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2,999,514
CONTROLS FOR FLUID TREATMENT APPARATUS
Benjamin H. Kryzer, St. Paul, Miuxn., assignor, by mesne
assignments, to Union Tack Car Cempany, Chicago,
1., a corporation of New Jersey
Filed June 25, 1958, Ser. No. 744,577
13 Claims., (CL 137—624.18)

This invention relates to controls for water softeners
and other fluid treatment apparatus and particulasly to
improved controls of the automatic or semi-automatic
type which are adapted to institute and terminate a
plurality of treatment operations of predetermined dura-
tion. This application is a continuation in part of my
application Serial No. 616,232, filed October 16, 1956,
now abandoned.

It is an object of my invention to provide novel, simple
and reliable automatic controls for treatment apparatus
of the class described. ‘

A particular object is to provide controls for apparatus
having a treatment tank and a regenerating fluid tank
including a main valve activated by time control means,
an aspirator for feeding a regenerating fluid to the soft-
ener tank for a predetermined period of time and means
for by-passing the aspirator and providing increased rate
of flow through the treatment tank during the periods of
backwashing, the by-passing means including a valve
activated by time control means.

A further and particular object is to provide a control
for flow through a tank having a main valve actuated
by fluid pressure responsive means from a service posi-
tion in which flow is established in one direction through
the tank to a regenerating position in which flow is estab-
lished in the reverse direction through the tank, and in-
cluding an aspirator controlling the rate of flow in one
direction during regeneration and a valve controlled by-
pass for the aspirator which is operative during back-
washing operation.

Another object is to provide an automatic water soft-
ener control which includes timing means operative at
the end of a cycle of regeneration and backwashing to
quickly restore normal pressure in the softemer tank to
thereby insure reliable operation of a pressure respori-
sive main valve and waste control valve even in installa-
tions where the available water pressure is low.

My invention also includes certain other novel features
of the valves, flow passages, conduits and timing mech-
anism for apparatus of the class described.

Referring to the accompanying drawings which illus-
trate, by way of example and not for the purpose of
limitation, a preferred and a modified embodiment of
my improved controls:

FIGURE 1 is a part side elevational view and part
vertical sectional view showing one embodiment of the
controls associated with a treatment tank and the con-
nsctions with the tank;

FIG. 2 is a vertical sectional view through a preferred
modification of the main valve, aspirator and associated
passages, together with a portion of the treatment tank
and the inlet and outlet connections therefor;

FIG, 3 is a fragmentary vertical sectional view taken
approximately on the line 3—3 of FIG. 2;

FIG. 4 is a horizontal sectional view taken approxi-
mately on the line 4—4 of FIG. 2;

FIG. 5 is a schematic view of the timing mechanism
and associated switch blades and circuits with the switch
blades and timer cam in the position for water soften-
ing operation;

FIG. 6 shows the switch blades and timer cam. with
these elements in the positions for regenerating opera-
tion;
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FIG. 7 is a view similar to FIG. 6 showing the switch
blades and cam in positions for backwashing operation;

FIG, 8 shows the switch elements and cam in a fourth
position for causing quick restoration of pressure in the
tank after backwashing and prior to the return to soften-
ing operation, and

FIG. 9 shows details of the switch biades link and
spacer on a larger scale.

As shown in FIG. 1, my controls are connected to a
tank 4 containing a bed of softening material 5. Extend-
ing into the upper portion of the tank is a distributor 6.
connected to a tank inlet fitting 7 and a second distribu~
tor 8 communicates with the lower portion of the tank
and is connected to a tank outlet fitting 9.

The controls shown in FIG. 1 include a main valve in-
dicated generally at 10. This valve has a first chamber
11 communicating with the tank inlet fitting 7, a second
chamber 12 in continuous communication with a supply
pipe 13 for fluid under pressure, and a third chamber
14 in coatinuous communication with a conduit 15. A
conduit 16 extends from the chamber 11 to the tank inlet
7. Movable in the chamber 12 is a valve head 17
adapted to place this chamber selectively in communica-
tion with the chamber 11 or chamber 14. The head 17
is fixed on the lower end of a stem 18 and the latter is
connected centrally to a flexible diaphragm 19 adapted to
actuate the valve head in response to differences in pres-
sure at opposite sides of the diaphragm. One side of the
diaphragm 19 is exposed to fluid pressure in the chamber
11 and the opposite side is exposed to pressure in a cham- )
ber 28. A passage 21 connects the chamber 20 with a
waste outlet conduit 22 and the flow through the conduit
22 to a waste outlet 23 is under control of a valve in-
dicated generally at 24. The valve 24 is of the solenoid
actuated type having a head 25 which is connected to the
plunger of the solenoid and biased toward closed position
by a coiled spring 26. A solencid coil in a housing 27
is adapted to be energized as hereinafter described by
suitable time control mechanism and an electric circuit,

Confined in the chamber 20 of valve 16 is a coiled
spring 28 which biases the head 17 of this valve to the
position shown in FIG. 1 wherein the supply pipe 13 isin
communication with the tank inlet 7 through the cham-
bers 12 and 11 and conduit 16. When the head 17 is
actuated to a second position direct communication be-
tween the chambers 11 and 12 is closed and chamber
12 is in communication with chamber 14 and conduit 15.

A waste port 29 is formed in the casing of valve 10
and js connected by a passage 29z to the inlet side of
a flow control device 30 which is arranged to discharge
into the waste conduit 22. - This conirol device is con-
structed from resilient compressible material so that its
axial passage is restricted in response to progressive in-
creases in pressure in the passage 29z when the waste
control valve 24 is open. Flow control device 30 is
designed to permit flow to waste at the rate best suited
to backwashing of the softening material in the tank 4.

Conduit 15 connects chamber 14 with a chamber 31
in the upper portion of a casing 32 of the aspirator de-
vice. This casing is formed with a suction chamber 33
adapted to be -supplied with regenerating fluid from a
conduit 34 and an aspirator nozzle 35 is arranged in the
chamber 33 to discharge into a throat fitting 36 pro-
jecting into an outlet chamber 37. Flow from the fitting
36 enters an extension 38 of the conduit 15 connected
to the tank outlet fitting 9 at its lower end.. Thus the
aspirator device is interposed in a conduit that may be
referred to as a first conduit connected to the tank out-
let. Conduit 34 is connected to a suitable source of

0 regenerating fluid. For example, the conduit 34 may

be connected to a float yalve and reservoir of the type
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described in Whitlock Patent No. 2,716,422, dated
August 30, 1955.

A service pipe 39 communicates with a service out-
let port 40 formed in the casing 32 and this port is in
continuous communication with the chamber 31 of the
first conduit. Also formed in the casing 32 is a passage
41 arranged to by-pass the aspirator and permit flow at
an increased rate from the conduit extension 38 to the
port 40. A check valve 42 of the flap type permits flow
from passage 41 to port 40 but prevents reverse flow
through the passage 41.

A second by-pass for the aspirator nozzle 35 and throat
fitting 36 comprises a conduit 43 having one end in
communication with the chamber 37 and the other end
in communication with the port 40. Flow through by-
pass conduit 43 is under control of a valve 44 adapted
to be actuated by a sclenoid plunger wunder control
of a solenoid coil in a housing 45. “This valve is biased
toward closed position by a spring 46 and is open only
when the solenoid is energized. The functions of the
by-pass conduit 43 and valve 44 are to permit flow from
the conduit 15 into the lower portion of the tank 4 at
an increased rate during backwashing operation and
to quickly restore normal pressure in the tank and flow
system at the end of the regenerating and backwashing
operations when the solenoid of this valve is energized.

Referring to the modification of the invention shown
in FIGS. 2, 3 and 4, the controls include a main valve
having a housing, indicated generally at 47, and actu-
ating mechanism of the fluid pressure responsive type for
this valve. There is also a second valve 48 (FIG. 3)
and a third valve 49 (FIG. 1) both of the solenoid actu-
ated type. These valves are more compactly arranged
than those of the form of the invention shown in FIG. 1.
The valve assembly is mounted on the top of a tank
50 adapted to contain a bed of softening material simi-
lar to that in the tank 4.

Housing 47 for the main valve has a first chamber 51,
a second chamber 52 and a third chamber 53 separated
by partitions 54 and 55, each formed with a port for
the passage of liquid from the chamber 52. Water or
other liquid under line pressure substantially above at-
mospheric pressure is fed to the chamber 52 which con-
stitutes an inlet chamber. The main valve has a stem 56
extending axially through the ports in the partitions 54
and 55. Fixed on this stem below the partition 54
is a washer 57 adapted to open and then close the port
in partition 54. Above the partition 55 a second washer
58 is fixed on the stem 56 and arranged to close and
then open the port in partition 55. Also fixed on the
stem 56 above the partition 55 is a piston 59 which
is movable in a chamber 60 above chamber 53, being
provided with a peripheral sealing ring 594. A spring
61 is confined in chamber 69 to bias the piston 59 down-
wardly to a position in which washer 58 closes the port
i51411 partition 55 and washer 57 opens the port in partition

As shown in FIG. 3, a passage 62 connects the cham-
ber 60 to a waste port 63 and a waste conduit 64
extends from the port 63. Flow through this conduit
is under control of the valve 48. There is also a more
restricted passage 65 extending from the port 63 to the
lower valve chamber 51.

Tank 50 has in its upper portion an inlet conduit 66
and a distributor corresponding to the distributor 6
shown in FIG. 1. Conduit 66 opens at its upper end
into chamber 51. Extending downwardly in parallel
relation to inlet conduit 66 is an outlet conduit 67 having
on its lower end a distributor disposed within and near
the bottom of the tank 50, ms in the case of the dis-
tributor 8 in the tank 4. At its upper end conduit 67
communicates with the chamber 68 into which regener-
ating fluid from the lower end of an aspirator 354—36a
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FIG. 1 has a nozzle 35a projecting into a chamber 334
and discharging into a throat fitting 364 disposed in
axial alignment with the tank outlet conduit 67. Regen-
erating liquid is supplied to the chamber 33« through
a conduit 34a. To supply liquid under pressure to the
upper end of nozzle 354 a passage 15a connects with the
main valve chamber 53. Suction is created in the cham-
ber 33a by flow from the nozzle 354 into the throat
fitting 364 and thence into the tank outlet. Hard water
under pressure is supplied to the chamber 52 through a
supply pipe 13a and soft water is discharged from the
majn valve casing through a service port 402 and service
pipe 39a.

As indicated in FIG. 2, the chamber 68 is in communi-
cation with the tank outlet below the aspirator and is
in communication with the service port 40a under con-
trol of a check valve 42a so that the aspirator may be
by-passed when pressure in the chamber 68 substan-
tially exceeds that in the passage 15a. Check valve 42a
is spring biased to prevent by-pass of the aspirator from
the passage 15a to the chamber 68 during regeneration.
A second passage for by-passing the aspirator is formed
by a conduit 432 and flow through this conduit is
under control of the solemoid actuated valve 49.

When treating water containing sediment, accumula-
tions of particles sometimes clog the aspirator nozzles.
To facilitate removal of sediment from the nozzle 35a
and discharge fitting 364, I provide a plunger 73 carry-
ing on its lower end a pin 74 adapted to be passed
through the restricted passages in these aspirator mem-
bers as often as required and with a minimum of effort.
The plunger 73 projects to the exterior of the valve
housing 47 through a suitable sealed bearing and a spring
75 biases the plunger and pin 74 toward the retracted

5 position shown. Flow of sediment to the nozzle is mini-

mized by providing concentric screens 76 at the junciion
of the passage 154 and upper end of the nozzle 35a.

As indicated in FIGS. 3 and 4, the main valve housing
is secured by machine screws to a screw threaded cap
77 fitting in a threaded opening in the upper end of the
tank 38. This cap has an annular seal at its junction
with the tank and is formed with openings to receive inlet
conduit 66 and outlet conduit 67.

Details of the solenoid actuated valves 48 and 49 are
shown in FIG. 3. Each of these valves has a diaphragm
member 78 adapted to close against an annular seat 79
to interrupt flow through the conduit. Extending axially
through the member 78 is a restricted passage 80 adapted
to be closed by a conical member 81 formed on the
lower end of a solenoid plunger 82. This plunger is
biased toward closed position by a spring 83 mounted
within a chamber 84 in the coil 484. Valve member 78
is normally held in closed position by fluid pressure on
the upper side of this member which is also subject to
the bias of spring 83. There is an inlet port 85 disposed
to be supplied with fluid under pressure above atmos-
pheric and an outlet port 86 which is normally open to
atmospheric pressure. To admit fluid to the upper side
of diaphragm member 78 a small perforation 87 is formed
in its flexible peripheral portion. This perforation is sub-
stantially smaller than the flow passage 80.

When coil 48a is energized, plunger 82 is raised against
the bias of spring 83 so that the fluid at the upper side
of the diaphragm member 78 escapes through axial pas-
sage 80 into outlet port 86. Pressure on the lower side
of the peripheral portion of member. 78 is thereby caused
to actuate this member to open position in relation to
its seat 79. It will thus be evident that valve 48 is a
modification of valve 24 shown in FIG. 1 and performs
the same functions, namely those of controlling flow
through the waste conduit and pressure in the chamber
at the upper side of the pressure responsive main valve
actuating member. The construction of valve 49 con-
trolling flow through by-pass conduit 43¢ may be similar
to that of valve 48 and performs the same functions as
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valve 44 controlling flow throngh by-pass: conduit 43 of
FIG. 1.

Timing mechanism for both of the controls  herein-
before described is shown diagrammatically in FIGS. §,
6,7, 8 and 9. In FIG. 5 the solenoid coil for valve 48
is indicated at 48a and that for valve 49 at 494. These
coils are shown in circuits for energizing them and simi-
lar circuits may be provided to energize the solenoids
actuating valves 24 and 44 shown in FIG. 1. An electric
motor 87 of the synchronous timer type is operatively
connected to a cam 88 so that the latter makes one
revolution during a predetermined period of time. For
example, for an installation where water softening ap-
paratus is designed to be regenerated and placed back in
service once in every twenty-four hours gear reduction
connections between the motor 87 and cam 88 may be
such as to turn the cam one revolution every twenty-
four hours.

Cam 88 is adapted to actuate spring switch blades in-
dicated by the numerals 89, 90, 91 and 92 respectively
and current may be supplied to the motor 87 by con-
ductors 93 and 94. Switch blades 89-91 are secured to
a base 95 of insulating material. Blades 90 and 91 have
ends which project to slidably engage the periphery of
cam 838. Relative movement of the blades 90 and 92
is limited by a link 96 of insulating material which em-
braces these blades together with the blade 91 between
them and constitutes a stop at the right side of blade 92
and the left side of blade 90. Blade 91 is movable to
and from the blade 92. A spacer 97, formed from in-
sulating material, fits loosely in an opening in blade 91
and has reduced end portions 98 that fit loosely in open-
ings in the blades 9% and 22 respectively. A projection
9%a on the spacer 97 is adapted to abut against the right
side of blade 99 and to constitute a stop for the left side
of blade 91. Also formed on the spacer 97 is a shoulder
28b adapted to abut against the left side of blade 92.
Comnecting the lower portion of the blade 89 with the
blade 99 is a spring $% which biases the blade 90 toward
the blade 89. At is free end, the blade 89 is offset later-
ally from the periphery of cam 88 to coact with a pin
160 projecting from a face of the cam so that the blade
89 is positively actuated to make contact with blade 99
during a predetermined period in the cycle of operation.

Current for energizing coil 48a (or that of the solenoid
actuated valve 24) may be supplied by a circuif which
includes a branch 181 of the supply wire 94, solenoid
coil 48a, a conductor 182, switch blades 92 and 91
and a conductor 103 extending to the supply wire 93.
A vparallel circuit for energizing solenoid coil 49a in-
cludes conductor 181, a conductor 144, switch blades 90
and 89 and a branch 185 of conductor 103 extending to
supply wire 93. To control movement of switch blades
%9 and 91 the cam 88 is formed with a main peripheral
segment 166 terminating in a radial segment 17. - From
segment 187 a relatively short segment 108 extends to
a notch segment 199.

Operation

During water softening operation the several valves
are in the positions shown in FIGS, 1-4 inclusive and the
electric circuits for energizing the solenoids of the waste
and by-pass valves are open, as indicated in FIG. 5.
Motor 80 is comtinuously energized and cam 88 con-
tinues to rotate in the direction indicated by arrows in
FIGS. 5-8.

Referring to the form of the invention shown in FIG.
1, during water softening operation the valves 24 and 44
are closed and the head 17 of the main valve is in the
position shown wherein flow is established from the supply
pipe 13 through chambers 12 and 11 to conduit 16 and
tank inlfet 7. Hard water is thus caused to flow from
he top distributor 6 through the bed of softening mate-
rial 5, and soft water flows through the distributer 8,
outiet ¢, conduit 38, passage 37, to port 40 and service
pipe 39, past check valve 42,
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Regeneration. is started when switch blade 90 drops
from the frailing end of cam segment 106 to segment
108; as indicated in FIG. 6, while the blade 91 remains
in contact with the segment 166. Blade 20 is moved to
the left by the spring 99 and actuates link 96 to pull
switch blade 92 to the left closing contact with the blade
91 and completing the circuit including solenoid coil 48a
or the coil of solenoid valve 24 thereby causing this valve
to open waste conduit 22. Pressure is thereby reduced
substantially to atmospheric: pressure in passage 21 and
chamber 208, This causes diaphragm 19 to move upward-
ly under the higher pressure exerted by the fluid in the
chamber 11 so that valve head 17 connected to the
diaphragm is moved to its upper or second position where-
in flow is cut off from chamber 12 to. chamber 11 and
tank inlet 7, while flow is established from pipe 13 and
chamber 12 through chamber 14, conduit 15, aspirator
nozzle 35 and throat fitting 36 to conduit 38, tank out-
let 9 and distributor §. This flow causes the fluid pres-
sure in the chamber 33 to be reduced and draws brine
through the conduit 34. Brine mixed with water from
the nozzle 37 is thus fed info the tank outlet 9 and flows
upwardly through the bed § to the distributor 6 and tank
inlet 7. From the latter the spenti brine is discharged
through conduit 16, port 29, flow regulating device 36,
conduit 22 and valve 24 to the waste outlet 23. The rate
of flow of the regemerating fluid through the softening
material in the tank 4 is determined by the cross sec-
tional areas. of the nozzle 35 and throat 36 for liquid
suppiied at any particular pressure. These flow controls
are designed to provide a slower rate of flow than that
permitted by the flow control device 3¢ which limits the
rate of flow to waste during backwashing. During re-
generation hard water is supplied to the service outlet
pipe 39, through the conduit 13, chamber 31 and port 48.
Also during regeneration, the coil of solenoid valve 44
remains deenergized so that by-pass conduit 43 is closed
and the aspirator is cperative.

At the end of the predetermined period for regenera-
tion, flow of brine is cut off by the brine valve (not
shown) but hard water continues to flow through the
aspirator into the lower portion of the tank and from the
upper portion of the tank to the waste outlet. This rela-
tively low rate of flow is increased for backwashing when
switch blade 90 drops into notch segment 108 of cam 88,
as indicated in FIG. 7, and pin 100 on cam 88 holds
switch blade 89 against movement to the left. The cir-
cuit is thereby closed between the blades 89 and 98.
This circuit energizes solenoid coil 49a or the coil of
solenoid valve 44. Switch blade 91 remains in contact
with cam segment 106 during backwashing, as indicated
in FIG. 7, and link 96 holds blade 92 in its contact closing
positicn. Thus: the coils of both solenoid valves are
energized during backwashing. During backwashing, up-
ward flow through the tank 4 to waste outlet 23 is in-
creased by flow through conduit 43, valve 44 and con-
duit 38. The rate of this backwash flow is regulated by
the device 30 which discharges into the waste conduit 22.
The time required for backwashing is ordinarily con-
siderably shorter than that required for regeneration.

At the end of the backwashing period, switch blade 91
drops off of cam segment 106 to segment 188, as indi-
cated in FIG. 8, so that blade 91 springs away from blade
92 and causes the circuit including solenoid coil 48a ox
the coil of solenoid valve 24 to be deenergized. Blade 92
is held back by the spacer 97. For a further short period,
contact between the blades §9 and 96 is maintained, the
blade 89 being confined against movement to the left by
pin 100 and contact between these blades is maintained
by spring 99." Energization of the by-pass control valves
44 or 49 is thus continued for a short period after the
waste valve solenoid has been deenergized.

By retaining by-pass valve 44 in open position after
the solenoid of waste valve 24 has been deenergized, I
insure rapid retomn of the main valve to the water soften-
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ing position. This is advantageous because at the end of
the regenerating and backwashing operations the pres-
sure in the tank 4 may be too low to move the diaphragm
actuated main valve head to its water softening position.
With valve head 17 in its upper closed position, it is neces-
sary to build up pressure above diaphragm 19 in order
to close head 17 at its lower seat. Low pressure ap-
proaching atmospheric pressure may extend from cham-
ber 20 through passages 21, 29z and the tank 4. In the
absence of an open by-pass 43, pressure in the tank could
build up only by flow through the aspirator nozzle. The
resulting slow build-up of pressure makes the operation
of the main valve unreliable, particularly in installations
where the available water pressure is low. When t'lje
by-pass 43 is held open, pressure in the tank and dia-
phragm chamber 20 is built up rapidly by flow through
the conduits 15 and 38, and the valve head 17 is moved
to its Tegenerating position quickly. As a further result
of the rapid return to normal pressure in the tank, soft
water is caused to flow from chamber 33 through con-
duit 34 to replace brine that has been removed from the
brine tank during the regenerating period.

A relatively short time, on the order of five minutes,
is sufficient for the restoration of normal pressure in the
tank and return of the main valve to its water softening
position. The period for restoration of pressure is ter-
minated when the pin 160 releases switch blade 89 so
that this blade springs away from the blade 90 and the
latter is held in its open position by engagement with
the leading end of the segment 106. The circuit includ-
ing solenoid coil 49a or the coil of solencid valve 44 is
thereby deenergized and the apparatus is returned to water
softening operation.

Operation of the modification of the invention shown

in FIGS. 2, 3 and 4 is similar to that described with

reference to the form shown in FIG. 1. During water
softening, hard water entering through the pipe 134 and
chamber 52 flows past the washer 57, through chamber
51, inlet conduit 16, downwardly through the water
softening material in the tank 50, up through outlet
conduit 67 to chamber 68 and thence past check valve
424 to the soft water port 40a and service pipe 39a.

Regeneration is started by the closing of the circuit
(FIG. 5) energizing solenoid coil 48a of valve 48. This
circuit is closed when the switch blades spring to the posi-
tions shown in FIG. 6. When valve 48 opens the pressure
in chamber 69 is reduced by flow through the passage 62,
port 63 and waste conduit 64. Thereupon, fluid pressure
in inlet chamber 52 and chamber 53 at the lower side of
the piston 59 moves the piston upwardly against the bias
of spring 61 to open the port between chamber 52 and
chamber 53, and close the port between chamber 51 and
chamber 52 by operation of the washers 55 and 57.
Liquid flowing from chamber 53 throngh passage 15z and
the aspirator nozzle 35z now creates suction in chamber
" 332 and conduit 34¢ to draw brine from the brine supply
tank. The aspiratcr thus operates to cause a mixture of
concentrated brine and water to flow from the fitting
36a through outlet conduit 67 to the bottom tank dis-

tributor. Brine flows upwardly through the body of water -

softening muaterial, and the spent brine passes out to
waste through conduit 66, chamber 51, passage 65, port
63 and conduit 64.

At the end of the predetermined regenerating period
valve 48 remains open and the by-pass control valve 49
is caused to open by energizing its solenoid coil 49a
which is included in the circuits hereinbefore described.
Switch blades 89—90 and 91—92 are then in the closed
positions indicated in FIG. 7 for the duration of the back-
washing period. Water flows from inlet chamber 52
through the port in partition 55 to chamber 53 and
through passage 154, by-pass conduit 434, chamber 68, and
conduit 67 to the bottom distributor, then upwardly
through the softening material to the top distributor and
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through conduit 66, chamber 51, passage 65, port 63 and
conduit 64 to waste.

Timer cam 88 retains the switch blades in their back-
wash positions for a suitable time and then reaches a
position wherein blades 91 and 92 spring apart to open
the circuit including solenoid 48a while the circuit includ-
ing coil 49a remains closed, the switch blades being in
the positions indicated in FIG. 8. When the controls are
in these positions, the pressure in the tank and flow sys-
tem is quickly returned to the normal line pressure. As a
result, the waste valve 48 is moved quickly to its closed
position and the main valve moved quickly from its regen-
erating position to its water softening position.

Both of these valves, being operated by pressure-
responsive means, depend for efficient operation on restora-
tion of normal operating pressure after the regenerating
operation.

More specifically, in order to return piston 59 to its
water softening position, indicated in FIGS. 2 and 3, and
to cause solenoid valve 48 to close, it is necessary to build
up the pressure in the chamber 60 of the main valve and
in the chamber above the waste valve member 78. With
reduced pressure in the port 85, and in the chamber below
member 78, a short period of time is required for suf-
ficient fluid to pass through the cpening 87 to build up
normal operating pressure above member 78. This valve
member closes promptly when the pressure in the system
is built up to normal line pressure as is the case when
valve 49 is retained in its open position after the sole-
noid 48a has been deenergized.

Accordingly, an important feature of my invention is
the provision of a control valve in the by-pass conduit
43 or 43a and means for retaining the by-pass open for
a substantial period of time, e.g., five minutes, after the
drain valve solencid has been deenergized. Typically,
the cam 88 is designed to actuate the switch blades
89-92 through a cycle providing water softening for
approximately 22 hours and 20 minutes, automatic regen-
eration for approximately 60 minutes, backwashing for
about 15 minutes and then about 5 minutes for restora-
tion of normal pressure in the flow system.

By simple modification of the cam 88 and its connec-
tions with the motor 87, and by providing a switch or
switches for starting and stopping the motor, my con-
trols may be made semi-automatic. With such controls
the operator merely operates a starter switch which initi-
ates the cycle required for regeneration and/or backwash-
ing of predetermined duration followed by automatic re-
turn of the apparatus to water softening operation. For
installations where backwashing at an increased rate of
flow is not required, the by-pass conduit 43 (or 43a) and
its control valve, solenoid and activating circuit including
switch blades 89 and 90 may be eliminated.

As in other automatic softeners my timing mechanism
may be set so that regeneration is effected at an hour when
there is little or no demand for water. Thus the service
outlets connected to the pipe 39 are ordinarily closed dur-
ing regeneration and backwashing.

I claim:

1. A control for fluid treatment apparatus comprising
casing means having first and second tank conmnecting
ports, a main valve having a first chamber, a second
chamber and a third chamber; partitions separating said
second chamber from the first and third chambers respec-
tively and having ports for flow from the second chamber
to the first and third chambers; said first tank connecting
port communicating with said first chamber; a supply
pipe for fluid under pressure connected to said second
chamber; a first passage connecting said third chamber to
said second tank connecting port; a service outlet port
communicating with said first passage; closure means
movable to selectively close the ports in said partitions,
said closure means being movable to a first position closing
the port in the partition between the third and second
chambers and opening the port in the partition between
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the first arrd second chambers, and said closure means
being movable to a second position opening the port in
the partition between the second and third chambers and
closing the port in the partition between the first and
second chambers, a waste outlet port communicating with
said first tank connecting port; a waste conduit vented to
atmospheric pressure and connected to said waste outlet
port; a second valve which is operative independently of
said closure means controlling flow from said waste outlet
port to said waste conduit; an aspirator interposed in said
first passage to direct fluid to said second tank connecting
port; means for conducting a regenerating fluid to said
aspirator; a second passage having ends connected to
said first passage near the inlet and outlet sides respec-
tively of said aspirator and disposed to by-pass said as-
pirator; a third valve which is operable independently of
said second valve, interposed in said second passage to
control flow through said passage; fluid pressure responsive
means operatively connected to said closure means; ong
side of said fluid pressure respounsive means being subject
to the pressure in said first tank connecting port and the
other side being subject to the pressure in said waste con-
duit; and antomatic timing means operatively connected
to said second and third valves for activating them succes-
sively to open positions and then to closed positions at
predetermined time intervals.

2. A control in accordance with claim 1 in which
electro-magnetic means are provided to actuate said sec-
ond and third valves to open said waste conduit and sec-
ond passage respectively.

3. A conirol in accordance with claim 1 in which said
automatic timing means comprise means for opening said
third valve subsequently to the opening of the second
valve and for closing the second valve prior to the closing
of the third valve whereby normal pressure is réstored in
said second tank connecting port by flow through said
second passage in the interval between the closing of
said second and third valves.

4. A control in accordance with claim 1 in which said

service outlet port communicates with said first passage -

at the inlet side of said aspirator, including a third pas-
sage extending from: the first passage at the outlet side
of said aspirator to said service outlet port to by-pass
said aspirator; and a check valve in said third passage
permitting relatively unrestricted flow from said second
tank connecting port past the aspirator to the service
outlet port.

5. A control in accordance with claim 1 ip which said
closure means comprise a stem operatively connected to
said floid pressure responsive means and extending
through the ports in said partitions, and washers fixed on
said stem and movable in said first and third chambers
respectively to and from said first and second positions.

6. A control in accordance with claim 1 in which said
closure means comprise a head movable in said second
chamber, operatively connected to said fluid pressure re-
sponsive means and movable to and from said first and
second positions.

7. A control in accordance with claim 1 in which elec-
tro-magnetic means are provided to actuate said second
and third valves respectively, and in which said timing
means comprise a cam, a motor operatively connected to
said cam, electric switches disposed to be actuated by
said cam, and electric circuits under control of said
switches including said electro-magnetic actuating means
for the second and third valves respectively whereby said
valves are caused to open and close at predetermined
times.

8. A multiport valve comprising a casing having first,
second and third chambers therein, a fluid inlet passage
communicating with said first chamber, said casing hav-
ing first and second parts therein providing communi-
cation between said first chamber and said second cham-
ber and between said first chamber and said third cham-
ber, respectively, valye means movable from a position
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blocking flow through said second port to a positios
blocking flow through said first port, a raw water outlet
passage communicating with said second chamber, a serv-
ice passage communicating with said third chamber, a
treated fluid passage in said casing, an ejector including
a raw fluid inlet communicating with said third chamber;
a regenerant fluid inlet; and an outlet communicating with
said treated fluid passage and operative to pass a re-
stricted flow of fluid from said third chamber to said
treated fluid passage, a first by-pass means communi-
cating with said third chamber and said treated fluid pas-
sage for passing a flow of fluid from said third chamber
to said treated fluid passage, selectively operable valve
means for controlling the flow of fluid through said first
by-pass means, and a second by-pass means communi-
cating with said third chamber and said treated fluid pas-
sage and including a check valve operable to open and
permit flow from the treated fluid passage to said third
chamber and to close to prevent return flow therethrough
from said third chamber to said treated fluid passage.

9. A multiport valve comprising a casing having first,
second and third chambers therein, a fluid inlet passage
commuinicating with said first chamber, said casing hav-
ing first and second ports therein providing communi-
cation between said first chamber and said second cham-
ber and between said first chamber and said third cham-
ber, respectively, valve means movable between a posi-
tion blocking flow through said second port and a posi-
tion blocking flow through said first port, a raw water out-
let passage communicating with said second chamber,
said casing having a treated fluid passage therein, an ejec-
tor mounted in said casing and including a nozzle hav-
ing the inlet thereof communicating with said third cham-
ber and a throat having the discharge end thereof com-
municating with said treated fluid passage, by-pass means
communicating with said third chamber and with said
treated fluid passage, valve means for controlling the flow
of fluid through said by-pass means normally positioned
to close said by-pass means, a drain passage communi-
cating with said second chamber for passing fluid there-
from to drain, drain valve means controiling flow through
said drain passage normally positioned to close said drain
passage, a first eleciro-responsive means for opening said
drain valve means, means connected to said valve means
and responsive to the opening of said drain valve means
for moving said valve member from a position blocking
flow through said second port to a position blocking flow
through said first port and opening said second port to
supply water from said inlet to said third chamber, a sec-
ond electro-responsive means for opening said valve
means in said by-pass means, and timer means for se-
quentially energizing said first electro-responsive means
to open said drain valve means and for energizing said
second electro-responsive means to open said valve means
in said by-pass means.

10. A multiport valve comprising, casing means hav-
ing first, second and third chambers therein, a flnid inlet
passage communicating with said first chamber, said casing
means having first and second ports therein providing
communication between said first chamber and said
second chamber and between said first chamber and said
third chamber, respectively, a valve member in said first
chamber movable from a position blocking flow through
said second port to a position blocking flow through said
first port, a raw water cutlet passage communicating with
said second chamber, a service passage communicating
with said third chamber, a treated fluid passage in said
casing means, an ejector including a raw fluid inlet com-
municating with said third chamber; a regenerant fluid
inlet; and an outlet communicating with said treated fluid
passage and operative to pass a restricted flow of fluid
from said third chamber to said treated fluid passage, a
first by-pass means communicating with said third cham-
ber and said treated fluid passage for passing a flow of
fluid from said third chamber to said treated fluid pas-
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sage, selectively operable valve means for controlling the
flow of fluid through said by-pass means, and a second
by-pass means communicating with said third chamber
and said treated fluid passage and. including a check valve
operable to open and permit flow from the treated fluid
passage to said third chamber and to close to prevent re-
tarn flow therethrough from said third chamber to said
treated fluid passage.

11.. A multiport valve comprising casing means having
first, second and third chambers therein, a fluid inlet
passage communicating with said first chamber, said cas-
ing means having first and second ports therein provid-
ing communication between said first chamber and said
second chamber and between said first chamber and said
third chamber, respectively, a valve member in said frst
chamber movable between a position blocking flow
through said second port and a position blocking flow
through said first port, a raw water outlet passage com-
municating with said second chamber, a service passage
communicating with said third chamber, said casing
means having a treated fluid passage with one end there-
of disposed adjacent said third chamber, an ejector
mounted in said casing means, and including a nozzle
having the inlet thereof communicating with said third
chamber and a throat having the discharge end thereof
communicating with said treated fluid passage, a first
by-pass means communicating with said third chamber
and said treated fluid passage, a first valve means includ-
ing a movable valve member for controlling the flow of
fluid through said first by-pass means, an electro-respon-
sive means mounted on said casing means for operating
said first valve means, a second by-pass means communi-
cating with said third chamber and said treated fluid
passage, and a second valve means in said second by-pass
means operable to close to prevent flow therethrough
from said third chamber to said treated fluid passage and
to open to permit flow therethrough from said treated
fluid passage to said third chamber.

12. The combination of claim 11 including means
vieldably urging said first valve means to a position
blocking flow through said first by-pass means to nor-
mally prevent flow therethrough, said electro-responsive
means being operative when energized to open said first
valve means.

13. A multiport valve comprising casing means having
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first, second and third chambers therein, a fluid inlet
passage communicating with said first chamber, said
casing means having first and second ports therein pro-
viding communication between said first chamber and
said second chamber and between said first chamber and
said third chamber, respectively, a valve member in said
first chamber movable between a position blocking flow
through said second port and a position blocking flow
through said first port, a raw water outlet passage com-
municating with said second chamber, said casing means
having a treated flnid passage therein, an ejector mounted
in said casing means and including a nozzle having the
inlet thereof communicating with said third chamber and
a throat having the discharge end thereof communicating
with said treated fluid passage, by-pass means communi-
cating with said third chamber and with said treated
fluid passage, valve means for controlling the flow of
fluid through said by-pass means normally positioned to
close said by-pass means, a drain passage communicating
with said second chamber for passing fiuid therefrom to
drain, drain valve means controlling flow through:said
drain passage normally positioned to close. said drain
passage, a first electro-responsive means for opening said
drain valve means, means connected to said valve mem-
ber and responsive to the opening of said drain valve
means for moving said valve member from a position
blocking flow through said second port to a position
blocking flow through said. first port and opening said
second port to supply water from said inlet to said third
chamber, a second electro-responsive means for opening
said valve means in said by-pass means, and timer means
for sequentially energizing said first electro-responsive
means to open said drain valve means and for energizing
said second electro-responsive means to open said valve
means in said by-pass means,
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