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ICE MAKER 

The provision of icemakers in household refrigera~ 
tors is quite common. Typical icemakers proposed by 
the prior art are found in U.S. Pats. No. 3,163,017 and 
3,163,018. In the commercial design of these devices, 
the ice mold comprises a cast aluminum block having 
heat exchange ?ns thereon. Accordingly, the ice mold 
of the prior art is relatively massive thus requiring sub 
stantial material expense. In these disclosures, an ice 
mold having a plurality of upwardly facing ice cube 
cavities is disposed beside a motor and linkage mecha 
nism for ejecting ice pieces from the cavities. Although 
these icemakers have proved acceptable, certain im 
provements in mounting ?exibility, space. conservation, 
ice making ef?ciency and ice harvesting efficiency are 
contemplated by this invention. 

It has been learned that greater mounting ?exibility 
and space conservation can be achieved by positioning 
the motor and linkage mechanism for the ice ejector 
below the ice mold rather than beside the same. 

Ice making ef?ciency of the device of this invention 
is improved over that of the prior art by providing a 
cold air passage around the mold. Turbulent cold air 
movement in‘ the passage results in improved heat 
transfer across the mold thereby resulting in greater ice 
production. - > 

Ice harvesting ef?ciency is improved in the device of 
this invention by closingthe cold air passage at the in 
ception of ice harvesting thereby minimizing heat 
transfer across the mold during the ice harvesting cy 
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IN THE DRAWINGS 

FIG. 1 is a cross sectional view of a cold storage ap~ 
‘pliance illustrating the icemaker of this invention in 
one operative con?guration thereof; 
FIG. 2 is an enlarged front elevation view of the ice 

maker of this invention, certain parts being broken 
away for clarity of illustration and illustrating the ice 
maker during the icemaking'cycle; 
FIG. 3 is a broken view similar to FIG. 2, certain 

parts being omitted for clarity, illustrating the icemaker 
at the inception of the ice harvesting cycle; 
FIG. 4 is a view similar to FIG. 3 illustrating the ejec 

tor mechanism in the ice piece ejecting position; 
FIG. 5 is a horizontal cross sectional view of the ice 

maker of FIGS. 1-4 taken substantially along line 5-5 
of FIG. 2 as viewed in the direction indicated by the ar 
rows; and ' 

FIG. 6 is a schematic view of a typical electrical con 
trol circuit which may be utilized with the icemaker of 
this invention. 
Referring to FIG. 1, the icemaker 10 of this invention 

_ is illustrated as positioned in the freezing compartment 
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cle. Consequently, a lower capacity heater may be uti- , 
lized to warm the mold in order to free the ice pieces 
for ejection. Ice harvesting ef?ciency is also improved 
by the design of the ejector linkage mechanism. 

It is an object of this invention to provide an ice‘ 
maker having greater mounting ?exibility, increased 
ice production capability, increased ice harvesting ef? 
ciency and achieving greater space utilization. 

In summary, one aspect of this invention comprises 
an icemaker including a mold having an inner surface 
providing ice piece forming cavities and an outer sur 
face; a housing around the mold, the housing and the 
outer mold surface de?ning therebetween a serpentine 
.path of cold air movement for abstracting heat from the 
mold; and means for harvesting ice from the mold. 
Another aspect of this invention comprises a cold 

storage appliance having a freezing compartment de~ 
?ned by a plurality of walls and means for circulating 
cold air in the compartment; and an ice maker, in the 
compartment, comprising a mold having an inner sur 
face providing ice piece forming cavities and an outer 
surface; a housing, independent of the compartment 
walls, around the mold and de?ning with the outer 
mold surface a path of cold air movement; and means 
for harvesting ice pieces from the cavities including a 
heater for warming the inner mold surface and means 
for removing ice pieces from the cavities. 
A further aspect of this invention comprises an ice 

maker including a mold providing ice piece forming 
cavities, means providing a cold air passage in heat ex 
changing relation with the mold, means operative dur 
ing ice harvesting for removing ice from the mold in 
cluding a heater for warming the mold, and means op 
erative during harvesting for restricting the passage. 
Other aspects, features and advantages of this inven 

tion will become more apparent hereinafter. 
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12 of a cold storage appliance. The freezing compart 
ment 12 is de?ned by a bottom wall 14, side walls 16, 
a back wall 18 and an open front which is closed by a 
conventional door (not shown). Opening through the 
back wall 13 is a duct 20 having therein a fan 22 for cir 
culating cold air through the compartment 12. The fan 
22 is typically controlled by a suitable thermostat (not 
shown) for starting and stopping cold air circulation in 
the compartment 12 in response to temperature 
therein. As will become more fully apparent hereinaf 
ter, the fan 22 comprises means for circulating cold air 
in the compartment 12 through the icemaker 10. 

In order to assure that cold air passes through the ice 
maker 10 in the appropriate direction and in order to 
assure a substantial quantity of cold air moving through 
the icemaker 10, there is preferably provided a fitting 
24 secured to the back wall 18 adjacent the duct 20. 
The ?tting 24 acts to deliver a predetermined ratio of 
air from the fan 22 to a ?exible conduit 26 connected 
to the icemaker 10. 
For purposes of illustration, the icemaker I0 is illus 

trated adjacent the left side wall of the compartment 12 
as viewed from the open front with an ice storage con 
tainer 28 adjacent thereto. A prototype of the icemaker 
10 is approximately 2-1/2 inches wide X 7-% inches high 
X 9 inches deep. Accordingly, in many installations, the 
icemaker 10 may be placed on the freezer bottom wall 
with a shelf thereabove. As will be more fully apparent 
hereinafter, the icemaker 10 is unit handled and may 
be positioned adjacent either side or the back of the 
compartment 12. 
Referring to FIGS. 2-6, the icemaker 10 comprises 

as major components a mold 30, a housing or baf?e 32 
de?ning with the mold 30 an undulating or serpentine 
cold air passage 34, ice harvesting means 36 including 
a heater 38, an ejector 40, driving means 42 and a link 
age 44 interconnecting the driving means 42 and the 
ejector 40, a valve 46 for restricting the cold air pas 
sage 34 during harvesting, and a circuit 48 for control 
ling operation of the various components during the 
icemaking and ice harvesting cycles. 
The mold 30 includes an inner surface 50 providing 

a pluraity of upwardly facing ice piece forming cavities 
52. For all practical purposes, the inner mold surface 
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50 is substantially the ‘same as illustrated in US. Pat. 
No. 3,163,017 and 3,331,215. The mold 30 also in 
cludes an outer moldsurface 54 of substantially the 
same con?guration as the inner surface 50. The mold 
30 is accordingly a thin wall mold as contrasted with 
the disclosures of the prior art referred to previously. 
The outer mold surface 54 presents an undulating sur 
face rather than a planar surface as shown in the prior 
art. The mold 30 also includes a bottom wall 56 spaced 
below the bottom of the cavities 52 (FIG. 4) in order 
to accommodate the ejector 40 in the icemaking posi 
tion thereof as shown in FIG. 2. The mold 30 may also 
comprise a top wall 58 for securement to the frame 60 
of the icemaker 10. 
Referring to FIGS. 1 and 2, there is provided a ?lling 

trough 62 connected to a suitable water line 64 passing 
through the side wall 16 of the freezing compartment 
12. As will be apparent from FIG. 2, the ?lling trough 
62 may be connected on either end of the icemaker 10 
which enhances mounting. ?exibility thereof. Water 
?owing through the conduit 64 and the ?lling trough 62 
into the mold 30 is controlled by a valve 66 (FIG. 6) 
having a solenoid 68 which, when energized, opens the 
valve 66 to permit water to enter the ?lling trough 62 
and mold 30. Since the opening into the ?lling trough 
62 may be through the side wall, as illustrated, or 
through the end wall, mounting ?exibility is further en 
hanced. 
The housing 32 is captivated by the frame 60 be 

tween openings 70, 72 therein and is in surrounding re 
lation to the mold 30. The direction of air movement 
along the passage 34 depends, of course, upon the nat 
ural circulation pattern. within the freezing compart 
ment 12 or the induced circulation pattern afforded by 
the ?tting 24 and the conduit 26. For purposes of illus 
tration, air ?ow is illustrated from right to left in FIG. 
5 since it is desirable that the thermostat 74 be in heat 
transferring relation with the downstream ice forming 
cavity 52. 
The housing 32 comprises side walls 76, 78 which un 

dulate in an arrangement complementary to the undu 
lations in the mold 30_thereby providing the undulating 
or serpentine air flow passage 34. The con?guration of 
the air ?ow passage 34 and the distances between the 
mold 30 and the side walls 76, 78 are designed to 
achieve turbulent air ?ow in the passage 34 at volumet 
ric air flows between 1 and 10 CFM. Turbulent air ?ow 
in the passage 34 is highly desirable to avoid dead air 
spaces in the areas 80 between the ice piece forming 
sections. The housing 32 also comprises a bottom wall 
82 underlying the mold 30 as seen most clearly in FIGS. 
3 and 4. I - ' 

Testing of various prototypes of this invention has re 
vealed interesting data. In an early prototype of the in 
vention with a housing having planar side walls rather 
than undulating side walls with the cold air circulating 
fan on continuously, the elapsed time from ?lling of the 
ice piece cavities with water to freezing of the ice 
pieces was greater than 60 minutes. By incorporating 
means on the baf?e side walls to create a serpentine 
cold air flow path and thereby provide turbulent air 
?ow reduced the ?ll-to-freeze time to 40 minutes. It 
will be appreciated that the ice mold 30 and baf?e 32 
of this invention are substantially less expensive than 
the cast aluminum ice molds of the prior art. This is pri 
marily the result of a lesser quantity of material in the 
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mold 30 and the housing 32 and greatly simpli?ed con 
?guration. 
The heater 38 comprises part of the ice harvesting 

means 36. For reasons more fully pointed out hereinaf 
ter, the heater 38 is a low power electrical resistance 
element in heat exchanging relation with the mold 30. 
After the thermostat 74 has sensed that the tempera 
ture in the downstream ice piece cavity 52'has declined 
to a predetermined value, the thermostat 74 closes. If 
the stop-start switch 8 is closed, as will be explained 
more fully hereinafter, the heater 38 is energized to 
commence the ice harvesting operation. 
The ice piece ejector 40 is illustrated as being of gen 

erally conventional con?guration and is quite similar to 
that disclosed in US. Pat. No. 3,163,018. The ejector 
40 accordingly comprises a plurality of piston-like 

’ plates 86 formed integrally with the top of a thin elon 
gate horizontal bar 88 which passes between the ice 
forming cavities. An ejector rod 90 is secured to the‘ 
ejector 40, as by a screw 92. The rod 90 is mounted by 
a bushing 94 in the bottom of the mold 30 for generally 
vertical movement. The bushing 94 includes one or, 
more O-rings 96 for sealing against the rod 90. The 
bushing 94 is threaded into a collar 98 which is held by 
a clamp 100. In contrast with the amount of machining 
required in prior art ice molds, the only machining re 
quired in the mold 30 is the aperture in which the bush 
ing 94 ?ts. ' 

The driving means 42 comprises an electric motor 
102 and a gear box 104 of conventional design. The 
gear box 104 provides a rotatable output 106. drivably 
connected to the linkage 44 for converting rotary mo 
tion of the output 106 into reciprocation of the ejector 
rod 90. ' 

The linkage 44 comprises an enlarged hub 108 hav 
ing thereon a crank or cam 110 spaced from the axis 
of the output 106. The cam 110 conveniently c0m~ 
prises a screw 112 threaded into the hub 108 and a rol 
ler 114 mounted for rotation thereon. The cam 110 is 
captivated in a generally horizontal slot 116 provided 
by a yoke 118 which is rigid with the ejector rod 90. 
The yoke 118 is rigid with a framework 120 which is 
constrained for vertical movement by a rod 122 passing 
through an opening 124 in the framework 120. It will 
accordingly be seen that the linkage 44 is illustrated as 
comprising a Scotch yoke. 
FIGS. 2-4 illustrate respectively the icemaking posi 

tion of the icemaker 10, the initiation of the ice har 
vesting cycle and the termination of the ice harvesting 
cycle. As the motor 102 is energized from the position 
of FIG. 2, the output 106 rotates thereby providing the 
cam 110 about the axis of the output 106. Revolution 
of the cam 110 causes the yoke 118 to move vertically 
as constrained by the rod 122. 
The motor 102 and the heater 108 are energized sub 

stantially simultaneously. After an initial lost-motion 
movement of the linkage 44, the motor 102 stalls until 
the heater 38 melts a film of ice immediately adjacent 
the inner mold surface 50. As the heater 38 breaks the 
bond between the ice and the mold 30, the motor 102 
begins movement thereby elevating the ejector 40. 
Consequently, the greatest force required during the 
ice harvesting operation is at the initiation of ejector 
movement. Accordingly, the linkage 44 is preferably 
designed to generate the greatest force on the ejector 
rod 90 at the inception of upward movement thereof. 
An analysis of the linkage 44 reveals that a large up 
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ward force produced thereby occurs when the cam 110 
lies in a sector 126 adjacent the bottom of the path of 
movement of the cam 110. Accordingly, it is highly de 
sirable that the linkage 44 commence ice harvesting 
movement in the sector 126. 
To this end, the motor 102 is de-energized by the cir 

cuit 48 on the downstroke of the ejector rod 90 and a 
biasing spring 128 is provided for biasing the rod 90 to 
its lower position and assuring full downstroke move 
ment thereof as shown in FIG. 2. 
The ice harvesting means 36 also includes a feeler 

arm 130 for sensing the quantity of ice in the container 
28. The feeler arm 130 is illustrated as passing through 
the housing 32 and journalled by suitable bushings 132 
therein. As shown best in FIG. 5, the feeler arm 130 is 
rigidly connected to a lever 134 which is in turn pinned 
to a member 136. The member 136 is constrained by 
a bracket 138 for vertical movement and includes, at 
the lower end thereof, a pair of switch actuating mem 
bers 140, 142. The switch actuating members 140, 142 
captivate a switch actuator 144 for the switch 84 illus 
trated in FIG. 6. ' 
During ice harvesting the feeler arm 130 is raised out 

of the ice container 28 before ejection of the ice pieces 
and it thereafter drops into engagement with the ice 
pieces. To this end, there is provided an extension 146 
underlying a bearing element 148 carried by the mem 
ber 136. As the linkage 44 is actuated, the framework 
120 and the extension 146 thereon are elevated into 
contact with the bearing element 148. As suggested in 
FIG. 4, during each ice ejection cycle the extension 146 
elevates the member 136 thereby raising the feeler arm 
130 substantially out of the container 28 and returns to 
the position as illustrated in FIG. 2, allowing member 
136 to assume a position determined by the engage 
ment of feeler arm 130 with the ice pieces. 
As the container 28 ?lls with ice, the feeler arm 130 

assumes a more or less horizontal position upon engag 
ing the ice pieces. Ultimately, as the container 28 ?lls, 
the switch actuating member 140 is held in an elevated 
position so that the switch actuator 144 opens the cir 
cuit leading to the motor 102 thereby preventing fur 
ther harvesting of ice. As the container 28-is emptied, 
the feeler arm 130 again assumes a more nearly vertical 
position so that the switch actuating member 142 may 
engage the switch actuator 144 and close the stop-start 
switch 84. In the alternative, the switch 84 may be of 
the normally closed type such that downward move 
ment of the member 136 allows the switch actuator 144 
to return to the closed position. 
An important part of the ice harvesting means 36 is 

the valve 46 for closing or restricting the cold air pas 
sage 34. The valve 46 includes a gate 150 mounted for 
movement in a suitable slot 152 between positions 
opening and closing the passage 34. The gate 150 is 
manipulated between these positions by an actuating 
arm 154. The actuating arm 154 is movably mounted 
by a pivot connection 156 which is conveniently se 
cured to the gear box 104. The free end of the actuat 
ing arm 154 is connected to the gate 150 by a suitable 
lost motion connection. A cam follower 158 is 
mounted on a projection 160 extending from the arm 
154. The follower 158 is captivated in a camming 
groove 162 on the back side of the hub 108. As shown 
in FIG. 2, the follower 158 is positioned by the-cam 
track 162 to depress the actuating arm 154 and thereby 
move the gate 150 out of the air passage 34. Since FIG. 
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2 illustrates the icemaking cycle of operation, air flow 
through the passage 34 is unimpeded. At the com 
mencement of the ice harvesting cycle, the hub 108 is 
rotated toward the position in FIG. 3. The cam follower 
158 is moved laterally of the pivot connection 156 
thereby raising the actuating arm 154 and moving the 
gate 150 to the closed position. In the con?guration of 
FIG. 3, it will be apparent that air ?ow through the pas 
sage 34 stops. By closing the valve 46, heat transfer 
from the inner mold surface 50 to the outer mold sur 
face 54 is greatly reduced. 
The reduction of heat transfer from the inner mold 

surface 50 to the outer mold surface 54 has two impor 
tant advantages. With the valve 46 closed, the heater 
38 needs only to warm the mold 30 suf?ciently to break 
the ice adhesion bond. With the gate 46 open and cold 
air ?owing through the passage 34, the heater 38 would 
necessarily be of greater capacity since a substantial 
quantity of heat would be transferred to the moving air 
stream rather than to the mold 30. Accordingly, a low 
power heater may be utilized. In prototypes of this in 
vention, heaters having 3040 watt capacity have 
proved satisfactory compared to 180 watt heaters used 
on presently commercially available icemakers. An im 
portant practical sidelight of this improvement in oper 
ating ef?ciency is that the heretofore conventional 
overheat safety thermostat, which is normally in series 
with the thermostat 74, may be deleted since the maxi 
mum temperature rise of low power heaters is within 
the maximum allowable temperature rise for materials 
used in the icemaker 10. 
There is another important advantage in ice harvest 

ing efficiency afforded by this invention. Referring to 
FIG. 3, it will be apparent that the mold 30 is gaining 
heat immediately adjacent the heater 38 and giving up 
heat away from the heater 38. By reducing heat trans 
fer efficiency during harvesting, the mold ‘30 does not 
need to be heated to as great a temperature to release 
the ice pieces in the cavities 52. Thus there is a reduc 
tion in total heat input required of the heater 38. 
Because of the degradation of heat transfer efficiency 

during harvesting, more sophiscated design improve 
ments become practical. For example, breaking the ad 
hesion ‘of the ice pieces in the end cavities creates a 
greater stress on the ejector 40 and operating assembly 
therefor because of the longer moment arm between 
the end cavities and the axis of ejector movement. This 
may be obviated, if desired, by controlling heat input 
to break the adhesion bond in a particular sequence, 
for example end ice pieces ?rst. 
The switching mechanism 164 used in the control of 

the icemaker 10 is substantially the same as illustrated 
in US. Pat. No. 3,163,018. The switching mechanism 
164 comprises sequentially actuated switches 166, 168. 
The switch 166 controls an energizing circuit for the 
motor 102 while the switch 168 controls the solenoid 
68 of the ?lling valve 66. The switches 166,168 are 
conveniently ganged together and manipulated by an 
actuator 170 having thereon a cam follow 172 which 
engages the periphery 174 of the hub 108. The hub pe 
riphery 174 includes a depression 176 allowing self 
biased movement of the actuator 170 toward the switch 
open position illustrated in FIG. 6. 
At the termination of the icemaking cycle, the ther 

mostat 74 closes. If the feeler arm 130 senses a lack of 
ice in the container 28, the switch 84 is closed. Thus, 
a circuit is completed to the heater 38 and the motor 
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102 thereby initiating the ice harvestingcycle. Until the 
adhesion bond between the ice pieces and the inner 
mold surface is weakened by the heater 38, the ejector 
40 and rod 90 cannot move upwardly. Since the slot 
116 and the cam 110 constitute a lost motion connec 
tion, the hub 108 is free to rotate from the position 
shown in FIG. 2 toward the position shown in FIG. 3. 

v‘This rotation of the hub 108 initiates a plurality of func 
tions including closing of the valve 46 and closing of 
the switch 166. 
The motor 102 stalls until the adhesion bond be 

tween the ice pieces and the inner mold surface 50 is 
substantially weakened. The force imposed by the driv 
ing means 42 and linkage 44 is then suf?cient to com 
plete breakage of the'adhesion bond and allow upward 
movement of the rod 90 and ejector 40 toward the po 
sition illustrated in FIG. 4. As the ice cubes eject from 
the mold 30, they engage a suitable de?ector 178 and 
fall into‘ the container 24. Continued rotation of the 
hub 108 causes downward movement of the ejector 40 
and rod 90 from the position shown in FIG. 4 toward 
the position shown in FIG. 2. During the heating pe 
riod, thermostat 74 opens so that when the follower 
172 passes into the depression 176, opening switch 
166, the motor 102 and heater 38 are de-energized. 
The hub 108 begins to coast to a stop. Engagement of 
the cam 110 with the bias spring‘128 causes the ice 
maker to come to rest in preparation for an icemaking 
cycle. 
As is apparent from FIGS. 1 and 6, a pair of leads 

180, 182, which energize the circuit 48, are encased in 
suitable insulation to form a cable 184 passing through 
the freezer side wall 16. 
The icemaker 10 affords a number of important ad 
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8 
vantages previously mentioned. In addition, the ice 
maker 10 may be tested for operability prior to installa 
tion in a refrigerator. 

I claim: 
1. A self-harvesting icemaker, comprising: a mold 

providing ice piece forming cavities, ?rst means de?n 
ing a cold air passage in heat exchanging relationship 
with the mold, second means for directing cold air 
-'through said cold air passage, third means operative 
during harvesting for removing ice from the mold, said 
third means including a heater for warming the mold, 
and fourth means operative during harvesting for re 
stricting the cold air passage and precluding cold air 
circulation through said cold air passage. . 

2. The self-harvesting icemaker of claim 1, wherein 
the ?rst means is of a size sufficient relative to the mold 
for providing turbulent air flow at a preselected air flow 
rate. 

3. The self-harvesting icemaker of claim 2, wherein 
the preselected air ?ow rate is in the range of between 
l-lO CFM. ' 

4. The icemaker of claim 1 wherein the fourth means 
comprises a valve and means for moving the valve be 
tween positions opening and closing the passage. 

5. The icemaker of claim 4 further comprising means 
for substantially simultaneously energizing the heater 
and the means for moving the valve. ' 

6. The icemaker of claim 4 wherein the third means 
includes an ejector, means for moving the ejector 
through the cavities, and means for energizing the 
heater and for moving the valve to the passage closing 
position prior to moving the ejector through the cavi 
ties. ' 

>l< * * * * 


