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This invention relates to chemical solution feeders of 
the diaphragm type and in particular to pressure fluid 
operated diaphragm pumps, such as the pump shown and 
described in my copending application, Serial No. 69,500, 
now Patent No. 2,675,758. 

It is an object of this invention to provide a chemical : 
pump of this general type whose actual pumpage is linear 
to the predetermined displacement capacity of the pump 
at any setting of the stroke. 
Another object of the invention is to provide a chemical 

pump having positive means for preventing pumpage be- 2 
yond the predetermined displacement capacity. 

Another object of the invention is to provide a pump 
diaphragm preformed in the shape it assumes at the end 
of its pressure stroke and which is subjected during the 
suction stroke to crimping rather than to stretching. 
Another object of the invention is to provide a dia 

phragm pump where in the pumping diaphragm is pre 
vented by positive means from being stretched beyond its 
molded shape. 
A particular object of the invention is to improve the 

chemical solution feeder of my said copending applica 
tion. 
These and other objects of the invention will become 

apparent upon consideration of the detailed description 
and the claims which follow. 

In pumps of the type referred to herein, where the 
number of strokes is quite high, inertia of the moving 
liquid in the pumping chamber and in the suction and dis 
charge lines causes pumpage to take place beyond the 
set rate of displacement, unless the liquid flow is posi 
tively stopped at the end of each pump stroke. This is 
attained in the apparatus of the present invention by locat 
ing the inlet and outlet ports of the pumping chamber, 
and by forming the diaphragm, in such manner that the 
diaphragm, at the end of its pressure stroke, firmly covers 
the ports, thus utilizing the pumping diaphragm as a 
valve for the ports. 
The invention will be more readily understood by refer 

ence to the drawings wherein: 
Figure 1 is a vertical cross-sectional view of an ap 

paratus according to the invention showing the dia 
phragm on its pressure stroke; 

Figure 2 is a partial vertical sectional view of the 
apparatus of Figure 1 showing the diaphragm in the re 
tracted position at the end of the suction stroke; 

Figure 3 is a partial vertical sectional view diagram 
matically showing the two end positions of the dia 
phragm, the position at the end of the suction stroke 
being shown in full lines and the position at the end 
of the pressure stroke in dotted lines; 

Figure 4 is a side view of the diaphragm; and 
Figure 5 is a plan view of the diaphragm. 
For purposes of illustration the invention is shown 

incorporated in a pump similar to that of my said co 
pending application; but it should be understood that 
the invention is not limited to the specific structural 
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details of the embodiment shown, but can be used with 
other pressure fluid operated diaphragm pumps. 
The pump 10 comprises a housing or body 11, a pump 

head 12, and a diaphragm 13 clamped between the 
housing and the head. The pump head 12 has a re 
cessed portion forming a cylindrical pumping chamber 
16 having a flat end wall 17 and a side wall 18. The 
housing 11 has a recessed portion forming a cylindrical 
forcing chamber 21 having a flat end wall 22 opposed 
to the end wall 17 of the pumping chamber, and a side 
wall 23. The forcing chamber 21 is in alignment with 
the pumping chamber 16 and separated therefrom by 
the diaphragm 13, which is clamped between the adja 
cent ends of the side walls 18 and 23. 
The diaphragm 13 is formed of resilient material, 

such as rubber or the like, and is preformed in the shape 
shown in Figure 1, which it assumes at the end of its 
pressure stroke. The diaphragm has a central solid 
cylindrical portion 30 with a flat front face, a rolling or 
stocking type loop portion 3 molded to the perimeter 
of the center portion 30, and an outer flange portion 
32, forming a locking ring 33, for clamping the dia 
phragm between the side walls 8 and 23 of the pump 
ing chamber 6 and the forcing chamber 21. The loop 
portion 31 of the diaphragm in its molded shape ex 
tends in the pumping direction, but is less deep than 
the center portion, so that the loop 3 does not con 
tact the end wall 17 of the pumping chamber at the 
end of the pumping stroke. The depth of the outer 
part of the loop must be at least equal to the distance 
the diaphragm travels on its full suction stroke. The 
inner portion of the loop is in rolling engagement with 
the side of the center portion 30, and the outer por 
tion of the loop is in rolling engagement with the side 
wall 18 of the pumping chamber. During the suction . 
stroke the outer portion of the loop rolls uniformly in 
wardly off the wall 18 and on to the outer surface of 
the center portion 30. At the end of the suction stroke 
the loop 31 is still extended toward the end wall 17 
of the pumping chamber. The diaphragm is sufficient 
ly stiff that the loop is not distorted by the slight nega 
tive head needed to fill the pumping chamber 16 with 
fluid chemical upon the spring actuated suction stroke. 
thus filling of the pumping chamber is always uniform. 
Embedded in the center portion of the diaphragm 

i3 is a metal plate 33 to which a screw 35 is fastened. 
The screw 36 extends through the raised bumper por 
tion 34 of the rear face of the diaphragin. A spacer 
4-2 is threaded on the screw 36 and extends through the 
end wall 22 of the forcing chamber 2 into a spring 
chamber 41 formed in the housing 11. A compres 
sion spring 45 encircles the spacer 40 and abuts the 
inner end of the spring chamber 41 at one of its ends. 
The opposite end of the spring 45 abuts a disc or washer 
46, secured to the spacer 40 as by a screw 47. 
The forcing chamber 21 has an inlet for fluid under 

pressure 50 for actuating the diaphragm on its pressure 
stroke. The inlet for pressure fluid may be connected 
to any suitable means, such as a motor operated valve, 
not shown, to alternately connect said pressure fluid 
inlet to a source of fluid under pressure and to atmos 
phere. On its suction stroke the diaphragm is moved 
by the spring 45 which must be strong enough to over 

70 

come the pressure difference between atmosphere in the 
forcing chamber and the slight vacuum in the pumping 
chamber and the resiliency of the diaphragm which 
tends to return to its molded shape. 
The center portion 30 of the diaphragm 13 is suf 

ficiently large to fill most of the cross-sectional area of 
the cylindrical pumping chamber 16. The center por 
tion 30 serves as a closure for the inlet port 51 and the 
outlet port 52 of the pump and these ports are, therefore, 
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located in the end wall 17 of the pumping chamber 16 
within the area covered by the center portion 30, as 
shown. The inlet and outlet connections to the ports 5 
and 52, and the valves associated therewith, shown for 
purposes of illustration, are the same as described in my 
said copending application; however, the connections 
could be arranged differently and other types of valves 
could be used. Briefly, the inlet connection shown in 
Figure 1 comprises an intake fitting 55 having an en 
larged annular end portion 56 which abuts a valve guide 
57 at its inner end. The valve guide 57 is mounted in 
a shouldered end 58 of the pump head 12. The fitting 
55 and the valve guide 57 are secured to the pump head 
by any suitable means, such as the internally threaded 
coupling 59 shown, having engagement with an outer 
shouldered portion of the fitting 55. The inner end of 
the inlet passageway 60 through the inlet fitting 55 forms 
a valve seat 61. The annular seating surface of the valve 
seat 61 is convex and is adapted to be engaged by the 
outer edge of a concave inlet valve 62 of pliable material. 
The inlet valve 62 has a relatively thick central portion 
and is tapered toward the periphery. Pressure in the 
valve chamber 65 within the enlarged portion 56 due to 
pressure in the pumping chamber 16 will therefore firmly 
engage the outer pliable concave portion of the valve 62 
with the convex portion of the seat 61 with a uniform 
sliding or wiping action. The valve chamber 65 is 
connected to the pumping chamber 16 by means of a 
conduit 66 and the inlet port 51. The construction of 
the outlet conduit 70, outlet valve chamber 75, and outlet 
valve 72 are the same as described with regard to the inlet 
connections except that the parts are reversed relative to 
the pumping chamber 16, so that pressure from the 
pumping chamber 6 acts in valve opening direction on 
the outlet valve 72. The outlet valve chamber 75 is con 
nected to the pumping chamber 16 by a conduit 76 and the 
outlet port 52. 
To accurately control the rate of displacement of the 

pump any suitable adjustable stop means may be used. 
One advantageous form of such means is described in 
detail in said copending application and is also shown 
herein for purposes of illustration. Briefly this stop 
means comprises a screw 89 threaded within a spacer 81 
secured to the cuter end of the housing 11. The screw 
80 is also feathered on a shaft 82 which may be journaled : 
in a cap 33 secured to the spacer 81. The shaft 82 can 
be rotated by means of a disc 85 secured thereto, rotation 
of the shaft 82 moving the screw 80 with respect to the 
disc 85. Moving of the screw 80 inwardly limits the 
stroke of the diaphragm 3 by limiting the extent to 
which the spring 45 can expand, and thereby retract the 
diaphragm on the suction stroke. The disc 85 may be 
calibrated, as shown, and the pitch of the threads of the 
stop screw 80 may be such that one revolution of the 
disc 85 moves the screw from its extreme inward posi- 5 
tion, corresponding to zero pumping of the diaphragm, 
to its extreme outward position, corresponding to maxi 
mum pumping of the diaphragm. 

In operation, when the fluid pressure in the forcing 
chamber is released, the spring 45 moves the diaphragm 
13 to its retracted position to accomplish the suction 
stroke, the length of the stroke being determined by the 
setting of the stop screw 86. The suction in the pumping 
chamber 16 due to the retracting of the diaphragm as well 
as external discharge head holds the outlet valve 72 closed, 
while the inlet valve 67 opens to admit liquid to the pump 
ing chamber, inlet port 51 being open as soon as the dia 
phragm starts to retract. When the suction stroke is 
completed and fluid pressure is again applied to the rear 
face of the diaphragm i3 in the forcing chamber 21, 
pressure in the pumping chamber 6 due to the forward 
moving of the diaphragm closes the inlet valve 62 and 
opens the outlet valve 72 so that the predetermined 
amount of liquid is expelled from the pumping chamber. 
When the diaphragm 13 reaches the end of its pressure 
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stroke, it firmly closes the inlet and outlet ports 51 and 
52. This positively cuts off any further ingress of liquid 
to, or egress of liquid from, the pumping chamber 16 
which might otherwise take place due to inertia of the 
liquid moving in the pumping chamber and in the suction 
and discharge lines. Thus, with each stroke of the pump, 
the exact predetermined quantity of liquid is displaced 
and liquid run-through or overpumping is positively pre 
vented. 
At the end of each pressure stroke liquid is trapped in 

the annular space around the center portion 30 of the 
diaphragm between the side wall 18 of the pumping . 
chamber, the sides of the center portion 30 and the loop 
portion 31 of the diaphragm. This trapped non-compres- - 
sible liquid provides a positive stop to any further flexing 
of the loop portion by fiuid pressure on the rear of the 
diaphragm and is thus an additional safeguard against 
overpumping. . . . . 

Due to the fact that the diaphragm is molded in the 
shape which it assumes at the end of the pressure stroke 
the resiliency of the diaphragm cooperates with the fluid 
pressure applied to its rear face in making a perfect con 
tact with the end wall of the pumping chamber at the 
end of each pressure stroke. With a diaphragm molded 
in its retracted shape, such a contact is much more diffi 
cuit as there is likely to be a lag due to the resiliency of 
the material counteracting the fluid pressure. It will be 
understood that it is of the essence of the invention that 
ports 51 and 52 are completely closed by the center part 
of the diaphragm at the end of each pressure stroke to 
provide an actual displacement of the pump linear to its 
set capacity. It will also be obvious that by eliminating 
stretching of the diaphragm beyond its molded shape on 
the pressure as well as on the suction stroke, the life 
of the diaphragm is considerably prolonged. 

I claim: - 
1. A chemical pump having a forcing chamber and 

a pumping chamber, a pumping diaphragm of resilient 
material separating said chambers, an inlet port into said, 
pumping chamber, an outlet port from said pumping 
chamber and means for alternately applying fluid pressure 
and atmospheric pressure in said forcing chamber over 
the entire rear face of said diaphragm, characterized in 
that said pumping and forcing chambers are cylindrical, 
each having a flat end wall and a side wall, in that said 
diaphragm is of rubber-like material and has a solid flat 
cylindrical center portion, a loop portion concentric with 
said center portion and an outer concentric flange portion 
adapted to be clamped between the side walls of said . . . . 
forcing and pumping chambers, said center portion-pro 
truding beyond said loop portion toward the end wall of 
said pumping chamber and contacting said end wall at 
the end of each pressure stroke, said loop portion ex 
tending toward said end wall of the pumping chamber 
in all positions of the diaphragm but remaining spaced 
therefrom when said center portion contacts said end wall, 
whereby liquid trapped between said end wall and said is 
loop portion prevents further flexing of said loop portion, 
the inside of said loop portion having rolling support on ..." 
the periphery of said solid center portion and the outside 
of said loop portion having rolling support on the cylin 
drical side wall of said pumping chamber, and in that 
said inlet port to and said outlet port from said pumping 
chamber are located in the end wall of said pumping 
chamber within the area covered by said center portion. 

2. In a metering pump of the type specified, a pumping 
chamber and a forcing chamber separated by a diaphragm . 
of rubber-like material having an integral cylindrical . . . . . 
center portion and a concentric roller portion around the 
said center portion, the said roller portion extending to 
ward and into the said pumping chamber, a spring in the 
said forcing chamber urging the said diaphragm to retract 
from the said pumping chamber, an adjustable stop for 
limiting the retracting by the said spring, means for apply 
ing a fluid pressure to the said forcing chamber for moving 
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said diaphragm on its pressure stroke, the depth of said 
center portion relative to the depth of said pumping 
chamber being such that said center portion contacts the 
end wall of said pumping chamber at the end of each 
pressure stroke, and inlet and outlet ports in the end wall 
of said pumping chamber, said ports being within the area 
covered by the center portion of said diaphragm at the 
end of the pressure stroke, whereby said center portion 
co-acts with the said ports to positively terminate the dis 
placement of fluid from the said pumping chamber at 
the end of each pressure stroke. 

3. A chemical pump having a forcing chamber and a 
pumping chamber, a pumping diaphragm of resilient 
material separating said chambers, an inlet port into said 
pumping chamber, an outlet port from said pumping 
chamber and means for alternately applying fluid pressure 
and atmospheric pressure in said forcing chamber over the 
rear face of said diaphragm, characterized in that said 
pumping and forcing chambers are cylindrical, each hav 
ing a flat end wall and a side wall, in that said pumping : 
diaphragm has a solid flat cylindrical center portion, a 
loop portion concentric with said center portion, and an 
outer concentric flange portion adapted to be clamped 
between the side walls of said forcing and pumping cham 
bers, the depth of said center portion relative to the depth 
of said pumping chamber being such that said center 
portion bears against the end wall of said pumping cham 
ber at the end of each pressure stroke, said center por 
tion retaining its shape during pumping without use of 
nonresilient supports despite the resiliency of its material, 
and in that said inlet port to, and said outlet port from, 
said pumping chamber are located in the end wall of said 
pumping chamber within the area covered by said center 
portion at the end of the pressure stroke. 

4. In a chemical pump of the type including a forcing 
chamber and a pumping chamber, an inlet leading to the 
pumping chamber, an outlet leading from the pumping 
chamber, and means for alternately applying fluid pres 
sure and atmospheric pressure in said forcing chamber, a 
pumping diaphragm of resilient rubber-like material pre 
formed in the shape it assumes at the end of the pressure 
stroke, said diaphragm having an integral solid cylindrical 
center portion, a concentric loop portion, and an outer 
concentric flange portion adapted to be clamped between 
the side walls of the pressure and the forcing chambers, 
said loop portion in the preformed shape extending in 
pumping direction and being less deep than the center 
portion, the depth of said center portion relative to the 
depth of said pumping chamber being such that said center 
portion contacts the end wall of the pumping chamber at 
the end of each pressure stroke, a spring secured to said 
diaphragm and urging said diaphragm into said forcing 
chamber, and an inlet port and an outlet port associated 
with said inlet and outlet, respectively, said ports being 
located in said end wall of the pumping chamber within 
the area covered by said center portion of the diaphragm 
at the end of its pressure stroke. 

5. A chemical pump of the type including a forcing 
chamber and a pumping chamber, a pumping diaphragm 
of resilient rubber-like material separating said chambers, 
said pumping chamber having an inlet port and an outlet 
port, means for alternately applying fluid pressure and 
atmospheric pressure in the forcing chamber, and means 
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6 
for adjusting the length of the stroke of said diaphragm, 
characterized in that said diaphragm is preformed in the 
shape it assumes at the end of its pressure stroke and has 
an integral solid cylindrical center portion with a flat 
front face and a loop portion concentric with said center 
portion, in that said pumping chamber has a flat end 
wall, said inlet and outlet ports being located in said end 
wall, in that the depth of said center portion relative to 
the depth of said pumping chamber is such that the front 
face of said center portion contacts said end wall at the 
end of each pressure stroke, whereby said ports are posi 
tively closed at the end of each pressure stroke, in that 
said loop portion extends toward said end wall in all 
operating positions of said diaphragm and is of less depth 
than said center portion to provide clearance between said 
loop portion and said end wall at the end of each pressure 
stroke, and in that a spring is connected to said diaphragm 
and urges said diaphragm toward said forcing chamber. 

6. A chemical pump having a forcing chamber and a 
pumping chamber separated by a pumping diaphragm of 
resilient material, inlet means leading to said pumping 
chamber, outlet means leading from said pumping cham 
ber, means for alternately applying fluid pressure and 
atmospheric pressure in said forcing chamber, and means 
for adjusting the length of stroke of said diaphragm, char 
acterized in that said pumping chamber is cylindrical and 
has a flat end wall, said inlet means including an inlet 
port in said end wall and said outlet means including an 
outlet port in said end wall, in that said diaphragm has 
an integral cylindrical center portion with a flat front 
face, a loop portion concentric with said center portion, 
and an outer clamping portion, said diaphragm being 
molded in the shape it assumes at the end of its pressure 
stroke, the depth of said center portion relative to the 
depth of said pumping chamber being such that the front 
face of said center portion contacts said end wall at the 
end of each pressure stroke, and said loop portion being 
shaped to extend toward, but to be spaced from, said end 
wall in all operating positions of said diaphragm, and in 
that the suction stroke of said diaphragm is accomplished 
by a spring urging said diaphragm toward the forcing 
chamber with sufficient force to overcome the difference 
between atmospheric pressure in the forcing chamber 
and the negative head in the pumping chamber, and the 
resiliency of said diaphragm urging it into its molded 
shape. 
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