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This invention relates to apparatus for handling grout 
or other semi-liquid mixtures containing solid materials 
in granular form such as sand, and more particularly 
pertains to apparatus for conveying such a mixture by 
pump action. The present application is a continuation 
in-part of my copending prior application Serial. No. 
135,276, filed December 27, 1949, now abandoned. 
The high cost of handling materials by hand on con 

struction jobs has led to various suggestions for conveying 
grout and like mixtures by conduit to points of use. 
There still exists, however, a need for a simple, practical, 
and relatively inexpensive conveying system that may be 
set up quickly on a job and may be depended upon for 
service when needed without requiring special attention 
or expensive maintenance. 
An ideal system would comprise, a simple pump to 

gether with conduit means for conveying the mixture 
wherever needed, preferably conduit means in the form 
of flexible tubing that may be readily shifted from one 
terminal point of use to anether. Certain troublesome 
problems and difficulties in pump-construction;and-opera 
tion must be overcome, however, to make such a system 
practical, especially in a system actuated by a recipro 
cating pump. 
Most of these problems arise from the fact that such 

a mixture is heavy and-sluggish rather than free flowing, 
is highly abrasive, and under many conditions found in 
conventional pump arrangement tends to pack into a 
semi-solid mass. Because of these characteristics of the 

: material to be handled, it is difficult to achieve the effec 
tive valve action required-for efficient pumping; operation. 
Too often the pump valves stick, pack, wear-excessively, 
or otherwise fail to operate satisfactorily for any reason 
able period of time. The problem is made more difficult 
because any valve; structure employed for this purpose 
should be. relatively simple and must be readily accessible, 
not only because such a system must be thoroughly 
cleaned after each period of use but also because the 
abrasive action of the semi-fluid mixture makes it neces 
sary to get into the pump to replace parts from time to 
time. 

In general the choice is between some type of check 
valve that operates in response to the movement and pres 
'sure of the semi-fluid mixture itself or some type of valve 
that is operated mechanically in a positive manner. A 
fluid-responsive check-valve has obvious advantages, but 
in practice check valves, as heretofore constructed, have 
been found to, operate inefficiently and unreliably. Usu 
ally, the operation, is so sluggish...as to reduce, the effective 
displacement of the pump to an intolerably low-volume. 
To avoid the defects of conventional check-valves and 

especially the lagging operation of check valves of the 
usual type in a grout mixture, those skilled in the art 
have been forced to try various mechanically operated 
valves, notwithstanding the fact that mechanically oper 
lated valves are much more complicated, are subject to 

2 
mechanical failure by jamming, and are much harder 
to clean, and are subject to rapid abrasion. 
An important feature of the present invention is the 

discovery of certain principles and relationships that 
make it possible to construct a fluid-responsive valve that 

- will operate as efficiently as a positively driven mechanical 
valve, maintaining the same level of output, and yet will 
offer all the simple advantages of a check valve. 
The most stubborn problem is to make a check valve 

close sufficiently promptly to prevent appreciable reverse 
flow. It has been found that in a grout mixture the impact 
of the reverse flow taken-alone will not act fast enough on 
a conventional check valve. The check valve must be 
designed for highly sensitive response to the impact of 
reverse flow and some additional boosting force should 
be provided. The use of a spring for the extra boost 
proves undesirable because of the character of the semi 
fluid mixture. Gravity can be relied upon to reinforce 
the closing action of the check valve, but the use of 

20 gravity to boost the closing action of the valve would 
require that the mixture flow through the pump counter 
to gravity and such uphill flow would create even more 
difficult problems. 

In the present invention the semi-fluid grout flows 
2 downward into and through the pump with all the ad 

vantages of gravitational assist in feeding and driving the 
pump, and the required boosting action for closing the 
valve is provided by using a buoyant valve member that 
tends strongly, to float upward to closed position. Such 

80 a highly buoyant valve member has been found to be 
efficient land-effective when certain requisites are met to 
make the valve member extremely sensitive to the reverse 
movement of the fluid. These requisites will be explained 
later in the detailed description of the invention. 

In general, the contemplated embodiments of the in 
Vention are of two types, both of which employ a re 
ciprocating wall or piston member for the pump, action. 
In one type the movable wall, which may be a piston, 
is in the path of fluid flow and a feature of such an 

0 embodiment is how the newly developed principles may 
be incorporated in a piston equipped with a check valve. 
The second type of embodiment employs stationary 

check valves with the removable wall positioned away 
ifrom the pump stream and an important advantage of 

45 this.type is that it may be constructed without any rela 
tively sliding parts whatsoever. w 
A further feature of the invention is that it may be 

embodied in a simple, compact, single-acting pump 
mounted on a Suitable platform as a unit that may be 

50 conveniently portable from place to place and may be 
.easily set-up;for, operation on successive construction jobs. 
The above and other features and advantages of the 

invention may be understood from the following detailed 
description taken with the accompanying drawings. 

In the drawings, which are to becregarded as illustrative, 
Figure ªl vis a -viewpartlyzinsectionand partly in side 

elevation of a singlesacting pump arrangement incor 
porating the principles of the present invention; 

Figure 2 is an enlarged, longitudinal sectional view 
of a piston in Figure 1; 

figure"3 is a view partly in plan and partly in section 
taken as indicated by the line 3-3 of Figure2; 

Figure 4 is a bottom view of the piston shown, in Fig 
65. ure * 2; - · ··· 

Figure 5 is an enlarged fragmentary section taken as 
indicated by, the line-5-5 of Figure.3. - 

„Figure 6, isa vertical sectional view, 
bodiment of the invention; . . 
:Eigure 7isa:vertical-sectional vie 
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3. 
Figure 8 is a transverse section taken as indicated by 

the line 8-8 of Figure 7; and 
Figure 9 is a fragmentary view partly in side elevation 

and partly in section taken as indicated by the line 9-9 
of Figure 7. 

Figures 1 to 5 show, by way of example, the construc 
tion of a single-acting 2 cylinder pump arrangement for 
taking grout or a like mixture from a hopper, generally 
designated 10, for conveyance through a conduct 1 to 
a remote point of use. The conduit 1 may be rigid 
metal pipe or may at least include sections of flexible 
tubing. In the particular arrangement shown the hopper 
10 is mounted on and supported by two vertical pump 
cylinders 12 to which are connected two discharge tubes 
13, the two discharge tubes ieading to the conduct 1. 
The hopper 10, which may be of heavy sheet metal 

construction, is formed with two bottom openings defined 
by circular flanges or skirts 16 and is formed with sloping 
walls 17 for gravitational flow of the grout to these two 
openings. For support of the hopper 10, each of the two 
pump cylinders 12 carries at its upper end a threaded col 
lar 18 which is embraced by the corresponding circular 
flange 16 of the hopper and is formed with an outer 
annular shoulder 19 to abut and support the circular 
flange. Each of the two pump cylinders 12 is supported 
in turn by threaded engagement with a lower collar 2 
which may be integral with a platform 2 as shown. 

Preferably each of the pump cylinders 2 is provided 
with a replaceable liner 24. Below the liner is an enlarged 
member 25 having threads 25 for threaded engagement 
with the previously mentioned collar 20 and may have 
suitable peripheral recesses 26 for engagement by a span 
ner wrench (not shown). It will be noted that the upper 
end of the liner 24 abuts and is protected by an over 
hanging shoulder 27 of the upper collar 18. Preferably 
the member 25 is formed to serve also as a valve seat 
member and for this purpose is restricted in internal 
diameter at its lower end to form a valve seat. 28 having 
a circular valve seat passage 29. The entrance to the 
valve seat 28 from above is formed by a concial wall 30, 
while the entrance from below includes an inclined shoul 
der 31. This shoulder 31 may be made of elastomeric 
material such as rubber to assist in avoiding caking 
therebelow between the chamber wall and shoulder. 
Any suitable valve member may be provided to co 

operate with the valve seat 28, for example, a ball mem 
ber 35. This ball member should float on the material 
being pumped and preferably will float on water, and 
for best results should be as light as possible consistent 
with a structure capable of withstanding the pressure, 
preferably having an average density of less than about 
half the density of water, for example, 20–25% the den 
sity of water. The ball member 35, which is buoyant 
in the semi-fluid mixture handled by the pump, may be 
a hollow metal ball but preferably is made of rubber 
like material, or at least is covered with such material, 
which is highly resistant to the abrasive effect of the grout 
mixture. 

In the particular construction shown in the drawings, 
each of the two pump bodies represented by the vertical 
cylinders 12 is completed by a cylindrical extension 37 
having a radial flange 38. Suitable bolts 39 secure each 
of the cylindrical extensions 37 to the under side of the 
pump platform 21 with a suitable sealing gasket 40 inter 
posed between the radial flange 38 and the platform to 
make the joint fluid tight. Each of the cylindrical ex 
tensions 37 has a lower conical portion 41 communicating 
with the corresponding discharge tube 13. A primary 
function of the cylindrical extension 37 is to serve as a 
cage for the ball member 35 and for this purpose the 
cylindrical extension may be equipped with a plurality 
of inwardly directed radial pins 42 to limit the downward 
movement of the ball member from the valve seat 28. 

It will be noted that the ball member 35 together 
with the valve seat 28 and the radial pins 42 constitute 
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4. 
a check valve of extremely simple construction that may 
be readily cleaned after each period of service. While 
satisfactory operation may be obtained in accordance 
with my invention with ball members 35 merely light 
enough to float on grout, it is preferable to make these 
ball members of such average density that they will also 
float on water so that the apparatus can be used for pump 
ing water to clean out the pump mechanism as well as to 
flush out the discharge tubes 13 and the conduit 11. 
As stated above the ball members 35 by preference have 
abrasion-resistant surfaces of rubber or like material. 
Sponge or soft rubber is preferred for better valve seat 
ing and sealing. Ball members of wood or plastic may 
be employed if desired. 

Slidingly mounted in each of the upright pump cylinders 
12 is a suitable piston, generally designated 45, which 
may, with advantage, be constructed as best shown in 
Figures 2 to 5. Each piston 45 includes a spider 46 hav 
ing three legs 47 and a central bore 48 threaded to re 
ceive the threaded end of a connecting rod 49, the threaded 
connection being made secure by a suitable lock nut 5. 
Three short rods 53 connect the three legs 47, respectively, 
with an upper retaining ring 54 of the piston, the lower 
ends of the three rods being threaded into the retaining 
ring and the upper ends of the pins being permanently 
mounted in the legs of the spider in the manner shown 
in Figure 2. Preferably the upper ends of the rods 53 are 
bonded to the spider legs 47 by welding as shown at 53. 
The upper retaining ring 54 cooperates with a lower 

retaining ring 56 to grip suitable sealing means which 
preferably comprises two cup members 57 of rubber 
like material positioned back to back. Preferably the cup 
members 57 are made of material known to the trade 
as Neoprene. To hold the described parts of the piston 
in assembled position, suitable means may be employed 
to inter-connect the two retaining rings 54 and 56. In 
the particular construction shown three special Screws 
58 with three special nuts 59 are provided for this purpose, 
the nuts having diametrical slots 69 so that they may 
be conveniently tightened by a screw driver. The releas 
ably interconnected retaining rings 54 and 56 together 
with the associated cup members 57 may be termed a 
sealing assembly. 

In this first embodiment of the invention each of the 
pistons 45 is in the path of the flow of the grout and 
therefore each of the pistons incorporates a check valve 
to carry out the required pumping action. For this pur 
pose the described sealing assembly is suitably formed 
and apertured to provide a valve passage and a down 
wardly presented valve seat. In the construction shown 
the sealing assembly has a central cylindrical passage 63, 
the lower end of which serves as a valve seat and the 
upper end of which is enlarged by a series of inwardly 
inclined channels 64 to favor flow into the valve passage. 
The preferred form of valve member for cooperation 

with the described valve seat is again in the form of a 
ball member 65 of the character heretofore described, the 
ball member 65 being covered with a layer of abrasion 
resistant rubber-like material 66. Tio confine the ball 
member 65 and limit movement of the ball member away 
from the valve seat provided by the passage 53, the ball 
member is confined by a suitable cage that is carried by 
the piston and extends downward from the lower work 
ing face of the piston. 

in the preferred practice of the invention, the cage 
comprises simply three wire-like members 67 that are 
equally spaced around the ball 65 and are centrally 
bonded together at their lower ends by brazing or weld 
ing. Such a valve cage is of extremely open construction 
for maximum exposure of the surface of the ball member 
65 to the action of the surrounding semi-fluid grout. In 
side the cage the ball is free to move sidewise toward the 
cylinder wall. The radius of the ball is greater than the 
distance from the wall to the periphery of the valve seat, 
and this relationship assures that the ball will not lodge 



between the wall of the cylinder and the periphery of the 
valve seat but will always tend to roll up into the valve 
seat. The ball is free in this cage to float on the grout. 
Its vertical movement is restricted only by the cage and 
it is confined horizontally only by the inside wall of the 
chamber. The ball is free to float on the grout and is 
guided to the valve seat by the chamber wall and the 
bottom of the piston head. It is apparent that such a 
cage will be subject to abrasive action by the mixture 
and it is therefore desirable to so construct the cage that 
it may be readily replaced when necessary. In this re 
gard a feature of the construction shown is that the 
three wire-like members 67 are individually brazed or 
welded to the lower ends of the previously mentioned 
special screws 58. Thus the special screws 58 become a 
part of the cage structure-and a worn cage may be quickly 
removed for replacement by loosening the special nuts 
59. Preferably the upper ends of the wire-like member 
67 slope inwardly, as shown at 67 in Figure 2, to enable 
fastening to the piston head as shown. 
Any suitable means may be employed to reciprocate 

the two pistons 45 in an alternating manner either by 
hand or by power. In the arrangement shown in Figure 
1, by way of example, the two connecting rods 49 that 
carry the pistons 45 are connected by pivot pins 70 to the 
opposite ends of a walking beam 71 that is fixedly 
imounted on a central operating shaft 72. The operat 
ing shaft 72, which is journaled in suitable bearings 73, is 
driven by a rocker arm 74 which in turn is actuated by a 
long connecting rod 75. The lower end-of the connecting 
rod 75 is shown connected to a crank pin 76 on the fly 
wheel 77 of a suitable prime mover, generally designated 
T8. 
The manner in which this first embodiment of the 

invention operates may be readily understood from the 
foregoing description. The rocking of the walking beam 
71 by the motor 78 causes the two pistons 45 to recip 
-rocate in opposite respects for the desired single-acting 
pump operation, one piston moving upward while the 
-other piston simultaneously moves downward. Upon 
the initiation of each upward movement of a piston -45, 
the lower ball member 35 promptly moves upward to 
closed position in response to the momentary reverse flow 
-of the fluid mixture, the closing movement of the ball 
being boosted by the buoyancy of the ball since the ball 
is light enough relative to the specific gravity of the semi 
fluid mixture to have an ever-effective tendency to move 
upward through the mixture. During this upward move 
ment of the piston 45, the grout that has entered the 
upper-end of the pump cylinder 12 from the hopper, 10 
flows through the previously mentioned valve passage 63 
in the piston and holds the upper-ball member 65-down 
wardly spaced from its valve seat. The grout flows 
readily through the upwardly moving piston 45 not only 
because-of gravity, but also because of the inertia; of the 
heavy grout mixture in the face of the rapid upward 
movement of the piston. . . . . . . 
"As soon as the piston 45 reaches: its supper limit posi 

tion to reverse the direction of its movement, there is 
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momentary reverse upward flow of the semi-fluid mix- 60 
ture through the piston, but the upper ball member 65 
quickly moves to closed position because the Fimpact of 
'the reverse flow son the ball member is reinforced by the 
strong tendency of the buoyant ball to float supward. 
With the upper ball member 65 closing the passage 
-through the -downwardly moving piston, the piston acts 
-as-a ram to force the grout in the pump cylinder down 
'ward, this action of the downwardly moving piston being 
assisted by gravitational flow of the grout. and the lower 
ball member 35 is promptly moved out of its seat 28-to 70 
permit the entrapped grout to flow into the correspond 
ing discharge tube 3. Thus, the two duplicate pump 
mechanisms operate in turn to deliver alternate charges 
“öfgrout under pressure to the c?nd?it'11. 

6 
has been found to be efficientif certain requisites are inet 
to make the valve member properly sensitive to the move 
ment of the semi-fitid grout. These requisites, which are 
incorporated and inherent in the described construction, 
may now be understood in their full significance. 
One of the requisites is to provide maximum exposure 

of the valve member to the semi-fluid stream and this is 
achieved by using a loose valve member in a cage of 
exceptionally open construction so that the valve mem 
ber maybe completely surrounded with the fluid, the cage 
being readily penetrated by the fluid in all directions. In 
the lower stationary check valve the plurality of radial 
pins 42 constitute'such a cage; while in the upper moving 
check valve carried by the piston 45, the required ex 
posure of the valve member to the semi-fluid grout is 
provided by the three wire-like members 67 constitut 
ing the traveling cage for the valve member. 
A second requisite for prompt closing action on the 

part of the bailor other form of valve member is to keep 
the travel of the ball member relative to the valve seat 
within moderate bounds. This is accomplished partly 
by the dimensioning of the cage that limits the travel of 
the valve member away from the valve seat, and partly by 
sizing the valve member relative to the valve seat. The 
desired operation is obtained when the diameter of the 
valve member is on the order of V3 to /2 larger than the 
diameter of the passage formed by or through the valve 
seat. An advantage is that it is not necessary for a valve 
member of such relatively large diameter to move far 
into the seat for completely cutting off flow and, of 
course, the larger the diameter of the valve member the 
larger the 'cross-sectional area of the valve member for 
effective response to reverse flow of the semi-fluid mate 
rial. 
A third requisite is that the ball diameter be propor 

tioned relative to the diameter of the surrounding fluid 
confining walls to impede the return flow of the semi 
fluid sufficiently for sensitive response of the ball to the 
return flow without, however, detrimentally restricting 
normal flow in the opposite direction. The relationship 
desired here may be expressed to include the second men 
tioned requisite by 'stating that with the valve member on 
the order of% to V2 larger in diameter than the passage 
through the valve seat, the passage surrounding the valve 
member should be on the order of twice the diameter of 
the valve seat passage. 
When these dimensional relationships are followed, the 

'cross-sectional area for fluid flow in the annular space 
surrounding the valve member is on the order of 134 to 
2%ºtimes the cross-sectional area of the valve seat pas 
sage. The effective 'cross-sectional area of the stream 
between the ball and the valve seat at the maximum open 
position of the ball-may be any area larger than the area 
iof the valve'seat passage up to twice the area of the valve 
'seat passage, and preferably is nearly as large as the 
sectional area 'of the annular space surrounding the 
all. . . . . . . - - m 

JIt is believed that the progressive expansion of the nor 
mal stream flowing through the open valve and, more 
important, the progressive restriction of a reversely flow 
ing stream, as provided by these dimensional relation 
-ships, are highly significant in accounting for the suc 
scessful operation of the valve or maintaining pump effi 
ciency. Thus, the stream issuing from a valve seat ex 
(pands; as it:moves againstitheball, expands again to about 
4% to 2% (or approximately twice its original cross 
FSectional area as the stream flows around the ball and 
*finally the stream expands to about 4 times its origina? 
area as it clears the ball. Conversely, reverse flow con 
tracts the stream approximately by half as the stream 
-attempts to pass around the ball and the consequent ac 
centuation of he impact force of the reverse stream 
-against the ball combined with the strong boosting tend 
ency of the ball to float upward results in exceedingly 

As previously metitioned, a buoyant 'valve member is prompt closing movement of the ball into the valve sea. 
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In Figure 6 showing a second embodiment of the in 
vention, many of the working parts are similar to those 
already described. The grout flows from an upper Sup 
ply hopper 90 through an upper stationary check valve, 
generally designated 91, into an upright pump cylinder 
92 and through a lower check valve, generally designated 
93, into a discharge tube or conduit 94. In the particu 
lar construction shown, the hopper 90 is mounted on an 
upper collar 97 which in turn is threaded onto the upper 
end of the pump cylinder 92 and cooperates, therewith 
to grip the radial flange 98 of a valve seat member 99 
that has the features heretofore described. Just below 
the valve seat member 99 a cooperating ball member 100 
is shown in closed position, and off of a plurality of radial 
pins (i. 
The lower end of the pump cylinder 92 is shown 

threaded into a collar 164 integral with the pump plat 
form 105 and a valve seat member 106 is also threaded 
into the collar. Below the valve seat member itó a cy 
indrical extension 107 is anchored to the platform 105 
by suitable bolts 408, as heretofore described, and is pro 
vided with a plurality of radial pins 109 to limit the down 
ward movement of a lower ball member i iº. 

Extending to one side from the upright pump cylinder 
92 and in communication therewith is a lateral cylindrical 
chamber 1 having a movable wall in the form of a 
piston 12. In the construction shown the lateral cham 
ber 1 has a cylindrical liner 13 that abuts at its inner 
end an annular shoulder 14 and is engaged at its outer 
end by the inner radial flange 155 of a threaded collar 
116. 
The piston 12, which is mounted on the end of a suit 

ably actuated connecting rod 120, comprises two retainer 
discs 21 that cooperate to secure a pair of rubber-like 
cup members 422 positioned back to back. This sealing 
assembly comprising the two retainer discs together with 
the two cup members is held together by a pair of nuts 
i23 carried by the connecting rod 20. - . 
The lateral chamber 11 in combination with the up 

right cylinder 92 forms what may be termed a pump 
chamber the volume of which is varied by reciprocation 
of the piston i:2. As the piston 12 moves to the right 
in Figure 6 to expand this pump chamber, the lower ball 
member 16 is drawn upward to closed position and the 
upper ball member 180 drops to open position to permit 
grout in the hopper 99 to flow into the upright cylinder 
92. The inflow of the grout from the hopper 90 is the 
result both of gravity and of the pressure differential 
created by the rightward movement of the piston 112. 
On the return leftward movement of the piston 112, the 
upper ball member 50 moves upward to closed position 
in the manner and for the reasons heretofore described 
and the lower bail member 16 drops to open position 
to permit downward flow of the grout through the lower 
check valve. Here again the downward flow of the grout 
is caused both by gravity and by the pressure differential 
created by the leftward movement of the piston. 

This second form of the invention shown in Figure 6 
has certain advantages over the first described embodi 
ment of the invention. in the first place, the structure is 
of relatively short vertical dimension with the supply hop 
per 99 at a relatively low level. In the second place, the 
piston i22 reciprocates to one side of the path of flow 
of the grout, and, therefore, is not subject to the abrasive 
action of the grout. In the third place, the connecting 
rod for operating the piston does not extend upward 
through the hopper 90 to interfere with the downward 
flow of the grout and to prevent the use of agitating means 
in the hopper. 

Since the two check valves 91 and 93 are both con 
structed in accord with the principles heretofore set forth, 
they operate promptly, especially in their closing action, 
and thereby maintain the operation of the pump at high 
efficiency. W 
The third form of the invention, shown in Figures 7 
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-8 
to 9, is a double-acting pump arrangement in which grout 
from a hopper 138 passes downward through twin pas 
sages 131 to a laterally extending conduit i32. 

Each of the two passages 131 is provided by an up 
right cylinder 133 having a radial flange i34 at its upper 
end. The radial flange 134 is shown attached by bolts 
135 to a companion flange 136 with a suitable sealing 
gasket 137 in between. The companion flange 136 is in 
turn threaded onto a nipple 38 that is mounted on the 
bottom of the hopper 130. 
The lower end of the cylinder 133 is threaded into 

a collar 140 integral with a platform 45 and a cylin 
drical extension 142 is bolted to the platform from be 
low in the manner heretofore described, the two cylin 
drical extensions leading to the conduit 132. 

Each of the two upright passages 13 is provided with 
an upper check valve, generally designated 145, com 
prising a valve seat member 146, a ball member 147, to 
gether with radial pins 148, and a lower similar check 
valve generally designated 150 comprising a valve seat 
member 15, a ball member 152, and radial pins 53. 

Extending to one side from each of the passages 131 
between the upper and lower check valves 45 and 150, 
is a lateral chamber 155 formed by a bowl-shaped wall 
156 having a circular rim flange 157 formed with spaced 
ears 158 to provide ample metal around holes that are 
bored to receive suitable bolts 59. A suitable dia 
phragm 160 of rubber-like material forms the outer wall 
of each lateral chamber 155 and is held in place by a 
suitable retainer ring 161 that is tightly secured by the 
previously mentioned bolts 159. 

It is apparent that each of the lateral chambers 55 
combined with the corresponding upright passage 131 
constitutes a pump chamber that may be expanded and 
contracted by i reciprocation of the corresponding dia 
phragm 160 which constitutes a movable wall causing 
the grout to move through the pump chamber by its 
reciprocation. To provide for such reciprocation one 
diaphragm is attached to an operating rod 162 and the 
other diaphragm is connected to a second operating rod 
163. In the construction shown each of the operating 
rods extends through suiatble retaining discs 64 on op 
posite sides of the diaphragm with nuts 165 threaded onto 
the connecting rod on opposite sides of the pair of discs. 
The two lateral chambers 55 are shown extended in 

opposite directions so that the two diaphragms 160 may 
be interconnected for operation in unison but in opposite 
respects in the sense that one diaphragm will move in a 
direction to contract the corresponding pump chamber 
while the other diaphragm moves in the direction to ex 
pand, the other pump chamber. While any suitable 
means may be provided to actuate the two diaphragms 
160 by hand or by some prime mover, Figure 7 shows 
a manually operable actuating lever 170 which is con 
nected to the operating rod 162 by a pivot pin 171. 
Any suitable means may be provided to operatively 

connect the driven operating rod 162 with the second 
operating rod 163 on the other side of the duplex pump. 
By way of example, as best shown in Figure 8, a rec 
tangular frame may be employed for this purpose, the 
frame comprising two cross bars 174 and two longitudinal 
bars 175. Each of the two cross bars 174 is provided 
at its ends with reduced threaded portions 176 that ex 
tend through bores 177 in the longitudinal bars 175 
and are provided with nuts 178 for engagement with 
the longitudinal bars. 
The operating rod 162 extends through one of the 

cross bars 174 with a collar 180 on one side of the cross 
bar and a sleeve 181 on the other side. The collar 180 
is anchored to the operating rod 162 by a suitable cross 
pin 182 and the sleeve 181 serves as a spacer between 
the cross bar and the corresponding nut 164 for the 
diaphragm 160. Thus the sleeve 18 and the collar 
180 cooperate to immobilize the cross bar with respect 
to the operating rod 162. On the other side of the ap 
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paratus, the operating rod 163 extends through the corre 
sponding cross bar 174 and is anchored thereto by a 
spacer 183 and collar 185 and to an arm 186. 
The operation of this third embodiment of the inven 

tion may be readily understood since the principle of 
operation is the same as that in the operation of the sec 
ond embodiment of the invention. The various check 
valves operate in the manner heretofore described. One 
advantage over the second embodiment of the invention 
is, of course, the single acting 2 cylinder pump opera 
tion, but a more important advantage is the fact that 
this third embodiment has no sliding parts whatsoever. 
Since no sliding parts are involved, all of the inner-sur 
faces that are exposed to the abrasive action of the 
grout may be covered with a coating of rubber-like ma 
terial. Thus, all the inner metal surfaces may be cov 
ered with 'an abrasion resistant coating 184. 

It will be apparent that the apparatus of my invention, 
although pä?ticularly, dešigned för pümpinig grout änd 
other fluid mixtures of abrasive materials, is also adapted 
to pump mixtures containing aggregates larger than sand, 
depending on the size of the pump. In general the ag 
gregates may be as large as about one sixth the diameter 

i of the valve openings. & . . 
While I have illustrated and described three embodi 

nents of my invention intietail, it is to be understood 
that various changes may be made by those skilled in 
the art without departing from the spirit of the inven 
tion as defined in the appended claims. 

Having described my invention, I claim: m 
1. Apparatus of the character described for handling 

grout and like semi-fitid fixtures, comprising: an up 
right cylinder, a hopper to feed 'said mixture into the 
upper end of the cylinder, a check valve to control flow 
out of the lower end of the cylinder, and a valve-equipped 
piston adapted to reciprocate in said passage, 'said valve 
‘equipped piston including apertured 'sealing means be 
tween two apertured retaining members, a cage extending 
downward from the lower retaining member, a buoyant 
ball member confined by said cage to cut off said aper 
tures on the down-stroke of the piston, and means to 
releasably interconnect said two retaining-members, said 
cage being-anchored to said interconnecting means where 
‘by the cage may be removed for replacement by loosen 
ing i said -1 Interconnecting means. 

2. Apparatus of the character described for handling 
grout and like semi-fluid mixtures, comprising: an up 
right cylinder, a hopper to feed said mixture into the 
upper end-of the cylinder, a check valve to control flow 
'out-of the lower end of the cylinder, and a valve-equipped 
piston adapted to reciprocate in saia passage, said valve 
equipped piston including apertured sealing means be 
tween two apertured retaining members, a cage extend 
ing downward from the lower retaining member, a buoy 
ant ball member confined by said cage to cut off said 
apertures on the down-stroke of the piston, means to 
releasably interconnect said two retaining members, said 
cage being anchored to said interconnecting means where 
by the cage may be removed for replacement by loosen 
ing said interconnecting means, and a plurality of thread 
ed means to releasably interconnect said two retaining 
members and in which said cage is formed of wire-like 
members individually anchored to said threaded means. 

3. Apparatus of the character described for convey 
ing grout and like semi-fluid mixtures, comprising: a 
hopper to receive the mixture, a housing forming a 
pump chamber below the hopper with an upper inlet 
port communicating with the hopper and a lower out 
let port directly below said inlet port and said chamber 
having a straight, free, upright passage for said grout 
between the inlet port and said outlet port, said cham 
ber having a movable wall, means to reciprocate said 
wall to expand and contract said chamber, a conduit 
communicating with said outlet port to convey the mix 
ture to a point of use, a check valve to control flow 
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10 
through said outlet port, and valve means to control flow 
through said inlet port, said valve means including a 
circular valve seat and a buoyant ball member on the 
order of one-third to one-half larger in diameter than 
the inner diameter of the valve seat, said buoyant ball 
member being positioned below the 'valve seat to be 
moved to open position by predominance of fluid pres 
sure exerted through the valve seat and to be held in 
open position by the impact of the stream from the 
valve seat, said buoyant ball member having a density 
of at least 20% of that of water so as to facilitate up 
ward closing movement of the ball member when said 
predominance terminates. 

4. Apparatus of the character described for conveying 
grout and like semi-fluid mixtures, comprising: an upright 
cylinder having a lower outlet port, a hopper above said 
cylinder to feed said mixture into the upper end of the 
cylinder, a conduit communicating with said outlet port 
to convey the mixture to a point of use, a check valve to 
control the flow through said outlet port, a piston adapted 
to reciprocate up and down in said cylinder, said piston 
having a passage therethrough forming a downwardly 
directed valve seat on the lower working face of the pis 
ton, a buoyant ball member positioned below the work 
ing face of the piston to be moved to open position by 
predominant downward fluid pressure through said valve 
seat when the piston initially moves upward and to be 
held in open position by the impact of the stream from 
th valve seat as the piston continues its upward move 
ment, said buoyant ball member having an average density 
of less than the density of water so as to facilitate upward 
closing movement of the valve when the subsequent down 
ward movement of the piston is initiated, and a cage for 
said buoyant ball extending downward from the worki 
face of the piston to limit the movement of the buoyant 
ball away from said valve seat. . 

'5. Apparatus of the character described for handling 
grout and like semi-fluid mixtures, comprising: an upright 
cylinder, a hopper to feed said mixture into the upper end 
of the cylinder, a check valve to control flow out of the 
lower end of the cylinder, and a valve-equipped piston 
adapted to reciprocate in said passage, said valve-equipped 
piston including apertured ceiling means between two 
apertured retaining members, a cage extending downward 
'from the lower retaining member and a buoyant ball 
member confined by said cage to cut off said apertures on 
the downstroke of the piston, said buoyant ball member 
having an average density of less than the density of 
water. 

6. Apparatus of the character described for handling 
grout and like semi-fluid mixtures, comprising, a housing 
forming a pump chamber having a movable wall, said 
chamber having an inlet port and an outlet port directly 
below said inlet port for downward flow of semi-fluid 
mixtures through said chamber, means to reciprocate said 
movable wall to expand and contract said chamber, said 
chamber including a substantially straight, free upright 
passage for said mixture between said ports, a check valve 
to control the flow of said mixture through said outlet 
port and valve means adjacent said inlet port to control 
flow to said chamber, said valve means including a valve 
seat and a buoyant ball member, supporting means dis 
posed beneath said valve seat for freely supporting said 
buoyant ball member beneath said valve seat, said buoyant 
ball member being movable to open position by the im 
pact of the stream of said mixture moving downwardly 
through said valve seat, said buoyant ball member hav 
ing a diameter greater than the diameter of said valve 
seat, said buoyant ball member having an average density 
of less than the density of the mixture being pumped so 
as to facilitate upward closing of the valve means by seat 
ing of said ball member upon said valve seat. 

7. An apapratus as set forth in claim 6 wherein the 
cross-sectional area of the space for flow around said ball 
member is one and three-quarters to two and one-quarter 
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times the cross-sectional area of the passage through said 
valve seat. 

8. Apparatus of the character described for conveying 
grout and like semi-fluid mixtures, comprising, an upright 
cylinder having a lower outlet port, a hopper above the 
cylinder to feed said mixture into the upper end of the 
cylinder, a conduit communicating with said outlet port 
to convey the mixture to a point of use, a check valve to 
control flow through said outlet port, a piston adapted to 
reciprocate in said cylinder, said piston having a passage 
therethrough, a valve seat disposed on the lower surface of 
said piston, a buoyant ball member beneath said valve 
seat, supporting means disposed beneath said valve seat 
for freely supporting said buoyant ball member beneath 
said valve seat, said buoyant ball member movable to open 
position only by predominant downward pressure of said 
mixture passing through said valve seat when the piston 
initially moves upward and free to be held in open posi 
tion only by the impact of the stream of said mixture 
moving downwardly through the valve seat as the piston 
continues its upward movement, said buoyant ball mem 
ber having a density of at least twenty percent of the 
density of water so as to facilitate upward closing move 
ment of the ball member when the subsequent downward 
movement of the piston is initiated. 

9. An apparatus as set forth in claim 8 wherein said 
ball member is one-third to one-half larger in diameter 
than the inner diameter of said valve seat. 

10. An apparatus as set forth in claim 9 wherein the 
inner diameter of said cylinder is twice the inner diam 
eter of said valve seat. 

11. Apparatus of the character described for conveying 
grout and like semi-fluid mixtures comprising, a housing 
forming a pump chamber having a movable wall, said 
chamber having an inlet port and an outlet port directly 
below said inlet port for downward flow of semi-fluid mix 
tures through said chamber, said pump chamber includ 
ing a substantially straight, free upright passage for said 
mixture between said ports and a laterally extending pas 
sage located between said ports, said movable wall dis 
posed within said laterally extending passage, means to 
reciprocate said movable wall to expand and contract said 
pump chamber, a check valve to control the flow of said 
mixture through said outlet port, and valve means adja 
cent said inlet port to control flow to said chamber, said 
valve means including a valve seat and buoyant ball mem 
ber, supporting means disposed beneath said valve seat 
for freely supporting said buoyant ball member beneath 
said valve seat, said buoyant ball member being movable 
to open position by the impact of the stream of said mix 
ture moving downwardly through said valve seat, said 
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12 
buoyant ball member having a diameter greater than the 
diameter of said valve seat, said buoyant ball member 
having an average density of less than the density of the 
mixture being pumped so as to facilitate upward clos 
ing of the valve means by seating of said ball member 
upon said valve seat. 

12. The apparatus as set forth in claim 11 wherein said 
movable wall is a piston. 

13. Apparatus of the character described for convey 
ing grout and like semi-fluid mixtures comprising, a 
housing forming a pair of pump chambers, each of said 
chambers having a movable wall, each of said chambers 
having an inlet port and an outlet port directly below 
said inlet port for downward flow of said semi-fluid 
mixture through said chambers, each of said chambers 
including a substantially straight, free upright passage 
for said mixture between said ports, a conduit communi 
cating with said outlet ports to convey the mixture to a 
point of use, means to reciprocate said movable walls to 
expand one of said chambers while simultaneously con 
tracting the other chamber, a check valve to control the 
flow of said mixture through each of said outlet ports, 
and valve means adjacent to each of said inlet ports to 
control flow to said chambers, said valve means including 
a valve seat and a buoyant ball member, supporting means 
disposed beneath said valve seat for freely supporting said 
buoyant ball member beneath said valve seat, said buoyant 
ball member being movable to open position by the im 
pact of the stream of said mixture moving downwardly 
through said valve seat, said buoyant ball member hav 
ing a diameter greater than the diameter of said valve 
seat, said buoyant ball member having an average density 
of less than the density of the mixture being pumped so 
as to facilitate upward closing of the valve means by 
seating of said ball member upon said valve seat. 

14. An apparatus as set forth in claim 13 wherein each 
of said movable walls is a rubber-like diaphragm disposed 
between the inlet port and outlet port of its respective 
pump chamber, 
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