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This invention relates to a diaphragm pump, 
and has for one of its objects the provision in a 
pump of this type of a pair 0f solenoid-operated 
diaphragm valves for controlling the inlet and 
outlet of the pump chamber. 

'I'he invention possesses other advantageous fea 
tures. some of which with the foregoingwill be 
set forth at length in the following description 
where that f‘orm of the invention which has been 
selected for illustration in the drawing accom 
panying and forming a part'of the present specifi 
cation is outlined in full. In said drawing, -one 
form of the invention is shown, but it is to be 
understood that it is _not limited to such form, 
since the invention‘as set forth in the claims may 
be embodied in a‘ plurality ,of forms. ^ _ ' 

The single figure of the drawing is a mid-verti 
cal section taken through a pump embodying the 
objects of my invention, and in which‘the sole 

- noids, the clock, and their circuits 'are diagram 
matically illustrated. . 

'I'he pump as shown in the drawing comprises a 
main chamber generally designated by the ref 
erence numeral I, form'ed by two opposed dished 
castings 2 and 3 bolted together along their re 
spective peripheral flanges 4 and 5. Clamped 
between and sealed to the flanges 4 and 5 is a 

, flexible working diaphragm I* preferably mad’e of 
lrubber or other comparable material and ar 
ranged to reciprocate between the two opposed 
'inner faces of the main chamber I. ' ~Formed 
integral with the casting 3 and extending up 
wardly therefrom is a valve casing 6 provided 
with a transverse cylindrical conduit 1, commu 
nicating with the main chamber I through a cen 
tral passageway 8. Extending upwardly from the 
ends of the conduit 'I is slurry inlet 9 and a slurry 
outlet I I arranged for communication respectively , > 
with the open ends of the conduit-1 through 
passageways I2 and I3. , 
Formed on either end 'of the casing 6 are inlet 

and outlet diaphragm valves I4 and I5 for alter 
nately opening and closing the opposed ends of 
the conduit 1. Each of these-valves comprises a 
flexible rubber diaphragm I6 clamped between 
a ring or boss I1 formed in the valve casing,6 
and'a dished valve cap I8. For purposes of iden 
tiflcation, the diaphragm I6 y‘operatively asso 

' ciated with the passageway I2 may be referred 
to as an “inlet diaphragmß'. and the opposed 
diaphragm Iß-associated with the, outlet dia- 
phragm as yan “outlet diaphragm.”V In effect, 
these diaphragms constitute gates and therefore 
may be further qualified as "diaphragm gates.” 
Communication between the chamber defined 

Cil 

by the working diaphragm I“ and the casting 2 
anda suitable source of fluid pressure is estab- „ 
lished by the conduit I9, a cross 2 I, a conduit 22, a 
solenoid-_valve 23, and a conduit 24. The'dia 
phragm valve I4 is connected with the same 
source of fluid- pressure by a conduit 25; the » 
solenoid-valve 23 and the conduit 24. Commu 
nication 4between the diaphragm Valve I5 and 
~source of fluid pressure is established by a con 
duit 26, a solenoid-valve 21, a conduit 28, and the 
lower section of the conduit 24. 
The solenoid-valves 23 and 21 may be of stand 

' ard construction and comprise a central chamber 
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29 and lateral chambers 3| and 32, communicating 
therewith through valve ports controlled by the 
valves 33 and 34. The valves 33 and'34 are car 
ried at theV ends of a common4 valve stem 35, 
actuated by a solenoid 36. When the valve stem 
is seated in its lower-most position, communication 
between its associated diaphragm valve :and the ` 
source of fluid pressure is cut off, and communi 
cation between the outer chamber of the dia` 
phragm valve and atmosphere is established 
through the central chamber 29, the> lateral cham 
ber 34, and a vent 3l formed therein. ` 

'I'he solenoids 36 are connected through elec 
tric circuits 38 and a time switch or program clock 
39 with a source of current 4I. By means of thev 
clock 39, the two solenoids may be made to oper 
ate successively in any predetermined cycle alter 
natively to positively open and close the inlet and 
outlet diaphragm valves I4 and I5, and to periodi 
cally operate the working diaphragm -Iß of the 
main pump chamber. 

> Connected to the cross 2 Il through a valve 42 is 
. a pressure gauge 43, which may be used to deter 
mine the pressure under which the valve is- being 
operated. » 

Shunted acrossthe circuit 38 is an electric 
counter.“ for continuously recording the number 
of strokes made by the pump. 
The cycle of operation of a pump made in ac 

cordance with the above description is as follows: 
As shown in the drawing,. the working dia 

phragm _Ia has completed its exhaust stroke, the 
inlet diaphragm valve I4 is closed, the outlet 
diaphragm valve I5 is open, and the pump or 
Aslurry previously filling the main pump chamber I 
has been expelled outwardlythrough the passage 
ways 8 and I3, and the slurry outlet I I. The pro 
gram clock 39k then reverses the respective posi 

‘ tions of solenoid-valves 23 and 21, thereby per 
mitting the escape of air or other fluid 'working 
medium from the inlet diaphragm valve I4, and 
vfrom the under side of -the pump diaphragm I“ 



2 
throughthe conduits 25 and 22, through the cen 
tral chamber 29 of the solenoid-valve 23, through 
the lower lateral chamber 32, and through the 
vent 31. Slurry then, under the action of gravity 
or other force, enters the inlet 9, traveling through y 
the passageway I2, through the left end of the 
conduit 1, and the passageway 8, into the main 
pump chamber. In the meantime, air entering 
the upper chamber 33 of th solenoid-valve 21. and 
passing through the open valve 33 and the con 
duit 26, has forced the diaphragm I 6 of the outlet 
diaphragm valve I5- in sealing engagement with 
the left end of the conduit 1. In the uppermost 
position of the valve stem 35, the valve 34 is 

I closed, thereby preventing the escape of air 
through the vent 31. The discharge stroke of 
the pump is then eiîected by reversing the posi 
tions of the solenoid-valves to the position shown 
in the drawingv and already described. 
Although in the pump as above described, 

gravity alone has been relied upon for filling the 
pump, vacuum can be used for this purpose by 
connecting the vent 31 to a source of vacuum on 
vthe intake stroke of the pump. ̀ ‘ ` 

By resorting to positively actuated diaphragm 
valves for controlling the cycle of operation of 
the pump, the pump can be used with a higher de 
gree of accuracy as a metering pump than can 

' pumps utilizing conventional check valves which 
depend on the direction of travel of the pulp or 
slurry within .the pump for their action. 

It should be particularly noted that the sole 
noid-'valve 23 controls the operation of the Work 
ing diaphragm I“ as well as the operation of the 
inlet diaphragm valve I4. However, a separate 
solenoid-valve can be used to control the working 
diaphragm Ia, thereby permitting the separate 
timing of the valve 23 and insuring the closing of 
the inlet valve I4 before the working diaphragm 
Ia begins to operate. ' 
lI claim: " 
1. A pump comprising: a slurry chamber; a 

working diaphragm sealed across said chamber 
and arranged for reciprocation therein; slurry in 
let and outlet conduits communicating with said 
chamber; inlet and outlet diaphragm gates re 
spectively associated with said inlet and `outlet 
conduits; and solenoid-operated time-controlled 
fluid means for actuating said working diaphragm 
and said inlet and outlet diaphragm gates in a ` 
cycle wherein when said working diaphragm is 
making its discharge stroke, 'said inlet diaphragm 
gate is in its closed position and said outlet dia 
phragm gate is in' its open position, and wherein 
when said working diaphragm is making its in 
take stroke, the positions of said gates are re 
versed. ' 

2. A pump comprising: a slurry chamber; a 
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working diaphragm sealed across said chamber 
and arranged for reciprocation therein; slurry‘ 
inlet and outlet conduits communicating with said 
chamber; inlet and outlet diaphgram gates re- ' 
spectively associated with said inlet and outlet 
conduits; .solenoid-controlled fluid means~ for 
simultaneously actuating said working diaphragm 
and inlet diaphragm gate; and independent sole 
noid-controlled fluid means for actuating said 
outlet diaphragm gate, the operation of said gates 
4and said working diaphragm being so correlated 
that’when said workingv diaphragm is effecting its 
discharge stroke, said outlet gate is in its open 
position and said inlet gate is in its closed posi 
tion, and when said working diaphragm is ef 
fecting its intake stroke, said inlet gate is in its 
open position and said outlet gate is in its closed 
position. ` 

3. A pump comprising: a pump body divided by 
a working diaphragm into a slurry chamber and 
a working chamber; inlet and outlet conduits 
communicating with said slurry chamber; inlet 
and outlet diaphragm gate valves associated re 
spectively with said inlet and outlet conduits; a` 
iirst conduit establishing communication between 
said working chamber and said inlet diaphragm 
gate valve; a ñuid pressure line communicating 
with said ñrst conduit; 'a second conduit estab 
lishing communication between said outlet dia 
phragm gate valve and said fluid pressure line; 
a ñrst valve interposed in said fluid pressure line 
at a. point between its junctions with said first and 
second conduits; a second valve interposed »inter 
mediate the ends of` said second conduit; and 
time-controlled means for alternately opening 
and closing said ñrst and second valves in opposed 
sequence. s . _ 

4. A pump comprising: a pump body divided by 
a working diaphragm into a slurry chamber and 
working chamber; inlet and outlet conduits com 
municating with said slurry chamber; inlet and 
`outlet diaphragm gate valves associated respec 
tively with sai’d inlet and outlet conduits; a first 
conduit ̀ establishing communication between said 
working chamber and said inlet diaphragm gate 
valve; a ñuid pressure line communicating with 
said first conduit, a second conduit establishing 
communication between said outlet diaphragm 
lgate valve and said fluid pressure line; a first 
valve interposed in said ñuid pressure Iline at'a 
point between its junctions with said first and 
second conduits; a second valve interposed inter 
mediate the ends of said second conduit; a i‘lrst 
solenoid for operating said first valve; a second 
solenoid for operating said second valve;' and 
time-controlled means for alternately energizing v 
said solenoids. 
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