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TWEN DAPHRAGMPUMP WITH STRESS 
RELIEVED DAPHRAGMS 

Frank L. Grainer, Cold Spring, N. Y., assignor to 
The Dorr Company, Stamford, Conn., a corpo 
ration of Delaware 

Application June 19, 1952, Serial No. 294,393 
(Cl. 103—152) 10 Claims. 

This invention relates to diaphragm type pumpS 
suited for pumping abrasive slurries, chemical 
solutions, acids or other corrosive liquids, Solids 
carrying liquids, viscous pulps, or high density 
liquids or sludges derived, for example, from me 
chanical thickeners, gravity settlers or the like. 
However, the material being handled by these 
diaphragm pumps will herein be briefly referred 
to merely as slurry. Such a pump comprises aS 
part of a pump chamber a deformable disc-shaped 
diaphragm member and actuating means for re 
ciprocatively bulging the diaphragm in Wardly and 
outwardly in alternation thereby drawing the 
liquid through an inlet check valve into the pump 
chamber during the Suction Stroke, and displac 
ing or expelling liquid through an outlet check 
waive from the chamber during the delivery stroke 
of the pump. 

Stroke adjusting devices are often provided in 
conjunction. With the actuating means for varying 
the rate of delivery of the pump by varying the 
pump stroke ever. While the pump is running. 
More in particular, this invention relates to 

diaphiragm type pumps haveing StreSS-relieved 
diaphragans, and Which Will herein be termed 
StreSS-relieved diaphragm pumpS. Such a pump 
may deliver against a desired preSSure Without 
having the diaphragin itself Subjected to the 
Stress reSuiting fron Such preSSure. In Such a 
pump the stress-relief for the diaphragm is due 
to diaphrag-actuating (neans Which employ a 
preSSure-tiran Smitting filid medium or operat 
ing liquid to act upon the diaphragm for recipro 
cating the same. That is to say, the pressure of 
the operating fiuid contacting the outside of the 
diaphragin balances the pressure of the fluid or 
slurry contacting the opposite or inner side of 
the diaphragm So that the diaphragm being con 
fined between liquids from both sides is Substan 
tially completely stress-relieved while pumping. 
The general purpose and character of stress 

relieved diaphragn pumps will be more fully un 
derStood by their COInparison. With the more OI 
dinary non-relieved type of diaphragm pump in 
which the diaphragm is actuated by a reciprocat 
ing iod attached directly to the diaphragm which 
is thus Subject to the full pumping pressure and 
therefore to mechanical stresses and to a degree 
Of Stretching commenSurate With Such pressure. 
The non-relieved diaphragm pump is therefore 
not normally qualified to deliver against any ap 
preciable preSSure except at the price of corre 
Spondingly increased mechanical stresses and 
stretching and Wear imposed upon the diaphragm 
With a corresponding concurrent reduction in 
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2 
volumetric pumping efficiency. Therefore, such 
a pump is not well qualified to answer a require 
ment of furnishing what may be termed a metered 
disharge aS visualized by this invention especially 
Within Wide limits of stroke adjustment and de 
livery rates, for example, between limits of zero 
and maximum. The requisites of a truly metered 
discharge as visualized by this invention are that 
the delivery rate adjusted to a value within such 
Wide limits as Zero and maximum should remain 
constant irrespective of variations in the dis 
charge pressure or resistance or head against 
which the pump must operate. 
By contrast, the stress-relieved diaphragm 

pump is capable of delivering against relatively 
high pressures, higher indeed than any preSSures 
normally attainable by the non-relieved dia 
phragm pump, yet without impairment of volu 
metric pumping efficiency, and it is adjustable as 
to delivery rates within a wide range (as between 
Zero and maximum) Substantially without loss of 
Volumetric efficiency. 
In a stress-relieved diaphragm pump of known 

Construction the operating liquid was confined in 
a hydraulic operating chamber Surrounding the 
Outside of the diaphragm, and having associated 
thereWith a reciprocating piston or plunger to 
act upon this confined volume of operating liquid 
in a manner to impart alternatingly suction and 
pressure to the diaphragm. In this way the dia 
phragm was reciprocated through the interne 
diary of the operating liquid to effect pumping of 
the slurry. Consequently, adjustable control de 
Vices for varying the delivery rate of such a, plllp 
have been provided in direct association With the 
piston-actuating means for Varying the piston 
stroke. Yet, while a variety of stroke adjusting 
devices either have been or could be employed 
With diaphragm pumps, their embodiment in a, 
StreSS-relieved diaphragm pump unit Carries with 
it certain disadvantages in the Way Of bulkiness 
and indeed in the way of certain Structural as 
Well as operational complications and design limi 
tations especially when such a device is to permit 
adjusting of the piston stroke and of the de 
livery rate while the pump is running. For ex 
ample, the stress-relieved diaphragm pump just 
Outlined is equipped with stroke-adjusting devices 
for the piston or plunger capable of being manipu 
lated only when the pump is Stopped. Thus, a 
problem lies in providing a metering type dia 
phragm pump which is independent of and does 
not require any of the ceonventional Stroke-ad 
justing devices, and Whereby the inconvenience 
of stopping the pump is avoided in that adjust 
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ment can be effected while the pump is running. 
Also in the above outlined stress-relieved dia 

phragm pump, since the volume of the pressure 
transmitting operating liquid is confined in a hy 
draulic operating chamber about the outer side 
Of the diaphragm, it requires certain accessories 
in the nature of pressure relief devices as well as 
devices automatically supplying make-up operat 
ing liquid to the operating chamber, which devices 
represent Structural as well as operational com 
plications in the pump. The relief devices are 
employed to meet the emergency or the possi 
bility of a clogged discharge pipe, whereas the 
make-up device should function to replace oper 
ating liquid which may be lost from the chamber 
through the relief device or otherwise. Thus, an 
other problem lies in avoiding the need of em 
ploying Such relief and make-up devices. 

Still another drawback in the above outlined 
stress-relieved diaphragm pump lies in that they 
require expensive and bulky motor driven reduc 
tion gearing for actuating the piston or plunger 
of the hydraulic operating chamber. Hence, it 
is another problem to provide a stress-relieved 
diaphragm pump unit. Without the need for such 
gearing. 

Therefore, it is among the objects of this in 
vention to provide a streSS-relieved diaphragm 
pump unit which meets the metering requisites 
above Set forth in that it has a uniformly high 
Volumetric efficiency over a Wide range of de 
lively rates as between Zero and maximum and 
maintains the adjusted delivery rate substan 
tially constant in Spite of Variations of or fluctu 
ations in the delivery pressure; which is rela 
tively simple and compact even though capable 
of relatively high maximum delivery rates; 
Which is accurately and sensitively controllable 
in a simple and convenient manner as to the ad 
justment of the metered discharge rate even 
While the pump is running; which is immune to 
the effects of possible clogging or obstruction of 
the discharge pipe without involving the use of 
the conventional relief and make-up devices 
above referred to; and which provides diaphragm 
actuating means requiring none of the conven 
tional gearing above referred to. 
A known construction of a stress-relieved type 

of diaphragm. pump provides for Such a pump 
that is double acting in that a single actuating 
plunger or piston reciprocating between a pair 
of hydraulic operating chambers and diaphragms 
exerts duling one stroke hydraulic pressure upon 
the diaphragm of one chamber while by the 
Same token applying Suction to an opposite dia 
phragm, and vice versa, during the Succeeding 
Stroke. Since Such a pump requires and is pro 
vided With the aforementioned pressure-relief 
devices and water make-up devices, as Well as 
With a prime mover or motor and gearing for 
reciprocating the actuating piston, it is another 
object to provide an improved double-acting 
pump free from Such drawbackS. 
These objects are attained in a double-acting 

pump unit in which the two diaphragms in a 
pump housing are mechanically and kinemat 
ically so interconnected as to move in unison, 
and they are furthermore operationally connect 
ed with a spool type control valve means where 
by hydraulic operating Water from a plessure 
Water supply is admitted to one of the hydraulic 
actuating chambers while operating Water is be 
ing released from the opposite Operating cham 
ber, and vice versa, as the valve means operate 
through a pumping cycle. In fact, the Control 
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4 
Valve means according to this invention con 
prises a primary or spool valve member and a 
Secondary or slidable sleeve valve member with 
in which the Spool operates, the sleeve member 
being provided with an arrangement of port 
Openings bearing certain cooperative relation 
Ships With respect to the spool. The spool and 
the sleeve are movable axially relative to one 
another, the sleeve in turn being movable axially 
in a Valve housing which is fixedly associated 
With the punp housing. The sleeve or second 
aly valve member is kinematically connected 
With both diaphragms So as to move in unison 
thereWith, Whereas the spool or primary valve 
member is controllably reciprocatable by a suit 
able drive. 
The controlled movement of the spool within 

the sleeve member admits operating water under 
pressure to One of the hydraulic operating cham 
bers While releasing such Water from the other 
chamber, and vice versa, through a pumping 
cycle, thereby reciprocating the diaphragms. 
In other Words, the valve-controlled operation 

of the pump is initiated and Imaintained by the 
movement of the Spool. 1'elative to the sleeve, 
Which through control of operating water actu 
ates the diaphragms which in turn move the 
valve sleeve member in unison therewith. The 
net result is that the movements of the sleeve 
and of the diaphragins in unison Substantially 
follow and reflect the controlling movement of 
the Spool So that varying the stroke of the valve 
Spool member Will correspondingly affect or in 
fluence the novelent of the diaphragms and the 
pumping rate. 

In fact, this “follow-up' relationship between 
the sleeve member and the Spool member enables 
the plump to adjust itself automatically to vari 
ations of discharge head or back pressure at the 
discharge end of the pump in a manner where 
by the pump Will automatically maintain a pre 
determined and adjusted rate of metered dis 
Charge. Indeed, With every change, namely in 
Crease or decrease in the Inagnitude of the dis 
charge head or back pressure this control valve 
Will respond in a compensatory fashion by pro 
portionately decreasing or increasing the throt 
tling effect or pressure drop of the pressure 
Water being admitted through the control valve 
to the respective hydraulic operating chambers. 
That is to say, whenever the back pressure at 
the discharge end of the pump increases, it will 
momentarily retard the moveniment of the dia 
phragm and thereby equally retard the move 
ment of the sleeve ninenber with which it is 
kinematically coupled. Thus, since the spool 
member continues at its adjusted rate of speed 
and reciprocatory frequency, there will occur a, 
corresponding Slippage between the sleeve men 
bel' and the Spool member, the amount of that 
slippage being sufficient to increase the e?: ective 
through-flow area of the port openings in the 
sleeve member until there is attained a decrease 
in pressure drop across the through-flow pas 
Sages Ol' port Openings, substantially proportion 
ate to the aforementioned increase in back pres 
Sure at the discharge end of the pump. Hence, 
as a result of Such load induced slippage between 
the telescoping moving parts of the control valve 
there is admitted to the respective hydraulic op 
erating chambers a relatively increased water 
pressure Sufficient to balance the increased pump 
ing preSSure. Correspondingly, with a decrease of 
back pressure at the discharge end of the pump, 
the resultant slippage of the sleeve member rela 



2,667,129 
5 

tive to the spool member is in the opposite di 
rection, whereby the effective area of the valve 
through-flow passages or port openings is de 
creased, so that the pressure admitted to the hy 
draulic operating chambers is reduced by an 
amouint corresponding to the reduction of back 
pressure encountered at the delivery end of the 
pump, so that again the hydraulic operating 
pressure is in balance with the pumping pressure. 
In this way the pump automatically absorbs any 
fluctuations in discharge back pressure substan 
tially without effecting the adjusted rate of 
metered discharge. 

10 

More particularly, to attain the aforemen 
tioned objects a double-acting pump according 
to this invention comprises two pumping Sec 
tions side by side constituting a common Sub 
stantially cylindrical housing. Each pumping 
section or half of this common housing con 
prises a hydraulic operating chamber at One Side 
of one diaphragm, and a slurry pumping cham 
ber proper at the other side of that diaphragm. 
Thus, the two hydraulic operating chambers may 
constitute the outer ends of the common hous 
ing, while the two pumping chambers consti 
tute the intermediate portion of this common 
housing; each hydraulic operating chamber has 
a port or connection with the Spool type control 
walve means, allowing hydraulic operating water 
to enter as well as leave the operating chamber 
in the course of a pumping cycle of that pump 
ing section, whereas each pumping chamber has 
a suitable check valve for slurry inlet as well as 
a check valve for slurry outlet. The diaphragms 
reciprocate in unison due to a link construction 
operatively interconnecting them. The Spool 
type control valve means comprises a cylindrical 
housing having a supply connection for preS 
sure Water to be controllably admitted through 
the valve means to respective operative cham 
bers in alternation, and a spent Water discharge 
connection for such operating water to be con 
trollably released and displaced from respective 
hydraulic operating chambers through the valve 
means incident to the operation of the Spool 
member and the sleeve member relative to One 
another and relative to the valve housing. 
According to one feature, pressure Water for 

the hydraulic operating chambers is Supplied 
through the valve means by a centrifugal servo 
pump while spent water from the Operating 
chamber passing through the valve means re 
turns to the suction side of the pump, so that 
the diaphragm pump proper together with the 
servo-pump and various passages leading to, 
through, and from the control valve means be 
tween the pumps constitute a closed circulating 
system for the operating water. Moreover, the 
suction end of the servo-pump communicates 
with an expansion chamber or reservoir which 
supplies the need for or absorbs the excess of 
operating water, thus dispensing with the afore 
mentioned relief devices and make-up devices. 
In case the discharge of the diaphragm pump 
should get clogged or blocked, relief is auto 
matically provided with the centrifugal pump 
merely continuing to run against What is the 
normal maximum pressure producible by the 
pui?m:12. 
According to another feature, the controlling 

reciprocating notion of the valve Spool member 
is imparted thereto by means of a motorized 
servo-drive unit embodying stroke adjustment 
means. Further particularized, a servo-drive 
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6 
unit herein proposed lends itself to effecting the 
Stroke adjustment by remote control. 
Other features lie in the manner in which the 

diaphragms are operatively interconnected for 
movement in unison, as well as kinematically 
connected to the valve sleeve member, whereby 
the diaphragms move in unison with the sleeve 
member. According to one such feature, each 
diaphragm has a stem pointing outwardly to and 
passing through a respective end of the pump 
housing and in Sealed relationship thereto. The 
end of each such diaphragm stem has pivotal 
Connection with the end of a swingable arm fixed 
upon a rocker shaft that is horizontal and ex 
tends transversely of the longitudinal horizontal 
axis of and through the pump housing with one 
end of the rocker shaft extending outwardly ex 
posed from the housing and in sealed relation 
ship therewith; the exposed ends of both rocker 
Shafts are operatively interconnected by motion 
transmitting means So that thereby both dia 
phragms must move simultaneously. Further 
more, the exposed end of one of the rocker shafts 
has motion transmitting means operatively or 
kinematically connecting it with the valve sleeve 
member so that the diaphragms will move in 
unison therewith. 
According to a more Specific structural feature, 

this pump comprises a Substantially cylindrical 
pump housing With a horizontally extending lon 
gitudinal axis and having a removable closure 
plate at each end. The controlling spool valve 
unit is mounted upon and carried by the pump 
housing although somewhat at one side thereof 
and With its longitudinal horizontal axis parallel 
to that of the pump housing. The two rocker 
Shafts are mounted in a top portion of the pump 
housing to extend horizontally and transversely 
of the horizontal longitudinal axis of the pump 
housing and So that the exposed ends of these 
rocker shafts are disposed adjacent to respective 
ends of the Spool valve unit. The motion trans 
mitting means between the exposed ends of these 
two rocker shafts comprise an actuator arm ex 
tending from each exposed end and fixed thereto, 
both actuator arms being downwardly coextensive 
and being interconnected at their lower ends by 
a horizontally extending link member. One of 
these downward actuator arms has what is in 
effect an upward extension or upward actuator 
arm for operatively engaging the valve sleeve 
member; that is, the sleeve member has a stem 
portion extending horizontally and axially 
through one end of the valve housing in Water 
Sealed relationship therewith, the sleeve stem 
portion having operative connection with the up 
Ward actuator arm, so that the sleeve member 
Will move in unison with the diaphragms. The 
Valve Spool member has a stern portion extend 
ing horizontally and axially through the oppo 
Site end of the valve housing in water-sealed re 
lationship therewith, which spool stem portion 
haS Operative connection with the aforemen 
tioned servo drive unit which in turn is mount 
ed upon and supported by the pump housing. 
Other features lie in the structural organiza 

tion and mutual structural relationship of the 
main component portions of this pump unit in 
the Special construction of casting representing 
Some Such component portions, and in the man 
ner in Which these castings are structurally asso 
ciated with one another. 

Still other features reside in the particular 
Construction of the Spool type control valve unit. 
Cone such feature lies in the fact that the valve 
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automatically presents additional flow passage 
or port area for the discharge therethrough of 
spent water from the operating chambers; in 
this way the back pressure or flow resistance to 
the discharge of spent water is minimized. An 
other feature lies in having the spool valve mem 
ber so shaped as to accentuate the differential 
of connparative flow resistance across the pres 
Sure port area and the discharge port area. 

In summary, this invention provides a double 
acting stress-relieved diaphragm pump unit in 
which pressure water is supplied to the hydraulic 
operating chamber by a centrifugal SelVO-pump 
with spent operating water returning to the Suc 
tion end or low pressure Side of the pump. Con 
trol valve means in the nature of a Spool valve 
unit are functionally interposed between the 
servo-pump and the diaphragm pump proper, 
whereby pressure water is supplied at a Con 
trolled rate to the one diaphragm while spent 
water is released from the other diaphragm, and 
vice versa, in the course of a pumping cycle. The 
control valve unit comprises a Spool valve mem 
ber slidable in a sleeve member and both the 
spool and the sleeve being slidable in and rela 
tive to a valve housing. Each of the Operating 
chambers has a two-Way passage connecting it 
with the valve housing while the servo-pump 
has a pressure and a Suction connection. With the 
valve housing, all so disposed that the operation 
of the valve unit will effect the above mentioned 
pumping cycle of this double acting diaphragm 
pump. The valve unit operates to that effect 
by reason of the diaphragms being operatively 
linked to each other as Well as to the sleeve 
member so that they all move in unison, while 
servo-drive means impart to the spool member 
reciprocations of an adjusted or adjustable 
length of stroke of an adjustable Speed. An ex 
pansion chamber or reservoir is provided to Com 
municate with the suction side of the servo 
plInp. 
In the drawings, Figure 1 is a highly diagram 

matic sectional view of the StreSS-relieved dia 
phragm pump unit showing operating conditions 
during the stroke in One direction of the pumping 
cycle. 

Figure 2 is a diagrammatic view Similar to Fig 
ure 1, showing conditions during the opposite 
stroke of the pumping cycle. 

Figure 3 is a less diagrammatic view of the 
pump unit somewhat more explicit with respect 
to control mechanism and linkage, but otherwise 
corresponding to operating conditions shown in 
the Figure 1. 

Figure 4 is a diagrammatic view of the pump 
unit similar to that of Figure 3, but Corresponding 
to the operating condition shown in Figure 2. 

Figure 5 is a perspective view of the pump unit 
Structurally more fully developed With the dia 
phragm pump itself shown in part Section and 
with part of the unit drawn apart. 

Figures 6 to 9 show various views of the pump 
unit structurally more fully executed than the 
unit shown in Figure 5; that is, Figure 6 is a 
top view of the pump unit including a motorized 
Servo-pump and a motorized drive unit for the 
control valve; Figure 7 is a side view of the pump 
unit taken on line 7-7 of Figure 6; Figure 8 
is a part sectional end view of the pump taken 
on line 8-3 Of Figure 6: Figure 9 is a vertical 
Sectional view of the pump taken on line 9-9 
of Figure 8. 

Figure 10 is a detail Section taken online 0-0 
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of Figure 8 to show a view upon the discharge 
end of the diaphragm pump proper. 

Figure 11 is a detail Sectional view taken on 
line - of Figure 8, to show a view upon the 
flanged top of the housing of the diaphragm 
pllp. 

Figure 12 is a detail Sectional view taken on 
line 2-f2 in Figure 8, to show a horizontal sec 
tion of the control valve housing. 

Figures 13 and 14 are enlarged perspective 
Views of the telescopically moving parts of the 
Spool type control valve; Figure 13 showing the 
Spool valve member; Figure 14 showing the sleeve 
valve member. 

Figure 14 shows a developed internal view of 
the valve housing. 

Figure 15 is a perspective view of the valve 
housing with a view taken approximately in the 
direction indicated by arrow Q in Figure 6, and 
part Sectioned vertically as well as horizontally 
and also transversely halved with the halves 
drawn apart. 

Figure 16 is a Section taken on lines i S-3 of 
Figure 6. 

Figure 17 is a Section taken on line 7-7 of 
Figure 16 or of Figure 12, or of Figure 6. 

Figure 18 is a Section taken on line 8-8 of 
Figure 16 or of Figure 12, or of Figure 6. 

Figures 19 and 20 are simplified diagrammatic 
representations of the characteristic operating 
conditions of the control valve in terms of operat 
ing positions of the ports of the slidable sleeve 
member relative to the connections leading to 
and from the fixed valve housing, with the ports 
developed in a manner similar to that of Figure 
148? 

Figures 21 and 22 are valve operating views 
Corresponding to those of Figures 19 and 20 al 
though indicating structural evolution such as 
embodied and shown in the valve housing of Fig 
ures 15, 16, 17 and 18. 

Figures 23 and 24 are enlargements of the lon 
gitudinal Sectional view of the spool valve shown 
in Figure 9, although showing more cleariy the 
details of the Spool member of Figure 13 and of 
the sleeve member of Figure 14 as well as their 
dimensional relationship with Figure 23 corre 
Sponding to the operating condition of Figure 1 
and Figure 24 corresponding to the operating 
condition of Figure 2. 
The basic component portions of sections of 

the pump unit as viewed in terms of the diagram 
matic Figs. 1 and 2 are represented by a dia 
phragm pump Section P proper, a control valve 
Section V, a Servo-drive Section D, and a pressure 
Water Supply Section S, all of these component 
Sections B, W, D, S, being defined more cearly 
With respect to one another by respective dot 
and-dash outlines or boxes surrounding them. 
The pump Section P comprises a double-acting 

diaphragm pump having a housing 6 which has 
a horizontally extending body portion and end 
portions 2 and f3, and which housing is subdi 
vided by a transverse central partition Wail Oa 
defining a pair of housing sections í 4 and [5. 
Each of these sections 2 and 5 in turn is sub 
divided by a pump diaphragm into a pump cham 
ber proper and a hydraulic operating chamber. 
That is to say, the housing section 4 is divided 
by a diaphragm 6 into a pumping chamber 7 
disposed at the inner side of the diaphragm and 
a hydraulic operating chamber 8 disposed at 
the Outer side of this diaphragm; similarly, the 
housing section 5 is divided by a diaphragm 9 
into a pumping chamber 20 disposed at the inner 
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side of the diaphragm and a hydraulic operating 
chainber 2 disposed at the outer side of the dia 
phragm. A two-way passage 22 Connects the hy 
draulic operating chamber 8 with the left-hand 
portion of the housing 3 of control valve sec 
fiCnia V, While another two-Way paSSage 23 COn 
nects the hydraulic operating chamber 2 with 
the right-hand portion of the housing 37 of con 
trol valve section W. The pumping chamber 
is connected by a two-way passage 24. With a valve 
head 25 comprising an inlet ball check valve 26 
and an outlet ball check waive 2; similarly, the 
pumping chamber 2 is connected by a two-way 
passage 28 to a valve head 29 conprising an 
inlet check valve 3 and an outlet check valve 3. 
The diaphragm 6 has a Stem 32 eXtending hor 

izontally and outWardly from it while the dia 
phragm 9 has a similar stem 33 extending in 
the opposite direction. For diagrarinmatic pur 
poses both stems 32 and 33 are shown to extend 
as through each end of the pump housing it 
and in water-sealed relationship therewith so 
that the otter endS 3 Å and 35 of IreSpective dia - 
phragm stems can be operatively interconnected 
as by an interconnecting member or rod 35 
whereby both Steins 32 and 33 and their dia 
phragms 6 and 9 are adapted to move in uni 
SO. m 

The control valve unit W according to diagram 
matic Figures 1 and 2 comprises a valve housing 
3 horizontally coextensive with the pump hous 
ing and having horizontal body portion 38 and 
end portions 39 and 4). This valve unit W is of 
the Spool and sleeve type comprising a sleeve 
member 4 having sliding fit in the valve housing 
and being horizontally slidably movable therein 
and a Spool reimber 2 having sliding fit Within 
the sleeve member and being horizontally slid 
ably nowable therein. The slidable spool member 
42, the slidable sleeve member 4, and the fixed 
valve housing 37 are all horizontally coaxial and 
their connoin horizontal axis is parallel to that 
of the pump housing . The joint movement of 
the diaphragm S and 9 is kinematically coupled 
With the movement of the sieeve member 4 in 
that there is provided a double-armed vertical 
lewer 43 haying itS fulcrum point at 4 fixed with 
respect to the pump housing and as Well as 
with respect to the valve housing 37. The lever 
A3 has an upwardly extending arm is 3 to connect 
operatively with the end 35 of diaphragm stern 
33, and it has a downwardly extending arm 43b 
of lever $3 connecting operatively with the sleeve 
neither in that this sleeve inenber has a stem 
portion 5 extending through the end portion 4 
Of the Wave housing in Water-Sealed relationship 
thereWiih. Thus, as the diaphragms is and 9 
reciprocate, the sleeve member 4 Will reciprocate 
in unison thereWith although in relatively oppo 
site directions. The spool renber 2 is to be 
reciprocated independently by means of the 
Servo-drive lechanisin. ) Which connects opera 
tively. With a stea portion is of Spool member 42 
and extends through the end portion 39 of the 
valve housing and has Water-sealed relationship 
thereWith. It is thus that the diaphragms 
and 3 will Substantially follow and reflect the 
prinary or pilot or leading ovements of the 
reciprocating spool member 3 in a manner more 
fuily described further below. 

Hicwever, there will now first be given a more 
detailed description of the parts of the valve unit 
itself, namely of the interior of the valve housing 
S. with respect to certain recesses or chambers 
therein, of the sleeve member with respect to 
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certain port openings therein, and of the Spool 
member 42 with respect to certain foW control 
ling and flow directing portions thereof. The 
interior of the valve housing 3 presents a central 
annular recess A for receiving a steady Supply 
of pressure water as through supply connection 
or passage 48, the recess 4 therefore constituting 
a stationary pressure supply chamber from Which 
pressure water can be directed alternatingly to 
respective hydraulic operating chambers 8 and 
2. To the left of recess or pressure chamber 47 
there is provided an annular receSS 49 communi 
cating through two-way passage 22 with the 
hydraulic operating chamber 8, While to the 
right of pressure supply chamber 4 there is pro 
vided an annular recess 50 similar to recess 49 
although cominunicating With the hydraulic 
operating chamber 2 by Way of two-way passage 
3. Both recesses 49 and 5 constitute transfer 
chambers in that through them hydraulic oper 
atting water passes to and from respective 
hydraulic operating chambers 8 and 2. 
Furthermore, to the left of transfer chamber 

49 at the end of the valve housing 3 there is 
provided a recess 5, constituting a discharge 
chamber for spent hydraulic operating Water 
released from operating chamber 3 which re 
leased spent Water must paSS through discharge 
chamber 5 in order to reach a discharge paSSage 
52 leading from the valve housing 3. Corre 
spondingly, at the opposite end of the valve 
housing 3 there is provided a receSS 53 Consti 
tuting a discharge chamber for Spent hydraulic 
operating water released from operating chamber 
2 and dischargeable from the chamber 53 
through a discharge passage 5 leading there 
from, 
The sleeve member 4 has sets of port Openings 

through which the various interior receSSes or 
stationary chambers 47, 49, 5E, 5, 53 of the valve 
housing may communicate with the interior of 
the sleeve member 4, these sets of port openings 
being so arranged that with the reciprocation of 
the spool member 42 they will control and direct 
the passage of hydraulic operating Water to and 
from the hydraulic operating chambers 8 and 
2 in a manner whereby there is effected the 
desired reciprocation of the diaphragms and 
9 in unison with the reciprocation of the sleeve 
member and Substantially in tune With the 
reciprocation of the spool member 32. 
Such an arrangement of port openingS con 

prise one or a set of port openings 55 communi 
cating with the stationary pressure chamber 4. 
during all phases of reciprocation of the sleeve 
member 3: ; one or a set of port openings 53 aSSo 
ciated with one or a set of port openings Ši 
spaced to the left therefron, both openings 55 
and 57 communicating with the stationary trans 
fer chamber 49 during all phases of reciprocation 
of the sleeve member 4 ; and finally one or a Set 
of port openings 53 associated with one or a set 
of port openings 59 spaced outwardly therefrom, 
both sets of openings 53 and 59 communicating 
with the stationary transfer chamber 58 during 
all phases of reciprocation of the sleeve member 
Af. The right-hand end of the sleeve member At 
is closed partially by virtue of its connection. With 
the stem portion 55 providing for a set of One-Way 
transfer passages 358 for releasing therethrough 
spent hydraulic discharge Water from the interior 
of the sleeve into the discharge chamber 53 and 
thence into the discharge passage 54. 
The spool member 32 comprises a Spool head 

60 of the length (z) having a sliding fit within 



the sleeve member 4 , and formed with sliding 
cylindrical portions for controlling and directing 
the passage of hydraulic operating Water through 
the respective port openings of the sleeve men 
ber 3 incident to the reciprocation of the Spool 
member 42 relative to the movement of the sleeve 
member 4. That is to say, the spool head 6 is 
formed at its outer or right-hand end with a 
Wide port closure portion 6 substantially defined 
by a cylindrical outer contour of the height hi. 
and provided with horizontal relief passages 62. 
A similar port closure portion 63 is formed at 
the opposite end of the spool head, which closure 
portion has horizontal relief passages 64. Spaced 
inWardly from the port closure portion 63 is a 
narrow and Solid foW-controlling and directing 
portion 65 resenbling a circular rib portion de 
fined by an outer cylindrical contour of the 
height ha, So that the closure portion 63 and the 
rib portion 5 form between then an annular 
narrow reciprocatable transfer chamber 66 of 
the Width U1. A similar flow controlling and 
directing lib portion 67 is provided symmetrically 
With respect to the rib portion 65, so that there 
is formed between closure portion 6 and rib por 
tion 6 a narrow reciprocatable transfer cham 
ber 68 of a width U1 equal to that of the other 
narrow reciprocatable transfer chamber 66. 
Thus, there is formed between the rib portions 65 
and 6 a wide reciprocatable pressure supply 
chamber 69 which communicates at all times 
through port openings 55 with the stationary 
pressure Supply chamber 47. 
The pressure supply section S of the pump unit 

comprises a Centrifugal Servo-pump 7) having 
its pressure end tea connected to the pressure 
Supply passage 48 leading into the valve housing 
37 of valve unit W, and having its suction end 
i8 connected as by a header 7 to both spent 
Watel' discharge paSSages 52 and 54 leading from 
respective ends of the housing 37 of valve unit 
V. A reservoir or expansion chamber 2 is also 
connected to the Suction end of the servo-pump 
by way of header T. 
The Servo-drive mechanism D is represented 

in Figures 1 and 2 merely by a driven eccentric 
member 3 which through a slide block 4 en 
gaging a vertical guide member 75 reciprocates 
the Spool member 42. 

Figures 1 and 2 illustrate the operation of the 
pumping cycle as effected by the reciprocatory 
pilot novement of the driven valve spool men 
ber 62. That is to say, Figure 1 shows the con 
dition under which the diaphragm pump per 
forms the one stroke of the pumping cycle, 
namely in the direction of arrows A, whereas 
Figure 2 shows the condition under which the 
diaphragm pump performs the opposite stroke 
of the punnping cycle, namely in the direction of 
airoWS A1. It should be noted that during both 
pumping strokes, in other words that throughout 
the entire pumping cycle, the full operating water 
pressure is present and available in the recipro 
catable pressure Supply chamber 69 because of 
the constant communication of that chamber 
through port openings 55 with the stationary 
preSSul'e Supply chamber and thus with the 
pressure end of the centrifugal servo-pump 79. 
According to Fig. 1, if the eccentric member 3 

l'otates in the direction of arrow B moving the 
spool member 42 from dead center point O1 to 
Wards dead center point O2, its movement rela 
tive to the sleeve member 4 is such that the 
port openings 58 in the sleeve member become 
partly and sufficiently uncovered by the move 
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ment of the spool member 42 leading the move 
ment of the sleeve member 4, thereby admitting 
piressure Water in the direction of arrows C from 
the reciprocatable pressure Supply chamber 69 
through port openings 58, stationally transfer 
chamber 5, and passage 23 into the hydraulic 
Operating chamber 2, although the associated 
port openings 59 remain closed during this 
Stroke. 
At the Same time and by the same tokein (dur 

ing the Figure 1 leftward stroke of the pump) 
the port openingS 56 as well as the openings 57 
are uncovered to the Saline extent that the 
openingS 58 are uncovered, yet in the opposite 
Sense whereby spent hydraulic operating Water 
is released in the direction of arrows E from the 
operating chamber 8 through passage 22, trans 
fer chamber 49, then siminultaneously through 
both sets of port openings 56 and 5, through the 
reciproCatable transfer chamber S6 and the 
transfer passage 54 into the stationary discharge 
chamber 5 whence the spent operating water 
leaves the valve housing by way of the discharge 
paSSage 52 leading to the Suction end of the 
Servo-pump : G by Way of header . Thus, the 
Spool nenber 42 in noving from dead center 
point O1 to dead center point O2 slightly leads 
the movement of the sleeve Innenbel 4 While 
effecting the punp Stroke in the leftward direc 
tion of arrow A, thereby effecting the delivery of 
pumped slurry from pump chamber 28 through 
check valve 3, at the same time drawing slurry 
through the check valve 25 into the pumping 
chamber 7. 

Considering the Figure 2 operating condition 
Of the pump unit, if the eccentric membei 73 
continues rotating So that the movement of the 
Spool member 42 is reversed and therefore noves 
from dead Center point O2 back to dead centel 
point O1 in the direction of arrows F, this will 
reverse the flows through respective sets of port 
openings in the sleeve member, again as the 
movement of the spool member 42 slightly leads 
the movement of the sleeve member in the 
direction of arrows F, while effecting the pump 
stroke in the rightward direction of arrows A1. 
That is to say, the Figure 2 rightward stroke 

of the diaphragm pump is effected by pressure 
water obtained from the reciproca,table Supply 
chamber 69 and being admitted through port 
openings 56 being partly uncovered, and through 
the stationary transfer chamber 49, and through 
the passage 22 into the hydraulic operating 
chamber 8, while the aSSociated pol’t openings 

remain closed. At the Sane tire and by the 
same token, the port openings 38 and 59 become 
uncovered to the same extent as the openings 56 
are uncovered although in the opposite sense and 
in such a way that spent operating water is re 
leased from the hydraulic operating chanber 2 
by way of the passage 23, Stationary transfer 
chamber 5), port openings 58 and 59, recipro 
catable transfer chanber 68, transfer and relief 
passages 62 and 45, into the discharge chamber 
53, and hence by way of discharge connection 54 
and header to the Suction end 79a of Servo 
pump 70. 

In this way, Figures 1 and 2 illustrate the 
pumping cycle whereby the diaphragms f6 and 
f9 are actuated and reciprocated against the 
pump delivery pressure and in tune with those 
reciprocations which are controllably imparted 
to the Spool member 42. The pump unit is 
Started by starting the servo-pump i O so as to 
provide and supply a steady available hydraulic 
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operating pressure to the control valve unit W, 
and also starting the reciprocation of the Spool 
member i by starting the servo-drive means 
or -unit D. The position of the Spool member 
82 relative to the sleeve member 6 controls and 
directs the admission of pressure water to, as Well 
as the release of spent operating water from the 
respective hydraulic operating chambers 8 and 
2, thereby actuating and reciprocating the dia 
phragms 5 and 9 in unison with the sleeve 
member ... in this way, while the puimp unit 
Operates against a certain delivery head or back 
pressure, the Spool member 22 will lead the move 
ment of the Sleeve nimember 4 by a distance 
corresponding to the uncovered area of the port 
openings in the sleeve member, thereby auto 
ratically supplying to the hydraulic operating 
chambers 8 and 2 the amount of pumping 
pressure needed for maintaining the desired out 
put or pumping rate of the pump. 

In the event that for any reason the delivery 
head or load of the pump increases, there will 
occur coincidental With SUich inCreaSe a mOmen 
tary retardation in the movement of the dia 
paragrins í 8 and 2 and therefore also in the 
movement of the sleeve member 6, the amount 
of such retardation or relative movement be 
tween the spool member and the sleeve member 
at that time being only so much as to allow just 
enough additional lead for the Spool inenber 42 
to increase the through-iow area, or the pies 
sure supply port openings sufficiently to Satisfy 
the additional pressure needs of the punp, With 
the pump then automatically accepting and 
Inaintaining this new setting as well as main 
taining its discharge rate. 

Similarly, in the event that the delivery head 
or load of the pump decreases, there Will Occur 
coincidental with such decrease a monentary 
acceleration in the rovement of the diaphragms : 
28 and 24 and therefore also in the movement 
of the sleeve raenbei is, the amount of Such 
acceleration or relative novement between the 
spool innenbei and the sleeve member at that 
time being only so much as to reduce the lead 
of the spool neimber 2 to decrease or throttle 
COWn the thro Ligh-fiGW area, Cf the preSSUtre Sup 
ply port operlings sufficientiy to meet the reduced 
pressure needs of the pump, with the pump then 
maintaing tais nevºj setting as well as maintaining 

its di Scharge rate. 
in the case of blockage of any one of the two 

or Qf both di Scharge Waves or diScharge pa SSages 
of the pinping charnbers 3 and 2, in Spite of 
the absence of Special relief devices, no damage 
will occur to any part of the put in p Unit Since 
nothing would happen except that the delivery 
of the diaphragm pump Would stop while the 
centrifugal servo-pump : 8 would continue ruin 
ning and rerely produce its predetermined naX 
imum pressure without actually delivering. Any 
loss of hydraulic operating Water from the pump 
unit, that night occur in the course of the normal 
operation of the purp unit or in the event of 
the aforementioned blockages or stoppages, is 
automatically made up by the servo-pump 
drawiying pinake-u? Water as needed fronin the reSer 
voir or expansion chamber 82 communicating 
with the Suction end of that pump. 
With respect to the controllability of the dis 

charge rate of the pump unit it will be under 
stood from the foregoing that One Only needs to 
speed up the servo-drive mechanism D in order 
to thereby proportionately increase the delivery 
rate of the pumping unit, or else to slow down 
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14 
the servo-drive D in order to thereby propor 
tionately decrease the delivery rate of the pump 
ing unit, inasmuch as each stroke of the Spool 
member 42 produces and corresponds to an active 
pumping stroke of the diaphragm pump. An 
other mode of controlling or varying the delivery 
rate of the pump unit is by Varying the length of 
the stroke of the spool member 2 as by Varying 
the effective eccentricity of the eccentric men 
ber 13. 

Figures 3 and 4 present the pumping unit still 
diagrammatically, yet in Some respectS more fully 
structurally evolved than the diagrammatic emi 
bodiments shown in Figures 1 and 2. However, 
the operating condition and position of parts in 
Figure 3 correspond to those in Figure 1, whereas 
Figure 4 in this respect corresponds to Figure 2. 
As for Figure 3, again the main component 

portion or Sections of the pump unit are identi 
fiable as Such and boxed-in by dot-and-dash out 
lines So that the diaphragm pump section may 
be designated as P', the control valve section V, 
the servo-drive section as D', and the pressure 
Water supply section as S'. 
The Significance of these component Sections 

P, V, D and S as well as the operation of the 
pump unit having been presented in connection 
With the foregoing description of the diagram 
matic Figures 1 and 2, it should now suffice to 
point out and describe substantially only the 
features of structural evolution of the pump unit 
Whereby Figures 3 and 4 differ from Figures 1 
and 2. 
Diaphragms 3 and 74 provided within a hous 

ing 75 define a pair of pumping chambers 76 and 
as well as a pair of hydraulic operating cham 

bers 8 and 19. The pumping chambers 76 and 
have a two-Way passage 8 and 8 respectively, 
which lead to respective valve heads 82 and 83. 
The valve head 82 serving the pumping chamber 
T6 has an inlet ball check valve 84 and an outlet 
ball check Valve 85, while the valve head 83 
Serving the pumping chamber has an inlet 
ball check valve 86 and an outlet ball check valve 
87. The hydraulic operating chamber 8 has a 
pa-SSage 88 connecting it with the control valve 
unit W, While the hydraulic operating chamber 
9 has a passage 89 connecting it with the con 

trol valve unit V”. All these parts of the dia 
phragm pump section P' of Figure 3 are readily 
identified with corresponding parts in pump 
Section P of Figure 1. 
The control valve section V comprises a sta 

tionary housing 90 connected to the pump hous 
ing 5 through the aforementioned passages 88 
and 89, a sleeve member 9 having axially sliding 
fit in the valve housing 90, and a spool member 
92 which in turn has axially sliding fit within 
the sleeve member 9. The sleeve member 9 
has various sets of port openings which are here 
merely designated by the collective, letter I, 
although these port openings correspond func 
tionally to openings 55, 56, 57, 58, 59 in Figure 1 
and they bear the above described operational 
relationship with respect to passages 88 and 89 
and the hydraulic operating chambers 8 and 19 
as Well as with respect to the spool member 92 
Which controls and directs the flow of pressure 
Water and of operating water through these port 
openings Such function of the port openings hav 
ing been fully described above in the operation 
of the Figure 1 Schematic embodiment of the 
pump unit. The Spool member 92 is adapted 
to be reciprocated as by mechanism represented 
by Servo-drive Section D' indicated as identical 
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to corresponding section S of Figure 1. How 
ever, as an evolutional feature, an interconnec 
tion 93 is provided between the spent Water dis 
charging ends of the valve housing 90 and struc 
turally more closely integrated with the valve 
housing which interconnection corresponds m0re 
or less to the header of Figure 1. Therefore, 
a centrifugal servo-pump 88 (corresponding to 
servo-pump 70 of Figure 1) is shown to have a 
pressure connection 95 Within the intermediate 
portion of the valve housing 99 as well as a suc 
tion connection 95 with one end of the valve 
housing 90, an expansion chamber or reservoir 
96 being connected with the suction connection 
9.5a. 
Another evolutional feature of Figure 3 over 

Figure 1 lies in the mechanism for kinematically 
coupling the movement of the diaphragms 73 and 
4 with that of the above sleeve member 9 so that 
the diaphragms and sleeve member will move in 
unison. Such i10chanism according to Figure 
3 comprises a pair of rocker shafts 9 and 98 ex 
tending Within and transversely of the horizontal 
axis of the pump housing 75. That is to say, the 
rocker shaft 9 extending within operating cham 
ber 78 has fixed thereon a first actuator arm 99 op 
elatively connected as at 933 to a stem 9 which 
extends outwardly and horizontally from the di 
aphragm, 73, while the rocker shaft 93 has a simi 
lar first actuator arm operatively connected 
as at 9 to a stem 02 extending horizontally 
and outwardly from the diaphragm 14, the first 
actuator arms 99 and 8 being of equal length 
and parallel to each other. While both rocker 
shafts 9 and 98 are journalled in the walls of 
respective hydraulic operating chambers 78 and 
19, each shaft has one end extending through and 
beyond the Wall of the pump housing and in 
water-sealed relationship therewith, each of these 
rocker shafts thus presenting an outwardly ex 
posed extension or end portion at the same side 
of the pump; whereas such exposed end portions 
of the rocker shafts are not visible directly in 
Figures 3 and 4, there is to be noted that each 
of them has fixed thereon a second actuator arm 
f)3 and 93 respectively indicated in dot-and 
dash lines, which pair of Second actuator arms 
are parallel to and coextensive with as Well as of 
the same length as the pair of first actuator arms 
99 and . 
arms í 63 and í ?já are operationally intercon 
nected at their outer ends by means of a link rod 
05 indicated by dot-and-dash lines. Moreover, 

the one of the second actuator arms, namely, arm 
94 has a vertical extension arrin 06 connected as 

at operatively with the sleeve member 9, 
whereby the sleeve Innember is adapted to move in 
unison with the diaphragms T3 and 74. 
Further structural evolution of the Figure 3 

and 4 pump unit is shown in the perspective view 
of the pump unit in Figure 5 where a diaphragm 
pump section (corresponding to the section P' of 
Figure 3) is identifiable by a bracket with the 
designation P'', a control valve section (corre 
Sponding to Section V' of Figure 3) is identifiable 
by a bracket With the designation V', a servo 
drive Section (corresponding to the section D' of 
Figure 3) identifiable by a bracket with the des 
ignation D', and a pressure supply section (cor 
responding to the section S' of Figure 3) identi 
fiable by a bracket bearing the designation S'. 

In the Figure 5 perspective view of the pump 
unit the diaphragm pump section P' comprises 
a horizontally extending pump housing 08 shown 
with a front Wall portion broken away and having 

Furthermore, the second actuator 
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vertical closure end plates 99 and 0. The 
housing 3 because of a central vertical trans 
verse partition wall 2 comprises a pair of 
pumping sections and 2 (corresponding to 
pumping sections 4 and 5 in Figure or to 
pumping sections fl' and 5' in Figure 3). The 
pumping section if i is divided by a diaphragm 
3 into a hydraulic operating chamber lº con 

stituting the left-hand portion of the pump hous 
ing 98, and a slurry pumping chamber 5 proper 
constituting an intermediate portion of pump 
housing 98. Similarly, the pumping Section 2 
is disposed symmetrically with respect to pumping 
'section ! , the Section f 2 being divided by a dia 
phragm ft 6 into hydraulic operating chamber 

7 constituting the right-hand end portion of 
the pump housing 8 and a slurry pumping 
chamber 8 proper forming an intermediate por 
tion of that housing. 
The diaphragms 3 and 6 are adapted to re 

ciprocate in unison inasmuch as they are kine 
matically coupled by mechanism which coil prises 
a pair of rocker shafts í 19 and í 20 which extend 
transversely of the horizontal axis of the pump 
housing 08 and which are journalled in the 
upper portion of that housing. The rocker shaft 
19 extending within hydraulic operating cham 
ber | 14 has fixed thereon a first actuator arm í 2 í 
extending downwardly within that chamber and 
into operative connection as at 22 with a stem 

! 23 extending horizontally outwardly from dia 
phragm 3. Similarly, the other rocker shaft 
$20 extending within the operating chamber 
has fixed thereon a first actuator arm 24 extend 
ing downwardly within the operating chambel' 

7 and into operative connection as at 25 With 
a stem f 26 which extends horizontally outwardly 
from diaphragm 6. The rocker shafts f 9 and 
20 each have an end portion 27 and 28 re 

spectively extending through and beyond and be 
ing outwardly exposed froin the wall of pump 
housing 08. The exposed end portion f2 of 
rocker shaft, 9 has fixed thereon a second actu 
ator arm 29 coextensive With and paralel to aS 
well as of the same length as the associated first 
actuato an 2 on that shaft. Sinilarly, the 
exposed end portion 28 of rocker shaft 20 has 
fixed thereon a Second actuator arm 3 partly 
broken away which arm 39 is coextensive With 
and parallel to as well as of the same length as 
the associated first actuator alm 24 on that 
shaft. A link rod 3 partly broken away inter 
connects the lower ends of the Second Outel' arms 
29 and 38 so that thereby the diaphragms 3 
and 6 are kinematically coupled to move in uni 
Son With one another. A2 extension arm 32 eX 
tends upwardly from the outer actuating arm í30 
and into operative connection as at 33 with a 
valve sleeve member here merely indicated by its 
outer end or stem portion 35 for reciprocating 
the sleeve member within the control valve unit 
W' in unison with the reciprocations of the dia 
phragms ?3 and 6 (it being noted that the 
sleeve member or stem 34 is functionally similar 
and corresponds to the valve sleeve inember 9 in 
Figure 3 or else to waive sleeve member 3 in Fig 
Ure 1. 
The control valve unit W’’ is mounted upon 

and disposed substantially atop the pump hous 
ing 08 although placed somewhat towards one 
side thereof, namely the side adjoining the 
pressure Supply unit S', the disposition being 
such that the horizontal longitudinal axis of the 
sleeve unit W' is parallel to the horizontal longi 
tudinal axis of the valve housing 08. The con 
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trol valve unit W’’ which is here shown only by 
the outward appearance of a valve housing 34a 
has at the bottom a pair of connections 35 and 
36 each of which represents a two-way duct be 
tWeen the bottom portion of the valve housing 
and the top portion of respective associated hy 
draulic operating chambers i i 4 and í í i, it being 
noted that these ducts 35 and 36 correspond 
functionally to passages 88 and 89 in Figures 3 
and 4. Or to paSSages 22 and 23 in Figures 1 and 2. 
A flow connection 37 (shown party in full and 
partly in dot-and-dash lines) between the waive 
housing 34 and the pressure Supply section S''' 
represents a pressure Water Supply connection 
(which corresponds functionally to the passage 
95 in Figure 3 or to passage à3 in Figure 1), the 
foW Connection 3 COnnecting with the pres 
Sure end i 38 of centrifugal servo-pump i j?, Such 
Connections being indicated by a pair of pipe 
flanges F. A flow connection 14i (indicated 
partly in ful and partly in dot-and-dash lines) 
extends between the valve housing Saia and the 
Suction or intake end 42 of servo-pump &G, Such 
Connection being indicated by a pair of pipe 
flangeSF2. A notor AI is indicated for driving the 
Servo-pump fi. A Valve Spool member operat 
ing within the valve unit W’’ (which corresponds 
to spool member 92 in Figures 3 and 4) is here 
indicated only by its stem portion 43. 
A Servol-drive section ID"" is here shown to be 

more fully implemented than in the previous Fig 
ures 1 and 3, and is shown to include not only an 
eccentric member 44, a slide member 45 and a 
vertical guide portion is 6 for reciprocating the 
spool member í 43, but also a self-Contained gear 
motor unit 46a for rotating the eccentric mem 
ber 44 at a controllable rate of speed. That is 
to say, the gear motor unit 46 comprises Speed 
regulating means indicated by a Speed control 
lever 47 whereby to vary the rate of reciproca 
tion of the spool member 43 and thereby to Wary 
the rate of reciprocation of the diaphragms i3 
and 6 and hence varying the rate of delivery of 
the pump unit. 

Slurry enters as well as leaves the pumping 
chambers if 5 and i i8 by Way of a pair of two 
way filow connections i 48 and í 49 shown partly 
in full and partly in dot-and-dash lines (Which 
connections correspond to passages 80 and 8 in 
Figures 3 and 4). 
from the pump housing 08, namely from the 
opening 50 therein to a valve head H1 (which 
corresponds to valve head 32 in Figures 3 and 4), 
the valve head H1 comprising an inlet check valve 
indicated at Si and an outlet check Valve indi 
cated at 52, whereby with the reciprocations of 
the diaphragm member 3 slurry is drawn in the 
direction of arrow Ril through inlet check Valve 
5, connection 48, and opening 50 into the 
pumping chamber, and thereafter the slurry is 
expelled from that pumping chamber through 
opening 59, connection f48, and outlet check 
valve 52 as in the direction of arrows R2. A res 
ervoir or expansion chamber 53 is shown to com 
municate with the discharge side of the outlet 
check valve 52. Similarly, the connection 49 
extends from the pump housing 08 as from the 
opening 54 at the bottom thereof to a valve head 
indicated by a bracket bearing the designation 
He (corresponding to valve head 83 in Figures 3 
and 4), the valve head H2 comprising an inlet 
check valve indicated at 55 and an Outlet check 
valve indicated at 5S, So that With the recip 
rocations of the diaphragm member 6 slurry is 
drawn in the direction of arrows R3 through inlet 

The connection A8 extends : 

5 

20 

40 

?3 
check valve 55, flow connection 49, and open 
ing 5 into the pumping cinamber i A 3, and there 
after the slurry is expelled from pumping cham 
ber 8 through opening 58, fow connection 49, 
and outlet check Valve 56 in the direction of ar 
PrOWS ER4. A reSeI'W Oir. Or eXpansion chamber 3 
is shown to communicate With the discharge side 
of the outlet check Valve 56. 
Another reservoir or expansion chamber f8 is 

shown to be mounted upon and to rise from the 
top of the waive housing 36, which reservoir 58 
corresponds functionally to the reservoir 96 in 
Figures 3 and 4. Or to the reservoir T2 in Figures 
1 and 2, although a connection Such as the head 
er i i in Figure 1 for interconnecting the dis 
charge Valve chambers 5 and 53 is not visible in 
the Figure 5 embodiment ina Smuch as in that 
embodiment Sui3h a connection is in effect pro 
vided not exteriorly but interiorly of the valve 
housing (more fully to e described below) in a 
nanner Whereby it connects the spent-Water dis 
charge Walve chambers Within the valve housing 
with each other as well as With the reservoir 58 
and also with the intake 4 of the servo-pump 
40, all as indicated functionally in the more di 
agrammatic embodiments of Figures 1 and 3, 
and more fully described in connection with the 
Figures 6 to 18 enbodiment. 

Furthel Structural development of the pump 
unit according to this invention over what has 
been described in the evolution from Figures 1 to 
5 will now be described in conjunction with the 
embodiment ShoWn in Figures 6 to 18. 
Here the structural build-up is Such that a dia 

phragn) pump housing 59 and a motor driven 
Servo-pump unit 60 have a common base plate 
or base structure 6, whereas the other acces 
sories of the diaphragm. pump housing, namely 
slurry handling Valve heads 62 and 63 together 
with their respective expansion chambers 64 
and 65 as well as a control valve unit 66 to 
gether With its expansion chamber 67 and its 
own servo-drive unit 6 are all carried by and 
mounted atop the diaphragm pump housing 59. 
The basic body portion of the pump housing 

59 (see Fig. 9) resembles that shown in Figure 5 
in that a central transverse partition wall 68 
ivides the pump housing into a pair of pump 

Sections 69 and it), each of which sections in 
turn is subdivided by a respective pump dia 
phragm into a hydraulic operating chamber and 
a slurry pumpinug chamber. That is to say, a 
diaphragm divides the pumping section 69 
into a hydraulic operating chamber 2 and a 
slurry pumping chamber 73, whereas diaphragm 
74 divides the pumping section 70 into a hy 

draulic operating chamber 75 and a slurry 
pumping chamber 76. The outer ends of the 
hydraulic operating chambers 2 and 5 are 
represented by renovable end plates or cover 
plates 7 and 78 respectively. 
Mechanism is provided for kinematically cou 

pling the diaphragms 7 and A. With each 
other So they will reciprocate in unison, which 
mechanism is quite similar in arrangement and 
effect to that shown in the Figure 5 embodiment. 
That is to Say, there are provided a pair of rocker 
shafts f9 and 80 extending transversely of the 
horizontal longitudinal axis of the pump housing 
f59 and journalled in the top portion thereof 
and in Water-Sealed relationship thereWith. The 
rocker shaft 79 extending within the hydraulic 
Operating chamber 2 has fixed thereon and ex 
tending downwardly therefrom a first actuator 
arm 8f operatively connected as at 82 with the 
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outer end of a stem 83 extending horizontally 
and outwardly from the diaphragm with the 
hydraulic operating chamber 72. Similarly, the 
rocker shaft 80 extending within the hydraulic 
operating chamber 75 has fixed thereon and ex 
tending downwardly therefrom a first actuator 
arm 84 having operative connection as at 85 
with a stem 86 extending horizontally and out 
wardly from the diaphragm T4 within the hy 
draulic operating chamber 75. The rocker 
Shafts 79 and 80 each have an exposed end 
portion extending through and outwardly beyond 
the wall of the pump housing 59 at One Side 
thereof (corresponding to similar exposed end 
portions 27 and 28 of rocker shafts 9 and 
20 in Fig. 5). The exposed end portion (not 

visible) of rocker shafts T9 has fixed thereto a 
second actuator arm 87 which is coextensive 
With and parallel to as well as of the same length 
as the associated first actuator arm 8 . Sini 
larly, the exposed end portion of rocker Shaft 
80 has fixed thereto a second actuator arm 86 
which is coextensive with and parallel to as well 
as of the same length as the aSSociated first 
actuator arm 84. The lower ends of this pair 
of second or outer actuator arms 87 and 88 
are interconnected by a link rod L0 whereby the 
diaphragms 7 and 74 are kinematically cou 
pled so as to reciprocate in unison With each 
Other. 
namely the actuator arm 88 has an upward ex 
tension arm 888 the upper end of which haS 
operative connection as at 88b with the control 
valve unit 66. 
The pump housing 59 is in the nature of a 

casting generally similar to housing 08 shown in 
Figure 5 although differing therefrom by having 
as integral parts of the casting a pair of ducts 
86' and 87 for carrying operating Water to 
and from the hydraulic operating chambers 72 
and 75. The ducts 86' and 81 form openings 
868 and 878 in the Wall of the pump housing 

at the top of respective hydraulic Operating 
chambers 72 and 75, whereas outwardly and 
upwardly these ducts terminate in a common 4 
horizontal rectangular flange 90 (note also the 
detail plan view thereof in Figure 11) where the 
ducts form duct openings 90 and 90b. Upon 
this horizontal flange 90 rests and is fastened 
as by means of bolts f 900 the housing 66 of the 
control valve unit 66 the valve housing having 
bottom openings 9 and 92 registering with 
the openings 908 and 90b respectively of ducts 
86' and 87. Functionally these ducts 86 

and 87 correspond to connections 35 and 36 
in Figure 5 or else to paSSages 88 and 89 in Fig 
ures 3 and 4. 
The pump housing or Casting 59 furthermore 

comprises as an integral part thereof a pair of 
ducts 93 and 94 (indicated in dotted lines in 
Fig. 9) connecting the respective slurry pump 
ing chambers 3 and 76 With valve heads 62 
and 63 respectively. The inner ends of the 
slurry ducts 93 and 94 are defined by duct 
openings 95 and 96 in the wall of pump hous 
ing 59 at the bottom of respective slurry pump 
ing chambers 73 and 76. The outer ends of 
the slurry ducts 93 and 94 are defined by duct 
openings 95 and 96 formed in a rectangular 
horizontal flange 9 (note detail showing in 
Fig. 11) Which is coplanar With flange 9). The 
slurry duct 94 connects with an outlet or dis 
charge ball check valve 98 which has commu 
nication with the expansion chamber 65 and 
has an outlet 98 for discharging pumped slurry 
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in the direction of arrow R5. The duct 94 has 
a branch connection 99 provided with an inlet 
ball check valve 200 for delivering slurry into 
the pumping chamber 76 as in the direction of 
arrow RG. Thus, the check valves 98 and 200 
of valve head 63 correspond functionally to 
check valves 56 and 55 of valve head H2 in 
Figure 5. Similarly, the other slurry duct 93 
connects to the outlet and inlet check valves of 
valve head 62 which functionally corresponds 
to check valves 5 and 52 of Figure 5. The 
inner ends of the slurry carrying ducts 93 and 
94 are defined at their inner ends by the afore 
mentioned duct openings f 95 and 96 (see Fig. 
9) whence these ducts rise vertically approxi 
mately for a length l1 then to curve away from 
each other symmetrically each by way of an 
S-shaped length le, the upper ends of the ducts 
Í 93 and i 94 being defined by the aforementioned 
duct openings 95 and 1968. The two slurry 
discharge check valves 98 and 98a are struc 
turally consolidated in a single casting having a 
flange 20 constituting the mate to flange 97 
and fastened thereto as by bolts indicated at 202 
in Figure 6 and also indicated by bolt holes 202a 
in Figure 10 as well as by threaded holes 202b 
in Figure 11. The expansion chambers 64 and 
65 are fastened upon the respective outlet ball 
check valves 98 and 98 as by Swingable bolts 
203 and the bottom openings of these check 
Valves register with the duct openings 952 and 
f 96 in the companion flange 97. Functionally 
the Slurry ductS 93 and 94 correspond to con 
nections 48 and 49 in Figure 5. 
The control valve unit 66 of which a longi 

tudinal vertical section appears in Figure 9 is 
Comparable aS to Structural disposition with the 
control valve unit W’’ in Figure 5 or else With re 
Spect to its 1:2ain operating component members 

() Comparable to the valve unit. W' in Figure 3 which 
in turn is functionally similar to valve unit V in 
Figure 1. ihe valve unit 66 comprises the hous 
ing 66 disposed in a manner resembling that 
of valve housing 34a in Figure 5, the valve hous 
ing 66 in fact being in the form of a casting 
the details of which are shown in Figures 15, 16, 
17, 18. Various recesses and valve chambers 
formed internally of the valve housing 66a may 
be functionally identified with those shown in 
Figures 1 and 2. That is to say, the valve hous 
ing f66 has a pressure supply chamber 47 '' 
(functionally corresponding to valve chamber 47 
of Figure 1 or valve chamber 47 of Figure 3), a 
pair of hydraulic water transfer chambers 49' ' 
and 50' (corresponding to valve chambers 49 and 
50 of Figure 1 or valve chambers 49' and 50' of 
Figure 3), and a pair of spent-water discharge 
chambers 5 f' and 53' (corresponding to valve 
chambers 5 and 53 of Figure 1 or valve cham 
bers 5 f' and 53 of Figure 3). The pressure sup 
ply chamber in fact comprises a pair of such 
chambers (see also the developed internal view 
of the valve housing in Figure 14a) intercon 
nected by a channel V. The pressure supply 
chamber 47' connects with the pressure end 
2038 of servo-pump 63 through an elbow-shaped 
preSSure duct portion 26 which extends from 
the outer side of the valve housing 66a integral 
therewith, and comprises a horizontal leg 205 
(see Figs. 6, 15, 16) and a vertical leg 20s (see 
Figs. 7 and 8) having a flange connection com 
prising flanges 20 and 237b with the pressure 
end 23 of servo-pump 69. The spent-water 
discharge chambers 5' and 53' are intercon. 
nected by a duct 208 which is formed in the top 
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portion of the valve housing 66a and which also 
communicates with the expansion chamber 6, 
a communicating passage or opening 208 being 
shown in Figure 9 as well as in Figures 15, 16, 17, 
18. One of the spent-water discharge valve 
chambers, namely the chamber 53' communi 
cates with the intake end 209 of servo-pump 60 
through an el bow-Shaped discharge duct por 
tion 20 (see Figs. 6, 7, 15) which extends later 
ally from the valve housing 66 cast integral 
therewith and, in fact, cast integral also with 
the aforementioned elbow-shaped pressure duct 
portion 204. The spent-water discharge duct 
portion 2 to consists of a horizontal leg 2 (see 
Figs. 6, 12, 15) of shallow S-shape leading from 
the valve chamber 53', and of a horizontal 
straight leg 22 (see Figs, 6, 8, 15) having a 
flange Connection comprising flanges 23a and 
2f3b with a conduit portion or U-shaped pipe 
24 leading from the discharge duct portion 2 
to the inlet end 209 of servo-pump 59 and con 
nected thereto as by fiange connection compris 
ing filanges 2 4a and 24b. 
A Control valve unit 66 (See Fig. 9) functions 

and controls the operating cycle of the pump unit 
Substantially in a manner already described in 
Connection. With the more diagrammatic embodi 
ments of Figures 1 and 3; that is to say, the valve 
housing 668 has axially slidable within it a valve 
sleeve member 215 (note also the large detail per 
spective view thereof in Fig. 14) which sleeve 
member 25 corresponds to sleeve 4 in Figure 1. 
The sleeve 25 has a stem portion 26 the outer 
end of Which is Operatively connected at 88b 
With the upward extension arm 88a, the stem 
portion 26 extending through the end of valve 
housing 66 in water-sealed relationship there 
with, namely by way of a stuffing box 2 i pro 
vided in an end plate 28 of the valve housing. 
The sleeve member 25 (see Figs. 9 and 14) 

Comprises a horizontal cylindrical body portion 
2 9 One end of which has fixed thereon a plug 
like end portion 220 having flow transfer pas 
Sages 22 (which correspond functionally to the 
transfer passages 45a in Fig 1), the sleeve men 
ber 25 furthermore having its stem portion 
26 extending axially outwardly therefrom. The 
cylindrical body portion 29 of the sleeve mem 
ber has sets of port openings 222, 223, 224, 225 
and 226 which functionally correspond to such 
sets of port openings as are shown at 55, 56, 57, 
58, '59 in Figure 1. Within the sleeve member 25 
there is axially slidable a valve spool member 22, 
(see FigS. 9 and 13) which functionally corre 
Spond to the Spool member 42 in Figure 1. The 
Spool member 227 has a spool head 228 of the 
length l', and has a stem portion 229 extending 
axially outwardly from the spool head through 
the end of the valve housing in water-sealed rela 
tionship therewith, namely by way of stuffing box 
239 provided in an end plate 23 of the valve 
housing. At the end of the Stemportion 229 of 
the Spool member and rigidly connected there 
with is provided a vertical guide portion 22.3a 
upon. Which (See Fig. 9) there is slidable a block 
or cross head 229b actuated by an eccentric 2290 
Which in turn is driven by the Servo-drive unit 
67 to effect reciprocation of the spool member 

227 at a controllable rate. The Spool head 228 
is formed at its outer or right-hand end with a 
Wide port-cloSure portion 232 Substantially de 
fined by a cylindrical outer contour of a height 
h1' and provided with horizontal relief passages 
233. A similar port-closure portion 234 is formed 
at the opposite end of the Spool head and is pro 
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22 
vided with horizontal relief passages 235. Spaced 
inwardly in a horizontal axial direction from the 
port-closure portion 232 is a relatively narrower 
Solid flow controlling-and-directing portion or 
circular rib portion 236 defined by an outer cy 
lindrical Contour of the height he having an in 
Wardly cone-shaped transitional portion 237, so 
that the closure portion 232 and the rib portion 
236 form between them an annular narrow trans 
fer chamber 238 of the width uv1” functionally 
Corresponding to the reciprocating transfer 
chamber 68 of Figure 1. A similar flow control 
ling-and-directing annular rib portion 239 hav 
ing an inwardly cone-shaped transitional por 
tion 24 is provided symmetrically with respect 
to the rib portion 236, so that there is thereby 
formed between closure portion 234 and rib por 
tion 239 a relatively narrow annular transfer 
chamber 24 of the width U1' equal to that of 
the other annular transfer chamber 238 and 
functionally corresponding to the reciprocating 
transfer chamber 66 of Figure 1. Thus, there is 
formed between the annular rib portions 236 and 
239 a wide pressure supply chamber 242 of the 
Width U2' which functionally corresponds to the 
reciprocating chamber 69 of Figure 1. 
Measured in axial direction the dimension of 

the Spool member 227 are so related to the axially 
measured dimensions of the sleeve member 25, 
namely with respect to the distances between re 
Spective Sets of port openings and the width of 
these Openings themselves, that with the recipro 
cation of the spool member 227 there is effected 
the controlled admission to and release from the 
Operating chambers 72 and 75 of operating 
Water in unison with the slurry pumping cycle 
of the pumping unit. 
The operation of this pumping cycle is further 

more illustrated (see Figs. 19, 20, 21, 22) by means 
of the expedient of diagrammatically indicating 
the valve housing as well as the sleeve member 
both developed with the plane of the sleeve mem 
ber shown Superposed upon and in proper operat 
ing relationship to the plane of the valve housing. 
For the present purpose the showing of the Spool 
member is omitted from this Superposed arrange 
ment of the parts, but the horizontal axis of the 
developed members is indicated as a-icin each of 
the Figures 19 and 22, that axis being indicative 
of the line of movement of the sleeve member 
relative to the valve housing. Figures 19 and 20 
represent a valve-operating cycle by indicating 
the positions of the sleeve member corresponding 
to valve conditions represented in Figures 1 and 
and Figures 3 and 4 respectively. Thus in Fig 
tres 19 and 20 the simplified structural interre 
lationship of these parts is in accordance with the 
representations of Figures 1 and 2, whereas Fig 
lures 21 and 22 represent a similar valve Operating 
Cycle although comprising certain structural re 
finements such as will be explained more clearly 
below by reference to the Figure 15 perspective de 
tail view of the valve housing. 
The phase of the valve operating cycle that is 

represented in Figure 19 corresponds to the op 
erating phase shown in Figure 1 where the dia 
phragm pump is just starting its leftward stroke 
in the direction of arrow A as a consequence of 
the Spool member 42 starting to move in the op 
posite or rightward direction of arrow B; Figure 
20 represents the position of the sleeve member 
relative to the valve housing corresponding to 
the operating phases shown in Figure 2. The ex 
tent of the movement of the sleeve member rela 
tive to the valve housing is designated by the 
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stroke length Do, one such length being the 
equivalent of one half of the valve operating cycle 
as well as the equivalent of one half of the slurry 
pumping cycle of the pump unit, in that the 
stroke of the sleeve member is in unison With the 
stroke of the diaphragin pulp. 
That is to say, in Figure 19 the developed in 

terior of the valve housing is represented at 243 
in full lines, whereas the sleeve member de 
veloped and superimposed thereon is represented 
by the dot-and-dash line showing of the port 
openings therein. Thus, the interior Stationary 
recesses or valve chambers in the valve housing 
of Figure 1 appear in Figure 19 as parallel Strips 
or zones extending transversely of the horizon 
tal reference axis ac-ac, so that the valve chan 
bers 47, 49, 50, 5 , 53 of Figure 1 correspond 
functionally to transverse zones 244, 245, 246, 24, 
248 respectively of Figure 19; the spent-water 
discharge passages 52 and 54 of Figure 1 leading 
from respective valve end chambers 5 and 53 
of Figure 1 are indicated by openings 239 and 250 
in the valve housing 243 of Figure 19; the passages 
22 and 23 of Figure 1 are indicated by openings 
25 and 252 respectively in Figure 19, while the 
pressure supply passage 58 of Figure 1 is indicated 
at 253 in Figure 19. 
The port openings 55, 53, 57, 58, 58 of the Figure 

1 sleeve member are represented in Figure 19 by 
the dot-and-dash line slot-like openings corre 
spondingly designated as 254, 255, 256, 25, 258, 
which port openings are here shown Substan 
tially in their extreme left-hand position relative 
to the aforementioned stationary valve chambers 
or zones, the then flow-conditions and flow-di 
rections within the valve unit being as showin and 
described above for Figure 1, but with due Con 
sideration to the functioning Of the Spool netage' 
42 which at that time may be said to be about 
leaving its lefthand dead-center position to initi- 46 
ate a stroke of the valve operating cycle as Well 
as the corresponding stroke of the slurry pump 
ing cycle of the pump unit. In Figure 20 the dot 
and-dash line slot-like port openings 254, 255,256, 
257,258 representing the sleeve member are shown 
substantially in their extreme right-hand posi 
tion relative to the stationary valve chambers or 
zones, the then flow-conditions and flow-direc 
tions within the valve unit being as shown and 
described above for Figure 2, but with due con 
sideration to the functioning of the Spool meni 
ber 42 which at that tirine may be Said to be about 
leaving its right-hand dead-center position, to 
initiate the return stroke of the valve Operating 
cycle as well as the corresponding Stroke of the 
slurry pumping cycle of the pump unit, 
The Figure 21 embodiment differ's from that of 

Figure 19 by structural refinements but not in 
function, the net result of the refinements being 
that the structural horizontal length of the valve 
housing is appreciably fore-shortened whereby 
the structural combination of the Valve unit with 
the diaphragm pump propel and its agoeSScries 
is facilitated and is rendered desirably compact. 
The valve housing is here designated by the 
numeral 253 whereas the port openings of the 
sleeve member are designated as 254', 255, 256', 
25°, 258“ functionally corresponding to the Port 
openings 254, 255, 256, 25i, 258 of Figure 19. 
Foreshortening of the valve housing from a length 
L1 to a length L2 is herein accomplished without 
incurring undue restriction of needed flow pas 
sage area in the valve unit, as Will presently ap 
pear. Referring to Figure 19, such fore-shorten 
ing of the valve housing is accomplished in effect 

50 

3) 

5 

70 

s 

by reducing the aggregate length Lil' of Zone 244, 
245, 246 to the shorter aggregate length L2" of cor 
responding zones 245’ and 246' in Figure 21, 
namely by Substituting a pair of pressure Supply 
openings 259 and 260' instead of the single open 
ing 253 of Figure 19, thus allowing the spent-water 
discharge openings 25 and 252 of Figure 19 to be 
moved closer together as is shown by the relative 
location of corresponding openings 25' and 252' 
in Figure 21; as well as by changing and rear 
ranging the dividing ridges R1 and R2 which be 
tween them define the center Zone 228 in Figure 19 
in Such a manner that a pair of Square shaped 
ridge portions R3 and Ri are made to surround 
and frame in the pressure supply openings 259 
and 260' respectively while rib-like ridge portions 
R5 and R6 interconnect the Square-shaped ridge 
portions R3 and R4 in a direction transversely of 
the valve housing. 

In Figure 22 which functionally corresponds to 
Figure 20 the dot-and-dash line port openings 
254', 255, 256', 25, 258 representing the sleeve 
member are shown substantially in their extreme 
right-hand position relative to the stationary 
Valve chambers or zones, the then fiow-conditions 
and flow-directions within the valve unit being as 
shown and described above with respect to Figure 
2 where the Spool member 42 is just about leaving 
its right-hand dead-center position to execute its 
leftward Stroke. 
In Figure 23 all numerals concerning parts or 

portions of the Spool valve are substantially the 
Same as given in Figures 9, 13, 14, but with the ad 
dition of certain functionally important dimen 
Sional relationships and with emphasis upon cer 
tain bevelled configuration of the closure portions 
234, 239, 236, 232 of the spool member 229. 
That is tio say, the left-hand outer closure por 

tion 234 is formed with a conical bevel at each 
Side, namely bevels 234 and 234b under a steep 
angle 3; While the right-hand outer closure por 
tion 232 is similarly formed with bevels 232a and 
232 also under steep angle (3. The two inter 
mediate closure portions 238 and 239 are formed 
at their inner Sides with shallow bevels 237 and 
240 respectively under angle a while their outer 
sides are formed with steep bevels 237a and 239a 
respectively under angle b. 
The passages 223 and 224 are indicated each to 

be of a width m and to be spaced from each other 
a distance m; the passages 225 and 226 also are 
of the Width m and are spaced from each other 
a distance in. The functionally important dis 
tance between the left-hand edge of passage 224 

15 and the left-hand edge of passage 223 is indi 
cated by the dimension b which is also the dis 
tance between the respective right-hand edges 
of paSSages 224 and 223, which dimension b fur 
ther repeats itself as between the respective left 
hand edges E1 and E2 of closure portions 234 and 
239. 

Furthermore, in order that the spool valve may 
function properly, the effective width h' 2 of 
closure portion 236 and 239 should be equal to 
the width m of the associated passages 223 and 
225, whereas the effective width h ’1 of the closure 
portions 233 and 234 is at least twice the width m. 
of associated passages 224 and 226 respectively. 
A further qualification of the spool valve as to 

its proper functioning lies in the fact that the 
axial motion of the spool member within the 
sleeve member is confined between a pair of end 
stops, namely on the one hand an abutment ring 
member 259 press-fitted into the sleeve member 
and presenting the inner abutment face 259, and 



2,667,129 
25 

On the other hand the plug element 220 present 
ing an inner abutment face 220a. The disposition 
of the abutment faces 259a and 22ga is such that 
the closure portions 234 and 232 will be prevented 
from overrunning the passages 224 and 226. 
The servo-drive unit Sa (see Figs. 5, 6, 7,9) is 

exemplified as by known variable speed drive 
unit of the type that has friction drive by way 
Of tapered rollers operating on an internal trac 
tion ring, which unit has a maximum output 
torque at its output shaft, beyond which it will 
not operate. That is to say, the output shaft of 
this servo-drive unit could be stopped, for exam 
ple, as by blockage of the pump without there 
resulting any damage to motion transmitting : 
parts even while the motor may continue run 
ning. In other words, damage is precluded in 
case the movement of the valve sleeve member 
might become blocked as by blockage of the pump 
discharge. Subsequent to removal of such hypo 
thetical blockage, the sleeve member would be 
free to resume its movement and the drive unit 
would then again drive the valve spool member 
the full length of its stroke. In this way, the 
pump if it should become blocked would auto 
matically resume normal operation after removal 
of the blockage as the moving parts of the valve 
unit, namely the spool member and the sleeve 
member would then automatically get back into 
step with each other. 
The object of the bevels a, and 6 of the valve 

Spool member 22 is to present as large a passage 
way as possible for the spent water passing from 
the hydraulic operating chambers of the pump 
while keeping the passageways for pressure water 
passing into the operating chambers as small as 
possible by comparison. This is in order to pro 
vide a pressure drop across the spent water pas 
Sageway that is as small as possible, while by 
comparison rendering the pressure drop across 
the pressure Water passageway as large as pos 
sible. In other words, the relative effects of the 
bevel angle a is to reduce the pressure drop, and 
that of bevel angle g to increase the pressure 
drop. 
The significance of this refinement With re 

Spect to operation of the pump will appear more 
clearly as follows: 
The movement of the valve spool member 227 

in relation to the sleeve member 215 is such (see 
Figs. and 2) that the pressure passageway or 
port begins to open at the same time that the two 
Spent Water passageways or ports are starting to 
Open, and further movement of the valve spool 
member in the sleeve member uncovers exactly 
the Same longitudinal fraction of width of the 
preSSure port as it does of each of the two cor 
responding spent water ports in the sleeve 
member. If the valve spool member did not 
have such bevels as are indicated at a. and 3 or 
if all the bevels were assumed to be of the same 
angle, the area of the spent water ports would be 
twice the area of the pressure Water ports. At any 
rate, there is just as much water flowing through 
the pressure port as through the corresponding 
spent Water ports, so that if the area of the spent 
Water ports is twice that of the preSSure port, 
then the pressure drop across the pressure port 
is four times the pressure drop across the spent 
water ports. This then answers the above re 
quirement of having the pressure drop across the 
spent water port as small as possible in relation 
to the pressure drop across the pressure water 
port. 

In order to increase this ratio of pressure drop 
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through the pressure port to the pressure drop 
through the spent water ports, the spool valve 
member is beveled as indicated by the angles 
a, and S so that for a given movement of the spool 
Valve member relative to the sleeve member, each 
of the spent Water ports presents a relatively 
greater amount of port area, than the correspond 
ing pressure port. 
The effect of this refinement is to enable the 

pressure and the suction end of the servo-pump 
to operate under conditions such that there is 
attained a maximum of stress relief for the pump 
diaphragms. For example, if no pressure drop 
were encountered through the spent water ports 
With the suction pressure of the servo-pump as 
Sumed to be the same as the Suction in the slurry 
pumping chamber to pull in the slurry, then no 
pressure difference would appear between the two 
sides of each pump diaphragm and the dia 
phragm would thus be fully stress relieved. 

I claim: 
1. A double-acting stress-relieved diaphragm 

pump having a pump housing structure provided 
with a pair of diaphragms each of which is con 
fined in said housing structure between a body 
of hydraulic operating water and a body of Slurry 
being pumped, with partition means provided be 
tween said bodies of slurry, said housing struc 
ture thus providing a hydraulic operating cham 
belt at one side and outwardly from each re 
spective diaphragm and a slurry pumping cham 
ber at the other side of and inwardly from each 
respective diaphragm, each slurry pumping 
chainber having an inlet check valve and an 
o:tlet check valve, each hydraulic operating 
chamber being adapted to have pressure operat 
ing water controllably fed thereto and released 
therefrom as spent operating water for alter 
natingly producing pressure and suction in the 
reSpective surry pumping chambers, control 
means for so feeding and releasing the operat 
ing water with respect to the hydraulic operating 
chambers, comprising a spool type valve unit 
having a cylindrical valve housing provided with 
a pair of internal recesses constituting a pair of 
transfer chambers spaced from each other lon 
gitudinally of the valve housing, each such trans 
fer chamber having a two-way conduit connect 
ing it with a respective operating chamber, said 
valve housing also having a third receSS Con 
stituting a pressure water supply chamber dis 
posed intermediate said transfer chambers and 
having supply conduit means for receiving said 
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prassure water, said valve housing further hav 
ing at each end thereof a spent water discharge 
chamber each of which has a discharge conduit, 
said valve unit further comprising a valve sleeve 
member axially reciprocable in said valve housing 
and adapted to close said recesses except for port 
openings provided in the sleeve member, a supply 
port opening being provided for said supply valve 
chamber, and a pair of transfer port openings 
being provided for each of said transfer valve 
chambers, the openings of each such pair of 
transfer port openings being spaced from each 
other and from the other pair in the longitudinal 
direction of the sleeve member so that each pair 
of transfer port openings comprises an outwardly 
and an inwardly disposed opening with the in 
Wardly disposed openings located between the 
outwardly disposed openings, a spool valve men 
ber axially slidable reciprocatably within said 
valve sleeve member and adapted when so re 
ciprocating to establish a flow passage through 
the inwardly disposed transfer port opening of 
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the one of said pairs for pressure water to be 
admitted from and through the interior of the 
sleeve member and through the Supply port open 
ing to one hydraulic operating chambet' While 
banking the associated outwardly disposed trainS 
fer port opening and while unblanking the other 
pair of transfer port openings to establish flow 
passage therethrough for spent Operating Water 
from the other hydraulic operating chainber to 
the associated spent water discharge charaber, 
said spool member, vice versa, being adapted to 
establish flow passage through the in Wardly diiS 
posed transfer opening of said Second pair for 
pressure water to be admitted from and through 
the interior of the sleeve member and through 
the supply port opening to said other hydraulic 
operating chamber while blanking the 2.SSociated 
outwardly disposed transfer port Opening and 
while unblanking said one pair of transfer port 
openings to establish flow passage therethrough 
for spent operating water from said One hydrau 
ic operating chamber to its aSSC ciated Spent 
Water discharge channer, Said Sp00 membel Con 
prising for each said pair of transfer port open 
ings a correspoildingly disposed pair of cylindri 
cal closure portions one of which is outwardly 
disposed and has a transfer passage leading fro;in 
the innet Side to the Outer side thereof and the 
other one of which closure portions is in Way 
disposed so that the inwardly disposed closure 
portions are located between the outwardly dis 
posed closure portions, each pair of cioSure poi 
tions having an effective spacing setween thern 
and from the otheir pair and each clo St'e por 
tion having a cylindrical length so coordiated 
to said spacings that the above defined flow pas 
Sages between the respective hydraulic operating 
chambers and the pressure water supply cham 
her on the one hand and the sent Water dis 
charge chambers on the other handi are estab 
lished incident to the reciprocation of the Spool 
valve member; mechanical motion tranSimitting 
means operatively interconnecting Said dia 
phragms and also effective between said dia 
phragms and said sleeve member whereby said 
diaphragms move in unison With each other as 
Well as With Said Sleeve inenber; and servo-drive 
means operatively connected with said spool valve 
member for controllably reciprocating said spool 
member Whereby Said Sleeve inenber and said 
diaphragms are adapted to correspondingly foll 
low the controlling novements of the spool mem 
ber. 

2. A double-acting pump according to claim 1, 
in which the pressure water supply is provided 
by a centrifugal servo-punp, in which spent op 
erating Water returns from saidi Water discharge 
chamber through said discharge conduits to the 
Suction end of the punp, and in which pressure 
Water from the discharge end of the pump passes 
through Said Supply conduit means to said pres 
Sure Water Supply chamber with the addition of 
an expansion chamber communicating with the 
Suction end of the servo-pump. 

3. A double-acting pump according to claim 1, 
in which the servo-drive means comprise a no 
torized reduction gear drive unit having adjust 
able control means for varying the speed of said 
reciprocating movement. 

4. A double-acting pump according to claim 1. 
in which both slurry pumping chambers are dis 
posed between and horizontally coextensive with 
said hydraulic operating chambers, the hydraulic 
Operating chambers thus occupying respective 
end portions and the slurry pumping chambers 

O 

5 

20 

25 

30 

35 

40 

50 

55 

8. 

70 

28 
occupying the intermediate portion of Said hous 
ing structure, and in which said mechanical no 
tion transmitting means comprise a Sten ex 
tending horizontally, outwardly from each dia 
phragm, a horizontal rocker shaft provided for 
each said horizontal stem and extending Within 
said housing structure transversely of the hori 
zontal axis thereof, a downwardly extending arm 
Within the housing fixed upon each shaft and 
rockable therewith, both rockable arms being 
parallel and down Wardly coeXtensive each haW 
ing its lower end pivotally connected to the Outer 
end of a respective stem, both shafts having one 
end extending through and protruding beyond 
the housing wall in sealing relationship there 
with, a second arm fixed upon the protruding 
end portion of each shaft, Said second arms ex 
tending downwardly parallel to each other as 
well as parallel to the first-mentioned rocker 
arms, a link meinber interconnecting said sec 
Ond rocker aims whereby Said diaphragms are 
adapted to move in unison and connecting means 
for operatively interconnecting one of Said shafts 
with said sleeve member whereby the latter is 
adapted to move in unison with said diaphragm. 

5. A double-acting pump according to claim 1, 
in which both slurry pumping channbei's are dis 
posed between and horizontally coextensive with 
said hydraulic operating chambers with the hy 
draulic operating chambers thus occupying the 
end portions housing whereas the pumping cham 
bers occupy the intermediate portion of said hous 
ing structure; in which said Valve housing is 
nounted Substantially atop the housing struc 
ture with its longitudinal horizontal axis coexten 
sive relative to that of the housing structure, and 
Said sleeve member has a stem extending coaxial 
ly therewith through one end of the valve hous 
ing in Sealed relationship therewith, and said 
spool member has a stem extending coaxially 
therewith through the other end of the valve 
housing in sealed relationship therewith; and in 
Which said mechanical motion transmitting 
means comprise a stem extending horizontally 
outwardly from each diaphragm, a horizontal 
l'Ocker Shaft, provided for each of Said horizontal 
Stems and extending within said housing trans 
versely of the horizontal axis thereof, a down 
Wardly extending actuator arm within the hous 
ing fixed upon each said shaft and rockable 
therewith, bothrockable actuator arms being par 
allel to each other and each having its lower end 
pivotally connected to the outer end of a respec 
tive diaphragm sten, both shafts having one end 
extending through and protruding beyond the 
Wall of the housing structure sealing relationship 
there with, a Second actuator arm fixed upon the 
protruding end portion of each shaft, both said 
Second actuator arms extending downwardly par 
allel to each other as well as parallel to the first 
Irentioned rocker arms, a link member intercon 
necting Said second rocker arms whereby said 
diaphragms are adapted to move in unison, and 
an auxiliary rocker arm extending upward from 
the protruding end portion of one of said shafts 
and into Cooperative engagement with the stem 
of said sleeve member whereby the latter is 
adapted to move in unison with said diaphragm. 

6. A double-acting pump according to claim 1, 
in which both slurry pumping chambers are dis 
posed between and horizontally coextensive with 
Said hydraulic operating chambers with the hy 
draulic operating chambers thus occupying the 
end portions and the slurry pumping chambers 
occupying the intermediate portion of said hous 
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ing structure; in which said valve housing is 
mounted substantially atop the housing struc 
ture with its longitudinal horizontal axis coex 
tensive relative to that of the housing structure, 
said sleeve member has a stem extending coaxial 
ly therewith through one end of the valve hous 
ing in sealed relationship therewith, and said 
spool member has a stem extending coaxially 
thereWith through the other end of the valve 
housing in sealed relationship therewith; in which 
Said mechanical motion transmitting means COIn 
prise a stem extending horizontally outwardly 
from each diaphragm, a horizontal rocker shaft 
provided for each of said horizontal stems and 
extending within said housing transversely of 
the horizontal axis thereof, a downwardly point 
ing actuator arm within the housing fixed upon 
each said shaft and rockable thereWith, both 
rockable actuator arms being parallel to each 
other and each having is lower end operatively 
connected to the outer end of a respective dia 
phragm stem, both shafts having One end ex 
tending through and protruding beyond the wall 
of the housing structure in sealing relationship 
therewith, a second actuator arm fixed upon the 
protruding end portion of each shaft, Said Sec 
ond arms extending downwardly parallel to each 
other as well as parallel to the first-mentioned 
rocker arms, a link member interconnecting said 
second actuator arms whereby said diaphragms : 
are adapted to move in unison, and an auxiliary 
rocker arm extending upward from the protrud 
ing end portion of one of said shafts and into 
cooperative engagement with the stem of said 
sleeve member whereby the latter is adapted to 
move in unison with said diaphragm; and in 
which said servo-drive means comprise a motor 
gear unit producing eccentric motion at the out 
put end and means for converting said eccentric 
motion into reciprocating movement of the Spool 
member, and means embodied in said unit for 
adjusting the speed of Said eccentric motion. 

7. A double-acting pump according to claim 1, 
in which both slurry pumping chambers are dis 
posed between and horizontally coextensive with 45 
said hydraulic operating chambers with the hy 
draulic operating chambers thus occupying the 
end portions and the slurry pumping chambers 
occupying the intermediate portion of Said hous 
ing structure, in which said valve housing is 
mounted substantially atop the housing struc 
ture with its longitudinal horizontal axis coex 
tensive relative to that of the pump housing, said 
sleeve member has a stem extending coaxially 
thereWith through one end of the valve housing 
in sealed relationship therewith, and said Spool 
member has a stem extending coaxially there 
with through the other end of the valve housing 
in sealed relationship therewith; in which said 
mechanical motion transmitting means comprise 
a stem extending horizontally outwardly from 
each diaphragm, a horizontal rocker shaft pro 
vided for each of said horizontal stems and ex 
tending within said housing transversely of the 
horizontal axis thereof, a downwardly pointing 
actuator arm within the housing fixed upon each 
shaft and rockable therewith, both said rockable 
actuator arms being parallel to each other and 
each having its lower end operatively connected 
to the outer end of a respective diaphragm stem, 
both shafts having one end extending through 
and protruding beyond the wall of the housing 
structure in sealing relationship therewith, a sec 
ond actuator arm fixed upon the protruding end 
portion of each shaft, both said second actuator 
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arms extending downwardly parallel to each other 
as Well as parallel to the first-mentioned rocker 
arms, a link member interconnecting said second 
actuator arms whereby said diaphragms are 
adapted to move in unison, and an auxiliary 
rocker arm extending upward from the protrud 
ing end portion of one of said shafts and into 
COOperative engagement with the stem of said 
sleeve member whereby the latter is adapted to 
liOWe in unison With said diaphragm; and in 
which said servo-drive means comprise a motor 
gear unit producing eccentric motion at the out 
put and means for converting said eccentric 
motion into reciprocating movement of the spool 
member, and means for adjusting the length of 
Stroke of the eccentric motion. 

8. A pump according to claim 1, in which each 
of said inwardly disposed cylindrical closure por 
tions of the Spool member is formed with a rela 
tively steep and short conical bevel portion - at 
the outer end and with a relatively shallow and 
long bevel portion at the inner end. 

9. A pump according to claim 1, in which each 
of said inwardly disposed cylindrical closure por 
tions of the Spool member is formed with a rela 
tively steep and short conical bevel portion at 
the Outer end and with a relatively shallow and 
long bevel portion at the inner end, and in which 
each of Said outwardly disposed cylindrical 
closure portions is formed with a relatively steep 
and Short conical bevel portion at its outer end 
and is Substantially Squared off at its inner end. 

10. A double-acting stress-relieved diaphragm 
pump having a pump housing structure provided 
With a pair of diaphragms each of which is con 
fined in Said housing structure between a body 
of hydraulic operating water and a body of slurry 
being pumped, with partition means provided 
between said bodies of slurry, said housing struc 
ture thus providing a hydraulic operating cham 
ber at One side and outwardly from each re 
Spective diaphragm and a slurry pumping cham 
ber at the other side of and inwardly from each 
respective diaphragm, each slurry pumping cham 
ber having an inlet check valve and an outlet 
check valve, each hydraulic operating chamber 
being adapted to have pressure operating water 
controllably fed thereto and released therefrom 
aS spent Operating water for alternatingly pro 
ducing pressure and suction in the respective 
slurry pumping chambers, control means for so 
feeding and releasing the operating water with 
respect to the hydraulic operating chambers, com 
prising a Spool type valve unit having a cylindri 
cal valve housing provided with a pair of internal 
receSSes constituting a pair of transfer chambers 
Spaced from each other longitudinally of the 
valve housing, each Such transfer chamber hav 
ing a tWo-way conduit connecting it with a re 
Spective Operating chamber, said valve housing 
also having a third recess constituting a pres 
sure Water Supply chamber disposed intermediate 
Said transfer chambers and having supply con 
duit means for receiving said pressure Water, 

5 said valve housing further having at each end 
thereof a Spent water discharge chamber each 
of Which has a discharge conduit, said valve unit 
further comprising a valve sleeve member axially 
reciprocable in said valve housing and adapted 
to close said recesses except for port Openings 
provided in the sleeve member, a Supply port 
opening being provided for said supply valve 
chamber, and a transfer port opening being pro 
vided for each of said transfer valve chambers, 
a Spool valve member axially slidable reciprocata 
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bly within said valve member and adapted when 
so reciprocating by one stroke to establish a flow 
passage through the one transfer port opening 
for pressure water to be admitted froiil and 
through the interior of the sleeve heinber and 
through the supply port opening to one hydraulic 
operating chamber while establishing floW paS 
Sage through the other transfer opening for Spent 
operating water from the other hydraulic operat 
ing chamber to the associated spent Water dis 
charge chamber, said spool member by the Op 
posite stroke being adapted to establish flow paS 
sage through said other transfer opening for 
preSSure Water to be admitted from and through 
the interior of the sleeve member and through the 1 
Supply port opening to Said other hydraulic op 
erating chamber while establishing flow passage 
through Said one transfer opening for spent op 
erating Water from said one hydraulic operating 
chamber to its associated. Spent water discharge 
chamber, said spool member comprising for each 
transfer port opening a cylindrical closure por 
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tion having an effective cylindrical length and 
an effective spacing between theim whereby the 
above defined flow passages between the respec 
tive hydraulic operating chambers and the preS 
Sure Water supply chamber on the one hand and 
the spent water discharge chambers on the other 
hand are established incident to the reciproca 
tion of the spool valve member; mechanical mo 
tion transmitting means operatively intercon 
necting said diaphragms and also effective bse 
tween said diaphragms and said sleeve in ember 
Whereby said diaphragms move in unison with 
each other as well as with said sleeve member; 
and servo-drive means operatively connected 
With said Spool waive member for controllably 
reciprocating Said spool member whereby said 
Sleeve menber and said diaphragms are adapted 
to correspondingly follow the controlling move 
ments of the spool member. 
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