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This invention relates to a method of manufacturing 
ice and a machine capable of carrying out the method 
of the invention and is particularly concerned with an 
automatically operating control system for starting and 
stopping the freezing and defrosting cycles. 

Largely due to the development and extensive use of : 
the home refrigerator over the past several decades, the 
general public has become accustomed to the use of the 
type and size ice cubes made by these refrigerators in the 
cooling of drinks. This in turn has resulted in the de 
velopment of a demand by restaurants, bars and other 
public eating and drinking places for similar ice cubes 
provided in commercial quantity. This need was first 
met by commercial ice manufacturers who sawed a stand 
ard three hundred pound cake of ice cubes. This 
process was expensive and wasteful and as a result other 
means were sought for the production of ice cubes of 
conventional form and in commercial quantity which 
could function as independent ice making units at the 
point of use. That is to say, a bar, for example, would 
find it far more convenient to have its own individual 
ice cube machine on its premises capable of producing 
ice cubes as needed in the required quantity rather than 
to be dependent upon the cubes made by independent ice 
manufacturers. 

Ice cube machines suitable for commercial use must 
necessarily be automatic in operation as it is not prac 
ticable for the user in such circumstances to repeatedly 
fill trays with water to be placed as has been the prac 
tice in home refrigeration in freezing compartments. In 
other words, means must be provided for continuously 
freezing the ice and then harvesting and storing it in a 
suitably insulated container until required for use. It 
is also necessary that means be provided for stopping the 
continuous freezing process when the storage container 
is filled and for resuming the freezing cycle automatically 
when the stored quantity is reduced. 

Because of these demands various types of continuous, 
ice making machines have been developed, all of which 
have as an objective the continuous production of ice 
in a form approximating the ice cube made by the home 
refrigerator. The machines made up to the present time 
have been unsatisfactory. Accordingly, it is an object of 
this invention to overcome the defects of the prior art 
and to produce by continuously operating means ice 
cubes of acceptable form in commercial quantities as 
may be required by bars, hotels, restaurants and other 
public places of like character that require a steady or 
intermittent supply of ice. 
One of the basic difficulties of the pieces of ice formed 

by other machines now available is that the surface area 
of the ice is too large in relation to its volume and as a 
result such ice formations when used to cool liquids melt 
with excessive rapidity and are therefore to this extent 
considered undesirable. Ice as produced by existing ma 
chines may be in the form of small flat slabs, large flakes 
or pieces roughly approximating cubes or cylinders on 
their outer dimensions but having a hole extending there 
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through. In all these cases, however, the shape of the ice 
does not bear any resemblance to the conventional ice 
cube made in a home refrigerator. 

Accordingly, it is an object of this invention to pro 
duce in commercial quantities by successive freezing 
cycles, ice cubes of such volume and dimensions as to 
approximate the conventional home frozen ice cube and 
it is a further object of the invention to provide mech 
anism which may be adjusted to produce ice cubes of 
greater or less dimension. Thus, for example, if two 
ounce cubes are required, the machine may be so ad 
justed. If in other situations smaller pieces of perhaps 
an ounce and a half are preferred, the machine may like 
Wise be adjusted to give this result. 

It is to be understood that when the term ice cube is 
used, the word "cube' is not to be taken literally for as 
is known the ice cubes of the home refrigerator are not 
cubes but merely six-sided polyhedrons. . Thus, in the 
present invention the term ice cube means a polyhedron 
ordinarily having six sides but not limited thereto in which 
the four surrounding sides are tapered to permit the ready 
escape of the frozen ice from the freezing cup. The 
upper surface of the ice cube will be somewhat concave 
in the ordinary circumstance due to the normal freezing 
pattern while the bottom of the cube will conform to the 
bottom of the freezing cup and in the preferred form will 
be flat. The present invention, however, contemplates 
that the molds in which the ice is frozen may take any 
configuration desired so long as the ice when defrosted 
may escape from the mold and float free. 
The present invention contemplates the freezing of 

ice cubes in cups or molds positioned under water in 
which the cups form part of the submerged walls of a 
freezing tank. According to this method, subfreezing 
temperature is applied to the exterior of the cups and 
after the temperature of the entire tank of water of 
which the cups form part of the tank has been reduced 
to about 32° F., ice commences to form on the interior 
of the cups and gradually builds up therein to whatever 
extent is required as determined by the length of the 
freezing cycle. When the ice has frozen sufficiently to 
fill the cups to the proper amount, the freezing or re 
frigerating process is discontinued and heat is then ap 
plied to the outside of the cups to cause melting of the 
Surfaces of each ice cube in engagement with its cup, 
permitting each ice cube to float free of the cup to reach 
the surface of the water in the tank. 

Since the freezing process occurs simultaneously in all 
of the cups positioned under the water, a quantity of ice 
cubes equal to the number of cups will be simultaneously 
formed. The defrosting likewise occurs substantially si 
multaneously in all of the cups so within a period of a 
few minutes all of the ice cubes that have just been frozen 
will be floating on the surface of the tank. Thereafter 
by automatic means of a new and novel character the ice 
cubes are harvested by causing them to float over a weir 
or dam along with the water and then escaping from 
their normal gravitational course to be delivered to a 
storage drawer or container. The overflowing tank water, 
the temperature of which is close to freezing, is not 
wasted but is collected in a sump and then pumped back 
into the freezing tank. 

Another object of the invention is the provision of 
novel defrosting means consisting of two types, one of 
which is piped hot gas for causing defrosting on two of 
the opposite sides of the freezing cups and the other is an 
electrical heating element located on the other two op 
posite sides of the freezing cups. 

Another object of the invention is the provision of 
mechanism which will enable the freezing cycle whenever 
started to run to completion so that all ice cubes, whether 
the first batch produced at the start of a renewed cycle of 
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operations or those produced in normal course will be of 
full normal size. 

Another object of the invention is to supply defrosting 
means which will act substantially uniformly on all of the 
freezing cups so that all of the frozen ice cubes will be 
released substantially at the same time thereby to termi 
nate the defrosting cycle as quickly as possible. In this 
way the increase in the temperature of the body of water 
in the freezing tank and Sump during the defrosting cycle 
will be held to a minimum. 

These and other objects of the invention will become 
more apparent as the detailed description of the invention 

3. 

0 

proceeds with the aid of the accompanying drawings in 
which 

Fig. 1 is a perspective view of a typical ice producing unit 
made according to the present invention with the ice re 
ceiving storage drawer or container shown in open posi 
tion, ready for the removal of ice therefrom. 

Fig. 2 is a plan view of Fig. 1 with the top lid removed 
therefrom to show the freezing tank and ice freezing 
cups therein, the sump, weir, pump motor and supply line 
through which water is pumped from the sump to the 
freezing tank, 

Fig. 3 is a vertical section taken on the line 3-3 of 
Fig. 2 showing the ice cubes coming from the freezing : 
tank on their way to the storage drawer during a harvest 
ing, cycle. s 

Fig. 4 is a vertical section to reduced scale taken ap 
proximately on the line 4-4 of Fig.2 showing half the 
tank interior and the harvesting of the ice during a de 
frosting cycle. 

Fig. 5 is a vertical elevation to reduced scale taken ap 
proximately on the line 5-5 of Fig. 3 with the door of 
the compressor compartment removed and the upper 
panel broken away to show the exterior side of the freez 
ing tank and the freezing cups. 

Fig. 6 is similar to Fig. 5 but viewing the unit from the 
opposite side and taken approximately on the line 6-6 
of Fig. 3. 

Fig. 7 is a vertical elevation of the end of the unit op 
"posite that shown in Fig. 3 and taken on the line 7-7 
of Fig. 2 with the end panels removed to show the interior 
construction and the arrangement of part of the control 
mechanism. 

Fig. 8 is a sectional view of a freezing cup and portions 
of two adjacent cups taken on the line 8-8 of Fig. 2, 
with the ice frozen therein and prior to the defrosting 
cycle. 

Fig. 9 is a schematic view of the refrigeration mecha 
nism in relation to the freezing tank and sump and shows 
the electrical circuits which function to control the insti 
tution of the freezing and defrosting cycles. 

Fig. 10 is a section view of three somewhat modified 
freezing cups generally similar to those shown in Fig. 8, 
but which are self-draining when the tank is emptied for 
cleaning. 

Fig. 11 illustrates one type of adjustable switch which 
may be used in connection with thermal bulb 148. 

Referring first to Fig. 1 so that the general arrangement 
of the parts of the automatic ice cube making machine 
may be related to each other, the evaporator section in 
which is included the freezing tank and ice freezing cups 
is located generally at 2. The refrigerating or condensing 
unit is preferably positioned beneath the evaporator as 
at 4. The water Sump and ice delivery passage are posi 
tioned at the end of the evaporator as at 6 and the ice 
receiving and storage drawer is shown at 8. This is not 
to be considered an inflexible arrangement as it is appar 
ent that other relationships of the elements might be pro 
vided, for example, the refrigerating unit might be posi 
tioned on the same level as the evaporator section in which 
case the storage drawer could be enlarged laterally to 
occupy the entire under area. Accordingly it will be un 
derstood that the arrangement of the essential elements of 
the machine may be varied as required, but the storage 
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4. 
drawer will always be located below the freezing tank as 
the ice when harvested flows by gravity from the tank to 
the storage drawer. 

Referring to Figs. 2 to 6, it can be seen that the exterior 
casing is formed by a plurality of structural units such as 
the vertical angle irons 10 and connecting horizontal angle 
irons 12 all of which form a rectilinear frame work cap 
able of supporting the various interior mechanisms and 
the several outer walls that enclose the complete ma 
chine. As best seen in Figs. 3, 4, 5, and 6 the angle irons 
2 carry a flooring of solid insulating material 14 which 

along with the vertical insulating material 16 forming the 
rear wall and 18 forming the front wall and 20 and 22 
forming the end walls provides an upper insulated evapor 
ator compartment 26 covered when the machine is in op 
cration by a removable insulated lid 24. Within the com 
partment 26 so formed is secured the freezing tank 28 
and the sump 30. 
A chute or passageway 32 leads downwardly along the 

side of the Sump to discharge into the storagc drawer 3 
which also is insulated solidly at its bottom and for sides 
as at 32, 36, 38, 49 and 42. 

Beneath the evaporator compartment 26 is the corn. 
partment 44 in which is located the refrigerating unit 4 
and which is connected in the usual manner by means 
which will hereinafter be described to the freezing coils 
that lie against the exterior of the ice freezing cups that 
comprise the part of the wall portions of tank 28. 
The storage drawer 8 is suitably mounted on anti-fric 

tion rollers 46 so that it may be easily drawn out as in 
Fig. 1 when it is desired to remove ice therefrom. 

The refrigerating unit 
As shown in Figs. 4, 5, 6 and 7 and schematically in 

Fig. 9, the refrigerating unit 4 is of conventional design 
and permits the substitution for use in the present inven 
tion of any one of some several standard refrigerating 
units now being manufactured and sold by various com 
panies specializing in this type of equipment. The unit 4 
comprises a compressor 48 driven by motor 50 from 
which compressed gas is pumped through pipe 52 which 
extends through the condenser and receiver 54, thence to 
the liquid line 56 which passes through the heat exchanger 
58 where additional heat is removed from the compressed 
liquid and thence on through liquid line 60 to the thermo 
statically controlled expansion valve 62. The compressed 
liquid on passing through expansion valve 62, expands 
into pipe 64 with a corresponding subfreezing drop in 
temperature determined by the setting of thermostatic 
valve 62. The expanded and cooled refrigerant then 
flows on through pipe 64 to cool all of the ice cups of the 
freezing tank 28. The operation of the freezing tank and 
cups will be explained in more detail hereinafter. 
A hot gas by-pass 66 leads from pipe 52 to solenoid 

valve 68 and thence to pipe 70 leading into pipe 64 be 
yond the expansion valve 62. This arrangement permits 
hot gas to be pumped directly from the compressor 48 to 
pipe 64 during the defrosting cycle. 
The condenser and receiver 54 is supplied with cooling 

water by pipe 72 and the heated water is discharged to 
the waste drain through pipe 73. The flow of cooling 
water is controlled automatically by the operation of the 
water regulating valve 74 which is influenced by the tem 
perature of the hot compressed gas in pipe 52. 
A suction line. 75 connecting with the discharge end 

of pipe 64 carries the refrigerating gas from which thic 
cold has been extracted by its passage through pipe 64 
about the freezing cups of tank 28 back to compressor 
43 passing on its way through heat exchanger 58 which 
causes an increase in temperature of the returning gas in 
line 75 and a decrease in temperature of the liquid pass 
ing through lines 56 and 60 on its way to the expansion 
valve 62. 

Accordingly, during the freezing cycle in which Solanoid 
valve 68 is closed, low temperature gas will reach the 
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tooling coil 64 through expansion valve 62. During the 
defrosting cycle, solenoid valve 68 will be open and ac 
cordingly, hot gas will flow directly from the compressor 
to pipe 64 through pipes 66 and 70 instead of through the 
expansion valve 62. Thus, with the compressor operating 
continuously, the system can be changed from a freezing 
to a defrosting cycle by opening solenoid valve 68 and 
changed back again to a freezing cycle by closing solenoid 
valve 68. The controls that actuate solenoid valve 68 
will be explained hereinafter. 

The evaporator or freezing unit 
The freezing unit comprises a generally V-shaped tank 

28 having end walls 76 and 78 which extend substantially 
to the top of the unit and the upper edges of which may 
be engaged by the lid 24 when the latter is in place. End 
wall 76 is spaced from the insulation 20 So as to pro 
vide room for the necessary piping and valves associated 
with the compressor or refrigerating unit 4. The sides 
of the freezing tank 28 as at 79 and 80 are sloping and 
meet together with the end walls to be secured to the bot 
tom 82. The slope of the side walls 79 and 80 may be 
varied. The intention is to provide as many freezing cups 
as possible in a given sized tank with the cup's Walls ar 
ranged so that the ice cube may free themselves after de 
frosting. With these considerations met, it will be ap 
preciated with walls 79 and 80 could be vertical and fairly 
close together. - 

Each of the walls 79 and 80 includes therein a large 
number of individual ice freezing cups or molds, 84 and 
86 respectively, one of which is shown in Fig. 8, a view 
taken on the line 8-8 of Fig. 2. In the preferred prac 
tice, there will be nine cups extending vertically and as 
many cups longitudinally as are needed to provide the 
necessary ice output. 
seven cups in each longitudinal row and there are nine 
cups in each vertical row giving a total of sixty-three cups 
on each side or a total of one hundred and twenty-six 
cups in the tank 28. This means that one hundred and 
twenty-six ice cubes will be frozen simultaneously and, 
upon defrosting, all of these ice cubes will float to the 
top of the water which fills tank 28 and immediately 
thereafter will be harvested by means which will be ex 
plained shortly. 
The ice freezing cups or molds that are in the slop 

ing wall 78 are numbered 84 and the cups in sloping 
wall 80 are numbered 86. Each of these cups is shown 
as having a flat bottom and four outwardly sloping walls, 
one of such cups 84 being shown in Fig. 8 with the bot 
tom numbered 88, two of the facing walls numbered 90 
and the other two facing walls numbered 92. These cups 
are made preferably of stainless steel having relatively 
low heat conductivity and are ordinarily formed from a 
suitably died out piece of stainless sheet steel permitting 
the four walls to be folded upwardly to form the cup. 
The adjacent edges of the cup walls are welded on their 
exterior so as to leave the cup perfectly smooth on its in 
terior thereby to insure that there will be no obstruction 
present when the ice cube seeks to float free after being 
defrosted. Each of the upper edges of the four sides of 
each cup is welded as at 94 (see Fig. 8) to the corre 
sponding edge of the next adjacent cup. In this way all 
of the sixty-three cups 84 and sixty-three cups 86 are 
welded together about all four edges and also to the in 
terior edges of the opening in walls 79 and 80 in which 
the grouped cups are secured to form two completely 
water-tight walls of the tank. 28. 

By lengthening the walls 79 and 80, additional cups 
may be added in the longitudinal direction thereby to in 
crease the ice producing output of the machine. It will 
be understood that as the number of cups is increased, 
the capacity of the refrigerating mechanism 4 must be 
correspondingly increased, but this is readily accom 
plished as refrigerating equipment is available in various 
capacities adequate to take care of the freezing of any 

As shown in Fig. 2, there are 
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6 
desired number of ice cubes in a given cycle within all 
treasonable time requirements. . . . 
The slope of the walls 79 and 80 and divergence of 

the cup walls is such that once the defrosting has pro 
ceeded far enough to loosen the ice cube from the cup 
over its entire surface, the ice cube will immediately slide 
upward and out of the cup to float to the surface of the 
water in the tank. 

In order to facilitate draining and cleaning of the 
tank and cups, the cups may be formed as shown in 
Fig. 10. In this arrangement the bottom side 96 of each 
cup 98 slopes slightly downwardly as distinguished from 
the upward slope of lower wall 90 shown in Fig. 8. In 
the construction shown in Fig. 10, when the tank is 
drained of water, the water will run out of each cup 
whereas in the construction of Fig. 8, a small amount of 
water would remain in each cup which would require 
removal by other means. The ice formed in the cups 98 
in Fig. 10 would not be as symmetrical as the cubes com 
ing from the cups of Fig. 8, but this is not objectionable 
because the ice would still be a solid polyhedron and 
equally clear. 

Particular attention is called to the end wall 78 of 
tank 28 in which there is a notch 100 to provide a weir 
or dam 102 over which water continually flows during 
the operation of the machine. Extending away from the 
wall 78 is a plate 104 which slopes slightly upwardly as 
can be seen in Figs. 4, 5 and 6. Side members 106 and 
108 are also provided to insure a straight run of water 
over plate 104. 
As can be seen in Figs. 3, 4, 5 and 6, the water level 

is maintained at 110 which is high enough above the 
bottom of the weir 02 and the upwardly sloping plate 
204 so that any ice cubes caught in the stream of water 
flowing out of the tank will be carried with certainty over 
the weir to be deposited in a manner subsequently to be 
explained in the storage drawer 8. 

Water circulation system 
Adjacent tank 28, and arranged in water tight relation 

thereto is the sump 30 which as shown in Fig. 2 has the 
walls 112, 114, 116 and 118. The bottom of the sump 
is indicated at 120 in Figs. 3, 4, 5 and 6. Positioned in 
the sump is a water pump 122 driven by an electric motor 
124 of very small capacity, preferably 40 horsepower, 
however, which is of sufficient strength to lift the water 
from the normal water level 126 of the sump to the 
water level 110 of tank 28. The water flows from the 
Sump to the freezing tank upward through hose 128 and is 
ejected into the freezing tank from the end of pipe 130. 
This pipe is aimed approximately, as can be seen in Fig. 2, 
toward the right far corner 129 of the tank 28 in such 
manner that the surface water will be caused to circulate 
in a generally rotary fashion counter-clockwise. Not 
only will the surface of the water be circulated, but there 
will be continuous movement induced in all portions of 
the water throughout the tank so that the water in all 
the cups 84 and 86 will be in constant movement during 
the entire freezing cycle. It is this constant movement 
of the water in the cups while freezing is going on that 
results in perfectly clear ice. - 
The capacity of pump 122 is such that the water level 
10 in tank 28 will be maintained constant with a head 

above the weir sufficient to insure that the ice cubes picked 
up by the circulating surface water during the harvesting 
operation will be carried with certainty over the weir 
and the slightly upwardly sloping plate 104. In other 
words the dimensions of the weir and the character of 
the movement of the water at the surface of the tank in 
sure that there can be no ice jams at the weir and that 
within a very short period, not more than two or three 
minutes, any ice cubes floating on the surface of the 
tank water will have been carried over the dam. 

Agitation of water by a pump causes a rise in tempera 
ture, the rise being proportional to the work done on 
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the water. Accordingly, it is important that the motor 
124 be of as small horsepower as possible while still 
being able to pump water in sufficient quantity from the 
sump to the tank so that the heat imparted to the water 
by the operations of the pump will be as little as possible. 
A water supply pipe 132 connected with an exterior 

water source leads to a float controlled valve 134, which 
when open allows water to feed into the sump through 
the pipe 136. Valve 134 is controlled by the position of 
float 138. The sump water level 126 falls as the ice 
cubes are being harvested, the drop in level being equal 
to the volume of the ice cubes removed from the water, 
but the level 110 in the freezing tank remains constant 
because the quantity of water being pumped from the 
sump to the freezing tank by pump 122 is a constant 
amount regardless of the sump level. As the sump level 

O 

126 falls as the cubes are harvested, valve 138 opens for 
the period required to bring the sump water level back to 
normal. 

Positioned over that part of the sump 30 into which the 
water from weir 102 is constantly falling, is a screen 40 
shown in the form of a plurality of parallel spaced wires 
or small bars and sloping downwardly to the left as viewed 
in Fig. 3. As the water and ice cubes come over the 
weir 102 and plate 104 during the harvesting cycle, the 
water falls through the screen 40 into the sump while 
the ice cubes engage the screen and slide sideways thereon 
to enter the upper part of the chute 32 through which they 
fall to enter the storage drawer 8. 

During the freezing cycle, the levels of the water in 
the freezing tank 28 and the sump 30 remain constant. 
On the defrosting cycle, the harvesting of the ice cubes re 
sults in water depletion equal in amount to that Water 
from which the cubes have been frozen and this loss 
of water is automatically replaced by actuation of the 
float controlled valve 134. The amount the water level 
126 falls during the harvesting operation will not be 
enough to bring the water level below the pump 122 

30 

and consequently there will be no loss of prime in the 
pump which could occur however if pump 122 were lo 
cated too close to the normal sump surface 126. 
The evaporating mechanism as applied to the freezing cups 
As shown schematically in Fig. 9 and in detail in Figs. 

5, 6 and 7, the pipe 64 on leaving expansion valve 62 
and as can be seen in Fig. 6, runs along the upper sides 
of the upper row of cups 86 turning at the end of 142 to 
run in a reverse direction between the adjacent rows of 
walls of the cups 86 of the first and second row. Pipe 
64 continues its reversing directions downwardly to be 
positioned against all of the horizontal walls of all of the 
cups 86 on the sloping wall 80 of the freezing tank. On 
leaving the bottom row of cups 86, pipe 64 then passes 
upwardly across the end wall 76 (see Figs. 7 and 9) to 
traverse in a similar manner the exterior horizontal walls 
of the cups 84 positioned in the sloping tank side 79. 
This is shown in Fig. 5, the pipe reversing itself and mov 
ing row by row to the bottom row of cups 84 where it 
finally terminates at pipe 144 leading through the heat 
exchanger 58 and thence to pipe 75 back to the compres 
sor 48. 

During the freezing cycle the gas in pipe 64 coming 
from expansion valve 62 will be sufficiently cold to pro 
duce a temperature in the order of 10 F. in the walls of 
cups 86 and 84. As the distance from expansion valve 
62 increases as the pipe passes about the exterior of the 
various ice freezing cups, it is obvious that the tempera 
ture of the gas in pipe 64 will gradually rise as heat is 
progressively extracted from the ice freezing cups. There 
fore, as the pipe 64 reaches the lower and last group of 
cups 84 as viewed in Fig. 5, there is the possibility in 
certain situations that there will be insufficient cold in 
the single run of pipe 64 to produce temperature low 
enough to cause equal freezing with the other cups which 

... have been engaged by those portions of pipe 64 closer 
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8 
to expansion valve 62. Therefore, in such cases, the pipe 
64 may be doubled back for one or more extra turns as 
at 146 in Figs. 5 and 7 which by applying the then avail 
able low temperature at additional points on these last 
cups will reduce the temperature sufficiently to produce 
ice cubes substantially equal to those frozen in the cups 
elsewhere in the tank, 

Thermal control 

In order to inaugurate the freezing cycle and to continue 
the cperation of the freezing cycle until such time as ice 
cubes of desired size have been frozen, and thereafter 
to shift automatically to the defrosting cycle to free the 
ice cubes from the ice freezing cups, there is provided a 
novel mechanism in the form of a thermal bulb 148 which 
is so located with respect to the exterior of one of the ice 
freezing cups that the presence or absence of ice in the 
cup will result automatically in the shifting of the con 
trols. In other words when there is no ice in the cup 
against which the thermal bulb 148 is positioned, the 
temperature will be relatively high and in the vicinity of 
32 F. This high temperature will cause shifting of the 
controls so that the freezing cycle will commence. The 
freezing cycle will continue until such time as an ice cube 
has built up within the control ice freezing cup or cups 
to reduce the temperature of the thermal bulb 148 to a 
lower predetermined degree. This change in tempera 
ture will again cause actuation of the controls so that 
the machine will go into the defrosting cycle in which 
heat is applied to the exterior of the ice freezing cups in 
sufficient quantity to free the cubes from the cups so that 
they may float to the surface to be harvested in the manner 
previously explained. 
The inauguration of the freezing cycle through the 

5 actuation of thermal bulb 148 will now be explained. 
The electrical circuits 

Referring to Fig. 9, the electrical circuits will now be 
explained. The system in the ordinary case will be op 
erated by the usual 110 volt A.C. current. 
The line 154 is connected directly to the circulating 

pump motor 124 which remains continuously in operation 
once the line switch has been closed. The line also leads 
through wire 156 to compressor 48 to the ground. Wire 
156 has therein a switch 158 under the control of the 
storage drawer thermostat. Thus, when the storage 
drawer 8 becomes full of ice and engages the thermostat 
160 located therein, the switch 158 will be opened to stop 
the compressor which will shut off the machine until such 
time as switch 158 is thereafter closed through the using 
or melting of the ice in the storage drawer. It will be 
assumed for the present, however, that switch 158 remains 
closed So that the compressor 48 stays in continuous op 
eration along with pump 122. 
A parallel circuit 62 in line 156 includes a switch 64 

which is open unless closed by actuation of the relay 166. 
A second circuit 168 also parallel to line i56 includes 
therein the switch 170 which when the relay 172 is in 
active will be in the position indicated at 174 and hence 
will energize relay 166 to maintain switch 164 in closed 
position 176. Accordingly, in the absence of energiza 
tion of relay 72, the switches 164 and 170 will be at 
positions 176 and 174 during the freezing cycle. 

Freezing cycle control 

With these switches in the aforesaid position, the op 
eration of compressor 48 causes a freezing fluid to be 
circulated via pipes 52,56, 68 and expansion valve 62 
through pipe 64 about the exterior of the ice freezing 
cups 84 and 86 thus reducing the temperature of the cups 
sufficiently below freezing so that ice gradually forms on 
the lower walls and bottom and builds up along the walls 
gradually filling the interior of the cup. In due course, 
the ice building. up in the control cup 178 (see Fig. 6 
and 7) against which thermal bulb 148 is positioned will 
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cause reduction of the temperature of the: thermal bulb 
to a predetermined temperature which acting through tube 
150 will result in the closing of thermostat switch 152 (see 
Fig. 9). By the time this occurs, ice will also have formed 
correspondingly in all of the other submerged ice forming 
cups 84 and 86. Each cube, while formed to full size, will 
still be confined within its individual cup and when de 
frosted will be free to float out of its cup without restraint, 
Thus, the cup 178 acts as a control for the entire unit 

by virtue of its causing actuation of switch 152 to institute 
defrosting only when the ice has been frozen in sufficient 
volume. Switch 152 is a conventional thermostat switch 
provided with the usual means whereby its response can 
be adjusted so that the temperature at which thermal 
bulb 148 will cause switch 152 to operate can be reduced 
or increased. If reduced, the freezing cycle will continue 
for a longer period until the ice is built up further in con 
trol of cup 178 to the extent necessary to reduce the 
temperature of the thermal bulb to its new lower degree 
of operation. The adjustable switch shown in Fig. 11 
includes a Bourdon tube 153 having thereon a contact 
155 adapted to make connection with adjustable contact 
157 the position of which may be shifted by movement of 
lever 159. If the actuation temperature is to be decreased. 
contact 157 will be moved to a position farther from 
contact 155. If the actuation temperature is to be raised, 
then contact 57 will be moved closer to contact 155. 
When switch 152 closes upon the completion of freezing 

to the desired degree in the control cup 178 and corre 
spondingly in all of the other cups, current will flow from 
wire 156 through wire 180 through switch 152 through 
wire 182 and relay 172 to ground. This causes switch 
170 to move to the position 184, thus deenergizing relay 
166 and causing switch 164 to open. 
At the same time current also flows through line 180 

through switch. 152 through wire 186 to actuate and 
open solenoid valve 68. Current also flows through wire 
188 which is connected with a heating cable 190. 

Heating cable 190 as can be seen in Figs. 5 and 6, 
7 and 9, and in enlarged detail in Fig. 8 is positioned 
between the exterior vertical walls of the cups 84 and 86 
and running at right angles to the disposition of the 
pipe 64. Heating cable 190 being of smaller diameter 
than pipe 64 can be positioned closer to the apex of 
the walls of the ice forming cups as... shown in Fig. 8. 
Heating cable. 190 is of such length and resistance that 
as soon as its circuit is established by closing of switch 
152, the temperature of the cable throughout its length 
will promptly rise to a predetermined degree which will 
be in the order of 165 F. The heat of the cable is 
immediately transferred to the walls of the one hundred 
and twenty-six cups which are engaged by the cable and 
at the same time with solenoid valve 68 now open, hot 
gas coming from the continuously running compressor 
48 will flow through hot gas lines 66 and 70 to pipe 64 
which had previously received the freezing gas from 
expansion valve 62. . . . . . 
As a result heat is transferred from pipe 64 to opposed 

sides of the cups 84 and 86 and heat is transferred from 
the heating cable 199 to the other opposed sides of the 
cups and the defrosting cycle is now in operation. . 
While in Fig. 9 the heating cable 190 is only shown 

on one side of the tank in cooperation with cups 86, it 
will be understood that it is similarly arranged to co 
operate with cups 84 on the other side of tank 28 as 
illustrated in Fig. 5. . . . . . 

Within a space of two or three minutes sufficient heat 
will have been applied to the cups 84 and 86, so as to 
melt the surface of the ice cube that is in engagement 
with the cup, thus freeing each ice cube from its cup 
so that it floats out of the cup and upward to the surface 
of the water in tank. 28. Defrosting proceeds substan 
tially uniformly over all of the cups, but obviously, the 
ice cubes will not be released exactly simultaneo 
There are bound to be small time differences and 
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therefore necessary to make provision that sufficient time 
be allowed for the defrosting process to continue until 
all ice cubes will have floated free. Should a single ice 
cube remain in one of the cups, then on the next freez 
ing cycle, the ice in that cup, starting with the full size 
ice cube remaining from the previous cycle, would build 
up to and above the top edge of the cup and would in 
time merge with the newly formed ice in the adjacent 
cups. Then, on the next defrosting cycle, these con 
nected ice cubes would not float free with the result that 
on each succeeding freezing cycle additional adjacent 
cubes would be bound together and in time an ice mask 
would form from all of the cups which would require 
shutting down of the machine to remove this unwanted 
ice so that a fresh start could be made. Therefore, in 
order to insure that each and every ice cube will have 
adequate time to be defrosted to float free on each de 
frosting cycle, a special control means is provided. 

Defrosting cycle control 
On referring to Figs. 6 and 7, it is seen that the heat 

ing cable. 190 does not follow its usual path with respect 
to the third, fourth, fifth and sixth freezing cups of the 
right hand row of cups 84. Instead, the heating cable 
has been led outwardly away from the cups to pass over 
three horizontal runs of the pipe 164. Thus, the heating 
cable is entirely out of contact with the fourth cup which 
is control cup 178 and the fifth cup and only partially in 
contact with the third and sixth cups. The result of 
this arrangement is that when the defrosting cycle comes 
on due to the completion of the freezing of a cube in 
control cup 173, the right hand sides of the fourth and 
fifth cups as viewed in Fig. 6 or near sides of the fourth 
and fifth cups as viewed in Fig. 7 will not receive heat 
from the cable 190 although defrosting heat will be ap 
plied to the other three sides of these cups by the cable 
190 as it passes downwardly between the first and second 
rows of cups and the pipe 64 which remains in its 
usual position with respect to all of the cups. Because of 
this deficiency in defrosting heat due to the diversion of 
cable 190, those ice cubes in the fourth and fifth cups 
will be delayed somewhat longer in floating free than 
all of the other ice cubes to which defrosting heat has 
been applied to all four sides of their respective cups. 
Thus, sufficient defrosting time is assured to permit the 
floating free of all cubes prior to the release of the con 
trol cubes in the said fourth and fifth cups. The con 
tinued delayed presence of the fourth and fifth cubes 
within those cups against which is positioned thermal 
bulb 148 will insure a continuance of the necessary low 
temperature in the thermal bulb to maintain the switch 
152 in closed position thus to continue the defrosting 
cycle so long as the control cubes remain in their cups. 
Once the control cubes in those cups engaging thermal 
bulb 148 have floated free (and they will be the last to 
be freed), the temperature of the thermal bulb will 
promptly rise as the slightly warmer water rushes into 
the control cups from which the ice cubes have just de 
parted. The rise in temperature of the thermal bulb 43 
will cause switch 52 to open, thus breaking the circuit 
through line 82, line 186 and line 188 causing the simul 
taneous shifting of switch 79 to position 174 the actua 
tion of relay 166 to close switch E64, the closing of 
solenoid valve 68 so that no more hot gas will be pumped 
into pipe 64, and the breaking of the circuit through 
heating cable 190. 

. As compressor 48 runs continuously through the freez 
ing and defrosting cycles, it now. begins to pump the 
compressed gas through the other circuit, namely, con 
denser and receiver 54, liquid lines 56 and 60 through 
expansion valve 62 thus to deliver the freezing fluid to 
pipe 64 to recommence the freezing cycle. w 
The freezing cycle then continues until ice has been 

built up in the control cup. 78 to a sufficient depth to 
lower the temperature of thermal bulb 148 enough to 
again actuate switch 152. When this occurs, the defrost. 

  



11 
ing cycle is repeated and another one hundred and twenty 
six cubes of ice will be harvested and deposited in stor 
age drawer 8. 
Means for insuring the completion of a freezing cycle 

Once a freezing cycle has started, it should run to com 
pletion so that the resulting ice cubes will be of the same 
uniform size as those previously produced. It is possible 
that during the removal of ice from the unfilled storage 
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drawer, ice might engage the drawer thermostat 160 
thereby causing switch 158 to open. 
normal procedure when the storage drawer becomes full 
so that the compressor would then be shut down and 
the machine remain quiet until such time as ice had been 
removed from or melted down in the storage drawer. 
However, since the switch 164 in the parallel circuit 162 
closes at the commencement of each freezing cycle and 
remains closed until the defrosting cycle begins, it is 
apparent that the opening of switch 158 during a freez 
ing cycle will be ineffective to shut down compressor 48. 
Accordingly, the freezing cycle once started, will run to 
completion, but when ended and followed by the defrost 
ing cycle which will likewise run to completion, the next 
freezing cycle will not resume because switch 158 is open 
and switch 164 and 174 are likewise open. 
As soon as switch 158 recloses through the consump 

tion of ice in the storage drawer 8, compressor 48 recom 
mences operation and the next freezing cycle begins. 

It will be observed that the circulating pump 122 must 
be kept running at all times even though the compressor 
48 has stopped due to the storage drawer being full. This 
is necessary because the volume of the water in the 
freezing tank 28 above the weir 102 is greater than can 
be accommodated in the sump 30. This is so because 
of the limited capacity of the sump in relation to the 
freezing tank if the overall dimensions of the machines 
are to be held to a minimum. 

If by any mischance the motor 124 should fail so that 
the water above the weir in the tank overflowed into the 
sump, the rising water level would simply cause overflow 
over the sump wall 116 with the water then running down 
through chute 32 into the storage drawer 8, whence it 
would drain off through drain 192 that leads from the 
bottom of the drawer into the sloping drain through 194 
from which the water may be carried away by any con 
venient means such as a hose connected to the outlet 196. 

Storage drawer 
The construction of the storage drawer is important 

as it enables the user to get at the ice readily while always 
maintaining the drawer under the chute 32 so that if 
a harvesting cycle should commence while the drawer 
was open, the ice would still be deposited in the drawer. 
The construction of the drawer is as follows: It is 

insulated on all four sides and the bottom by the hard 
insulation 34, 36, 38, 40 and 42 previously referred to. 
A handle 198 is provided to facilitate pulling the drawer 
open. Two sets of antifriction wheels 46 previously re 
ferred to are positioned so that the bottom 200 of the 
drawer can readily roll thereon. Approximately mid-way 
of the front to rear dimension of the drawer 8 is a trans 
versely extending fiat bar 202 firmly welded or otherwise 
secured to the frame immediately below the drawer. At 
the rear end of the drawer centrally located thereof is a 
hook member 204 of such dimensions that when the 
drawer is pulled out, the hook member will catch under 
bar 202, not only acting as a stop, but also as means for 
preventing the drawer from tilting forward should it be 
corne over-balanced when pulled out. This arrangement 
prevents more than partial withdrawal of the drawer 
but nevertheless this is adequate for the operator to reach 
within to remove such ice as is needed. At the same 
time, the back wall of the drawer can never be moved 
forwardly as far as the chute 32 so that incoming ice 
will always fall into the drawer. 

This would be the 
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Such melting of ice as may occur will escape through 

drain 192 previously referred to, Rearward movement of 
the drawer beyond its correct closed position is prevented 
by the engagement of the rear of hook 204 with the frame 
member 206. 

Summary of operation.-Idle phase 
This condition occurs when the storage bin 8 is full 

of ice cubes and the drawer thermostat 160 causes the 
contacts of switch 158 to be opened. During this time 
the only current that is flowing from the line is through 
the circulating pump motor 124. This action keeps the 
water in the freezing tank in a fresh and agitated condi 
tion ready for a freezing cycle whenever the ice cube level 
falls below the sensitive bulb 160 of the drawer thermo 
stat. The circulating pump 122 runs continuously unless 
the main current switch is disconnected. 

Freezing phase 

When the storage drawer thermostat 160 functions to 
close Switch 158 to begin a freezing operation, current 
flows from the line through the compressor 48 to the 
ground starting the refrigeration system. At the same 
time current flows from the line 156 through wire 168, 
through the position 174 of switch 170 to the relay 166 
to close switch 164, thereby establishing a holding circuit 
around. Switch 158 whereby current from the line con 
tinues to flow to compressor 48 and the relays even though 
the switch 158 may be thereafter opened by the accidental 
positioning of ice against thermal bulb 160. Thus, the 
freezing phase will continue to completion without inter 
ruption. 

Harvesting phase 

After the ice cubes have been fully formed the con 
tacts in switch 152 are closed by the lowered temperature 
in thermal bulb 148 conducting current from the line 156 
to the relay 172 of the double through switch 170 moving 
its contact arm from position 174 to position 184. Thus, 
the compressor 48 continues to operate although it now 
produces a heating instead of a cooling effect for harvest 
ing the ice, because the solenoid valve 68 has been opened 
by current reaching it through the now closed switch 152. 
Similarly, the electric heating cable 190 is turned on to 
cooperate with the hot gases passing through pipe 64 to 
release the ice cubes. It should also be noted that when 
the contacts of switch 170 have changed position at the 
beginning of the harvesting phase, the current through 
relay 166 is interrupted, thus opening switch 164. Dur 
ing the harvesting phase, it does not matter whether the 
Switch 158 is opened or closed. 
When the ice cubes have been released and washed 

over the weir 102 to the storage drawer, the temperature 
of thermal bulb 148 rises to open the contacts of switch 
152 cutting off the current to relay 172 thus permitting 
the Switch 170 to return to its normal position at 174. 
If at this time the storage drawer 8 is full, causing the 
switch 158 to be opened, the entire system becomes idle 
except for circulating pump 122. However, if the storage 
drawer 8 is not full at the completion of a cycle, the 
Switch 158 remains closed and a new freezing cycle will 
be inaugurated. 

It is my intention to cover all changes and modifica 
tions of the example of the invention herein chosen for 
purposes of the disclosure which do not constitute de 
partures from the spirit, and scope of the invention. 

I claim:. 
1. An ice making machine having a plurality of freezing 

cups submerged in a tank of water, refrigerating means for 
applying a freezing temperature to said cups, defrosting 
means for applying a melting temperature to said cups, said 
defrosting means being adapted to heat a predetermined 
number of said cups at a slower rate than the rest of 
said cups whereby the ice will be freed from said pre 
determined number of cups after the ice has been freed 



2,791,108 
13 

from all of the rest of said cups, said defrosting means 
comprising pipes engaging all of said cups and having 
heated gas therein and an electrically heated cable en 
gaging only the rest of said cups, a thermal responsive 
element positioned against the exterior of one of said 
predetermined number of freezing cups where it will 
be subject to decreasing temperature as ice is gradually 
frozen in said one cup and subject to rising temperature 
as Water enters said one cup upon the departure of ice 
therefrom after the application of melting temperature 
to said cup during the defrosting cycle, and means actuat 
ed by said thermal responsive element when the tempera 
ture at said one cup has dropped to a predetermined point, 
to stop the freezing cycle and start the defrosting cycle 
and upon a rise in temperature at said cup to a predeter 
mined degree to stop said defrosting cycle and start said 
freezing cycle. 

2. Means for instituting freezing and defrosting cycles 
in an ice making machine in which a plurality of freezing 
cups are submerged in a tank of water and during the 
freezing cycle the refrigerant is cold gas flowing in pipes 
in engagement with said cups and during the defrosting 
cycle the heat is applied by hot gas flowing in said pipes 
and by an electrically heated cable also in engagement 
with said cups, said means comprising a thermal re 
Sponsive element in engagement with certain of said 
cups and said cable being in diminished engagement with 
said certain cups as compared with the others of said 
cups, a Switch actuated by said element upon the fall and 
rise of temperature of said certain cups, a valve con 
trolled by the opening and closing of said switch for 
controlling the delivery of cold or hot gas to said pipes, 
said Switch also controlling the flow of current to said 
cable, whereby when the temperature of said certain cups 
falls below a predetermined degree said defrosting cycle 
will commence and when the temperature rises above a 
predetermined degree said freezing cycle will commence. 

3. Control means as set forth in claim 2, said thermal 
responsive element including means for varying the tem 
perature at which said element functions, thereby to 
lengthen or shorten the freezing cycle to vary the size 
of the piece of ice produced in each of the freezing cups. 

4. In an ice making machine having a plurality of 
freezing cups submerged in a tank of water, a coil of 
heat conductive tubing mounted in heat transferring rela 
tion to said cups, a refrigeration unit coupled to the ends 
of said coil and forming therewith a closed system for 
circulation of fluid refrigerant, said unit comprising 
means, including an electrically powered compressor, for 
compressing, cooling, expanding and circulating refrig 
erant through said coil to apply a freezing temperature 
to said cups, means bypassing said cooling and expanding 
means for circulating heated refrigerant in said coil to 
apply a defrosting temperature to said cups, and an elec 
trically actuated valve for controlling operation of said 
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bypass means, the combination comprising a circuit in 
cluding a valve control switch for actuating said valve, 
a thermal responsive element mounted adjacent only a 
Selected number of said cups for actuating said switch 
to close said valve when the temperature of said selected 
number of cups rises to a first predetermined degree and 
for actuating said switch to open said valve when the 
temperature of said selected cups drops to a second pre 
'determined degree, whereby said cups are alternately 
Subjected to freezing and defrosting conditions, and an 
electrical heating element associated with said freezing 
cups, said electrical heating element being positioned to 
heat said selected number of cups at a slower rate than 
the rest of said cups, whereby said selected number of 
cups are the last cups to be freed when said electrical 
heating element is energized, said electrical heating ele 
ment being controlled by said thermal responsive ele 
ment so as to be energized simultaneously and for a period 
coextensive with the period during which heated refrig 
erant is circulated in said coil. 

5. In the ice making machine of claim 4, means for 
storing ice produced in said cups during said freezing 
cycle and released therefrom during said defrosting cycle, 
a first supply circuit for said compressor including a 
Switch normally closed, means for opening said switch 
and interrupting said supply circuit when a predetermined 
quantity of ice has accumulated in said storage means, 
and means for maintaining a supply of power to said 
compressor to delay termination of its operation until 
completion of said defrosting cycle when said switch in 
said supply circuit is opened during one of said cycles, 
said last mentioned means being controlled by said 
thermal responsive element, said thermal responsive ele 
ment acting to terminate operation of said last mentioned 
delay means when said defrosting cycle has been com 
pleted. 
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