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The present invention relates to pumps and 
more particulary to combined piston and dia 
phragm pumps. 

In pumping abrasive material centrifugal sand 
pumps are not effective Where the head exceeds 
100 to 150 feet. Accordingly When operations 
require heads in excess of this range it is the 
usual practice to install intermediate relay 
pumps but in SOme instances even these cannot 
be installed and the so-called “slush pumpsº are 
Lsed Wherein the reciprocating pistons come 
Lnto direct contact With the abrasive materials 
oeing pumped. The excessive Wear Which re 
sults in a very short time makes it essential to 
provide standby units so that operations Will 
not be suspended during the frequent repair 
periods. 
There is among the objects of the presenti in 

vention the provision ofa, pump Which can handle 
heads of 100 feet or more Without the necessity 
Di relay pumps and their attendant duplication 
of installation eXpense and multiplication of 
operating difficulties. 

LikeWise it is an object of the invention to 
maintain the advantages of a piston type pump 
and at the Same time eliminate the serious Wear 
problems resulting from contact With the ma 
terial being pumped. 

It is not necessary to scrap the eXisting equip 
ment for it is an object of the present invention 
to provide an auxiliary unit embodying the prin 
ciples herein disclosed so that eXisting piston 
End plunger pumps may be adapted for pumping 
abrasive materials. 
Another object of the present invention is the 

provision of means for pumping sludge, abrasives 
and other materials in liquid suspension With 
minimal Wear On the pumping mechanism, 
Another object is to improve the responsive 

ness of the diaphragm to the piston impulsè 
and minimize the fieXure of the diaphragm. 
A further object is the maintenance of a con 

stant volume of fluid medium between the piston 
and the flexible diaphragm. 
The invention disclosed herein although par 

ticulary useful in both Withdrawing and ele 
vating granular viscOus or coagulated pulps from 
various kinds of operations and numerous types 
Of equipment accomplishes such useful results 
With a substantially measured volume. The dia 
phragm is hydraulically operated by a recipro 
cating piston or a pulsating pump but since 
the liquids on both sides of the diaphragm are 
balanced Or controlled the diaphragm is sub 
ected to minimum rupturing conditions. 
It Will also be observed that the increased 

area of the diaphragm over that of the piston 
permits the same pumping or moving force With 
a short raised positive stroke of the diaphragm 
thereby greaty reducing the bearing pressures 
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and minimizing the length of flexure of the 
diaphragm. sº 
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The present invention contemplates such other 
and further objects as Will appear from the de 
scription Which follows, 
. In attaining the foregoing objects, together 
With Such further benefits, advantages and capa 
bilities as may hereafter appear and as are in 
herently possessed thereby, there is shown in the 
accompanying drawings a preferred form and 
alternative form of the invention. However, it 
is to be understood that these are illustrative 
only and that the invention is not limited to 
these forms as they may be embodied in mod 
fications coming Within the scope of the inven 
tion as defined by the appended claims. 

In the dravings: 
Figure 1 is a longitudinal vertical section of a 

pumping assemby constructed in accordance With 
this invention. 

Figure 2 is a modification of the same showing 
the manner of introducing the diaphragm unit 
in the pumping line remote from the actuating 
ola). 
In detail the construction illustrated in the 

drawings, referring first to Figure 1, comprises 
the base , having suitable bearings thereon for 
the driven shaft 2, The crank disc 3 is fixed on 
the end of this shaft and has the crank pin 4 
mounted in a radial slot in the disc to permit ad 
Justment of the length of the stroke of the crank 
pin. 
The connecting rod. 5 engages the pin 3 and is 

pivoted to the crosshead 6º slidaby guided in 
the forward extension of the enclosing crank 
case 6.. The forward end of the extension 
is closed by the head 9 having the aXiali stuffing 
box Otherethrough. The end of the cylinder 
is bolted to the head 9 and sealed thereto by a 
intervening gasket in the usual manner. The 
Open end of the cylinder has the annular flange 
2 extending outWardly therefrom. The piston 
3 reciprocates within the cylinderandis suitably 
packed by piston rings engaging the Walls of the 
cylinder, The piston rod i 4 passes through the 
stuffing box 0 and is fixed in the crosshead 8'. 
The impulse chamber i 5 consists of the cylin 

dirical Wall AS of greater diameter than the cyl 
inder f, bolted to the flange 2 and to the cover 
i having the outlet A8. The circular perforated 
brace 9 having a dished central area, and the 
flexible diaphragm 20 divide the impulse cham 
berand have their peripheries interposed between 
the Wall 6 and the cover É. 
The stem 2 is fixed in the center of the 

diaphragm 20 and eXtends through the brace 
i 9 and the reinforcing bar 22 Which is fixed to 
the wall i6. The spring 23 incircles this stem 
and expands between the bar 22 and the plate 
24. Spring 23 insures the return of the diaphragm 



20 to the position shown in dottedi ines against 
the perforated brace i8 on the suction stroke. 
The tension of this spring is adiusted by turn 
ing nuit 25 threaded on the end of the stem. 
The reinforcing bar 22 is superfiuOus if the per 
forated brace 9 is made of sufficientlyrigid ma 
terial. 
The return flow pipe 26 extends through the 

head 9 and discharges into the feed tank 2 
mounted above impulse chamber i6. Feedi tank 
27 has a feed nipple 28 discharging into the said 
chamber. The check valve 28 is spring-loaded 
and is guided in the nipple 28 and closes the dis 
charge end thereof With each forWard stroke of 
the piston S. The feed tank 2 is fed by the 
service pipe 80 having the valve 3, controlled by 
the float 32 floating on the surface of the liquid in 
the feed tank. The purpose of spring-loading 
check valve 29 is to prevent the introduction of 
compensating (piston leakage) fluid until the 
diaphragmis completely drawn back conformable 
to the contour of the perforated brace . 
The pumping chamber 33, being the front 

compartiment of the impulse chamber, is formedi 
by the cover iT and the diaphragm 20 and has 
the opening 8 into the flow line 3, the structure 
of Which Will be appropriate to the nature of the 
liquid being pumped. In the present instance 
the screen intake 35 is suitable for pumping 
abrasive ore pulps or dirilling muds. The check 
valves 6, 3 are installed in the uptake pipe be 
low the T fitting at 34, with the check valve 98 
above. 
To start, the pump piston 3 isplaced on dead 

end position at the full end of the suction stroke 
- and vent 0 on the material side of the diaphragm 
is opened. The Space between check valves 36 
and 38 and the pumping chamber 3 is filled 
with water through priming valve !, to expel 
the air. The pump is then ready for operation. 
Vent 42 on the piston side of the diaphragm 20 
is opened and chamber 5 is likewise filled With 
Water or other fluid. 
The invention operates substantially as fol 

lows: In Figure 1, the piston is shown at full 
discharge stroke, with the chamber 5 full of 
clean Water Or a suitable fluid lubricant flowed 
in through the replenishing assembly 2-32. 
The next half revolution of the shaft 2 Will re 
tract the piston i 3 and suck the diaphragm 20 
back against the Screen brace l9, the displace 
ment of the diaphragm being equa to the dis 
placement of the piston relative to the cham 
ber 5. The retraction of the diaphragm 20 is 
completed by the expansion of the spring 2, so 
that it conforms to the contour of brace i 9 and 
any leakage of fluid past the piston is drawn 
into the piston chamber 15, through valve 29, 
therefore maintaining a constant volume offluid 
in the piston chamber. Thus the diaphragm is 
never distorted, 
Retraction of the diaphragm 20 causes a suc 

tion in the flow line 34 to refll the pumping area 
3 of the chamber 5, partially evacuated by the 

preceding forward Stroke of the piston 3. The 
head pressure in the flow line normally closes 
the check valve 38. The suction stroke of the 
piston f3 opens the check valves 36, 3 and re 
fils the pumping chamber 3. The succeeding 
forward stroke of the piston advances the da 
phragm 20 by exerting a hydrostatic pressure 
displacing the liquid in the chamber 33 in a sub 
stantially metered amount and closes the check 
valves 36, 37. The pumpedi liquid discharged 
through the opening 8, lifts the check valve 

and the head pressureliquid above it, completing 
i one cycle of operation. 
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Any leakage from the pulsation chamber sé, 
past the piston 3 is pumped on the suction 
stroke through the return flow pipe e back to 
the feed tank 2, The replenishing assembly 
including Valve 29 may be placed belloW the 
pulsating chamber instead of on top thereby 
eliminating the necessity of Spring loading 
valves 26. 
The modification shown in Sigure 2, differs 

only, in that the pulsating chamber A Bas is re 
mote from the piston pump, not shown, and there 
is only the discharge pipe 38 (from the piston 
pump) connecting With the pulsating chamber 

5ac. The discharge valve of the piston pump is 
removed and the suction valve closed or plugged. 
The impulse transmitted from the cylinder and 
piston of any pulsating type of circulating pump 
will flow forward through the pipe 39 to the 
impulse chamber ac and advance the dia 
phragm 20, as previously described. The re 
plenishing, assembly at 2ac for the Operating 
fluidi being similar to that at 2-32, Figure 1, 
previously described. On the suction stroke of 
the piston pump, the diaphragm 20ac is drawn 
backas the fluid in chamber Scissucked back 
into the valve chamber of the piston pump be 
cause its discharge valve has been removed and 
the suction valve closed The compression 
spring completes the backward return of the 
diaphragm against the perforated brace l9ac and 
any fluid that has leaked by the piston on the 
pressure stroke is replenished through valve lac 
of the replenishing assembly 27ac, By this ar 
rangement a plurality of diaphragm pulsating 
units such as 5, 8a, previousy described, can 
be operated from a single pumping source. In 
Figure 2 the feed line is reversed in that the 
source of supply originates in the hopper 35ac, 
flows by gravity through the check valve 37ac 
and opening Bacinto the pumping chamber 3ac, 
from Which it is ejected through the check valve 
Bac and into the discharge line 34ac, A 
The float controlled valve, at: 4ac insures a 

supply of liquid through the hopper 35acto main 
tain the pumping chamber 33c full to capacity 
at ali times, should the supply of sludge or pulp 
to this hopper fail or be interrupted. This is 
merely a control to prevent the diaphragm unit 
from going on ºairº. 
This invention is particularly advantageous in 

pumping ore pups, dirilling muds and corrosive 
or abrasive materials against high heads. The 
diaphragm 20 effectively intervenes to prevent 

º such substances entering the actuating mecha 
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nism connected with the pulsating chamber 5. 
The piston-diaphragm pump of the present 

invention and the modification illustrated show 
that the diaphragm 20 separates the Working 
materia in pumping chamber 33 from the re 
ciprocating piston 13 and that the diaphragm 20 
is never subjected to strain to the point of rup 
ture, regardless of head, thus insuring long oper 
ating life and minimum Wear on the moving 
partS. 

In the preferred embodiment there is shown 
only a single cylinder pump. It is apparent that 
duplexor multistage models are entirely prac 
tical especially Where it is necessary or desir 
able to Smooth out the pulsations or increase the 
capacity. 

I clam: 
1. In combination with a pulsating pumpin 

cluding a cylinder and a piston operating therein, 
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Ln impulse chamber, a pumping chamberhaving 
in inlet and an outlet, a flexible diaphragm of . 
substantially greater area, than the means sup 
blying the pulsating pumping force separating 
said impulse chamber from said pumping cham 
per intermediate said pump and said inlet and 
Dutlet, a conduit connecting the portion of the 
ylinder back of the piston With the impulse 
chamber for returning to the impulse chamber 
iquid leaking past the piston, said liquid being 
pumped by the piston as it moves away from the 
impulse chamber, a brace in said impulse cham 
ber, an automatic replenishing valve for Said 
impulse chamber and a stem on said diaphragm 
eXtending through said brace and having a re 
silient tension member thereon bearing against 
Said brace. 

2. In combination with a pulsating pump in 
cluding a cylinderand a piston operating therein, 
an impulse chamber, a pumping chamber having 
an inlet and an outlet, a flexible diaphragm of 
substantially greater area than the means sup 
plying the pulsating pumping force separating 
Said impulse chamber from said pumping cham 
per intermediate said pump and said inlet and 
butlet, said diaphragm acting over its entire area 
on each pulsation, a conduit connecting the por 
ion of the cylinder back of the piston With the 
mpulse chamber for returning to the impulse 
hamber liquid leaking past the piston, said 
iquid being pumped by the piston as it moves 
aWay from the impulse chamber, a screen brace 
nterposed between the walls of said chambers 
in juxtaposition to plane of said diaphragm, 
and a stem on said diaphragm extending through 
Said screen and having a resilient tension mem 
per thereon bearing against said brace. 
3. In combination with a pulsating pump hav 

ng a cylinder With a reciprocating piston there 
n, an impulse chamber open to said cylinder, 
pumping chamber having an inlet and an 

utlet, a flexible diaphragm dividing said pump 
ng chamber and said impulse chamber and inter 
mediate said pump and outlet, a replenishing 
ank discharging into said impulse chamber be 
Ween said cylinder and diaphragm, a check valve 
n the discharge outlet from said tank, a service 
ipe discharging into said tank, and a valve in 
aid pipe controlled by a float in said tank. 
4. In combination with a pulsating pumphav 

ng a cylinder with a reciprocating piston there 
n, an impulse chamber open to said cylinder, a 
Jumping chamber having an inlet and an outlet, 
i flexible diaphragm separating impulse cham 
per from said pumping chamber and inter 
mediate said pump and outlet, a replenishing 
ank discharging into said impulse chamber be 
Ween said cylinder and diaphragm, a check 
'alve in the discharge outlet from said tank, a 
ervice pipe discharging into said tank, a valve 
n said pipe controlled by a float in said tank, 
nd a bypass pipe connecting the head of said 
ylinder and said tank. 
5. In combination with a pulsating pump hav 
aga cylinder With a reciprocating piston there 
n, an impulse chamber open to said cylinder, 
pumping chamber having an inlet and an out 

et, a flexible diaphragm separating said impulse 
hamber from said pumping chamber and inter 
mediate said pump and outlet, a perforated 
creen-brace secured between the walls of said 
hambers in iuxtaposition to the plane of said 
taphragm, a stem on said diaphragm extending 
hrough said brace and having a resilient tension 

6 
member thereon bearing against said brace and 
an adjustable plate on said stem, a replenishing 
tank discharging into said impulse chamber be 
tween said cylinder and diaphragm, a check 

5 valve in the discharge outlet from said tank, a 
Valve in said pipe controlled by a float in said 
tank, and a bypass pipe connecting the head of 
Said cylinder and said tank. 

6. In combination with a pulsating pump hav 
inga cylinder with a reciprocating piston therein, 
an impulse chamber open to said cylinder, a 
pumping chamber having an inlet and an outlet, 
a flexible diaphragm separating said impulse 
chamber from said pumping chamber and inter 
mediate said pump and Outlet, a brace across 
the diameter of said chamber, a stem on said dia 
phragm eXtending through said brace and haV 
ing a resilient tension member thereon bearing 
against said brace, a replenishing valve dis 
charging into said impulse chamber, and a line 
connecting the head of Said cylinder and Said 
replenishing valve. 

7. An auxiliary pulsating pumping unit, com 
prising in combination a chamber, a flexible dia 

; phragm dividing said chamber into tWo non 
communicating compartments, One being an im 
pulse compartment and the otherbeing a pump 
ing compartment having an imlet and an outlet, 
a brace extending across the diameter of Said 
chamber, a stem on said diaphragm extending 
through said brace and having a resilient ten 
sion memberthereon bearing against said brace 
and an adjustable plate on Said stem, means for 
connecting said impulse chamberto a remote 
pulsating pump, a replenishing valve formain 
taining the liquid on the impulse side at a pre 
determined volume, and an outlet from Said 
pumping compartment and a remote pulsating 
pump operating in conjunction with said pump 

40 ing unit to apply pulsations to said diaphragm. 
8. An auxiliary pulsating pumping unit, com 

prising in combination a chamber, a fdexible dia 
phragm dividing said chamber into tWo non 
communicating compartments, one being an im 

45 pulse compartment and the otherbeing a pump 
ing compartment having an inlet and an outlet, 
a preforated Screen-brace conforming to the form 
of said diaphragm at the limit of the intake 
impulse positioned between the Walls of said 

50 chamber on the impulse side of said diaphragm, 
a brace extending across the diameter of said 
chamber, a stem on said diaphragm extending 
through said brace and having a resilient ten 
sion member thereon bearing against said brace 

55 and an adjustable plate on said stem, means for 
connecting said impulse chamber to a remote 
pulsating pump, a replenishing valve formain 
taining the liquid on the impulse side at a pre 
determined volume, and an outlet from said 

60 pumping compartment and a remote pulsating 
pump operating in coniunction with said pump 
ing unit to apply pulsations to said diaphragm. 
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