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tories Co., Inc., 424 Madison Ave., New York, N .Y.) 
Filed Feb. 14, 1962, Ser. No. 173,201 

3 Claims. (Cl. 317—141) 

This invention relates to systems for controlling the 
delivery of a liquid material to a remote location where 
the amount of material so delivered is critical. 

In general, the invention contemplates a system for re 
plenishing in controlled amounts a liquid constituent of 
a bath in which the liquid is being progressively con 
sumed and in particular one which automatically main 
tains a desired concentration of the liquid in the bath 
unless such maintenance is for some reason impossible 
of ful?llment in which case there is afforded a sensible 
indication. 
The particular embodiment of the invention which is 

hereafter disclosed relates to dishwashing machines and 
employs the electrolytic properties of the detergent in 
the wash tank of the machine to detect and compensate 
for an insu?icient supply in the tank that is available for 
use in the washing operation. Because the new supply 
of detergent is not instantaneously so available on intro 
duction to the tank even though the quantity may be 
sui?cient in amount to ultimately raise the concentration 
to the desired level, a time interval must be afforded to 
measure its uniform concentration. To this end the de 
livery is made in small increments or “shots” and after 
each “shot” the control system is reset for its succeeding 
one if necessary. This cycling operation of the system 
introduces a delay in the oif-to-on interval which a?ords 
some time for a blending of the detergent in the wash 
water and hence a more accurate measurement of its 
true concentration. The principal advantage of cycling 
the delivery of the detergent to the wash tank is the pre 
vention of excessive overshooting which would be present 
if the delivery were continuous. 
A circuit supplied by an A.C. source has a pair of elec— 

trodes in the wash tank which are made responsive to 
the conductivity of the wash solution as determined by 
the concentration of the detergent therein serving thereby 
to start the supplying of new detergent. A separate con 
ductivity device in the detergent supply for stopping the 
delivery of detergent is dispensed with and in lieu thereof 
heat responsive elements are placed in the circuit for 
adjusting the impedance of the sensing circuit and thereby 
timing the feeding of detergent material to the tank. One 
of the thermal timing elements is a bimetallic switch 
which closes on cooling in the oif-to-on interval thus 
affording a time delay for blending the detergent in the 
wash water as aforementioned. The switch is connected 
in series with and between the conductivity device and 
a bridge-type recti?er in the circuit and, therefore, passes 
an A.C. current which is desirable for the elimination of 
arcing. Shunting the switch is a hot wire resistor which 
is the second thermal timing element in the circuit. This 
element is placed in the circuit in effect when the switch 
is broken and increases in impedance as its temperature 
rises during the on cycle. It is thus seen how the two 
thermal timing elements act cooperatively and sequen 
tially to determine the length of the feed cycle. 
A smoothing capacitor is a third timing element in the 

control circuit being employed to introduce a delay be 
tween feed cycles. This element is disposed in the recti 
?er output and across the relay coil which is in control 
of both the heater for the bimetallic switch and the deter 
gent feed apparatus. Its primary function is to smooth 
the current in the relay to prevent it from chattering. 
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In addition, its capacitance is sut?ciently large that it 
introduces a time delay during its recharging phase which 
starts at the termination of the feed cycles at which point 
the impedance in the control circuit is maximum and 
the voltage across the capacitor is minimum. The addi 
tional delay introduced by the capacitor during the off 
to-on cycle permits the blades of the bimetallic switch 
to return to near normal pressure and the resistor to 
return to near ambient temperature state before the cycle 
can be repeated and thereby affords the detergent feed 
apparatus su?icient time to respond reliably to the relay 
control and stabilizes the mechanical operation of the 
switch. These elements are the sole components for the 
control of a single relay which in turn causes the cycling 
operation of the detergent feed apparatus. Since the 
elements are electrical and not electronic or thermionic 
in nature, they can be expected to have long life and be 
disposed in a circuit of relatively simple and economic 
arrangement. 
The use of a single conductivity device permits the 

delivery to be made directly from the original shipping 
container for the detergent which is particularly advan 
tageous if the detergent is in liquid form since a powder 
detergent would have to be dissolved and dispensed from 
a separate container or transferred to the hopper of a 
dry-feeding mechanism. The action of these elements in 
response to heat yields a predetermined amount of deter 
gent material during the initial cycle of operation. This 
amount is diminished once the thermal elements are 
heated and the delay inherent to their operation is thereby 
shortened. The shortened feeding cycles are constant for 
the entire remaining period of operation. Between cycling 
periods the thermal elements return to ambient tempera 
ture so that the initial feed cycle in the succeeding period 
will be normal and the remaining feed cycles uniformly 
shortened. 

In addition the system employs visual and audible sig 
nals for the purpose of affording conspicuous indication of 
speci?c untoward operating conditions in the system. The 
circuit elements are so constituted and arranged, for ex— 
ample, that the signals will rapidly cycle on and off after 
the ?rst cycle if excessive dilution is occurring in the wash 
tank but will, on the other hand, lock in for continuous 
indication if the supply of detergent has been exhausted. 
Largely because of the stabilizing effect of the smoothing 
capacitor on the bimetallic switch, the audible indicator 
may be mounted directly on the chassis of the control sys 
tem since any vibration in the chassis resulting from the 
indicator’s operation will not unduly impair the operating 
efficiency of the switch. Because the cycling is actuated 
solely by electrical timing elements rather than by change 
in liquid level, as in prior systems, the cycling is more 
readily distinguishable and, hence, more attention de 
manding. 
One object of the invention is to provide a control sys 

tem, which is both durable and economic to produce and 
operate, and which functions e?iciently to effect the de 
livery in discrete increments of a liquid material to a bath. 

Other features and advantages of the invention will ap 
pear from the following description of the embodiment il 
lustrated in the drawings, in which 
FIG. 1 is a sectional elevation of the Wash section of 

the wash tank and the detergent dispensing container from 
which liquid detergent is pumped into the wash tank, to 
gether with the control box in which the electrical control 
system for maintaining the desired detergent concentration 
is arranged, and 
FIG. 2 is a diagram of the electrical control system. 
A tray of dishes 1 is shown in the wash section of a dish 

washing machine, on a conveyor which carries the tray to 
the rinse section on the right (not shown). Water con 
taining detergent is pumped from the wash tank 2 and 
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delivered forcibly upon the dishes through the spray means 
3. An over?ow pipe 4 determines the level of the water in 
tank 2. A drain board 5 leads the water which is de 
livered to the rinse section by pipe 6 from the rinse section 
into tank 2, or, as often is the case, into another tank 
which over?ows into the wash tank. In large machines 
there are more than one tank receiving the rinse water and 
progressively over?owing one into another and eventually 

" into the wash tank. 
This constant addition of clean water to the wash tank 

dilutes the detergent concentration and periodically more 
detergent has to be added to the wash water. This is done 
automatically from a liquid detergent container disposed 
on the floor below the wash tank, the liquid detergent 
being forced by pump 8 through a hose 10 connecting the 
container 7 to the wash tank 2. The pump is controlled 
by a motor 11 which is actuated by the electrical control 
system. 
To detect or sense the conditions in the wash tank 2, a 

pair of closely spaced electrodes 12 which are adapted to 
contact the contents in the wash tank and will be con 
ductively bridged by the liquid which will afford a re 
sistance which will vary inversely with the alkaline or de 
tergent content of the liquid. The electrodes 12 in the 
tank 2 are suitably insulated and supported in a Well of the 
'tank proximate the outlet opening in the tank for the 
liquid detergent. 
Whenever the conductivity of the wash water in the tank 

reaches a certain minimum degree, it causes the pump to 
be actuated, as we shall see, to admit liquid detergent from 
the wash tank to the container 7. As conductivity in the 
tank increases due to the admission of detergent, the re 
sistance across the electrodes 12 is reduced until delivery 
‘to the tank is shut off. As mentioned the delivery is made 
vin predetermined increments and will continue in a cycling 
operation involving the making and breaking of a switch 
in series with the motor 11 until the selected conditions 
in the tank are satis?ed. This cycling may continue in 
de?nitely if water is being delivered from the rinse sec 
.tion at such a rate that the desired detergent concentra 
tion cannot be effected and the cycling will cease altogether 
and the motor operated continuously if the detergent be 
comes entirely exhausted in the container 7, appropriate 
signals being provided so that the operator can readily 
vdetermine the operation of the motor driven pump and 
distinguish thereby the speci?c reasons why the desired 
detergent concentration in the tank is incapable of attain 
ment. 
The electrical circuit by which the pump is controlled 

, and maintenance of the desired detergent concentration in 
the wash tank is e?ected is diagrammatically shown in 
FIG. 2. 

It is a low voltage system fed by a low voltage trans 
former 13 which is a voltage step down instrument having 
a 22-volt secondary and a 115-volt primary. The trans 
former can, of course, be designed with a 230-volt pri 
mary if required. Wires 14 and 15 constitute the two 
.sides of the supply line and electrodes 12 are connected 
across the line in series with a variable 100-ohm resistor 

. 16 and a ZO-ohm resistor 17 which determine the distribu 
tion of the voltage drop in the connection across the line 
including the electrodes. A switch 18 is disposed in the 
wire 14 connected to the secondary of the transformer and 
a pilot light 20 and current limiting resistor 21 are con 
nected in series with the switch 18 and across the sec 
ondary. The pilot light 20 serves to indicate the state of 
the switch 18 so that the operator can readily ascertain 
whether supply line is connected into the transformer. 
A full wave recti?er 22 is also connected in series with 

the voltage distributing resistors 16 and 17 and is dis 
posed in parallel with the electrodes 12. A control relay 
23 having an electromagnet 24 with a coil 25 arranged 
thereon is connected across the recti?er 22. Because the 
coil 25 is so connected, the coil is operated by recti?ed 
current which has certain advantages over A.C. current 
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4 
operation employed in some previous designs. A capac 
itor 26 is connected in shunt with the relay 23 to smooth 
out the pulsating recti?ed voltage and serves to prevent 
relay chatter. ‘ 
The control relay 23 includes a contact 27 which is 

connected by wire 28 to one side of the supply line 
and which is adapted to contact a terminal on conductor 
29 which is connected to the other side of the supply 
line. A thermal element 30 of thermal time-delay relay 
31 is disposed in the line connecting conductor 29. A 
normally closed bimetallic switch adapted to open when 
heated is a second element of the thermal time-delay 
relay 31 and the two elements of this device are enclosed 
by a sealed envelope. The bimetallic switch 9 is con 
nected between one side of the electrodes 12 and the full 
wave recti?er 22. Shunting the thermal time-delay relay 
31 and connected between the sensing electrodes 12 and 
the full wave recti?er 22 is incandescent lamp 33. This 
lamp has a ?lament 33a which is a hot Wire resistor, 
its temperature response establishing a 200 ohms resist 
ance at cold temperature and a 500 ohms resistance at 
hot temperature. The motor 11 for the pump 8 is con 
nectable across the supply line by the relay 23, one lead 
for the motor 11 being connected to the wire 14 of the 
supply line and the other lead for the motor being con 
nected by conductor 34 to the terminal of the conductor 
29 which, on energization of the relay, is engaged by 
contact 27 to connect the motor .to wire 15 on the other 
side of the supply line. 

Also connectable across the supply line through the 
switching elements of the relay 23 is the signal bell 35 
and signal light 36, these indicators being connected on 
one side to the wire 14 and to the switching elements of 
the relay 23 on the other side by the conductor 34. 

It will be seen, therefore, that in operation there is a 
succession of “shots” of a small quantity of liquid de 
tergent delivered into the wash tank 2, from the deter 
gent container 7 until an alkaline condition is reached 
where the drop across the electrodes 12 is no longer suffi 
cient to energize the relay 23 and energize the motor 11 
for the pump 8. Where a succession of shots is required, 
the drop across the electrodes 12 continues within the 
relay energizing range. Each delivery “shot” corresponds 
to a cycle of operation of the thermal time-delay relay 
31 and the incandescent lamp 33 during which the bi 
metallic elements of the switch 9 of the time delay-relay 
31 initially carry the full current at practically no im 
pedance, the current, however, being subsequently car 
ried by the shunting, incandescent lamp 33 as the im 
pedance across the bimetallic elements increases to in 
?nity. Since the resistance of the hot wire resistor 33a 
increases to about 500 ohms at the end of the cycle, the 
current through the relay coil 24 will be reduced at the 
end of each cycle. Whether the current is su?‘iciently 
reduced to cause the relay to open its switching elements 
depends on the voltage drop across the electrodes 12. 
Except under the speci?c condition that the detergent 
has been exhausted, the current will be suf?ciently re 
duced to open the switching elements so that the thermal 
time-delay relay 31 will be reset for the succeeding cycle. 
On the ?rst feed cycle, there will be required approxi 
mately three seconds for the relay to open and an addi 
tional three seconds for the hot wire resistor of the lamp 
33 to be heated up to full ohmage. On every succeeding 
feed cycle, including the ?nal one, the total time for 
this to occur will be about two seconds since both ele 
‘ments have been preheated. The time interval between 
the detergent feed cycles is determined in part by the 
cooling of the elements in the switch 9 and in part by 
the delay introduced in the control circuit by the re 
charging of the smoothing capacitor 26 as above eX 
plained. 
As mentioned above, each half cycle is accompanied 

by the ringing of the bell 35 and turning on the light 36. 
After the ?rst cycle, these signal indications will Occur 
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rapidly for two second intervals. If the cycling con 
tinues for a period of time, it will aiford an easily recog 
nizable indication that the detergent delivery to the wash 
tank is being excessively diluted by the water going in 
from the rinse section of the apparatus, or that a ?ll 
valve is open inadvertently. 

Because it has been found that in dishwashing ma 
chines having an automatic detergent feed control for 
liquids, there is no ready means for easily determining 
that the detergent container has become exhausted, it 
was found desirable to provide a signal to indicate this 
particular fact. To this end, it will be seen that the 
signal indicators are locked in continuously instead of 
cycling when the liquid detergent is exhausted. This is 
accomplished because the voltage drop across the elec 
trodes becomes very large when there is a Weak deter 
gent solution in the wash tank and, as a consequence, the 
current through the relay 23 increases to the point where 
the switching elements of the relay are continuously 
closed even though the hot wire resistor is at its maxi 
mum resistance. Accordingly, a continuous ringing of 
the bell and a continuous illumination of the lamp 36 
will give an easily identi?ed indication that the liquid 
detergent supply is exhausted. 
While the particular embodiment which has been 

above described and shown in the drawings has proven 
satisfactory, the invention may be otherwise embodied 
without departing from its scope as de?ned in the follow 
ing claims. 
What is claimed is: 
1. A time delay circuit means comprising a conduc 

tivity sensing device, a recti?ed control circuit connected 
to said conductivity device and to a load control means, 
said circuit including a relay in control of the load control 
means, and said conductivity sensing device for establish 
ing the relay in one state for a given interval of time, 
causing said relay to change to its opposite state at the 
end of the given interval of time, and circuit breaking 
means for affording a time delay in returning the relay 
to said one state but for a diminished time interval, said 
load control means having a thermal control element in 
control of said delay means. 

2. A time delay circuit means comprising a set of sens 
ing electrodes, a recti?ed control circuit connected to said 
electrodes and to a load control means, said circuit in 
cluding a supply, said electrodes and a voltage distributing 
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resistor connected across said supply, a full wave recti?er 
connected in parallel with said electrodes, a delay having 
a thermal responsive element connected between said elec 
trodes and said recti?er and a bimetallic switch shunting 
said thermal responsive element, a heater in control of 
said bimetallic switch, a relay switch in control of said 
heater, a relay adapted to operate said relay switch 
and connected to the output of said recti?er and a smooth 
ing capacitor disposed across said relay. 

3. A time delay circuit means comprising a set of sens 
ing electrodes adapted to contact a solution in a tank, 
and a control circuit connected to said electrodes and to 
a load control means, said circuit including a supply, said 
electrodes and a voltage distributing resistor connected 
across said supply, a full wave recti?er connected in 
parallel with said electrodes, a delay having a hot wire 
resistor with a positive thermal coe?‘icient connected 
between said electrodes and said recti?er and a thermal 
time-delay relay having a bimetallic switch connected 
across said hot wire resistor and a heater in control of 
said bimetallic switch, a relay switch connectable across 
the supply and in control of said heater, relay means con 
nected across said recti?er and operative to control said 
relay switch and a smoothing capacitor disposed across 
said relay means. 
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