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filco Incorporated, a corporation of Delaware. 
Application May 9, 1940, serial No. 334,145 

(CI. 103-44) 15 Claims. 
This invention relates to measuring pumps. 

It is particularly useful for measuring and pump 
ing a fluid which tends to attack or corrode 
metal. The invention will be specifically de 
scribed as used for feeding ferric chloride solu 
tion into sewage for purification of the sewage. 
The field of application is considerably broader 
than that so described. The specific terms 
hereinafter used are meant to illustrate but not 
to limit the invention. 

Ferric chloride solution is an efficient and eco 
nomical coagulant for impurities contained in 
sewage. Its advantages have been known theo 
retically for considerable time, but its practical 
application has met with difficulties caused in 
part by its inherent corrosiveness and in part by 
shortcomings of apparatus heretofore proposed 
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for pumping or measuring corrodents, or fluids 
of any kind.. - . . . . . . . ." 

Liquid pumps known to the art are of the pis 
ton or plunger or diaphragm type. An inherent 
problem of pistons is that of liquid slippage. 
It is one of the essentials of its construction that 
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a mechanical piston has sliding fit in a surround-, , , 
ing cylinder; and that involves, the absence of a 
perfect seal. Substantially the same thing is 
true of a plunger. A diaphragm prevents liquid 

25 

slippage; but as the edge of a diaphragm essen 
tially must be sealed and fastened to a housing, 
close limits are set to the movement of the dia 
phragm. The diaphragm material as used in 
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pumps known to the art must be strong and flex 
ible at the same time; such requirements are 
somewhat conflicting. Motion transmitted from 
the center of a diaphragm to the outer parts 
thereof as generally done in the prior art, can 
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not be precise, especially where the suction lift 
or discharge head or both are subject to varia 
tion. Piston or plunger pumps are better in 
that respect; but pistons and plungers, and the 
cylinders thereof, cannot be economically or effi 
ciently constructed from rubber or other mate 
rials required by certain fluids, and they are un 
suitable wherever a perfect or nearly perfect liq 
uid seal is required to prevent inaccuracy, due to 
slippage, to protect necessary metal parts from 
aggressive fluids, or to avoid the escape of fluid 
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for any other reason. -- 
It is a general object of my invention to pro 

vide a pump wherein a body of liquid is recipro 
cated by a mechanical piston and in turn recip 
rocates a diaphragm which is interposed be 
tween the liquid piston, and the fluid to be 
pumped. " . 

It is a particular object to provide simple and 

efficient means for controlling the liquid piston 
or for centering the same with respect to theme 
chanical piston and the diaphragm. . . . 
. . Another general object of my invention is to . 
provide a measuring pump adapted to perform 
the service outlined and being free from the limi 
tations and shortcomings of prior devices. . 
Another important object is to provide a meas 

uring pump wherein the rate of pumpage can 
be predetermined and maintained constant re 
gardless of variations in suction lift or discharge I head or both. 
Another important object is to provide a dia 

phragm pump, the diaphragm of which is flexi 
ble and may be made from impervious material 
of little mechanical strength, but yet efficiently 
protected against distortion and stresses affect. 
ing the rate of pumpage or raising the danger of 
diaphragm failure. 
Another object is to provide a pump compris 

ing automatic means for controlling or correct 
ing the position of the pumping member during 
operation thereof. . . . . . . 

Still another object is to provide a pump or 
feeder that can be readily adjusted while in op 
eration. . 

Still other objects will appear on consideration 
of the following description and of the appended 
drawings, wherein w ... 

Fig. 1 shows a preferred embodiment of my in 
vention in side elevation, the main operating 
parts being shown in section; 

Fig. 2 is a diagram showing the complete hy 
draulic system of the invention, simplified by 
Omitting certain auxiliary mechanical parts and 
showing other parts in purely diagrammatical 
form; . . . 

Figs. 3 to 6 are simplified diagrams of certain 
phases of the normal operation of the device; 

Fig. 7 is a simplified diagram showing a phase 
of irregular Operation of the device and thus il 
lustrating the function of certain steps in regu 
lar operation thereof; . . . 

Figs. 8 and 9 are simplified diagrams of certain 
phases of automatic control in the regular oper 
ation of the device; and - 

Fig. 10 is a simplified diagram of a prior art 
device illustrating certain functions and advan 
tages of the present device. 
In the drawings numeral 0 designates a con 

stant Speed electric motor actuating the speed 
reducer to drive crank f2 which in turn re 
ciprocates piston rod 4 by means of link 13, 
additional compound linkage being provided as 
hereinafter described. Piston 15 has its wrist 
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pin pivotally secured to piston rod f4 and slides 
in the bore of cylinder 6. This cylinder is in 
stalled in upright position with its upper end 
open to the atmosphere through a recess 
formed in the cover plate or splash guard 8 of 
the cylinder; and piston rod 4 may pass through 
recess 7, no liquid seal being required for this 
rod. It will be seen that the front of piston f5 
and the inner wall of cylinder 6, therebelow 
form an expandible chamber which may be des 
ignated as primary pump chamber or piston 
chamber 9. This chamber is spaced from a di 
aphragm chamber or secondary pump chamber 
2 by an intermediate transmission chamber 20. 
The transmission chamber is confined by a wall 5 
of generally cylindrical shape, with horizontal 
axis. The wall of the transmission chamber has 
a flattened portion in the upper part of the 
outer side thereof. The vertical cylinder 6 of 
piston 5 is joined to such flat portion by suit 
able flanges 22. The primary pump chamber 9 
communicates with transmission chamber 20 
through a cylindrical bore in the wall of the lat 
ter, in the center of flange. 22. Diaphragm 
chamber 2 is substantially bell shaped and its 
wall may merge into that of transmission cham 
ber 20, allowing free communication between the 
two chambers. The transmission chamber may 
be supported as at 23 and may directly or indi 
rectly support the other chambers referred to 
as well as the motor and other auxiliary parts 
of the apparatus. The walls of cylinder 6, 
transmission chamber 20 and diaphragm cham 
ber 2 can be made of cast iron or the like. 
In the interior of transmisison chamber 20 

there is a partition extending across the axis of 
the chamber formed by an imperforate, rigid 
diaphragm 24 having a horizontal cylindrical 
passageway 25 formed therein; The axis of pas 
sageway 25 coincides with that of transmission 
and diaphragm chambers 20 and 21. Dia 
phragm chamber 2 is closed and sealed at the 
far end thereof spaced from transmission cham 
ber 2D by a thin and flexible soft rubber dia 
phragm 26. An elongated rod 27 which may be 
made of brass has one end thereof supported by 
arid rigidly secured to the center of diaphragm 
28 by clamp members 28, the opposite end of 
the rod being slidably inserted in a guide box 
30 formed in the end wall 29 of transmission 
chamber 20 so that the rod extends through 
passageway 25 and its axis coincides with that 
of the passageway. The guide box 30 may be of 
the antifriction type, no liquid seal being re 
quired at this point but a thimble 3 f being sealed 
to the outside of wall 29 around box 30 so as to 
catch whatever transmission liquid may bleed 
through the guide box 30. Rod 2 is not an ac 
tuating member for the diaphragm 26 but a car 
rier of control parts to be described presently, 
which control parts may be made of brass, the 
same as the rod; the rod responds to movements 
of the diaphragm imparted by the transmission 
liquid and the general construction is such that 
the rod and parts associated therewith may op 
pose no appreciable resistance to the movement 
of the diaphragm. For this reason rod 27 is 
made very thin and light so that diaphragm 26 
is substantially free from load or stresses which 
might otherwise be imparted thereto by the 
weight of the rod and associated parts, which 
loads or stresses might tend to distort the dia 
phragm or otherwise to affect the operation 
thereof. In cases where the diaphragm has to 
be particularly sensitive and thin an additional 

2,303,597 
support for rod 27 may be provided spaced from 
guide box 30 and in form similar to the same 
so as to completely eliminate gravitational 
stresses from diaphragm 26. 
The control parts mentioned comprise sleeve 

32 which is slidably disposed on rod 27 and which 
extends through passageway 25, an annular space 
being left between the inner wall of the passage 
way and the outer wall of the sleeve, for the 
transfer of transmission liquid. The sleeve has 
valve disks 33 and 34 rigidly secured to its end 
portions on opposite sides of passage 25. Par 
tition 24 in which the passage is formed has valve 
seats 35 and 36 formed therein at the ends of 
passage 25 facing valve disks 33 and 34 respec 
tively. Sleeve 32 with the two valve disks there 
On is yieldably positioned on rod 27 by small and 
feeble compression springs 37 and 38 which 
springs extend along rod 27 from abutments 39 
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and 40 projecting from the rod. It will be seen 
that whenever valve 33 or 34 is seated on the re 
spective seat 35 or 36, the passage 25 is sealed 
and transmission chamber 20 hydraulically sep 
arated into two compartments forming extensions 
of the primary pump chamber 9 and of the sec 
ondary pump chamber 2 respectively. Normal 
ly, however, the passage 25 is free and unob 
structed and in such condition the whole space 
of pump chamber 9, transmission chamber 2 
and diaphragm chamber 2, can be considered a 
single chamber or compartment, and the trans 
mission fluid with which the pump is provided 
can be considered as a single body of fluid filling 
the whole of such single chamber or compart 
ment. A storage chamber 4 for transmission liquid 
is provided adjacent cylinder 6 and downwardly 
extending from adjacent the top thereof to a 
point adjacent transmission chamber 20. The 
upper portion of the cylinder 6 and the storage 
chamber 2 are connected by suitable overflow 
means, such as lowering the common wall be 
tween the two, as shown, whereby transmission 
fluid which leaks by piston 5 from chamber 9 
is collected in the storage chamber 4. At the 
bottom of this storage chamber there are two 
compensating valves 2 and 43 which are nor 
mally held closed by compression springs of suit 
able strength. Either of the two compensating 
valves 42 and 43 when unseated allows flow of 
transmission liquid from or to transmission cham 
ber 20. Both compensating valves communicate. 
with that part of transmission chamber 20 which 
forms an extension of piston chamber 19 when 
passage 25 is closed, so that the compensating 
valve 42 or 43 can be unseated against the action 
of the spring thereof, by moving piston 5 down 
wardly or upwardly while passage 25 is closed. 
Diaphragm 26 separates the secondary pump 

chamber 2 from the ultimate pump chamber 44 
for ferric chloride. The latter pump chamber is 
preferably made from hard rubber. It commu 
nicates with a supply of ferric chloride solution 
through the soft rubber suction hose 45 includ 
ing check valve 46 and it communicates with the 
sewage conduit through soft rubber discharge 
hose 37 including check valve 48. Any suitable 
form of check valve can be used; the two check 
valves can be combined in a single casing and 
other modifications applied as is well understood 
by persons skilled in the art. 
Motor link 3 and the piston rod 4 are pivot 

ally secured together to form a compound sys 
tem or toggle with two rate setting rods one of 
Which is shown at 49, the other being parallel 
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thereto and each of said rate setting rods 49 
having One end thereof pivoted to the pin which 
connects members f3 and f4 and the other to 
One side of a rate setting yoke 50. This yoke is 
slidably supported from cylinder 6 by means in 
cluding bracket 5, screw 52 turnably held by 
said bracket, and nut 53 threadedly engaging 
screw 52 and rigidly Secured to yoke 50. Longi 
tudinal adjustment of nut 53 on screw 52 can 
be effected by turning the screw by means of 
knob 54. The position of nut 53 on screw 52 
controls that of yoke 50 and that in turn controls 
the length of the stroke of piston 5 through the 
medium of toggle 49, 3. . 

In order to complete the hydraulic system in 
accordance with this invention, transmission liq 
uid TL, must be put in chambers 9, 20, and 2 
and there must be a supply 60 of ferric chloride 
FeCl3 at the intake of the suction hose 45 and a 
receptacle or conduit 6 for sewage S to be dosed 
or otherwise for disposing the ferric chloride 
therein at the end of discharge hose 47, as dia 
grammatically shown in Fig. 2. The pump is 
self-priming; that is, when the check valves are 
in good condition and the suction hose is not 
collapsible then the apparatus at the start of 
the operation pumps the air out of chamber 44 
gradually raising the ferric chloride from Sup 
ply 60. - 
Important phases of the normal operation of the 

device are shown in Figs, 3 to 6 in each of which 
the neutral or central position of piston i5 is indi 
cated at 5A, that of diaphragm 26 at 26A, and 
that of valve disks 33 and 34 at 33A and 34A 
respectively. It will be seen that piston 5 is 
caused to reciprocate in cylinder 6 thereby shift 
ing transmission liquid in and through the cham 
bers 9, 20 and 2 f which shifting movement of 
the liquid in turn produces a. pulsating move 
ment of diaphragm 26 between the two bodies of 
liquid, the transmission liquid on one side and 
ferric chloride on the other. In effect the two 
bodies of liquid act as one and the liquid pres 
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of piston 5, as reflected by the shifting of rod 27, 
fails to seat either of the two disks on the respec 
tive seat. The springs 37 and 38 operate to main 
tain such appropriate spacing. They prevent the 
sleeve 32 from shifting along rod 27 incident to 
acceleration or deceleration at the beginning 
or end of any excursion of the rod and thus they 
prevent the disks 33 and 34 from approaching 
their respective seats beyond the point to which 
they are carried by rod 27. Accordingly trans 
mission liquid unobstructedly communicates - 
through passage 25 and the liquid piston is op 
erative during such normal operation. 

Fig. 3 shows the device at the start of a nor 
mal pump stroke or cycle of operation. Piston 
5 is in raised position at 5B, diaphragm 26 is 

flexed to the left as shown at 26B, and valve 
disks 33 and 34 are at 33B and 34B, allowing 
communication through passage 25. The check 
valves 46, and 48 are closed. The level of ferric 
chloride in supply tank 60 is at 60B. 

Fig. 4 shows the device shortly after the start 
of the downward stroke of mechanical piston 5 
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sure on both sides of diaphragm 26 is uniforn. 
at all times. The unweighted and flexible dia 
phragm can freely move with the liquid within 
the limits determined by the diaphragm con 
struction, material and installation. The periphs 
eral portion of the diaphragm, being rigidly Se 
cured to the stationary walls of chambers 2 and 
44 is at rest. The central portion of the dia 
phragm reciprocates horizontally between outer 
limits the precise spacing of which is a function 
of (a) the length of stroke of the mechanical pis 
ton 5 and (b) the slip, if any, of transmission 
liquid past the mechanical piston. The volume. 
of transmission fluid displaced from or into cham 
ber 9 by a stroke of the mechanical piston 5 
equals the volume of the zone of pulsation of 
diaphragm 26 in chamber 21, the storage cham 
ber 4f being sealed from transmission chamber 
20 by valves 42 and 43 and the transmission fluid 
being a liquid and therefore not compressible. 
The volume of the zone of pulsation of diaphragm 
26 in turn equals the volumetric amount of ferric 
chloride raised and displaced from source 60 
towards discharge 6. 
As the diaphragm 26 pulsates the central part 

of the diaphragm moves as described and shifts 
rod 27 with sleeve 32 back and forth through 
passage 25 so that valve disks 33 and 34 alter 
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nately approach the respective seats 35 and 36. 
The spacing of disks 33 and 34 from one another, 
from diaphragm 26 and from seats 35 and 36 is 
made such that in normal operation a full stroke 75 

in normal operation. Piston 15 has moved a 
short distance downwardly from 5B. Dia 
phragm 26 and valve disks 33 and 34 have moved 
a little toward the right. Suction check valve 46 
remains closed but discharge check valve 48 has 
opened under the pressure of fluid displaced by 
diaphragm - 26 on its travel towards the right. 
Ferric chloride is being discharged into recep 
tacle 6 f. w 

Fig. 5 shows the device at the end of such 
downward stroke and at the start of the subse 
quent upward stroke of mechanical piston 5. 
Piston 5 has moved further down from 5B to 
5C. The diaphragm and valve disks have fur 

ther moved to the right to position 26C, 33C, and 
34C respectively. Suction check valve 46 still 
remains closed. Discharge check valve 48 is 
still open but the discharge of ferric chloride 
has ceased as the forward movement of piston 15 
has reached zero value. 

Fig. 6 shows the device shortly after the start 
of the upward stroke of mechanical piston. 15. 
Piston 5 is somewhat above point 15C. The 
diaphragm and valve disks have started on their 
way back to the left from 26C, 33C and 34C re 
spectively. The discharge check valve 48 has 
closed under the suction of the receding dia 
phragm and the suction check valve 46 has 
opened under the same influence. Ferric chlo 
ride is being lifted from source 60 and the solu 
tion level drops below 60B. s' 

"At the end of the upward stroke piston 5, 
diaphragm 26 and valve disks 33 and 34 return 
to their respective 'B' positions; suction check 
valve 46 closes and discharge check valve 48 still 
remains closed. Thus the original position of 
Fig. 3 is restored; an operating cycle has been 
completed and a new cycle is about to start. 
Operation as shown in FigS. 3 to 6 could theo 

retically continue indefinitely if there was no 
slip of transmission liquid past the mechanical 
piston 5. However, in practice some liquid 
slippage will necessarily occur either on the for 
ward or on the backward stroke or on both. If 
there is slippage on both strokes it theoretically 
could cancel out but practically there will be 
some net or excess slippage in either direction. 
The net amount and direction of slippage de 

pends on various structural factors determined 
by slight and uncontrollable irregularities in the 
construction and installation of the machine, 
especially on the fitting between the skirt of pis 
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ton f and the bore of cylinder 6 at each point 
of contact, the area of the skirt, the magnitude 
of suction head and the pressure head and the 
like. 
Some of those structural factors may be sub 

ject to variations of even slighter magnitude as 
operating conditions vary from time to time. 
Aside from varying loads on the pressure or suc 
tion strokes there are other factors which pos 
sibly may so affect the phenomenon of liquid 
slippage, including for instance the Operating 
temperature, the contraction and expansion of 
the piston and cylinder and the the change of 
viscosity of the transmission liquid. 
A control of such constant or changing factors, 

or of the liquid slippage itself, is necessary for 
reasons which appear from a consideration of 
Fig. 7. This figure assumes a tendency. Of the 
transmission liquid to escape on the downstroke 
of piston 5 rather than on the upstroke. Nor 
mal pulsation of diaphragm 26 is between the 
marks 26M and 26N which are equally spaced 
from the centerline 28A. Under the conditions 
assumed, however, there would be an unbalanced 
tendency of the diaphragm pulsation to be dis 
placed towards the left as the amount of trans 
mission liquid in chambers 19, 20 and 2 would 
be reduced by uncompensated slippage away 
from chamber 9 on each downstroke. After 
some time the diaphragm would pulsate between 
the marks 26P and 26Q. Mark. 26P would tend 
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to come close to the wall of the diaphragm . 
chambers and even to pass beyond the same 
whereupon the device would become inaccurate 
because diaphragm 26 would abut... against the 
wall of its chamber; it would be partly removed 
from the action of the transmission liquid and 
the remaining part excessively bulged and 
stressed as shown at 26O. . When this extreme 
condition of pulsation described has been reached, 
as indicated by the mark 26O, adjustment of the 
length of the pump stroke, by means of knob. 54, 
would no longer accurately adjust the amount 
of pumpage. Such extreme pulsation and dis 
tortion of the diaphragm 26, would ultimately 
tend to burst the diaphragm, rendering the pump 
inoperative. . -. Control of compensation of the liquid slippage 
cannot be achieved by the construction or oper 
ation of the piston or cylinder itself. However, 
it can be controlled by other means, such as 
shutoff valves 33 and 34 and compensating valves 

35 

2,308,597 
sage 25 would become successively greater on 
each Suction stroke. However, near the limit of 
one suction stroke, this differential becomes great 
enough to overcome the slight resistance of 
spring 3. Thereupon disk 34 seats on valve 
seat 36 with snap action, shifting the sleeve 32 
further to the left over the very small distance 
remaining and promptly sealing the passage 2. 
This obviously occurs at a moment when pres 

sure is still being applied by the mechanical pis 
ton, that is (Fig. 9), before the terminal position 
5X of the suction stroke is reached, and before 

the diaphragm 26 and control valve 34 have as 
sumed the terminal 'X' positions they would 
ultimately reach. Due to the rapid action of the 
Substantially uncompensated mechanism of valve 
34, 35, as described, the seating of the valve 
from 34Y to 34Z is both initiated and completed 
before the end of the suction stroke of piston S. 
As this suction stroke is being completed from 
5Y to 5X after the closing of the valve 84, a 

vacuum is created in the combined chambers , 
20 sufficient to overcome the pressure of the 
spring of the compensating valve 43, whereupon 
the compensating valve 43, affording communica 
tion with and from storage chamber 4 is opened 
against the pressure of the spring of this con 
pensating valve, admitting a sufficient amount of 
transmission liquid from storage chamber 4 into 
transmission chamber 20 to practically offset the 
loss of transmission liquid incurred by slippage 
on previous pressure.strokes. 
Accordingly the next pressure stroke brings the 

righthand limit of diaphragm pulsation back to 
a position identical with or approximating the 
initial One, 2S. The next suction stroke is from 
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that position to a position at or near the original 
lefthand limit. 26R. Subsequent strokes again 
will tend to displace the pulsations to the left. 
At some time there will be the same compensat 
ing action as has been described, with the result 
stated. When the stroke of the pump as ad 
justed by knob 54-is of medium length and the 
excess slippage of liquid is of average magnitude 
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42 and 43. The control operates in the manner 
shown in Figs. 8 and 9. 

Fig. 8 again assumes a net Or excess slippage 
of transmission liquid on the downstroke of pis 
ton 5. As explained before, accumulated slip 
page tends to displace the diaphragm pulsation 
in direction from an original line 26R-26S to 
the line 34R-34S to the line 34T-34U. In the 
place the reciprocation of valve disk 34 from 
the line 34-34S to the line 34T-34U. In the 
position 34T, near the limit of a suction stroke, 
the valve disk 34 approaching seat 35 leaves 
only a very small annular slot at the end of 
passage 25. This restricted opening or slot 
creates an appreciable pressure differential in 
the flow or displacement of transmission liquid, 
the amount of the differential being a function 
of the pressure then acting on the area of this 
restricted opening, the size of the opening, and 
other factors well known to the art. Successive 
suction strokes would tend to bring the terminal 
suction position of disk 34 still farther to the 
left beyond point 34T. The differential at pas 
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then such corrections may occur perhaps after 
every fifteenth stroke. - For example, during 
fifteen strokes there may be escape of transmis 
sion liquid from chamber 9 but at the sixteenth 
stroke the vacuum created will be sufficient to 
overcome the pressure of the spring on the com 
pensating valve 43 whereupon the liquid in cham 
bers 9, 20 will be replenished from chamber 4. 
This cycle of correcting actions may be re 

peated indefinitely except that a change of op 
erating factors such as a drop or increase of the 
discharge head on the ultimate pump chamber 44. 
may tend to affect the slippage of transmission 
liquid and so to provoke the compensating action 
described after a greater or smaller number of 
strokes. During all this time the discharge of 
the pump is constant except for a perfectly negli 
gible and practically immeasurable lag at the 
moment of each correcting or compensating 
action. . . . . 
Should excess slippage occur on the suction 

stroke rather than on the pressure stroke then 
similar compensations occur through valve 42 

70 

75 

whenever the amount of transmission fluid in 
chambers 9, 20 and 2 becomes sufficient to ex 
tend the diaphragm 26 into the pumping cham 
ber 44 to such an extent that the valve disk 3 
is seated on seat 35. - 
Assuming now that by operation of knob 54. 

and screw 52 the stroke of piston 5 is reduced 
in length then the pulsation of diaphragm 26 
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will shrink and the pump discharge will be less. 
Accordingly if excess slippage occurs on the pres 
sure stroke it will take a greater number of 
pulsations to allow the suction stroke to reach a 
limit at which the control valve seats with conse 
quent replenishment of transmission liquid 
through the proper compensation valve. How 
ever, the diaphragm will reach such a limit and 
the control parts are so dimensioned that the 
limit is reached before the diaphragm, during 
any part of its travel, abuts against any wall of 
the diaphragm chamber. Compensation will 
take place and will return the diaphragm pulsa 
tion to its proper limits. Thus the automatic 
compensation described is operative irrespective 
of the length of the piston stroke. 
Both during a period of readjustment of the 

length of stroke as well as during operation with 
any length of stroke, the reciprotation of the 
mechanical piston and the consequent pulsation 
of the transmission fluid, and the pumping action 
of the diaphragm continues and the automatic 
volume compensation of transmission liquid is 
operative, the means pr. - - - - - - 

independent from the . 
Fig. 10 should be considered for an un 

ing of how this machine differs from diaphragm 
pumps of the prior art, as to operation under 
normal or variable loads. The figure is a dia 
gram of a typical device of the prior art. No 
claim is made for a device of such kind. The 

transmitted to such points from rod 63 which acts towards the lefthand side; said operating: . 
force being transmitted from rod.63 to each of . 
said points by the flexible solid substance of ther ... 
diaphragm itself. Similarly any change of the , , 
discharge head affects the rate of pumpage. . . 
Changes of suction or discharge load may be due 
to variation in operating conditions, or to struc- . . 
tural changes. In some cases it may be possible . . . 
to effect the change by an adjustment made in . . . . . 
he mechanical parts moving rod 63. Frequent- : 
ly however, it is impossible and in all cases it is 
inconvenient to make such adjustment when 
gradual or sudden changes of pump loadings 
occur. . . . . . . . . Fig. 3 sufficiently illustrates the action of the 
present device under similar conditions. Here 
the operating force is transmitted to each point 

w 

e being - 
2; 

3) 

diaphragm 62 has ferric chloride on the right 
hand side thereof. It is exposed to the atmos 
phere on the lefthand side. At the center of the 
diaphragm an actuating rod 63 is attached there 
to extending in direction normal to the diaphragm 
plane to the left. Rod 65 is reciprocated by link 
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64 driven by the crank 65 of a motor 66. The 
motion of the rod is mechanically imparted to 
the center of the diaphragm and is in Some way 
reflected by a change of the volume of pump 
chamber 67 on the righthand side of the dia 
phragm, the tendency being for the center of the 
diaphragm to precede the outer portions thereof 
and for the outer portion to be warped in con 
cave form 62X due to the liquid pressure on the 

As this form is reversed twice righthand side. 
during each stroke there is obviously much wear 
and tear on the diaphragm material, even if 
pusher plates of liberal size are attached and the 
diaphragm is molded so that it has some play. 
Furthermore no constant relation exists between 
the length of the stroke of rod.63 and the vol 
umetric contraction or expansion of chamber 67. 
For instance as long as the level of ferric chloride 5 s 
in supply tank 60 is at 60B, a suction stroke from 
62A to 62B causes the diaphragm to assume sub 
stantially the shape indicated at 62Y at the end 
of the stroke. Under such conditions a certain 
amount of ferric chloride, say for instance 1 cu. (60. 
in. when using a particular size and construc-. 
tion of apparatus, may be displaced during each 
stroke. However, when the level. of ferric chlo 
ride in supply tank 60 drops to 60C then an 
identical suction stroke from 62A to 62B causes ci the diaphragm to assume substantially the shape 

chanical parts, loss of ferric chloride, and de-, 

indicated at 622 at the end of the stroke. Under 
such conditions the diaphragm is more concave 
on the left side thereof than at 62Y and the 
amount of ferric chloride pumped on each stroke 
is less than 1 cu. in. because the negative pres 
sure of the ferric chloride acting on each of the 
several points of the diaphragm towards the 
righthand side thereof is greater and therefore 
more effective to balance the operating force 

70 

of the diaphragm by liquid bearing against the . 
lefthand side of the diaphragm, not by a rigid 
actuating rod and the flexible diaphragm, mate 
rial. Pressures acting on any point of the dia 
phragm are balanced at all times. The excessive . . 
motion and wear of the diaphragm center is 
eliminated. During a suction stroke the dia- - 
phragm tends to be éonvex rather than concave 
on the lefthand side thereof. Its precise shape is 
unaffected by the suction lift or discharge head, 
the feed is constant and the only reaction to 
varying loads is in the consumption of electric 
current in the prime mover, which is negligible. 
The transmission liquid preferably is a non 

congealing, non-conducting lubricant of little vis 
cosity, such as a light oil. In that event the 
guide box 30 is automatically lubricated so that 
reciprocation of rod 27 absorbs a minimum of 
power, producing maximum accuracy of the dia 
phragm motion. The hydraulic transmission and 
control thereof will be operative under all condi 
tions of service actually met with in practice. 
Ultimate failure of diaphragm 26, which cannot 
be altogether avoided in practice except when 
replacing the diaphragm in time, can be easily 
and automatically detected by means such as: 
electric contact 80 extending into and insulated 
from diaphragm chamber 2 and connected to, 
the positive pole of a source 82 of direct electric. 
current, the negative pole being grounded to the 
metallic casting of chamber 2 through the coil. 
of a relay 83 actuating an alarm device 84 or the 
like. A spark plug 8 is a convenient and eco 
nomical means to provide the interior contact. 
80. Should diaphragm 26 develop any initial 
fatigue or crack there would be seepage and later 
leakage of ferric chloride through the diaphragm. 
into chamber 21, adding to the electric conduct 
tivity of the liquid in said chamber. This would. 
complete a circuit exciting the relay and operat 
ing the alarm. A safety switch in the circuit of motor iO may be provided in operative connection 
with the detector relay. By such means the sys 
tem can be fully protected against failure of me 

structive action of the same. while I have described one embodiment of my 
invention, I wish it understood that various modi 
fications can be applied all of which are 
to be covered by the following claims. 

I claim: . . . . . . 
1. A pump comprising a chamber, a flexible. 

diaphragm dividing said chamber into two com 

intended 

partments, a liquid inlet into and an outlet from 
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one of said compartments, a fluid displacing mem 
ber in the second compartment, a partition in 
said second compartment interposed between said 

  

  



8 
diaphragm and said fluid displacing member, an 
opening in said partition and means for closing 

2. A pump comprising a chamber, a flexible 
diaphragm within said chamber dividing the same 

* into two compartments, suction and discharge 
conduit means communicating with one of said 
compartments and a cylinder communicating with 
the other of said compartments, a piston in said 
cylinder, means for operating said piston, a rigid 
partition in said second compartment interposed 
between said diaphragm and said piston, a pas 
sageway in said partition, a rod attached to said 
diaphragm and extending through said passage 
way, and means carried by said rod for closing 
said passageway upon movement of the dia 
phragm to predetermined positions. 

3. In combination, a flexible diaphragm, a 
chamber sealed by said diaphragm and adapt 
ed to receive and hold a liquid bearing against 
said diaphragm, a liquid in said chamber, 
means associated with said chamber adapted 
to displace a volume of said liquid from one 
position to another position therein whereby said 
diaphragm is caused to pulsate, and means oper 
able upon a predetermined movement of said dia 
phragm to seal said diaphragm from said liquid 
displacing means. . . . . . . . - 

4. Apparatus according to claim 3 wherein said 
means controlled from said diaphragm comprises 
a restricted passageway interposed between said 
displacing, means and said diaphragm, a valve 
associated with said passageway, and means mov 
able with the motion of said diaphragm to open 
and close said valve. 

said opening upon movement of said diaphragm ... to predetermined positions. 
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9. In combination, a chamber having a dia 

phragm in one end portion thereof, a movable 
displacement member in the other end portion 
thereof, means for moving said displacement 

0 

member, a partition between said end portions, a 
passage in said partition, and means for limiting 
the motion of said diaphragm comprising means 
for closing said passage in response to certain. 
positions of said diaphragm. - 

10. In combination, a chamber having a flexible. 
diaphragm and a piston therein, a fluid in said 
chamber, said piston being adapted to displace 
said fluid to operate said diaphragm, and means 
controlled by said diaphragm and adapted to con 
fine the motion of said diaphragm in predeter 
mined limits comprising means to cut off from 
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and to readmit to said diaphragm fluid pressure 
resulting from motion of said piston upon travel 
of Said diaphragm to said limits. 

11. Apparatus according to claim 10 including 
means to adjust the length of the stroke of 
said piston so as to thereby adjust the volume of 
the pulsation of said diaphragm, said adjusting 
means being independent from said diaphragm. 
Controlled means. 

12. A pump comprising a motor, linkage driven 
by said motor, a piston driven by said linkage, 
a cylinder for said pitSon, an extension of said 
cylinder, a flexible diaphragm in said extension 
Sealing the same, a chamber Sealed by said flexi 
ble diaphragm and facing said extension, suction 
and discharge conduits joining said chamber, 
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5.In combination, a flexible diaphragm, a cas 
ing sealed at one end by the same, said casing 
being adapted to receive and to hold a liquid 
bearing against said diaphragm, a liquid in said 
casing, power driven means adapted to shift such 
liquid in said casing, a partition in said casing 
interposed between said diaphragm and said pow 
er driven means, said partition being provided 
with an opening for flow of Said liquid there 
through, means associated with said opening in 
said partition providing a variable passage for 
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the flow of said liquid therethrough toward and 
away from said diaphragm, and a second casing 
sealed by said diaphragm facing said first named 
casing and adapted to receive and discharge fluid 
to be pumped. . . . 

6. Apparatus according to 
automatic means for operating said means asso 
ciated with said opening in said partition to con 

claim 5 including 

trol said variable passage, said means becoming. . 
effective to vary said passage when said diaphragm moves beyond a predetermined position. 

7. Apparatus according to claim 5 including 
an auxiliary storage chamber for said liquid, said 
storage chamber having a common wall with said 
first casing, compensation valve means in said 
common wall, and means adapted to control op 
eration of said compensation valve means to cause 
adjustment of the volume of such liquid in said 
first casing, such adjustment being caused by the 
pressure resulting from said power driven means. 

8. Apparatus according to claim 5 including a 
means for indicating failure of Said diaphragm 
comprising an electric circuit including a pair of 
terminals extending into said liquid and adapted 
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check Valves in Said conduits, a rigid diaphragm 
in Said extension between said cylinder and said 
flexible diaphragm, a passageway in said rigid 
diaphragm having its axis normal to the plane 
of said flexible diaphragm, valve seats at the ends' 
of said passageway, a rod secured to said flexible 
diaphragm and extending from the same through "." 
said passageway and held in position normal to 
the plane of said flexible diaphragm, a sleeve. 
loosely riding on said rod, means to yieldably 
position said sleeve on said rod so that the sleeve 
may extend through said passageway, said sleeve 
clearing said passageway, valve disks secured to 
said sleeve and adapted to seat on said valve 
seats, compensating valves in said extension be-, . 
tween said cylinder and said rigid diaphragm, 
and a chamber adapted to communicate with said 
extension through said compensating valves. 

13. Apparatus according to claim 12, wherein 
the axis of said cylinder is vertical and that of 
said extension and passageway horizontal. . . . 

14. Apparatus according to claim 12 wherein 
said linkage is of the compound type, means 
being provided to adjust said linkage so as to . 
control the length of stroke of said piston. 

15. Pumping apparatus comprising in combi 
nation a casing, a flexible diaphragm dividing 
said casing into a pumping chamber and a power 
transmission chamber, a non-electrolytic power 
transmission liquid in said transmission chamber 
and bearing against said diaphragm, power 
driven means for pulsatingly actuating said liq 
luid, and means for indicating failure of said 
diaphragm comprising an electric circuit adapt 
ed to be joined to a source of electric current, 
Said circuit having a pair of terminals extending 
into said power transmission liquid, and adapted 
to be completed through the dilution of the power to be joined to a source of electric current, and 

to be completed across said terminals upon mix 
ture with the liquid in Said power transmission 
chamber of an electrolytic liquid being pumped. 

transmission liquid with an electrolytic liquid being pumped. 
SAMUEL L. ADELSON. 

  



CERTIFICATE OF CORRECTION. 

. Patent No. 2,303,597. December 1, 1942. 
SAMUEL L. ADELSON. 

It is hereby certified that error appears in the printed. specification 
of the above numbered patent requiring correction as follows: Pagel, first 
column lines 60 and 61, for "3), R-34s to the line slip. 5); U. In the 
place" read - -26 T-26U. This in turn tends to displace-- line 62, for . 
"34-34s" read --34R-34s--; page 6, second column, line 28, for "pitson" . 
read --piston--; and that the said Letters Patent should be read with 
this correction there in that the same may conform to the record of the 
case in the Patent Office. 
signed and sealed this 2nd day of February, A. D. 1943. 

Henry Van Arsdale, 
(Seal) Acting Commissioner of Patents... 

  


