of an improved
drive mechanism for diaphragm pumps, by means
of which a multiplicity of diaphragms may be di-

rectly operated from a .single crank pin, produc- .

ing a substantially even torque for the driving
motor by distributing the work evenly throughout
' the entire cycle of revolution of the crank,
Another. object is the provision of an improved
valve arrangemerit for pumps, by means of which
the seats for ball valves are quickly and firmly

- secured in place and the ball valves are adapted

to be removed with the valve seat with a mini-
mum amount of difficuity,

Ancther object is the provision of an improved
drive ‘mechanism for' reciprocating pumps by
means of which the expensive and complicated

connecting rod devices of the prior art; usually

necessary to drive a- multiplicity of independent
pumping members from a single crank pin, have
been eliminated, This has been accomplished by
the. use of what I prefer to call a “floating ec-
centric”, which  permits satisfactory - operation .
even if the parts should be slightly out of align-
ment . through inaccuracy of manufacture, and
- also permlts the removal of any of the driven
members in a very simple manner, :

" Another object is the provision of an improved
“.drive mechanism, including such a “floating ec-
- centric” so-arranged that the wear on the rollers
carried by the cross-heads, which actuate each
separate pumping element, is greatly reduced and
‘the rotation takes place between the, “floating
-eccentric” and the crank pin upon which the
- “floating eccentric” is -mounted, by means of
suitable antifriction bearings at that point.

Another object is the provision of an improved
diaphragm pump construction which is sturdy,
efficient, and: which Is characterized by economy
“in the. manufacture and machmmg of the various
parts by.virtue of the fact that many of the ele-
‘ments ‘are exact duplicates so that they may be
constructed in production on a: volume ‘basis at a
_comparatively low cost. »

Other objects and advantages of the invention

will be apparent from the following description -

and the accompanying drawings, in which similar
characters of reference indicate similar parts
throughout the several views,

Referring to the three sheets of drawmgs ac-
_companying the speclfication:
Fig. 1 is a top plan view of ‘& pump constructed
according to the present invention.
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Fig. 2 is a side elevational view of the pump;

Fig. 3 is a vertical sectional view, taken on the
plane of the line 8—3 of Fig. 1, looking in the
direction of the arrows, showing the details of
construction of the mechanism; ’ !

Fig. 4 is a fragmentary sectional view, taken
on the plane of the line 4—4 of Fig. 3, in partial
section, showing the -details of construction of
thetcross heads, floating eccentric and associated
parts; : ' .

Fig, 5 is a vertical sectional view, taken
through one of the cross heads on the plane of
the line 5—5 of Fig. 4, showing the details of

construction of the cross head and its support-

ing guides; . .

Fig. 6 is a fragmentary sectional view, taken
on the plane of the line 6—8 of Fig. 3, looking in
the direction of the arrows; :

Fig. 7 is an enlarged detail view of one of the
stub shafts 109 which is used to connect each
cross head 24 to the floating member 147.

The present pump is adapted to be driven by

-means of a belt and pulleys, since the drive shaft

is arranged for a convenient and suitable drive
speed, or it may. be driven by means of a gear
motor, as shown in Fig. 2. :

The gear motor I0 comprises an electric motor
11 of suitable characteristics, having an auxiliary
gear housing #2 containing reducing gears and
adapted to deliver power at the shaft I3 at a rel-
atively slow speed and relatively high torque.
The gear motor drive shaft 13 is connected to
the horizontal pump drive shaft 14 by a suitable
form of universal joint §5. The supporting and

housing structure of the pump is preferably con~ .
- structed of cast metal and comprises a plurality -
‘of cast metal parts, as follows: :

The base 16, supporting spider I7, intake man-
ifold 18, discharge manifold 19, intake valve
housings 20, pump housings 21, discharge valve
housings 22, diaphragm heads 23, cross heads 24,

Of these; the intake valve housings and the

discharge. valve housings may. be identical in

structure, differing only in their location with
respect to the pump elements of the complete

‘pump, and they are given a separate indicating

numeral only because of their different function

‘in the operation of the pump. Of course, the

" valves operate in the same way whether they are

56

used as intake valves or output valves, but they
operate at different times, as will be apparent
from the following description of the structure
and operation. .
The base 16 comprises a cast metal member
having a substantially cylindrical side wall por-
tion 25, supporting & frusto-conical side wall por-
tion 26 for the purpose of reducing the size of

. the base at the point where it supports the spider

80

70

(1. . The cylindrical base part 25 is carried by a
foot flange 21 suitably reinforced and provided
with apertures so that the base may be bolted to
a concrete foundation. .

At one side the cylindrical portion 26 is pro-
vided with a flattened seat or surface 28 border-
ing a cylindrical bore 29 and provided with
threaded bores 30. The bore 28 is adapted to
receive the bearing: casting 31 for the horizontal
drive shaft

attaching flange 33 through which the screw

Y wolts 34 pass into the threaded bores 30 to se-

cure the fitting on the base.

The cylindrical flange 32 Is providedk with &~

counterbore 3% having an inwardly extending

"% radial flange 36, against which the outer race

of the shait gt that point.

14, This bearing casting has a cylin- -
.drical flange 32 bordered by & radially projecting

2,146,128

37 is seated. 'The outer tace 37 may be a close
frictional fit in the bore 35. An inner race 38
has a close frictional it on the portion &9 on
the horizontal drive shaft 4, and the tapered
frusto-conical anti-friction rollers 40 are dis-
posed between the races 37, 38. The raceways in
the races 31, 38 are disposed diagonally to the
axis of shaft {4 so that the anti-friction bearings
37, 38, 40 also constitute a thrust bearing for tak-
ing the thrust from the bevel pinion 41 carried
by the end of drive shaft 14. .

The drive shaft bearing casting 31 has a tap-

ered frusto-conical portion 42, and it terminates.

in a cylindrical flange 43 having a counterbore

44, which is adapted to receive an anti-friction:

bearing similar in structure and installation to
the anti-friction bearings 37, 38, 40, and indi-
cated in its entirety by the numeral 45.

The race 38 rests against the shoulder at the '

right end of the bevel pinion 41, while the race

of the bearing 45 is forced on the shaft 14 by

a pair of nuts-46 threaded on a threaded part

- /The bearing 45 need not be as lafge as the

bearing 31, 38, 40, as it does not take the direct -

thrust from the bevel pinion &l. The bearing 45
and nuts 46 are covered by a cast metal cap 41,
which has a groove surrounding- the shaft {4,
filled with a packing 48 to prevent egress of lu-
bricant from the casting 31.
aperture at the top of the casting may be closed
by a filling plug 49 so that lubricant may be ap-
plied to the bearings from this filling aperture.
The base 25 is hollow and formed with a bore

50 and counterbore 5! separated by an annular ,
The annular shoulder 52 is en- *

shoulder 52.
gaged by the attaching flange 53 of a bearing
plate 54, which carries the lower bearing 55 for
the main or drive shaft §6. ;

The bearing plate 54 is bolted to
as shown, and has a counterbore 51 and an an-

. nular flange 58 for receiving and supporting the

anti-friction bearing 53, which is mounted in
its .socket and on the lower end of shaft 56 in
o manner similar to the anti-friction bearings

. just described, by means of nuts 58 on threaded

portion 60. , :

‘A cast metal cap 61 is bolted to the plate 54
covering the end of main drive shaft 56, and it
is provided with a clean-out opening and plug
$2. The base casting may also have an aper-
ture 63 closed by threaded plug 64 for ohserva-
tion of the gears and for filling the lower part
of the base with lubricant within which the
gears may run. : -
" The main drive shaft 56 is provided with a
reduced portion 65 and an annular shoulder 68

“for seating the bevel gear. 67, which is secured

in place by a plurality of nuts 68 on the thread-
ed portion.69. Bevél gear 671 meshes with bevel
pinion #1 so that shaft 56 is driven at a reduced
speed. . : -~ . )

The present pump may include any number of
pumping elements, but preferably includes four,
five, six or more of such pumping elements. In
the preferred embodiment of the invention there
are six separate pumping elements, which may
be indicated in Fig. 1.by the numerals 70-15.

In any event, the pumping elements are ar-

ranged radially at equally spaced distances about
the axis of the drive shaft 56, and they are adapt-
ed to be actuated in succession in the direction
in which the shaft rotates.
be rotated in either direction to operate the
pumping elements with equal facllity.

A threaded filling

fhe base -

The drive shaft may
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Each of. the pumping elements is identical in

- structure to each of the other pumping elements,

15

thereby greatly reducing the cost of manufac-
ture, since only one type of pumping element

‘need be made, and it can be made in large quan-

tities by volume production machining methods.
It is to be understood that the present embodi-
ment, which has six pumping elements, is exem-
plary of one of the preferred forms of the in-
vention and that other embodiments may - be

made embodying a multiplicity of pumping ele--

ments, certainly more than two, and numbers
of elements which are easily divisible are pre-
ferred to make the construction more simple.
The base 16 has above the frusto-conical por-
tion 26 a box-like portion 76, which is hexagonal
in plan, as shown in Fig. 6. The six sides of
this hexagonal portion 16 are formed by up-
wardly projecting flanges 11, 18 -at each corner
of the figure, the flanges being joined together
at an angle of 120 degrees and provided with

.threaded bores 19 for receiving the screw bolts 80.

The hexagonal portion has a supporting shoul-
der 81 formed on a radially outwardly extend-
ing flange 82 at the bottom to give additional
support to the spider 11, which may be formed
of a multiplicity of separate arms 83. Each of

‘these arms has a flat end surface 84 located on
_attaching flanges- 85, through which a multi-
- plicity of the fastening hbolts 80 pass, the bolts

being threaded into the flanges 11, 18 on base
18. The spider arms 83 are all secured to the

_ ‘base 16 in such manner that they extend radi-
. ally therefrom at the top, and they are pro-

33

vided with suitable reinforcing flanges such as
the vertical flange 86, the horizontal flange 81,
and the curved border flange 88, joined by vari-

. ous webs to make a light and strong structure.

40

. These spider arms 83 are shown in elevation
at. the right of Fig. 3, and in section at the
left of Fig. 3. Near the outer end of each arm
83 the arm is provided with a horizontal ma-
chined seating surface 89, which is bordered by
a flange 90 to assist-in aligning the pump ele-
ment on the spider, and to support the pump
chamber against the thrust of the working parts.

The horizontal flanges 87 have apertures for.

receiving the securing bolts 91, which pass
through the spider arm flanges, and are secured
by nuts which nestle in recesses at opposite sides
of pump chamber 21.

The spider arms 83 also have upwardly ex~

tending guide-supporting flanges 92, 93 (Fig. 5)
at the top, the guide flanges being formed with -

the upper flat seating surfaces 94, and the flange
extensions 95 for housing and supporting the
cross-head guides 96, 97.

Each cross-head guide comprises a substantial-

" 1y rectangular block of metal having a V-shaped

60

-8

. to the spider arm 83.

groove 98 formed on the side toward the cross-

head. For convenience in machining these V-

shaped grooves, I provide a rectangular section
groove 99, formed at the apex of the V. This is

_a -clearance groove machined in the guides to
relieve pressure at the apex of the V and to con-

centrate it on the flat sides only. -

The block 96 has bores 100 for passing the
screw bolts 101 which secure that block fixedly
‘The other guide block 97
is preferably provided with an enlarged or lat-

-erally elongated aperture or slot 102 for receiv-

ing the screw bolt 103, which secures it in place.

This guide block is alsg engaged by the ends
of a plurslity of set screws 104 located in the
threaded bores 105 and secured by lock nuts 106.

3

The use of the V-shaped guides enables the use
of the adjustment screws 104, which can take
up any wear on the guides or cross-heads in a

vertical or horizontal direction, thereby eliminat-

ing any unnecessary play between the cross-
heads and guides after a period of use or in
the initial assembly of. the machine.

The sliding cross-heads 24, which are six in
number in the present embodiment, are identical
in construction and are shown in plan in Fig. 4,
vertical section in Fig. 5, and longitudinal vertical
section in Fig. 3. Each cross-head member com-
prises a cast metal member having at the inner
end a horizontally projecting securing flange 107
provided with a vertical bore 108 for receiving the

. stub shaft 109, which has a threaded end provided

with a nut 1i0. The opposite end of each cross-
head 24 has a vertically extending atfaching
flange 111, which is provided with a threaded bore
112 for receiving the threaded end 113 of a con-
necting rod 114, which is locked in place by lock
nut 115.

The intermediate body 11§’ of each cross-head
24 may be of any convenient shape, provided its

lateral edges are provided with flat surfaces {16, :

{17 forming a V-shaped angular edge which is
complementary to the shape of the V-shaped
groove in the blocks or guides 96, 97. These edges
are accurately machined to fit the guides, and
each of the upper guide surfaces 118 is provided
with an oil groove |18, which extends diagonally
downward across the guide surface 116, toward
each end, from the middie.

The groove {18 communicates with a drilled
aperture 119 extending across the body 115’, and
a drilled aperture 120 in an upwardly projecting
lug 121 communicates with the aperture f(19.
The vertical aperture 120 may be used for con-
ducting oil to the oil groove 118 on the cross-head
guide surface 116. The lower surface 1171 will be
lubricated by the gravity flow of lubricant from
the upper surface.

- The base 16 has in its upper hexagonal portion
16 a bearing plate 122. For this purpose the base

~portion 16 is provided with an inwardly extending

annular flange 123 at the top, having a circular
bore 124 for receiving a complementary cylindri-
cal formation 125 on bearing plate 122.

" The bearing plate 122 has a radially extending
flange 126, which may be hexagonal in plan, fitting
in the space between the ends of the spider arms
83, where they project above the base portion 76.
The ‘bearing plate 122 has a cylindrical bore 127,

20

30

35

50

which receives the outer race of an anti-friction

bearing 128. It also has an inwardly extending

65

radial flange 129 to support the race, the main

drive shaft 56, and enlarged portion 30, on which
the outer race of the bearing 128 has a close fric-
tional fit. An oil seal plate §31 is mounted on this
portion 130 against the annular shoulder (32.
The oil seal plate extends over the flange 126, and
hag grooves filled with packing (33 to retain the
oil in the cup or bore 127.

. The anti-friction bearing 128 may be identical
in construction to that described in detail at 37,
48, 40, except that it is a main supporting bear-

- ing for the drive shaft 56, and is necessarily larger
. for this duty.

The bearing plate 122 has an oil seal plate 134
bolted to-its lower flange (28, the ofl seal plate
being provided with grooves fllled with packing
135 in-the aperture or bore which receives the
shaft 56.

Horizontal and vertical grooves {36 are drilled
in the flange 126 at the left to provide for oiling

GO
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the bearing 128. It will be understood that in
drilling such oil apertures the end of the horizon-
tal aperture {36 is plugged up at the left. This
practice is followed in other places where it is

‘necessary to drill oil apertures through parts.

The crank shaft 56 is provided at its upper end
with the crank or eccentric portion 137 which

‘supports the vertically extending eccentric or

crank pin 138. This crank pin carries a similar
anti-friction bearing 139 irstalled in the same
way, and the bearing housing 140 is cylindrical in
shape and has a horizontally extending support-
ing flange 141 at its lower edge. The bearing is
sealed at the bottom by an oil seal 142, and the
eccentric pin 138 has a tapered portion 143 and a
reduced cylindrical portion 144,

The bearing housing 140 is likewise extended
upwardly, having an integral reduced cylindrical
portion which supports in a similar way a second
anti-friction bearing 145, which engages the re-
duced cylindrical portion 144 on the eccentric pin
138. A screw cap {46 encloses the upper end of
the bearing housing 140 and is provided with an
oiling aperture. A nut on the end of eccentric pin
138 secures the inner race on the cylindrical end
of the eccentric pin.

The bearing housing 40 supports an annular
floating member {47 which is rotatably mounted
on the eccentric pin 138 by means of the bearing
139. Floating member {47 has a pair of sub-
stantially cylindrical walls 148, 149 joined by an
annular yoke 150. The inner and outer surfaces
of these walls' are machined to cylindrical form,
and the walls are concentric and substantially
equal in height. )

The inner surface of wall 148 comprises the
cylindrical surface of a bore which fits on the
cylindrical outer surface of the bearing housing
140, It rests upon the flange 141, and it may be
secured in place by means of s cap plate 151,
comprising a cup-shaped member having a bore
for passing the upper part of the bearing housing

- 140 and having a depending annular flange for

engaging the upper edge of wall 148, This cap
plate {51 may be secured in place by a plurality
of screw bolts threaded into the housing (40,

The eccentric pin 138 is thus provided with an

annular track which is rotatably mounted upon’

the pin 138 and js adapted to provide means for

- 5or-actuating a multiplicity of different pump units.

The stub shaft has at its lower end a cylindrical
portion 152, which engages a plurality of rollers
153 that are contained in the cylindrical bore 154
of a roller 155. Roller 155 has an outer cylindri-
cal surface 156 that fits between the machined
cylindrical surfaces on the walls 148, 49 to ac-

_commodate the connection to the side sway of the

crank action.

As previously described, each stub shaft 109
is fixedly secured in the cross-head 24 by s nut
110. Each stub shaft preferably has an annular
shoulder 157 and a roller-retaining ring 158 is
seated against this shoulder and clamped be-
tween the cross-head and the annular shoulder
{51. The roller 155 may be rabbeted to receive

the ring 158. )

Stub shaft 109 has a head 159 rotating in a
counterbore 160 in the bottom of the roller {§5.
The stub shaft (09 preferably has a transverse
bore 161, and an axial bore 162 communicating
with it, drilled In the shaft for the purpose of
permitting the oiling of the anti-friction rollers
183 which fill the annular space between the
cylindrical surfaces 152, 154,

It will thus be apparent that the actual rota-

9,146,138

tion takes place at the anti-friction rollers 163,
and the only motion occurring between the sur-
face 156 of roller 155 and the surfaces of the
walls 148, 149 of the floating member 147 is a
minimum, This small amount of motion per-
mits the parts to be made by volume production
methods at a relatively low cost.

Referring to Fig. 5, it will be noted that each
cross-head 24 is slidably mounted in its guides
96, 87 located between the upwardly extending
legs 93, 94 of a spider arm 83. The cut-out or
slot 163 between the legs of the spider arm 83
at the top provides space for the cross-heads
and their connecting rods. .

The various pumping units 70-75 are all iden-
tical in structure, and this glso serves o reduce
the cost of the complete device. Each pump unit
comprises & housing 2{ of cast metal, which is
adapted to be connected to the intake valves
and output valves and supported by the spider
arms 83. Thus each housing has-a flat base flange
164 which is spaced from the inner bottom wall

165 of the pump housing so as to eliminate any

possibility of leakage.

The screw bolts 91 pass through the flanges
81 on the spider arm 83, and are threaded into
threaded bores in the pump housing flange 164.
The pump housing has a flat flange surface (66
located in a vertical plane at its outer side with
respect to. the axis of shaft 56, and this surface
surrounds an intake bore 161, »

At its upper end the pump housing 21 has an

10

15

20

25

30

attaching flange 168 surrounding an output con-

duit 169, and the end of the flange 168 is pro-
vided with a seating surface in a horizontal plane
for attachment to the output valve.

The main body of the pump housitig 21 be-
tween the inlet 167 and outlet 169 comprises a
substantially cylindrical wall 170, which merges
into a curved or tapered wall {11 communicat-
ing with the intake conduit 167 (Fig. 1). The
cylindrical wall {10 has an attaching flange 12

projecting radially outwardly from the cylindri-

cal wall. for the attachment of a diaphragm re-
taining ring {13.

The diaphragm retaining ring is provided with
a flat seating surface 174 engaging a comple-
mentary surface on the flange {12, and a plu-
rality of screw bolts {15 secure the ring to the
housing 21 and clamp the edge of a diaphragm
{16. The ring 113 is provided with a groove
111, which is complementary in shape to the
outer edge and head of the diaphragm 176, but
of slightly less depth than the diaphragm, so
that when the ring (713 is fixedly clamped to
the housing 21 the rubber diaphragm wall is
firmly clamped in fluid-tight relation to the hous-
ing 21.
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The diaphragm 176 comprises a flexilile rubber

member which is suitably reinforced with fabric
and which is premolded to the shape shown in
Figs. 1 and 3. It has a pair of substantially

60

parallel attaching flanges 1718, 1719 located in dif- .

ferent planes, and each provided with a laterally
projecting bead adjacent the edge thereof - for

" engaging in a complementary groove in the pump

head ring and diaphragm retaining ring.
It also has a curved intermediate wall por-

‘tion 180, the inner leg of which, as shown in

section in Fig. 3, is considerably longer so that
the premolded shape of the diaphragm is that of
the pump in its collapsed position, as shown in
Fig. 3. :

The diaphragm is annular in form and has its

inner edge secured to the pump head 28 by a
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The discharge manifold 19 comprises a cast
metal member having a centrally located dis-
charge port 227 surrounded by an attaching
flange 228’, This discharge port is large enough
to take care of the discharge from all of the
discharge conduits [8] of the outlet valves. In
this case six discharge  conduits are used,

The discharge port 227 communicates with g
multiplicity, in this case six, radially projecting

conduit arms 228-233. Each arm comprisés g -

downwardly and outwardly curved tube, all of the
tubes joining at the point 234, and each tube be-
ing provided with the radially projecting secur-
ing flange 235. _ ‘

It should be understood that in every case the
pipe flanges on the manifolds, housings, pump
units, etc., are provided with flat end surfaces
to engage complementary flanges and provided
with apertures for the bolis which secure these
flanges to adjacent flanges. The aperture in
one flange is threaded, and the other one is
usually left smooth to pass. the bolt, or both
apertures may be smooth bores and the bolt
may pass through both and be secured by a
nut. A suitable gasket may be provided between

the flanges, or the flanges may be machined to -
- & Hquid-tight fit, or the joint may be made water-

tight by the use of any suitable compound..
The intake manifold 18 may be made. of a single
cast metal annular tube: in the case of -small
bumps, but in the present embodiment I prefer to
make the intake manifold 1§ of two semi-circular
sections 236, 231. Each of these sections com-
prises a cast metal tube provided with flanges

238 at each end of the tube, the tube being cirey- -
lar in section and semi-circular in plan, so that

when the flanges 238 are holted together in the
usual manner s circular manifold 18 is provided.
. The manifold has in its upper wall a plurality
of outlet conduits bordered by the flanges 239,
which have flat seating surfaces for engaging the
lower flanges 190 on the intake valve units. In
this case the bolts pass through the
and are threaded into the flanges 238,

The intake manifold may be provided with one,
two, or more intake ports. In the present em-
bodiment I have provided two intake ports 240,
241, each bordered by an attaching flange of the
usual type for securement to pipes leading to
the source of supply of the liquid being pumped.
Where the intake manifold I8 is made of two
sections, it may be more conveniently applied and
removed after the complete machine has been
set up, sihce otherwise it would be impossible to
get it over the top of the machine without re-

It will be observed that
lead from the intake manifold to the pump units,
and for convenience the intake valve units are
designated (Fig. 1) by the numerals 242—247.

The operation of the dlaphragm pump is as fol-

“lows: When the shaft 14 is driven, either by & belt

or by a gear motor unit, the vertical drive shaft
56 is rotated at a reduced speed, and the ec-
centric pin 138 moves in an orbit, but also makes
one rotation each time the shaft 56 rotates. As
the pin 138 moves in its orbit, it causes the float-

ing ‘'member 1471 to move eccentrically, but the -

floating member 147 need not rotate, as the rota-
tion takes place at the anti-friction bearings 139,
145. Rotation is permissible, however, as the
cross-head pins 109 have a roller 155, which has a
rolling contact against the walls 148 and (49 of
the floating member 147, -There is a very small
amount of clearance allowed in the diameter of

" intake valves 20

flanges (90

the intake vaive units-

. are identical, all of the

‘construction. ‘Therefore,

2,146,128

the roller and therefore its rotary movement
alternates, rolling in turn against the inner sur-
face 148 during the pressure stroke and against
the outer surface 149 during the ‘suction stroke.

The eccentric movement of the floating mem-
ber 47 causes the cross-heads 24 to be recip-
rocated In succession, and the pump units 2(
are therefore actuated in succession. The cycle
of this diaphragm pump does not have all of its
resistance-occurring at one or two points in the
cycle, but there is a constant load on the drive
shaft of the pump which is similar to that of a
four cycle, twelve cylinder internal combustion
engine. When one of the pump units is in the
midst of its stroke, at least two other pump units

are being actuated and are part way along their

strokes.

The reciprocation of the bump unit heads 23
causes an alternate collapse and expansion of the
bump unit walls, including the diaphragms 176.
As the pump head 23 moves outwardly, expanding
the pump chamber, the output valves 22 stay

10

15

20

closed, but the intake valves 20 are opened by

the suction or the bressure of the fluid, which is
acted upon by atmospheric pressure or other-
wise. Upon reverse motion of the cross-head,
the pump chamiber is collapsed, whereupon the
close, and the output valves 22
are forced open by the discharge from the pump
chamber. - ) -

. As a result of the actuation of .the pumps in
succession constantly in the same direction about
the circular intake manifold I8, there is a con-
stant change of the location of a low pressure
point in the intake manifold | 8, and the point.of

low pressure rotates with the rotation of the shaft -

56. It is fundamental that liquid  flows from a
point of high pressure to one of low pressure,

and consequently there is g rotation-of the liquid

being pumped in the circular manifold (8. This

25

30

40

causes the liquid to keep in suspension any foreign

materials, such as sand, dirt, or other matter
that might be'in the liquid being pumped, and
the same is true in the case of chemical or food
liquids which have solids entrained with them.
If desired, s manifold similar to the manifold
18 may be used for the discharge manifold, but
the discharge manifold 19 is preferably of the
shape shown, to give a more direct discharge. Tt
is different in design from the intake manifold,
on account of the fact that the intake manifold
had to be designed to leave space for the base 16,
whereas the output manifold 19 involved no such
restrictions in its design, -
" It will be observed that in the construction of
the present pump the number of different castings
has been reduced to a minimum:; The two sec-
tions of the intake manifold are identical; all of
the valve units are Identical, all of the pump units
guide units are identical,
all of the cross-heads are identical, angd all of
the arms of the supporting spider are identical in
the present pump may
be constructed very economically, and the matter
of replacing worn or broken parts is also simpli-

fled, because it is necessary to carry in stock only

one of each of these parts to replace breakage in
any part of the machine: The parts need not be
machined so accurately, and may be many-
factured according to volume production meth-
ods, because the floating member 187 permits a
considerable latitude of movement’in case such
movement is rendered necessary due to inaec-
curacies of manufacture. o

The present pump has g subStazitially constant:
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retaining ring 181, Like the retaining ring 113
and the surface.l74, the pump head 23 and re-
taining ring 181 have engaging flat surfaces and
are secured together by securing bolts. !

The retaining ring 181 also has the rabbeted
formation and groove complementary to the bead
on the inner edge of the diaphragm, and the
groove for the diaphragm in .the ring 81 is

"smaller than the diaphragm so that the dia-
phragm is clamped as described with respect to

the outer edge.

The pump housing has its chamber 182 formed
with s rear or outer curved wall 183, which may
be substantially concentric in curvature with the
inner surface I84 of the pump head 23. This
provides sufficient space for the pump head move-
ment with the use of a minimum amount of
material. }

The pump head comprises & circular cast metal
member, having a flat inner face, as described,

and having a centrally located inwardly pro- .
with a threaded bore 186. A con-

jecting lug 185
necting rod (14 has its threaded end:threaded
into the bore 186 and secured by a lock nut
i87, the other end of the connecting - rod being
secured to a cross-head 24, as previously de-

_scribed. When the shaft 56 rotates, therefore,

the eccentric pin 138 moves in & circular path,
causing the floating member 147 to move in a
cireular path and causing the cross-heads 24 to
be actuated in a radial direction, inwardly and
outwardly. The cross-heads are actuated out-
wardly in succession in the direction in which
the shaft is rotated. Thus the pump diaphragms
are moved outwardly to collapse the pump cham-
pers 182 in succession, and the diaphragms are
moved inwardly to expand the pump chambers
in succession. _

All of the valve units, whether they be intake
valves 20 or output valves 22, may be identical in
construction, thereby reducing the cost of the
device and facilitating volume production of
these parts.

Each valve comprises a substantially cylindri-
cal housing 188 (Fig. 3), which is provided at its
upper edge with a groove for -receiving a gasket
189’. 'The cylindrical housing 188 merges into
a lower tubular conduit 189 of reduced size, this

conduit being provided with a flat end seating:

surface and an attaching flange (90 for secure-
ment to the intake manifold 8.

The valvé housing {88 has a laterally project-
ing “conduit 19f with an attaching flange 192,
with apertures for screw bolts so that it may be
secured to the intake conduit 167 of a pump unit.
Valve housing 188 has a substantially cylindrical
chamber and an annular shoulder 193 at its
lower end. The wall of the intake conduit 189

“is rabbeted to receive a cylindrical flange 194 car-
ried by a valve seat member 195, The valve seat-

member 195 has a radially extending body which
engages the annular shouider 193, and it is pro-
vided with a centrally located bore 196 surround-
ed by a partially spherical seat 197 to be engaged
by & ball valve 198. ' ‘

The ball valves 188 comprise rubber covered
metal cores, the metal core comprising three-.

fourths of the radius and the rubber covering
comprising substantially one-fourth of the ra-
dius of the ball. They are, of course, heavier
than the lquid which is to be pumped so that

" - they will not float in the liquid, and they seat

(]

by virtue of gravity, but can be unseated by the
pressure of air when the pump i3 pumping out

5

5

‘the air preliminary to the use of the pump for
pumping the lquid. :

The valve seat member. 195 has a fairly close
fit in the complementary formation in the cham-
ber 188, but it is removable and is held in place
by a cage 198. The cage 199 has a flat bottom
200, which engages the flat top of the valve seat
member 196. It has & plurality of upwardly ex-

tending partially cylindrical frame members 201

joined at the bottom by an annulus 202 and at
the top by an annulus 203.

a groove for receiving a gasket 204, The gasket

204 is not for the purpose of effecting a liquid- -

tight seal, but it is resilient and is for the pur-
pose of placing a resilient pressure on the cage
195 to hold the valve seat member 185 in place.

The spaces 205 between the frame members

201 are cut out to permit free flow of liquid, ana
the cage is so arranged that one of the spaces
205 comes directly opposite the discharge open-

The top ring 203 has .
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ing 19{. "To assure this location, the cage 199

may have a pin at the top which fits In a groove
in the housing (88 and assures proper location
of the cage with respect to the housing. . _

The ball 198 is slightly smaller than the cage

99, and the cage is of sufficient length so that:

the ball may tise well off the seat and permit free
flow of the liquid through the valve. I
The cover 206 (right, Fig. 3) comprises a cast

_metal member having an annular depending
flange 201 that fits inside the annulus 203 of the
. cage 189. It extends out over

both the packings
{89’ 'and 204, the former serving to provide a
fluid-tight seal between the cover and the valve
housing 188, and the latter serving to permit the
cover to secure the cage in place. .

The cover plate 206 is preferably provided with
& pair of upwardly extending lugs 208 which are
apertured to receive-a pin 209 for pivotally sup-
porting a locking lever 210. The pin 208 may be
secured in placé by cotters at each end, and the
lever 210 is also pivotally supported by the two
legs 211 of its forked end (Fig. 1), which are
mounted on a stub shaft 212 (Fig. 2) carried by
link 213.  Link 213 is pivotally secured to the
housing 188 by a stub shaft 2 {4, which is mount-
ed in a pair of laterally projecting lugs 215.

At the opposite side of each valve housing

(upper left, Fig. 2), the housing is provided with

a pair of laterally projecting lugs 216 in which
a pin 217 is mounted for pivotally supporting a
clamping rod 218. The rod 218 extends upward-

ly between the forked ends 219 at thdt end of .the

lever 210, and a wing nut 220, provided with elon-
gated hand rods, is mounted on the threaded end
of the rod 218 to engage the lever 210. 'Thus the
cover plate 208 may be forced down tightly by
screwing the wing nut 220 downward on the rod
218. It is a very simple matter, however, to
loosen the cover by turning the wing nut 220 in
a left-hand direction and then pivoting the lever
218 outward with respect to the legs 219. All of
the valve housings have the same type of cover
plate and other detalls of construction, and
therefore further description is’unnecessary.
Such a valve housing is mounted with its in-
take conduit 89 connected to the outlet con-
duit 169 of each pump unit 70-75. Such a valve

,

. housing is also provided for each inlet conduit

1871 of each pump unit 70-15, the outlet conduit
191 of the valve housing being secured in this
case to the intake 167 of the pump. unit. All of
the outlets 191 of the outlet valve housings
22{_226 are connected by securing bolts to the
inlets of the discharge manifold 19. g
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load on the shaft and produces a substantially

constant flow of liquid. Pumps are already being
manufactured - which - are designed to pump

- against a head of 80 feet with a safety factor of 5.

10°

15

The pump is economical in use of floor space,
and its construction -eliminates high and low
torque values and excessive vibration. It is not
necessary to use air pressure chambers to assure
a constant flow of liquid in this pump, because
this is accomplished by the actuation of the pump
units in series.

All parts of the pump are readily accessible, and
the valves may easily be removed and cleaned.
The:output manifold is so designed as to permit a
stream-line discharge, which further tends to
facilifate uniform flow from the pump.

The floating eccentric permits comparatlvely‘

" close and direct connections and eliminates ex-

20

" pensive and .complicated rods that would other-

wise be necessary to drive six independent means
from a single. pin. It also provides uniform

.~ movement for each of the six units, which it is
" difficult to arrange with connecting rods, especial-

25

1y if they operate in a common plane.

Any of the driven members may be removed in
a very simple manner, due to the simple con-
struction of the floating member, and much wear.
on the cross-head rollers is eliminated by means

"‘of the floating eccentric member, the rotation

.80

es
&

taking place on the roll/er bearings at the ec-

" centric pin. The diaphragms of the pump units

may also be removed very easily. and replaced,

without taking down any other part of the pump,

by merely removing the bolts which secure- the
diaphragms in pldace.

- While I have illustrated a preferred embodl-
ment of my invention, many modifications may

‘. be made without departing from the spirit of the

40

invention, and I do not wishto be limjited to the
precise details of construction set forth, but de-

. sire to avail myself of all changes within the scope

. of the appended claims,

Having thus described my invention, what I
claim as new and desire to secure by Ietters

‘45 Patentof the United States, is::
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' 1, In a diaphragm pump, the combination of &

_driving member with a multiplicity of diaphragm.

pump units arranged about said driving mem-
ber, said driving member having a floating mem-

‘ber carriéd eccentrically thereby, and a multi-

‘plicity of different actuating means, including one
for each pump unit, said actuating means being
driven by. sald floating member In succession,
thereby distributing load of said multiplcity of
pumps throughout the cycle of said floating

member, said pump units being connected to an.

intake manifold comprising a conduit having a
¢closed circuit whereby the actuation of the pumps

in succession causes rotary flow of the liquid be-

ing pumped in said intake manifold to prevent

_the settlement of sediment in the manifold:

2. In a diaphragm pump, the combination of &
driving membér with a multiplicity of diaphragm
pump units arranged about said driving member,
said driving member having a floating- member
carried eccentrically thereby, and a multiplicity
of different actuating means, including one for
each pump unit, said actuating means being
driven by sald floating member in succession,
thereby distributing the load of said multiplicity
of pumps throughout the cycle of said floating

" member, said pump units being connected to a

streamline discharge manifold having a common
discharge port connected to a multiplicity of

7

radially extending discharge conduits including
one conduit for each pump unit.

3. In a diaphragm pump, the combination of a
centrally located base with a multiplicity of radi-
ally extending arms carried by said base, each of
-said arms supporting a pump unit with inteke
and output valves, driving means carried by said
base and connected to each of said pump units,
and intake and output manifolds connected to
the pump units through said valves, one of said
manifolds comprising a closed circuit conduit em-
bracing said base and having spaced inlets and
spaced outlets to provide a gyratory action in
said conduit preventing settlement of sediment,
and the other of said manifolds comprising a
centrally located conduit joined to a multiplicity

- of radially extending conduit arms -connecting
) with the pump units through the valves.

4. In 5 diaphragm pump, the combination of a
centrally located hollow base, said base being pro-

vided with a laterally projecting drive shaft fitting
having bearings for a drive shaft, a drive shaft in

said bearings and provided with a bevel pinion,
a second bearing fitting mounted in said base and-
effecting a closure of the open bottom of said base,
said second bearing fitting being provided with
8 bearing for a vertical shaft, & vertical shaft in
said bearing, and a crown gear carried by said

 vertical shaft for meshing with said bevel pinion,

sald hollow base'having a supply of lubricant for
immersing said bevel pinion and crown gear and
having access to said bearings, a plurality of.
radially extending supporting arms carried by
said base, each of sald arms being provided with:
cross head guides, a crank carried by said ver-
tical shaft and having a crank pin provided with
a bearing for supporting. a floating annulus, said
annulus being rotatably' mounted on sald crank
pin and having an annular groove therein, g plu-
rality of radially extending links, each link hav-
ing a bearing extending into said annular groove
and engaging the opposite sides thereof, cross

heads carried by sald links for guiding the re--

ciprocating motion of said links, and diaphragm
pumps actuated.by said links successively when
said vertical shaft is rotated, said cross-heads pre-
venting tilting of said diaphragm pumps. -

5. In a diaphragm pump, the combination of a

centrally located hollow base, said base being
- provided with a laterally projecting drive shaft

fitting having bearings for a. drive shaft, a drive
shaft in said bearings and provided with a bevel
‘pinion, a second bearing fitting mounted in said
base and effecting a closuré of the open bhottom
of sald bhase, said second bearing fitting being

-provided with & bearing for.a vertical shaft, a
‘vertical shaft in said bearing, and a crown gear

carried by sald vertical shaft for meshing with
said bevel pinion, said hollow base having a sup-

“ply of lubricant for immersing said bevel pinion

and crown gear and having access to said bear-
ings, a.plurality of radially extending supporting
arms carried by sald base, each of sald arms
being provided with' cross head guides, a crank
carried by said vertical shaft and having a crank
pin provided with. a bearing for supporting a
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floating annulus, said annulus being rotatably

mounted on said crank pin and having an an-
nular groove therein, a plurality of radially ex-
tending links, each link having a bearing extend-
ing into said annular groove and engaging the
opposite sides thereof, cross heads carried by said

links for guiding the reciprocating motion of said

links, and diaphragm pumps actuated by said

" links successively when sald vertical shaft is ro-
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tated, sald diaphragm pumps comprising a plu-
rality of separate units carried by said radial
arms, and communicating at their intakes with
an annular closed circuit manifold, whereby a
rotating current is caused in said manifold to
prevent the deposit of entrained solids.

6. In a diaphragm pump, the combination of a
centrally located hollow base, said base being pro-
vided with a laterally projecting drive shaft fit-
ting having bearings for a drive shaft, a drive

‘'shaft in said bearings and provided with a bevel

- pinion, a second bearing fitting mounted in said

16
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base and effecting a closure of the open bottom of
said base, said sécond bearing fitting being pro-

vided with a bearing for a vertical shaft, & vertical
-shaft in said bearing, and a crown gear carried by

said vertical shaft for meshing with said bevel
pinion, said hollow base having a supply of lubri-
cant for immersing said bevel pinion and crown
gear and having access to said bearings, & plu-
rality of radially extending supporting arms car-
ried by said base, each of said arms being pro-
vided with cross head guides, & crank carried by
said vertical shaft and having a crank pin pro-
vided with a bearing for supporting & floating

annulus, said annulus being rotatably mounted

on said crank pin and having an annular groove
therein, a plurality of radially extending links,
each link having a bearing extending into said
annular groove and engaging the opposite sides
thereof, cross heads -carried by said links for

. guiding the reciprocating motion of said links,

Rl

and diaphragm pumps actuated by said links
successively when sald vertical shaft is rotated,
said diaphragm pumps comprising a plurality of
separate units carried by sald radial arms, and
communicating at their intakes with an annular

closed circuit manifold having circumferentially .-

spaced intake apertures, whereby a rotating cur-

‘rent is caused in said manifold to prevent the

deposit of entrained solids, said diaphragm pumps
communicating at their outlets with a streamlined
outlet manifold comprising a plurality of conduits
of same shape and length joined to a centra.lly
located discharge outlet conduit.

7. In a diaphragm pump, the combma.tlon of a
vertically extending drive shaft with a supporting
base having a plurality of radially extending sup-
porting arms, a plurality of diaphragm pump
units, one of said units being carried by each of
said arms, a crank having a vertically extending
crank pin- carried by the end of said drive shaft
and having a bearing for engaging a floating an-

nulus, sajd annulus being rotatably mounted on,.

said crank pin and having a pair of annular op-
posed walls, cross head guides carried by said radi-
ally projecting arms and having cross heads slid-
ably mounted in said guides for radial movement,

a,ue,ms

connecting rods for connecting said cross heads to
the diaphragms of said pumps, rigid links for
connecting said cross heads to transversely ex-
tending bearings, said bearings being located be-
tween the opposed walls of said annulus, whereby

‘the diaphragm pumps are actuated in succession,

and a closed circular conduit having symmetri-

cally located intake apertures and having outlets -
to each of said pumps, serving as g manifold - .

whereby said manifold is provided with a rotating
current to prevent the deposit of entrained solids.

8. In a diaphragm pump, the combination of &
vertically extending drive shaft with a supporting
base with a plirality of radially extending sup-
porting arms, a plurality of diaphragm pump
units, one of said units being carried by each of
said arms, a crank having a vertically extending
crank pin carried by the end of said drive shaft

and having a bearing for engaging a floating-

annulus, said annulus being rotatably mounted
on said crank pin ‘and having a pair of annular

15
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opposed walls, cross head guides carried by said |

radially projecting arms and having cross heads
slidably mounted in said guides for radial move-
ment, connecting rods for connecting said cross
heads to the diaphragms of said pumps, rigid links
for connecting said cross heads to transyersely

extending bearings to prevent tilting of said dia-

phragms, said bearings being located between the
opposed walls of said annulus, whereby:the dia-
phragm pumps are actuated in succession, and a

cated intake apertures and having outlets to
each of said pumps;serving as a manifold where-
by said manifold is provided with a rotating cur-
rent to prevent the deposit of entrained solids,
said diaphragm pumps communicating at their
outlets with a manifold having a centrally dis-
posed outlet and havmg a plurality of similarly

shaped streanﬂined conduits lea.ding to said out- .

let.

30

_ closed circular conduit having symmetrically lo- -

35

9. In a diaphragm pump, the combmatmn of a .

plurality of radially disposed circumferentially
spaced diaphragm pump units with intake and

—output valves, rotary driving means connected

to each of said pump. units to actuate same in a
continuous and successive order around said driv-

45

ing means, and intake and output manifolds con- -

nected to the pump units through said valves, the
intake manifold comprising & closed circuit con-
duit provided with circumferentially spaced in-
take apertures and output ports for establishipg
a gyratory action of the fluid passing through
said intake manifold in cooperation with the op-

- eration of said pump units to prevent settlement .

of sedlment in said intake ma,nifold
~  HENRY H. LOGAN.
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