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A thermal protection mechanism for
Ielectric motors includes a pair of spaced
contacts secured to an electrically insulated
carrier.  The contacts are engaged with a
I fusible electrically conductive pin made of

solder that interposes along a current path to
the windings of a motor. A thermal overload
conditions causes the pin to fuse, thereby
| terminating operation of the motor.
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THERMALLY RESPONSIVE PROTECTION APPARATUS

TECHNICAL FIELD

The present invention relates generally to electric motors, and

more particularly, to a thermally responsive protection apparatus for such
a motor.

BACK RT

Electric motors often include mechanisms that terminate operation

of the motor in response to thermal overload conditions that could resuit
In permanent damage to the motor or associated equipment. A thermal
overload, such as an excessively high winding or rotor temperature, may
occur as a result of a locked rotor, a high mechanical load, a supply
overvoltage, a high ambient temperature, or some combination of these
conditions.

Thermal cut-outs (TCOs) are one well-known mechanism that may
be used to protect an electric motor. Conventional TCOs are based on
a thermally responsive element that fuses in response to a thermal
overioad condition, thereby interrupting the flow of electrical power to the
protected apparatus. One typical approach uses a spring-loaded contact
pin or lead that is held in electrical connection with an opposing contact
by a fusible material such as solder. Another typical approach uses one
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or more springs, which are independent from a pair of electrical contacts
and which urge the electrical contacts apart when a stop material meits
In response to an elevated temperature. Both of these approaches are
undesirable because the TCO typically includes a complex arrangement
of springs and contact elements that are mounted in a housing. Thus,
these approaches are inherently costly, and do not allow for the direct
Inspection of the TCO because the fusible material and contact
conditions are not usually visible through the housing.

Conventional current fuses may also be used to protect an electric
motor from thermal overload conditions. Current fuses, such as cartridge
style fuses, may be serially interposed in the current path of the motor
windings. Typically, the fuse is selected so that it interrupts the power
supplied to the motor windings at a predetermined current level that could
result in a dangerously high winding temperature. Current fuses are
undesireable as a thermal overload protection mechanism because they
are substantially operationally unresponsive to the actual thermali

conditions within a motor, which could result in operation of the motor at
a dangerously high winding temperature or a premature termination of the
motor operation at a safe winding temperature. For example, a current
fuse may prematurely terminate the operation of a motor in response to
transient winding currents that would be insufficient to heat the thermal

mass of the motor to cause a dangerously high winding temperature.

VIMARY OF THE INVENTION
In accordance with one aspect of the present invention, a
protection apparatus for an electric motor includes a pair of electrical
contacts that are spaced apart and secured to an electrically insulating
carrier. A fusible electrically conductive pin is engaged with the contacts

to provide an electrical path between them. The pin is responsive to a

thermal overload condition in the motor such that the pin fuses and
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iInterrupts the electrical path between the contacts.

The invention itself, together with further objects and attendant
advantages, will best be understood by reference to the following detailed

description, taken in conjunction with the accompanying drawings.

LITUIN O 1 DURAVVIN

FIG. 1 is a plan view of an electric motor assembly incorporating
a thermally responsive protectioh apparatus according to one
embodiment of the present invention:

FIG. 2 is an enlarged isometric view illustrating the embodiment
of the present invention shown in FIG. 1:

FIG. 3 is an elevational view of a face of an electrical contact
that may be used with the embodiment shown in FIGS. 1 and 2:
FIG. 4 is a further elevational view of a side of the electrical

contact shown in FIG. 3;

FIG. 5 is a perspective view of the carrier used with the
embodiment shown in FIGS. 1, 2, and 6; and

FIG. 6 is a sectional view taken generally along the line 5-5 that
illustrates in more detail the electrical contact of FIGS. 3 and 4 as

mounted in the embodiment shown in FIGS. 1 and 2.

JIN G NOE FRCFERRED EMBODIMEN

lHlustrated in FIGS. 1 and 2 is a thermal protection apparatus 10
that embodies aspects of the present invention. The protection appartus
10 includes a first electrical contact 12 and a second electrical contact 14
spaced from the first contact 12 and secured to a carrier 16 as shown.
The protection apparatus 10 further includes a fusible electrically
conductive pin 18 that has a first end 20 engaged with the first contact 12

and a second end 22 engaged with the second contact 14 thereby
providing an electrical path between the first and second contacts 12, 14.

PCT/US99/08846
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Preferably, a lead wire 24 from a power source (not shown) is secured to
a connector portion 26 of the first contact 12, and a magnet wire 28 is
connected between the winding of a motor 30 and a connector portion 32
of the second contact 14. Thus, the protection apparatus 10 is serially
interposed in the path of power supplied to the winding of the motor 30.

Also, preferably, the protection apparatus 10 is located so that it is
responsive to the temperature of the windings of the motor 30. For

example, the protection apparafus 10 may be located adjacent to the
commutator portion of the motor 30 as shown in FIG. 1.

The material used for the pin 18 substantially determines the
winding temperature at which the protection apparatus 10 will fuse (i.e.,
melt) and terminate operation of the motor. The pin 18 is preferably
made of an electrically conductive thermally deformable material that
fuses at a temperature that is below the maximum safe operating
temperature for the windings of the motor 30. For example, a solder
having a melting point of 255 °F provides adequate overload protection
for a typical electric motor. A variety of solder compositions, other
materials, or combinations of materials, providing different melting points,
may be substituted to make the pin 18 without departing from the spirit of
the invention.

The material and geometry of the pin 18 substantially determines
the resistance of the protection apparatus 10 and the maximum amount
of continuous current that the protection apparatus 10 can transfer to the
windings of the motor 30 at a given ambient temperature. As is known in
the art, the resistance of the pin 18 is directly proportional to the
resistivity of the material used for the pin 18 and to its length, and is
inversely proportional to its cross sectional area. Winding current
passing through the resistance of the pin 18 internally heats the pin 18
and produces a self-heating offset that causes the temperature of the pin
18 to exceed the local ambient temperature. Thus, the pin 18 will fuse
and terminate the operation of the motor 30 when the self-heating offset
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due to the winding current plus the local'ambient temperature reaches the
fusing temperature of the pin 18.

In accordance with the present invention, the geometry of pin 18
is preferably selected so that the self-heating offset is relatively small at
maximum winding current (e.g., under locked rotor conditions). As a
result, the fusing of the protection apparatus 10 is substantially
determined by the local ambient temperature which is substantially
determined by the actual winding temperature of the motor 30. Thus, the

protection apparatus 10 will not improperly terminate operation of the
motor 30 in response to transient currents or under load conditions that

do not cause dangerously high winding temperatures. For example, due
to the thermal mass of the motor 30, the protection apparatus 10 may
allow the motor to operate at very high loads for short durations.
Alternatively, the protection apparatus 10 may allow the motor 30 to
operate at higher continuous duty loads when ambient temperature
conditions permit.

Preferably, the pin 18 has a simple cylindrical or rectangular bar
geometry and may be cut from continuous stock material to minimize
costs. It may be desirable for some applications to employ more complex
pin geometries that define more reliably and/or precisely where the pin
18 will fuse along its length. For example, the profile of the pin 18 may
be tapered so that its smallest cross sectional area lies between the first
and second contacts 12, 14.

Hlustrated in FIGS. 3 and 4 are detailed views of the first and
second contacts 12, 14 that may be used with the protection appartus 10
shown in FIGS. 1 and 2. The contacts 12. 14 are preferably made of
brass or any other suitable electrical contact material and are preferably

fabricated using stamping operations in a progressive die, for example,
to minimize costs. In addition to the connector portions 26, 32, the
contacts 12, 14 have a finger portion 40 and a mounting tab portion 42,
all preferably arranged as shown. The finger portion 40 has a curvilinear

PCT/US99/08846
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profile that is best seen in FIG. 4. The finger portion 40 has a lead-in
portion 44 that is bent away from a saddle-shaped portion 46. The
saddie-shaped portion 46 preferably has a curvature or profile that
accommodates the shape of the pin 18. The mounting tab 42 further
Includes a retaining dimple 48 and a retaining finger 50 that is bent
outwardly as shown most clearly in FIG. 4. The dimple 48 and the

retaining finger 50 may be formed directly from the material of the
contacts 12, 14 to minimize costs.

The connector portions 26, 32 of the contacts 12, 14 may include
a pair of ears 51 that can be folded to form a crimp-type connection for
mechanically retaining and making electrical contact with the wires 24,
28. The connector portions 26, 32 may be insulation piercing types
and/or may require soldering or welding of the wire ends into the
connectors 26, 30. Alternatively, the ears 51 may be left unfolded so that
each of the connector portions 26, 30 provide a spade connection that is

configured to accept a standard female flag connector, which may be
provided as terminations for the wires 24, 28. Those skilled in the art will

recognize that a variety of known connector types may be substituted for
the connector portions 26, 30 without departing from the scope of the
invention.

lllustrated in FIG. 5 is a more detailed perspective view of the
carrier 16. The carrier 16 is preferably made of an electrically insulating
material such as a thermoplastic. The carrier 16 includes slots 60, 62,
shelf areas 64, 66, and lead-in chamfers 68, 70.

FIG. 6 shows how the first contact 12 is secured to the carrier 16
and engages the pin 18. To secure the contact 12 to the carrier 16, the
mounting tab 42 of the contact 12 is passed through the slot 62. The
retaining finger 50 is deflected downwardly as it passes through the slot
62 and then returns to an undeflected state when the contact 12 is fully
seated against the shelf area 66. In the undeflected state, the retaining
finger 50 is stoppéd by the bottom surface 72 of the shelf area 66,
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thereby preventing subsequent removal of the contact 12 from the carrier

16. Additionally, the slot 60 is dimensioned to provide a press fit with the

retaining dimple 48. This press fit provides mechanical stability and

prevents undeisreable movement of the contact 12 that may resuit, for
5 example, from vibrations in the motor 30.

The pin 18 is engaged with the saddle-shaped portion 46 of the
contact 12 and is forced against a wall 74 of the carrier 16 by the contact
12. Those skilled in the art will 'recognize that the force applied by the
contact 12 to the pin 18 can be varied through material parameter (e.q.,

10 stifftness) for the contact 12 and by the total deflection imparted to the
finger portion 40 of the contact 12 when engaged with the pin 18 as
compared to the relaxed contact geometry. The lead-in chamfer 70 is
complementary to the lead-in portion 44 of the contact 12. The lead-in
chamfer 70 and lead-in portion 44 facilitate insertion of the first end 20 of

15 the pin 18 into the mounted position as shown. The second contact 14
Is not shown in FIG. 6, but is similarly secured to the carrier 16 and
similarly engages the second end 22 of the pin 18 (see FIG. 2). Many
other details of the design of the carrier 16 are defined by the particular
application (i.e., the particular design of the motor) and could be modified

20 as needed by one of ordinary skill in the art to impiement the present
invention.

In operation, a thermal overload condition in the motor heats the
pin 18 so that the pin fuses and permanently interrupts the flow of power
to the windings of the motor 30. In preferred embodiments, the protection

25 apparatus 10 is designed as a safety device for a one-time operation and
Is not field repairable/resettable, but it is envisioned that some
applications may permit repair via replacement of the pin 18, for example.

Of course, it should be understood that a range of changes and
modifications can be made to the embodiments described above. It is

30 therefore intended that the foregoing detailed description be regarded as

llustrative rather than limiting and that it be understood that it is the
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following claims, including all equivalents. which are intended to define
the scope of this invention.
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What is claimed is:

1. A protection apparatus for an electric motor, comprising:
an electrically insulating carrier:

first and second electrical contacts spaced apart and secured to
the carrier; and

a fusible electrically conductive pin having a first end portion and
a second end portion, wherein the first and second end portions are
engaged with the contacts and at least one of the contacts forces the pin
against the carrier:

whereby the pin is responsive to a thermal overload condition in

the motor to cause the pin to fuse so that an electrical path between the
contacts is interrupted.

2. The apparatus of claim 1, wherein the contacts are made
substantially of brass.

3. The apparatus of claim 1, wherein the pin is made substantially
of solder.

4. The apparatus of claim 1, wherein the contacts force the ends
of the pin against the carrier.

5. The apparatus of claim 1, wherein the first contact is associated

with a power lead wire and the second contact is associated with a
magnet wire from the motor.

PCT/US99/08846
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6. The apparatus of claim 1. wherein the overload condition is
associated with a high winding temperature.

7. The apparatus of claim 1. wherein each of the contacts
comprises:

a finger portion adapted to engage the pin;

carrier.

8. The apparatus of claim 7. wherein the finger portion further
comprises a lead-in portion.

9. The apparatus of claim 7, wherein the finger portion further

comprises a saddle-shaped portion that accommodates the shape of the
pin.

10. The apparatus of claim 9, wherein the mounting tab portion

further comprises a retaining finger and a retaining dimple, at least one
of which is engaged with the carrier.

11. The apparatus of claim 7, wherein the connector portion
provides a crimp type connection.
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