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[57] ABSTRACT 

A refrigerator including a freezer compartment containing a 
combination ice dispenser and crusher, a passage for convey 
ing ice from the crusher outlet exteriorly of the refrigerator 
and exterior means for operating the dispenser and crusher is 
provided with safety means for stopping operation of the 
dispenser and crusher upon the thrusting of an arm or other 
elongated member into the passage. This safety means com 
prises a proximity detection circuit including a sensing plate 
associated with the ice passage. 

10 Claims, 5 Drawing Figures 
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HOUSEHOLD REFRIGERATOR WITH EXTERIOR ICE 
SERVICE 

BACKGROUND OF THE INVENTION 

The present invention is directed to household refrigerator . 
cabinet including means for dispensing ice exteriorly of the 
cabinet. 

In the copending application, Ser. No. 44,272 ?led concur 
rently herewith in the name of Robert J. Alvarez and assigned 
to the same assignee as the present invention, there is 
described and claimed a household refrigerator including a 
freezer compartment containing a combination ice storage 
receptacle, dispenser and crusher and passage means for 
receiving ice from the dispenser and conveying either ice in 
cube form or crushed form to a service area on an exterior sur 
face of the cabinet. In addition to means provided on the ex 
terior surface of the cabinet for energizing the combination 
dispenser and crusher, there is also provided safety switch or 
control means for interrupting the operationof the dispenser 
and crusher mechanism upon the thrusting of an arm or other 
elongated member into service area end of the ice passage. 
The safety control means in accordance with the broad 
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aspects of the Alvarez application, comprises any suitable . 
sensing means associated with the passage such as a pressure 
or capacity sensing means or preferably a photoelectric switch 
means. 

The present invention is speci?cally concerned with a safety 
control means comprising a capacity sensitive means designed 
to interrupt the operation of the dispenser and crusher 
mechanism upon a change in capacity sensed thereby when an 
arm or other elongated member is thrust into the service area 
end of the ice passage. 

SUMMARY OF THE INVENTION 

In accordance with the illustrated embodiment of the 
present invention there is provided a refrigerator cabinet com 
prising insulated walls including a door de?ning a normally 
closed freezer compartment and a combination ice dispenser 
and crusher in the compartment having a discharge opening 
from the crusher mechanism adjacent the inner surface of the 
door. The door includesan ice delivery passage therethrough 
for receiving ice from the discharge opening and delivering of 
that ice to a service area on the exterior surface of the door. In 
addition to operating means including an actuating means ex 
terior of the cabinet for effecting operation of the ice 
dispenser, there is also provided control means operable upon 
thrusting of an arm or other elongated electrically conductive 
member into the service area end of the passage for prevent 
ing operation of the dispenser. This safety control means com 
prises a proximity detection circuit including a sensing plate or 
electrode associated with the passage and circuitry adapted to 
prevent operation of the dispenser and crusher when the 
sensing plate capacitance increases due to the proximity of an 
electrically conducting body. The circuitry comprises a 
sensing circuit and a relaxation oscillator circuit for supplying 
a pulsating direct current voltage to the sensing circuit each of 
which essentially includes an anode gated silicon controlled 
recti?er or its equivalent. The circuitry is particularly charac 
terized by the fact that it is insensitive to source voltage polari 
ty and relatively insensitive to resistive input signals compared 
to capacitive input. 

BRIEF DESCRIPTION OF THE DRAWING 

In the accompanying drawing: 
FIG. 1 is a vertical sectional view of a portion of a 

household refrigerator embodying the ice service of the 
present invention; 

FIG. 2 is a schematic diagram of a portion of the electrical 
control circuitry for controlling the automatic operation of the 
ice dispenser in accordance with the present invention; 

FIG. 3 is a plot of the various voltage wave shapes of the cir~ 
cuit of FIG. 2; 

FIG. 4 is an alternative output portion of the control circuit; 
and 
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2 
FIG. 5 is a functional equivalent form of the sensing portion 

ofthe circuit of FIG. 2. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

While the safety control concept of the present invention 
may be applied to any household refrigerator including an ex 
terior ice service, it will be speci?cally described in its applica 
tion to a refrigerator cabinet in which the front or accessible 
wall portion is formed by a door closing the access opening to 
a freezer compartment. 
More speci?cally the invention will be described in its appli 

cation to a cabinet containing, in side-by-side relationship, a 
freezer compartment 1 closed by a freezer door 2 and'a fresh 
food compartment (not shown). The door 2 includes an outer 
panel 3 forming the outer face of the door and having a recess 
4 generally de?ning a service center area to which ice is 
delivered exteriorly of the cabinet from an ice dispenser 5 sup 
ported within the freezer compartment above the‘level of the 
recess 4. ~ 

The ice dispenser 5 is of the type designed to dispense 
crushed ice or selectively, crushed or cube ice. The illustrated 
ice dispenser is more fully described and claimed in the 
copending application of Robert J. Alvarez, Ser. No. 756,934 
?led Sept. 3, I968 and assigned to the same assignee as the 
present invention. Brie?y, it includes a receptacle 7 for receiv 
ing and storing ice pieces, generally referred to as ice cubes, 
produced by an automatic ice maker 8 and rotatable 
dispensing means 9 positioned in the receptacle and driven by 
a motor 10 through a speed reduction drive meansll. Upon 
rotation of the dispensing means, ice cubes stored in the 
receptacle are advanced for discharge in batches of two or 
three cubes through an opening 12 in the front wall of the 
receptacle and these ice cubes may either fall directly through 
a discharge opening 14 or by a proper positioning of an inter 
ceptor means (not shown) may be crushed to form crushed ice 
by a crusher 15 including the usual rotating crusher arms 
rotatable with the dispensing means 9. The dispenser 5 is posi 
tioned within the freezer compartment 1 with front end in 
cluding the discharge opening 14 adjacent the inner panel 16 
of the door 2. 
The inner panel 16 is formed to include an inwardly extend 

ing leg 17 having a horizontal surface 18 positioned im 
mediately below the discharge opening 14 when the door is 
closed. An ice passage 19 having its end in the horizontal sur 
face portion 18 of the ledge and its outlet end extending 
through the top wall 21 of the recess 4 conducts ice from the 
dispenser to the service area upon operation of the dispensing 
means 9. 

The passage 19 also includes a closure member 22 inter 
mediate the upper and lower ends thereof for normally closing 
the passage and thereby preventing the circulation of either 
ambient or freezer air through the passage. This closure 22 is 
moved to its opened position by pressure on a pushrod 23 pro 
vided in the rear wall of the recess 4, the pushrod 23 being 
suitably connected through a cable drive means 25 to the clo 
sure member. Switch means also operable bythe pushrod 23 is 
provided for energizing the dispensing motor 10 when the 
pushrod is depressed or moved rearwardly to open the closure 
member 22. In addition to this switch means, the controls also 
include crusher control means for dispensing either crushed 
ice or ice in cube form when the motor 10 is energized. 
More speci?cally the passage 19 comprises an upper tubu 

lar section 28, a port portion or member 29 against which the 
closure member 22 seats and a lower or outlet section or por 
tion 30. The lower or outlet portion 30 and the port portion 29 
are supported on the upper wall 21 of the recess 4 while the 
upper tubular section 28 of the passage ?ts within an annular 
?ange 35 provided on the upper surface of the port portion 
29. 

It is desirable that the passage 19 be as short as possible in 
order that batches of ice will quickly pass therethrough during 
operation of the dispensing means 9 and of sufficient cross 
sectional area as to permit the passage of ice cubes 
therethrough without jamming. 
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In accordance with the present invention, the means pro 
vided for preventing operation of the dispensing means 9 and 
hence of the crusher 15 driven by the dispensing means 9 
comprises a capacity sensing electrode or plate 40 associated 
with passage 19 above closure 22 and improved circuitry for 
deenergizing motor 10 whenever plate 40 senses a change in 
capacity resulting from the insertion into passage 19 any elec 
trically conducting foreign object or body such as a hand, toy, 
knife handle or the like. 

Referring to FIG. 2 of the drawing, the same source of alter 
nating current (120 v. AC) employed to operate the dispenser 
motor 10 is supplied through the switch 39 operated by the 
pushrod 23 and the coil 41 of a motor control relay switch 42 
to terminals 44 and 45 which connect to a voltage regulating 
circuit comprising a dropping resistor 46, a voltage regulating 
zener diode 47 and a rectifying diode 48. The components of 
the voltage regulating circuit are so arranged that its output 
terminal 50 is positive and its output terminal 51 is negative. 
The control circuitry essentially includes a sensing or detec 

tor circuit 52 and a relaxation oscillator 53. 
The sensing circuit includes an anode gated silicon-con 

trolled recti?er (SCR) 55 with its anode 56 connected to posi 
tive terminal 50.v Its cathode 57 is connected to the negative 
terminal 51 through resistor 58 thereby providing output ter 
minals 59 and 60. Its gate 61 is connected through a resistor 
62 to the positive terminal 50. 
The relaxation oscillator circuit 53 also comprises an anode 

gated SCR 63. Its anode 64 is connected to positive terminal 
50 through resistor 16 and to negative terminal 51 through a 
capacitor 65. Its cathode 66 is connected to negative terminal 
51 through resistor 67 and to the positive terminal 50 through 
a capacitor 68. The gate 69 of this SCR is connected through 
resistor 70 to a voltage divider circuit comprising resistors 71 
and 72 connected across terminals 50, 51. 
The remaining components of the circuit of FIG. 2 include a 

conventional cathode gated silicon-controlled recti?er 75 
connected in series with a self-heating thermistor 76 and relay 
coil 41. The gate 77 of the SCR 75 is connected to output ter 
minal 59 of the sensing circuit. Relay 42 includes normal 
closed contacts 78 and normally open contacts 79. Sensing 
electrode or plate 40 is connected to gate 61 of SCR 55 
through a capacitor 86. 
During normal operation of the dispenser, the motor 10 is 

controlled by switch 39 operated by rod 23, the closing of 
switch 39 energizing the motor through normally closed con 
tacts 78. ‘ 

Closing-of switch 39 also connects terminals 44, 45 to the 
source of alternating current and the combination of zener 
diode 47 and dropping resistor 46 provide a clipped half 
sinusoidal wave voltage at terminals 80, 51 and hence to the 
sensing and relaxation oscillator circuitry through recti?er 
diode 48. 
The operation of this circuitry can best be understood with 

reference to FIG. 3 of the drawing in which the AC supply 
voltage is illustrated by curve 81 and the DC potential at ter 
minals 80, 51 by curve 82. In the absence of the relaxation 
oscillator circuit 53 and with no connection to gate 61 of the 
anode gated SCR 55 other than resistor 62, anode 56 and gate 
61 are both positive and at essentially the same voltage level 
so that the anode gated SCR 55 is in the “off ” state. 
The relaxation oscillator circuit 53 is designed to superim 

pose on this DC potential 82, a series of voltage pulses having 
a fast rise time and a magnitude of a few volts. 
With reference to FIG. 3, a typical maximum voltage for 

wave curve 82 during the positive half cycle is about 10 volts. 
During this period of time the gate of anode gated SCR 63 is 
biased at a voltage level approximately two-thirds of this 
supply voltage 82 by resistors 70, 71 and 72. Capacitor 65 is 
charged through resistor 67. The anode'64 of the anode gated 
SCR 63 is connected at the junction of capacitor 65 and re 
sistor 67 and follows the approximate wave shape depicted by 
84 in FIG. 3. When the anode 64 voltage reaches a point ap 
proximately 0.6 volt greater than the gate 69 voltage, the 
anode gated SCR 63 switches to the “on" state, discharging 
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4 
capacitor 65 through the anode 64-—cathode 66 path of this 
SCR 63 and through resistor 67. Resistor 67 is a low value in 
the order of 100 ohms and discharges capacitor 65 very 
rapidly. This sudden discharge of current through resistor 67 
develops a voltage pulse or “spike” across resistor 67 . Capaci 
tor 68 ‘ couples this voltage pulse developed at the SCR 
cathode 66 to the positive supply voltage. The pulse is algebra 
ically added to the oscillator voltage supply and this resultant 
voltage at junction 50 is depicted by wave shape 85 in FIG. 3. 
Rectifying diode 48 prevents the zener diode 47 from clipping 
the voltage pulses added to the oscillator supply voltage. 
When the discharge current from capacitor 67 through SCR 
63 and resistor 67 drops below the holding current of the SCR, 
the SCR switches “off” and capacitor 65 begins charging 
again. This cycle repeats itself as long as a positive voltage is 
present at terminal 50. . 

The resultant voltage 85 at terminal 50 is the necessary 
source for the operation of the sensing or detector circuit 52 
which includes an isolating capacitor 86, between the gate 61 
and the sensing electrode 40. Capacitor 86 is a high-voltage 
unit with a capacitance value in the order of several hundred 
picofarads to provide electrical isolation from the AC source 
voltage 81. Sensing electrode 40 is of such dimensions and lo 
cation to provide approximately 10 picofarads to the object 
being sensed. 
The voltage 85 causes both the anode 56 and gate 61 of 

SCR 55 to be pulsed periodically with a steep wave front pulse 
on the order of volts per microsecond rise time and a mag 
nitude of a few volts. 
When a small capacitance of the order of a few picofarads is 

applied to the gate 61 by the proximity of a conducting body 
to plate 40, each time a pulse occurs a current ?ows through 
resistor 62 and capacitor 86 to charge the applied 
capacitance. This current flow, dependent on the rate of rise 
of the pulse and the value of resistor 62 and the capacitance 
between plate 40 and the sensed body generates a voltage 
drop which appears negative at gate 61 with respect to anode 
56. When the negative pulse of this voltage reaches approxi 
mately —0.6 volt, the anode gated SCR 55 switches to the 
“on” state providing an output voltage between terminals 59 
and‘60. The output voltage between these terminals thus pro 
vides a signal in response to the presence of a capacitance 
connected to the gate terminal 61. ' 

This output of the sensing circuit is utilized to trigger the 
conventional cathode gated SCR 75. The SCR 75 operates in 
the conventional mode to energize the coil 41. ' 

Speci?cally, whenever plate 40 senses a body capacity in 
the passage 19, relay coil 41 is energized to open relay con 
tacts 78 thereby deenergizing motor 10 and closing relay con 
tacts 79 to complete a holding circuit for coil 41 through the 
closed switch 39. This holding circuit is broken only when 
switch 39 is again opened which can take place only by 
removal of the operating pressure from rod 23 and closing of 
closure member 22. 

Preferably, the energizing circuit for coil 41 also includes 
the self-heating, negative temperature coefficient of resistance 
thermistor 76 which provides a thermal integrationor time 
delay of several voltage supply cycles by SCR 75 before coil 
41 is energized. This prevents the operation of the safety cir 
cuit due to undesired triggering of SCR 75 by transient voltage 
pulses or noise on the AC power source lines. 
An alternate output con?guration for the sensing circuit is 

illustrated in FIG. 4 in which the resistor 58 is replaced by a 
parallel combination of a capacitor 83 and coil 87 of a reed 
switch 88 series connected with relay coil 41. In this embodi 
ment of the invention triggering of anode gated SCR 55 ener 
gizes coil 81 to close switch 82 and thereby energizing relay 
coil 41. In this alternate con?guration, capacitor 83 performs 
the delay function of thennistor 76. 

It is also understood that the term “anode gated SCR" as 
used with reference to SCR’s 55 and 63 is intended to cover 
their functional equivalent form as provided in integrated cir 
cuitry, that is as a regenerative complementary pair of 
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transistors as illustrated in FIG. 5. Transistor 55~a is of the 
PNP variety and transistor 55-42 is of the NPN variety, this pair 
being gated by gate 61—a and connected into the remaining 
circuitry in the same way as the anode gated SCR 55 or 63, 
FIG. 5 showing such connections in connection with SCR 55. 
It will be recognized this function is alternately described in 
the semiconductor industry as, “silicon-controlled switch,” “ 
complementary thyristor," “programmable unijunction 
transistor” and “gate-controlled switch.” 
From the above description, it will be seen that by employ 

ing an anode gated SCR or its functional equivalent, in the 
subject circuitry, the voltage pulse is not imposed on that part 
of the circuit carrying the output load; that is the circuit in 
cluding relay coil 41. Additional advantages of the anode 
gated SCR are fast switching resulting in faster pulse rise times 
of greater magnitude than are obtainable with the usual 
unijunction transistor relaxation oscillators. Thus the total cir 
cuit is more sensitive to the control by plate 40. 
While there has been shown and described speci?c embodi 

ments of the invention, it will be understood that is is not 
limited thereto and it is intended by the appended claims to 
cover all modi?cations within the true spirit and scope of the 
invention. 
What I claim as new and desire to secure by Letters Patent 

of the United States is: 
1. In a refrigerator cabinet comprising a freezer compart 

ment containing an ice dispenser and a passage for receiving 
ice from said dispenser and delivering it to a service area on 
the exterior surface of said cabinet; 

operating switch means including actuating means exterior 
of said cabinet‘ for normally effecting operating of said 
dispenser; 

control means operable upon the thrusting of an arm or 
other elongated member into said passage to prevent 
operation of said dispenser by said operating switch 
means; 

said control means comprising capacity sensing means as 
sociated with said passage, a safety switch and circuitry 
for operating said safety switch by said capacity sensing 
means; 

said circuitry comprising a sensing circuit and a relaxation 
oscillator circuit; 

said sensing circuit including an anode gated silicon-con 
trolled recti?er for controlling the power supply to said 
dispenser; 

said sensing circuit including means connecting the anode 
of said anode gated silicon-controlled recti?er and to the 
gate thereof through a resistor, and means connecting the 
gate of said anode gated silicon-controlled recti?er to 
said capacity sensitive means; 

said relaxation oscillator circuit comprising a second anode 
gated silicon-controlled recti?er and a capacitor con 
nected to the cathode thereof for supplying a positive pul 
sating voltage to the anode and gate of said sensing circuit 
anode gated silicon-controlled recti?er; 

the sensing body capacity by said capacity sensing means 
generating a gating voltage differential between the 
anode and gate of said sensing circuit silicon-controlled 
recti?er; and 

means operable upon conduction of said sensing circuit sil 
icon-controlled rectifier for operating said safety switch 
to prevent operation of said dispenser by said operating 
switch means. 

2. A refrigerator cabinet according to claim 1 in which said 
safety switch is normally closed and is part of a relay including 
a relay coil, the energization of which is controlled by said 
sensing circuit. 

3. A refrigerator cabinet according to claim 1 in which ener 
gization of said sensing and relaxation oscillator circuits is 
controlled by said operating switch means. 

4. A refrigerator cabinet according to claim 3 in which said 
relay includes a holding switch for delaying deenergization of 
said coil until said operating switch means is opened. 
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6 
5. In a refrigerator cabinet comprising a freezer compart 

ment containing an ice dispenser and a passage for receiving 
ice from said dispenser and delivering it to a service area on 
the exterior surface of said cabinet; 

operating switch means including actuating means exterior 
of said cabinet for normally effecting operating of said 
dispenser; 

control means operable upon the thrusting of an arm or 
other elongated member into said operating switch 
means; 

said control means comprising capacity sensing means as 
sociated with said passage, a safety switch and circuitry 
for operating said safety switch by said capacity sensing 
means; 

said circuitry comprising a sensing circuit and a relaxation 
oscillator circuit; 

said sensing circuit including input terminals, an anode 
gated silicon-controlled recti?er, and output terminals for 
controlling the power supply to said dispenser; 

said sensing circuit including means connecting one input 
terminal to the anode of said anode gated silicon-con 
trolled recti?er and to the gate thereof through a resistor, 
and means connecting the gate of said anode gated sil 
icon-controlled recti?er to said capacity sensing means; 

said relaxation oscillator circuit supplying a positive pulsat 
ing voltage to said sensing circuit and comprising a 
second anode gated silicon-controlled recti?er having an 
anode connected to said one input terminal of said 
sensing circuit through a resistor and to the other input 
terminal through a capacitor and a cathode connected to 
said other input terminal through a second resistor and to 
said one input terminal through a second capacitor; 

the sensing of body capacity by said capacity sensing means 
generating a gating voltage differential between the 
anode and gate of said sensing circuit silicon-controlled 
recti?er; and 

means operable upon conduction of said sensing circuit 
anode gated silicon-controlled recti?er for operating said 
safety switch to prevent operation of said dispenser. 

6. A refrigerator cabinet according to claim 5 in which said 
operating means also controls the power supply to said control 
means circuitry. - _ 

7. In arefrigerator cabinet comprising a freezer compart 
ment containing an ice dispenser and a passage for receiving 
ice from said dispenser and delivering it to a service area on 
the exterior surface of said cabinet; 

operating switch means including actuating means exterior 
of said cabinet for normally effecting operating of said 
dispenser; 

control means operable upon the thrusting of an arm or 
other elongated member into said passage to prevent 
operation of said dispenser by said operating switch 
means; 

said control means comprising capacity sensing means as 
sociated with said passage, a safety switch and circuitry 
for operating said safety switch by said capacity sensing 
means; 

said circuitry comprising a sensing circuit including an 
anode gated silicon-controlled recti?er for controlling the 
power supply to said dispenser, the gate of which is con 
nected to said capacity sensing means; 

a regulated voltage direct current power supply having posi 
tive and negative terminals; 

means connecting said positive terminal to the anode of said 
anode gated silicon-controlled recti?er and to the gate 
thereof through a resistor and means connecting said 
negative terminal to the cathode of said anode gated sil 
icon-controlled recti?er through a second resistor; 

a relaxation oscillator circuit for superimposing a positive 
pulsating voltage on the direct current voltage supplied to 
said sensing circuit comprised a second anode gated sil 
icon-controlled recti?er having an anode connected to 
said positive terminal through a resistor and to said nega 
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tive terminal through a capacitor, a cathode connected to 
said negative terminal through a second resistor and to 
said positive terminal through a second capacitor, and a 
gate connected through a third resistor to voltage dividing 
means connected across said terminals; 

the sensing of body capacity by said capacity sensing means 
generating a gating voltage differential between the 
anode and gate of said sensing circuit silicon-controlled 
recti?er; 

and means operable upon conduction of said sensing circuit 
silicon-controlled recti?er for opening said safety switch 
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8 
to prevent operation of said dispenser. 

8. YA refrigerator cabinet according to claim 7 ‘in which said 
operating switch means also controls the power supply to said 
constant voltage direct current power supply. 

9. A refrigerator cabinet according to claim 8 in which said 
operating switch means and safety switch are series con 
nected. 

10_ A refrigerator cabinet according to claim 9 including 
means for preventing reclosing of said safety switch while said 
operating switch means is closed. 

* * * * * 


