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RESISTANCE TEMPERATURE DETECTOR WITH MEDIUM
TEMPERATURE COEFFICIENT AND HIGH LINEARITY

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Nonprovisional Patent
Application No. 14/702,262 which was filed on May 1, 2015, the contents of

which is hereby incorporated by reference herein.

FIELD OF INVENTION
[0002] The present invention generally relates to temperature sensors,
and more particularly, relates to temperature sensing with a Resistance

Temperature Detector.

BACKGROUND
[0003] A Resistance Temperature Detector (RTD) senses an
environmental temperature by detecting changes in the electrical
characteristics of the sensing circuit in the RTD. The sensing circuit typically
includes a metallic wire or metallic film with a known electrical resistance
that changes depending on the temperature sensed by the RTD. This
relationship between the electrical characteristics of the RTD and
temperature change are known. Conventional RTDs include leads that are
connected to an external device to provide an electrical signal to the RTD and
to provide a conditioning circuit for electrical signal in response from the RTD

so that it can be converted to a temperature measurement.

[0004] The conditioning circuit is used to linearize the response signal,
attenuate the response signal, or both linearize and attenuate the response
signal to provide a readable signal that can be correlated to a temperature. In
some applications, it is desirable to read an RTD directly, without a
conditioning circuit. Known RTDs produce a non-linear response or a have a
large response to small inputs, which preclude direct reading of the output

signal.
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[0005] Accordingly, a need exists for an RTD that produces a linear
response to temperature change that is within the scale of direct read

instrumentation.

SUMMARY
[0006] The RTD of the present invention comprises a temperature
sensing circuit having a conductive element that receives an input signal and
outputs a signal that is a function of temperature. The preferred conductive
element is formed from a metal having a temperature coefficient of resistance

from about 10 ppm/°F to about 1000 ppm/°F.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] IMustrative embodiments of the present invention will be

described with reference to the appended drawings wherein:

[0008] Figure 1A illustrates a perspective view of a film RTD in

accordance with the invention;

[0009] Figure 1B illustrates a perspective view of the film RTD of Fig. 1

fixed to a substrate;

[0010] Figure 2 illustrates a perspective view of another RTD in

accordance with an embodiment of this invention;

[0011] Figure 3A illustrates a top plan view of an RTD circuit in

accordance with an embodiment of this invention; and,

[0012] Figure 3B illustrates a top view of another RTD circuit in

accordance with an embodiment of this invention.

[0013] To facilitate an understanding of the present invention, similar
reference numerals are used, where possible, to designate like elements in the

figures.
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DETAILED DESCRIPTION
[0014] With reference to Figure 1A, the RTD 100 has a conductive
element 102 that is a metal film formed by known methods; however, the
metal 1s a pure metal or an alloy having the electrical properties discussed
below. The RTD 100 has connection pads or points 104 that are electrically
associated with leads 106. One of the leads 106 transmits an input signal, for
example a first voltage to the conductive element 102, and the lead 106
transmits an output signal, for example a second voltage which has been

modified by the resistance of conductive element 102.

[0015] With reference to Figure 1B, the conductive film 102 can be
formed by known methods on one surface 108 of a substrate 110. The
substrate 110 can be a film or a plate, which is adapted to be fixed to a test
article. The second surface 112 of the substrate 110 can be adapted for fixing
the substrate 110 to a test article for temperature detection, such as by an
adhesive agent, such as glue, or welding, or with mechanical attachment
elements, such as threaded fasteners or rivets, as may be required by the

environment.

[0016] With reference to Figure 2, there is illustrated an RTD 200
comprising a conductive element or conductive film 202 that is formed in the
serpentine pattern or circuit 216 shown on a first surface 208 of the substrate
210. The illustrated pattern or circuit 216 can be formed using known
methods. The connection pads or points 204 are electrically associated with
leads 206. The circuit 216, in the desired conductive element or conductive
film 202, is one surface of the substrate 210, which is similar to substrate 110

in its function and attachment to a test article.

[0017] With reference to Figures 3A and 3B, there are illustrated RTDs
made in accordance with another embodiment of the invention. In Figure 3A,
RTD 300 includes a metal wire conductive element 302 formed in a serpentine
circuit or path 316 with a major axis aligned with the longitudinal axis 308 of
the RTD 300. In Figure 3B, RTD 301 includes a circuit 318 of a metal wire
302 with a major axis aligned with the longitudinal axis 310 of the RTD 301.

-3-
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In this embodiment, the wire 302 has a portion that is wound around a
support 312. In a preferred embodiment, the metal wire 302 is wound
helically around the support 312. Preferably, support 312 can structurally
support and separate the coils of the circuit 318 and is suitable for use at the
required operating temperature range, typically from about -320 °F to about

450 °F.

[0018] In the embodiments illustrated in Figures 3A and 3B, the
conductive element has electrical terminations as previously discussed that

are arranged for the desired end use.

[0019] The conductive elements 102, 202, and 302, in each of the
illustrated embodiments of the invention are formed from a pure metal or a
metallic alloy having a temperature coefficient of resistance (TCR) that is
between about 10 ppm/°F and 1,000 ppm/°F. This TCR range differs
significantly from the TCR range associated with conventional RTDs. For
example, the TCR of the conductive element of conventional RTDs formed
from pure platinum metal is about 2100 ppm/°F. Other conventional RTDs
have conductive elements formed from pure nickel that has a TCR of about
3300 ppm/°F. The conductive element of this invention can have a TCR of two

orders of magnitude less than the conductive elements in known RTDs.

[0020] Through experimentation and analysis, the inventors observed
that, contrary to conventional practice, metals within the above-described
TCR ranges provided benefits when used for a conductive element in an RTD.
Metals within the above-described TCR ranges are herein after referred to as
“select metals.” The inventers observed that conductive elements formed from
select metals produced a more controlled response to a change in conductor
temperature than conventional RTDs. In addition, responses to a
temperature change in the required operating temperature range, typically
from about -320 °F to about 450 °F, are within the readable range of currently
available data acquisition equipment without the need for an attenuation
circuit. The inventors also observed that some select metals have a

sufficiently linear resistance response to temperature change to yield accurate

4-
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temperature measurements without a conditioning circuit to linearize the
response signal. Preferably, a select metal has a linearity between about 0%

and about 0.01% over a temperature range from about -40 °F to about 248 °F.

[0021] The inventors observed that the output signal from an RTD
having a select metal conductive element fell within the general range of
strain gage output. This observation led the inventors to experiment by
directly connecting the output signal from select metal RTDs to strain
measurement instrumentation. Another benefit of an RTD having a select
metal conductive element is that the RTD obviates the need for a dedicated
temperature channel in the instrument. The disclosed RTD can be electrically
coupled directly to a strain channel of a data acquisition instrument and the
temperature sensed by the RTD can be read directly by the instrument.
Because the response signal is significantly less than that from a conventional

RTD, an attenuation circuit is not necessary.

[0022] The select metals include alloys of nickel and chromium (NiCr)
which have been produced with a TCR of approximately 50 ppm/°F, and alloys
of iron, nickel, and chromium (FeNiCr) and platinum and tungsten (PtW)
both of which have been produced with a TCR of approximately 250 ppm/°F.
NiCr alloys with an approximate composition of 80% Ni and 20% Cr, FeNiCr
alloys with an approximate composition of 36% Ni, 57% Fe, and 7% Cr, and
PtW alloys with an approximate composition of 92% Pt and 8% W have been
observed to have TCRs within the specified range. Beneficially, these alloys
also appear to have an approximately linear resistance response to
temperature change (e.g., approximately 0% to 0.01%) over a temperature

range from about -40 °F to about 248 °F.

* * *
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CLAIMS

What is claimed 1is:

1. A resistance temperature detector (RTD), comprising:
a temperature sensing circuit having a conductive element formed from
a metal having a temperature coefficient of resistance (TCR) from about 10

ppm/°F to about 1000 ppm/°F.

2. The RTD of claim 1, wherein the conductive element is formed
from an alloy of nickel and chromium, the conductive element having a

temperature coefficient of resistance of approximately 50 ppm/°F.

3. The RTD of claim 1, wherein the conductive element is formed
from an alloy of iron, nickel, and chromium, the conductive element having a

temperature coefficient of resistance of approximately 250 ppm/°F.

4. The RTD of claim 1, wherein the conductive element is formed
from an alloy of platinum and tungsten, the conductive element having a

temperature coefficient of resistance of approximately 250 ppm/°F.

5. The RTD of claim 1, wherein the conductive element is formed
from a metal having a linear resistance response to a change in temperature

of 0.0% to 0.01%.

6. The RTD of claim 1, wherein the conductive element is a

conductive film.

7. The RTD of claim 6, wherein the conductive film is formed on a

first surface of a substrate.

8. The RTD of claim 7, wherein the substrate is adapted for fixing to

a test article.
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9. The RTD of claim 8, wherein a second surface of the substrate is

adapted for bonding to the test article with an adhesive agent.

10. The RTD of claim 8, wherein the substrate is adapted for fixing to
the test article by welding.

11.  The RTD of claim 8, wherein the substrate is adapted for fixing to

the test article by mechanical fasteners.

12.  The RTD of claim 7, wherein the conductive film is formed in a

pattern on the first surface of the substrate.

13. The RTD of claim 1, wherein the conductive element is a wire

formed as a serpentine circuit.

14. The RTD of claim 1, wherein the conductive element is a coiled

wire.

15.  The RTD of claim 14, wherein the wire is coiled at least partially

around a support.

16. The RTD of claim 14, wherein the coiled wire is at least partially

wrapped around a support.

17.  The RTD of claim 1, wherein the conductive element has
temperature coefficient of resistance (TCR) that is between about 10 ppm/°F

and 1,000 ppm/°F.

18. The RTD of claim 1, wherein the metal is an alloy of elements
selected from the group consisting of nickel and chromium, iron, nickel and

chromium, platinum and tungsten, and combinations thereof.
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