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ELECTRICAL TEMPERATURE SENSING DEVICE (71)   We, GENERAL ELECTRIC COM-
insulate the wire element by coating the PANY, a corporation organised and
existing  wire or embedding it in an insulating under the laws of the State
of New York, meduim such as a refractory powder or a United States of
America, of 1 River Road,  ceramic cement. However, for devices that 5
Schenectady, 12305, State of New York, are dimensioned for good thermal
response 55 United States of America do hereby declare  this form of
construction provides inadequ- the invention, for which we pray. that a
ate insulation. It is found that none of the patent may be granted :to us,
and  the  existing devices of this kind optimumly method by which it is to
be performed, to be  combine the above noted properties of 10 particularly
described in and by the follow-  thermal response, temperature sensitive 60
ing statement:- '-    resistance and mechanical strength for The invention
relates to electrical  temp... application to food heating appliances such
erature sensing devices of the type that  as toasters and the like. exhibit
a varying resistance characteristic as   In accordance with the present
invention 15 afunction oftemperature and,:in particular, there is -provided
a temperature sensing 65 that are employed in food heating  device
comprising a central elongate core of appliances for monitoring the heating
oper-  insulating material, a helical wire of temper- ation. The variations
in electrical resistance  ature sensing resistance material wound may be
translated by appropriate circuit  about the core, a sleeve of electrical
insulat- 20 means into electrical control and/or indi-   ing material
fitted over the wire-wound core 70 cator signals. It is desirable that such
devices  with a gap of less than 0.005 inches between possess good thermal
response characteris- 'the sleeve and the wire, and a protective tics so as
to closely track the heating and  outer tube of thermally conductive,
mechan- cooling sequences that occur in food heating  ically durable
material fitting over the 25 appliances and provide accurate resistance
insulating sleeve with a gap of less than 75 variations in response to
temperature  0.005 inches between the tube and the change. Another
desirable property is that sleeve. they have mechanical strength
appropriate    The insulating sleeve preferably has a wall for mounting and
use within food heating' 'thickness of less than 0.01 inches and may 30
compartments.                          be formed of
polytetrafluoroethylene.  80 One common temperature sensing device    A
preferred material for the helical wire is is the bead thermistor. This
device consists  a 70% nickel, 30% iron alloy. The outer of a bead of
semiconductor material exhibit-  tube may consist, for example, of ing a
negative temperature coefficient of aluminium. 35 resistance, the bead
being fixed between    The, resulting structure provides rapid 85 two
straight wire leads for reducing the  thermal conduction in the radial
direction resistance between these wire leads as the  between the outer
tubing and the wire, and temperature increases. Due to the mass of a
relatively small heat sink for applied ther- its body, the device does not
have thermal mal. energy, good electrical insulation of the 40 response
characteristics adequate for  temperature sensitive wire, and relatively 90
responding to rapid heating and cooling  good mechanical strength.
occurrences. In addition, a device of 'this    By way of example only, an
embodiment type is not suitable for mounting within a  of the invention
will now be described with food heating appliance.                reference
to the accompanying drawings in 45  There are a number of different
construc-  which:                           95 tions of temperature sensing
devices having    FIGURE 1 is a perspective view of a toas- the sensor
element in the form of a tempera-  ter appliance in which is mounted a
temper- 



ture sensitive resistance wire wound about  ature sensing device embodying
the present an insulating core member, and having an  invention; 50 outer
enclosure. It is common to electrically    FIGURE 2 is a cross sectional
view, par- 100    2                                     1 599 498
2 tially in dotted outline, of the toaster  our copending application
18665/78. Serial appliance in FIGURE 1 taken along the line  No. 1,565,796.
It may also be used in other 2-2;                                    forms
of temperature sensing systems FIGURE 3 is a top view of the inventive
requiring the generation of electrical signals 5 temperature sensing
device;            as a function of temperature.         70 FIGURE 4 is a
cross sectional view of a    Referring to Figures 3 and 4, there is length
of the temperature sensing device in  shown in detail the construction of
tempera- FIGURE 3 taken along the line 4-4; and  ture sensing device 19.
Included is a central FIGURE 5 is a graph illustrating the  core 25 of low
mass insulating material, such 10 change in resistance as a function of
temp-  as fiberglass, about which is wound a helix 75 erature for the
inventive temperature sens-  27 of temperature sensitive resistance wire
ing device.                             composed of a material whose
electrical With reference to Figure 1, there is illus-  resistivity is a
substantially linear function of trated a perspective view  of a toaster
temperature over a given range of tempera- 15 appliance 1 which
incorporates the electrical  tures. A particularly suitable material is a
80 temperature sensing device of the present 70% nickle, 30% iron alloy
which is sold invention. The toaster 1 is a toaster oven  under the
trademark "Balco". This material type appliance having a single compartment
exhibits a positive temperature coefficient providing the versatility of
bake and broil of resistivity, and exhibits one of the highest 20
operations in addition to being able to toast  resistivities and
temperature coefficients of 85 from one to several slices of bread While
resistivity known for this type of material. the specific toaster oven
appliance illus-  Another suitable material of similar charac- trated is
presented principally for purposes  teristics is tungsten. The end portions
of the of completing the disclosure of the inven-  helix 27 are exposed to
form the terminal 25 tion, it should be appreciated that the pres- pins 21.
90 ent temperature sensing device has applica-    Fitting tightly over the
helx is a thin wal- tion to toaster appliances of various con-  led sleeve
29, having a wall thickness of on structions as well as to other forms of
food  the order of .01 inches and less, of electrical heating appliances.
insulating material of high dielectric 30  The toaster appliance 1 is shown
to  strength, such as polytetrafluoroethylene 95 include left and right
side walls 3 and 5, sold under the trademark "TFE Teflon '. respectively, a
back wall 7, top and bottom   Another suitable insulating material is that
surfaces 9 and 11 and a swing out door 13, sold under the trademark
"Kapton". Fitting shown in the open position. Rack support  tightly over
the sleeve 29 is a thin walled 35 wires 15 support the food article to be
metal tubing 31, such as of aluminum or 100 heated. Heating is performed by
parallel copper, which in addition to its excellent disposed rod heaters
17, of which there are  thermal conduction properties provides the two
lower rods in the bottom region of the  device with a measure of structural
strength. compartment and two similar upper rods in  It is important to
provide a very small spac- 40 the top region of the compartment, the lat-
ing between the insulating sleeve 29 and the 105 ter not appearing in the
drawing.       helix and between the sleeve and metal tub- The temperature
sensing device 19 of the  ing 31, on the order of .005 inches and less,
present invention, which is an elongated  in order to achieve a low
impedance thermal tubular structure shaped in a U configura-  path from the
outer surface of the tubing to 45 tion, is fastened to the underside of the
rack  the helix wire.               110 support wires 15, as more clearly
shown in   In accordance with one operable embod- the cross-sectional view
of Figure 2, and  iment of the invention the overall length of thereby
provides close thermal coupling to  the device 19 is about seven and
one-half the bread or other food article that is placed  inches with
one-half inch separating the legs 50 on the rack 15. The sensing device has
a pair  of the U. The terminal pins are each about 115 



of terminal pins 21, shown in Figure 3, that  one-quarter inch long. The
central core 25 insert into a socket 23 for conducting cur-  has a diameter
of .034 inches and the wire rent through the device as a function of  27
has a diameter of .002 inches. The wire temperature. As will be described
more  helix is wound tightly onto the core with a 55 fully, the temperature
sensing device is con-  pitch of approximately four. In the construc- 120
structed so as to provide rapid thermal  tion, the temperature sensitive
resistance response, and has a resistance and tempera-  wire is wound about
a continuous length of ture coefficient of resistance that are each  the
central core by a conventional winding relatively high for generating
strong electri-  machine. The helix wound core is then cut 60 cal signals
in response to temperature  to length, each piece fitted with an insulat-
125 change. In addition, the device has the  ing sleeve and metal tubing
and then the mechanical strength necessary for mounting  device bent into
the U configuration. The and use within a food heating compartment.
insulating sleeve 29 has a thickness of .006 The device may be employed in
a tempera-  inches, with the air gap between the sleeve 65 ture sensing
system such as disclosed in a  and the helix of about .0025 inches. The 130
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3 metal tubing, which is preferably of black  ent device strikes a balance
among these color for greater heat absorption, has a  various requirements
so as to achieve thickness of .004, with the air gap between  optimum
thermal, electrical and mechanical the tubing and sleeve of also about
.0025  properties and to make the device eminently 5 inches, providing an
overall outside diame-  suited for. application to a food heating 70 ter of
the device of .068 inches. It is noted  appliance. that these dimensions
are intended to be    A radial path of low thermal impedance is primarily
exemplary and not limiting of  provided from the heated surface of the
applicant's invention. It may also be  metal tubing 31 through the tubing
and 10 appreciated that the device can be shaped  insulating sleeve 29 to
the helix by virtue of 75 into other configurations for providing the  the
thin walled construction of these com- requisite resistance and thermal
coupling  ponents and the extremely small air gap characteristics, such as
a "W" or "O" con-  separating them from each other and from figuration.
the helix 27. In the exemplary embodiment 15  The small air gaps of .0025
inches can be  considered, the total path length is about 80 further
reduced by employing a swaging  .015 inches. Further, the fiberglass core
25 operation in the fabrication of the device   is a low mass material and
of sufficiently Utilizing this fabrication technique, long- small diameter
so as to act as a poor heat lengths of the total structure are formed, for
sink. This construction permits the tempera- 20 example, on the order of
twenty foot  ture sensitive wire to accurately respond to 85 lengths. These
lengths are then radially  rapid temperature changes with a very low
compressed, such as by means of reducing  response time, on the order of
one second or die, so as to bring the metal tubing and  less. insulating
sleeve substantially into contact    The resistance of the helix is
determined 25 along their curved adjacent surfaces, and to  by the
resistivity of the wire and the dimen- 90 bring the insulating sleeve
substantially into  sions of the helix. Thus, in the embodiment contact
with the curved surface of the wire  under consideration the Balco wire has
a helix. The devices are then cut to length,  resistance of 30 ohms per
foot. Having a stripped at the ends to form the terminal  .002 inch
diameter and being wound with a 30 pins and shaped.
pitch of approximately four on a .034 95 In another fabrication technique
for  diameter core seven and one-half inches in reducing the air gaps
employing a planishing  length, there is provided a total resistance at
operation, the shaped device can be axially  room temperature of about 250
ohms. This compressed, such as by a pair of platens, to  resistance
increases substantially linearly 35 provide a flattened structure that is
with temperature, reaching a value of about 100 positioned within the
heating compartment  525 ohms at 500[err]F, as shown by the graph in with
the flattened or planar surfaces  Figure 5. orthogonal to the direction of
thermal    WHAT WE CLAIM IS: 



energy radiation. The metal tubing and    1. A temperature sensing device
com- 40 insulating sleeve are thus brought substan-  prising a central
elongate core of insulating 105 tially into contact along their two pair of
material, a helical wire of temperature sensi- adjacent planar surfaces,
and the insulating  tive resistance material wound about the sleeve and
helix wire are brought substan-  core, a sleeve of electrical insulating
mater- tially into contact along their two pair of  ial fitted over the
wire-wound core with a 45 adjacent planar surfaces.               gap of
less than 0.005 inches between the 110 There are conflicting requirements
in  sleeve and the wire, and a protective outer obtaining good thermal,
electrical and  tube of thermally conductive, mechanically mechanical
properties for the device 19.  durable material fitting over the insulating
From the standpoint of thermal properties it  sleeve with a gap of less
than 0.005 inches 50 is required to have good thermal response  between the
tube and the sleeve.    115 so as to track temperature changes closely
2. A temperature sensing device as in and accurately. This requires a
device  claim 1 which is fabricated through a swag- exhibiting good thermal
conduction bet-  ing operation. ween the heat source and the temperature
3. A temperature sensing device as in 55 sensitive element. It also
requires a device  claim 1 or claim 2 wherein the insulating 120 of
relatively low mass that will be a poor  sleeve has a wall thickness of
less than .01 means of thermal energy storage. On the  inches. other hand,
the size and mass of the device    4. A temperature sensing device as in
are normally directly related to its ability to  any one of the preceding
claims wherein the 60 provide the resistance necessary for generat-
temperature sensitive resistance material is 125 ing strong electrical
signals as a function of  a 70% nickel, 30% iron alloy. temperature, and to
provide good electrical    5. A temperature sensing device as in
insulation. Similarly, the device's mechani-  any one of the preceding
claims wherein cal strength is normally dependent upon size  said
insulating material is polytetraf- 65 and mass. The unique structure of the
pres-  luoroethylene.                    130    3
599498                                      3 metal tubing, which is
preferably of black  ent device strikes a balance among these color for
greater heat absorption, has a  various requirements so as to achieve
thickness of .004, with the air gap between  optimum thermal, electrical
and mechanical the tubing and sleeve of also about .0025  properties and to
make the device eminently 5 inches, providing an overall outside diame-
suited for application to a food heating 70 ter of the device of .068
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of these com- requisite resistance and thermal coupling  ponents and the
extremely small air gap characteristics, such as a "W" or "O" con-
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determined 25 along their curved adjacent surfaces, and to  by the
resistivity of the wire and the dimen- 90 bring the insulating sleeve
substantially into  sions of the helix. Thus, in the embodiment 



contact with the curved surface of the wire  under consideration the Balco
wire has a helix. The devices are then cut to length, resistance of 30 ohms
per foot. Having a stripped at the ends to form the terminal  .002 inch
diameter and being wound with a 30 pins and shaped.
pitch of approximately four on a .034 95 In another fabrication technique
for  diameter core seven and one-half inches in reducing the air gaps
employing a   planishing  length, there is provided a total resistance at
operation, the shaped device can be axially  room temperature of about 250
ohms. This compressed, such as by a pair of platens, to  resistance
increases substantially linearly 35 provide a flattened structure that is
with temperature, reaching a value of about 100 positioned within the
heating compartment  525 ohms at 500[err]F, as shown by the graph in with
the flattened or planar surfaces  Figure 5. orthogonal to the direction of
thermal   WHAT WE CLAIM IS: energy radiation. The metal tubing and    1. A
temperature sensing device com- 40 insulating sleeve are thus brought
substan-  prising a central elongate core of insulating 105 tially into
contact along their two pair of material, a helical wire of temperature
sensi- adjacent planar surfaces, and the insulating  tive resistance
material wound about the sleeve and helix wire are brought substan-  core,
a sleeve of electrical insulating mater- tially into contact along their
two pair of  ial fitted over the wire-wound core with a 45 adjacent planar
surfaces.              gap of less than 0.005 inches between the 110 There
are conflicting requirements in  sleeve and the wire, and a protective
outer obtaining good thermal, electrical and  tube of thermally conductive,
mechanically mechanical properties for the device 19. durable material
fitting over the insulating From the standpoint of thermal properties it
sleeve with a gap of less than 0.005 inches 50 is required to have good
thermal response  between the tube and the sleeve.   115 so as to track
temperature changes closely   2. A temperature sensing device as in and
accurately. This requires a device  claim 1 which is fabricated through a
swag- exhibiting good thermal conduction bet-  ing operation. ween the heat
source and the temperature    3. A temperature sensing device as in 55
sensitive element. It also requires a device  claim 1 or claim 2 wherein
the insulating 120 of relatively low mass that will be a poor  sleeve has a
wall thickness of less than .01 means of thermal energy storage. On the
inches. other hand, the size and mass of the device    4. A temperature
sensing device as in are normally directly related to its ability to  any
one of the preceding claims wherein the 60 provide the resistance necessary
for generat-  temperature sensitive resistance material is 125 ing strong
electrical signals as a function of a 70% nickel, 30% iron alloy.
temperature, and to provide good electrical   5. A temperature sensing
device as in insulation. Similarly, the device's mechani-  any one of the
preceding claims wherein cal strength is normally dependent upon size said
insulating material is polytetraf- 65 and mass. The unique structure of the
pres-  luoroethylene.                   130    4
1 599 498                                         4 6. A temperature
sensing device as in  described with reference to the accompany- any one of
the preceding claims wherein the  ing drawings.
10 tube is composed of aluminium. 7. A temperature sensing device as in
BROOKES & MARTIN 5 any one of the preceding claims wherein the
High Holborn House, core is composed of fiberglass.
52/54 High Holborn, 8. A temperature sensing device accord-
London WC1V 6SE. ing  to Claim 1 and substantially as herein        Agents
for the Applicants. Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1981. Published at the Patent
Office, 25 Southampton Buildings, London, WC2A 1AY, from which copies may
be obtained. C 11111111 11 1    


