
Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
63

3 
33

8
A

1
*EP003633338A1*

(11) EP 3 633 338 A1
(12) EUROPEAN PATENT APPLICATION

(43) Date of publication: 
08.04.2020 Bulletin 2020/15

(21) Application number: 19200517.1

(22) Date of filing: 30.09.2019

(51) Int Cl.:
G01K 7/16 (2006.01) H01C 7/00 (2006.01)

H01C 17/00 (2006.01)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
KH MA MD TN

(30) Priority: 01.10.2018 US 201816148283

(71) Applicant: Goodrich Corporation
Charlotte, NC 28217-4578 (US)

(72) Inventors:  
• MULLEN, James

Wadsworth, OH Ohio 44281 (US)
• BEERY, Reid Philip

Rittman, OH Ohio 44270 (US)
• HEIN, Brandon

Stow, OH Ohio 44224 (US)

(74) Representative: Dehns
St. Bride’s House 
10 Salisbury Square
London EC4Y 8JD (GB)

(54) ADDITIVE MANUFACTURED RESISTANCE TEMPERATURE DETECTOR

(57) A method of making a resistance temperature
detector (10) includes additively manufacturing a con-
ductive ink on a flexible substrate and applying the re-
sistance temperature detector to a geometrically com-

plex surface of a component requiring heating, or directly
additive manufacturing the resistance temperature de-
tector (10) onto that surface.
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Description

BACKGROUND

[0001] This application relates generally to aircraft
components and specifically to temperature monitoring
of aircraft components.
[0002] Heated assemblies for aircraft (composite or
metallic), used for ice protection and environment heat-
ing, require a temperature sensor to monitor and control
temperature of the assembly. Resistance temperature
detectors (RTDs) are temperature sensors that contain
a resistor that changes resistance value as the temper-
ature changes. RTDs are generally accurate, reliable,
and stable temperature detectors.
[0003] Traditional RTDs, such as wire and bobbin
wound or etched metal foil RTDs, have low fatigue life
and can be the life limiting component of an assembly in
a high strain environment. This is due in part to the ma-
terials used for the RTDS (thin metal for etched RTDs,
or wire for bobbin wound RTDs) having relatively low
fatigue resistance. Additionally, traditional RTDs can be
difficult to adhere to complex geometric surfaces.

SUMMARY

[0004] This application discloses resistance tempera-
ture detectors that are additively manufactured to in-
crease operating life and to enable the placement of re-
sistance temperature detectors (RTDs) onto any geo-
metric surface.
[0005] In a first embodiment, an assembly includes a
resistance temperature detector for a component, one or
more leads electrically connected to the resistance tem-
perature detector, and a controller electrically connected
to the resistance temperature detector through the one
or more leads. The resistance temperature detector is
configured to change resistance as the component tem-
perature changes. The resistance temperature detector
is additively manufactured and includes one or more lay-
ers of a conductive ink.
[0006] In a second embodiment, a resistance temper-
ature detector includes an additively manufactured re-
sistance element that changes resistance value as its
temperature changes, wherein the resistance element
comprises one or more layers of a conductive ink, and
one or more electrical leads connected to the resistance
element.
[0007] In a third embodiment, a method of making a
resistance temperature detector includes additively man-
ufacturing a conductive ink element having one or more
layers of conductive ink to form a resistance element,
and electrically connecting the resistance element with
one or more leads.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

FIG. 1 is a two dimensional view of an additive man-
ufactured resistance temperature detector (RTD).
FIG. 2A is an isometric view of an additive manufac-
tured RTD on a leading edge assembly.
FIG. 2B is a cross sectional view of an additive man-
ufactured RTD on a leading edge assembly.

DETAILED DESCRIPTION

[0009] The disclosed additive manufactured RTD is
constructed on a substrate and encapsulated as a stand-
alone sensor, or as a sensor additively manufactured di-
rectly onto the composite/metallic structure for primary
control of a heated component surface. Additively man-
ufacturing the RTD through processes such as screen-
printing, ink-jet or aerosol-jet printing increases the fa-
tigue life compared to traditional RTDs by allowing the
RTD to match the geometric surface profile of the as-
sembly to which it is applied. Furthermore, leads could
be integrally printed during the RTD production process
to eliminate joints.
[0010] FIG. 1 is a two dimensional view of additive
manufactured resistance temperature detector (RTD)
10. Resistance temperature detectors (RTDs) are sen-
sors used to measure temperature of a component or
assembly. RTD 10 includes resistance element 12, sub-
strate 14, encapsulating material 15, and connector leads
16 connecting RTD 10 to controller 18.
[0011] RTD 10 contains resistance element 12 that
changes resistance value as its temperature changes.
The resistance element 12 material is a material whose
resistance at various temperatures has been document-
ed to have a predictable change in resistance as tem-
perature changes. For this reason, RTD 10 is highly ac-
curate and allows for repeatable measurements.
[0012] Resistance element 12 is an additive manufac-
tured component made of one or more layers of a con-
ductive ink such as a nano-carbon, or nano-silver loaded
ink additively manufactured on substrate 14 with a thick-
ness between 0.001" - 0.030". Resistance element 12
has a repeatable resistance versus temperature relation-
ship that allows for monitoring of temperature of the sur-
face to which RTD 10 is applied by measuring electrical
resistance.
[0013] Prior Art RTDs (not illustrated) use fine metallic
wire wrapped around ceramic or glass bobbin. However,
such prior art elements are very fragile and have to be
placed inside sheathed probes for protection. Other prior
art RTDs (not illustrated) include wire wound or etched
metal foil and also have inferior fatigue resistance when
compared to printed circuits. In contrast, an additively
manufactured resistance element is more robust. Resist-
ance element 12 can be encapsulated in a dielectric to
protect from external elements.
[0014] Substrate 14 can be, for example, a flexible sub-
strate on which resistance element 12 is additively man-
ufactured. Alternatively, RTD 10 resistance element 12
can be additively manufactured directly onto the surface
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of the component which RTD 10 will monitor. Resistance
element 12 is sealed to substrate 14 (or the surface of
the component) by encapsulating material 15, which pro-
tects RTD 10 from external contaminants.
[0015] In either case, leads 16 create an electrical con-
nection to terminals on resistance element 12. Leads 16
can be conventional wires, or can be additively manu-
factured along with resistance element 12.
[0016] Controller 18 is in communication with RTD 10
via leads 16. Controller 18 allows for the reading of tem-
perature data from RTD 10 and can be in communication
with a controller capable of analyzing the temperature
data to determine the heated component’s power ON
and OFF times.
[0017] Controller 18 can include one or more proces-
sors and controller-readable memory encoded with in-
structions that, when executed by the one or more proc-
essors, cause controller 18 to operate in accordance with
techniques described herein. Examples of the one or
more processors include any one or more of a microproc-
essor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field-programmable
gate array (FPGA), or other equivalent discrete or inte-
grated logic circuitry. Controller-readable memory of con-
troller 18 can be configured to store information within
controller 18 during operation. The controller-readable
memory can be described, in some examples, as con-
troller-readable storage media. In some examples, a con-
troller-readable storage medium can include a non-tran-
sitory medium. The term "non-transitory" can indicate
that the storage medium is not embodied in a substrate
wave or a propagated signal. In certain examples, a non-
transitory storage medium can store data that can, over
time, change (e.g., in RAM or cache). Controller-readable
memory of controller 18 can include volatile and non-
volatile memories. Examples of volatile memories can
include random access memories (RAM), dynamic ran-
dom access memories (DRAM), static random access
memories (SRAM), and other forms of volatile memories.
Examples of non-volatile memories can include magnetic
hard discs, optical discs, floppy discs, flash memories,
or forms of electrically programmable memories
(EPROM) or electrically erasable and programmable
(EEPROM) memories. Controller 18 can be a stand-
alone device dedicated to the operation of the catalytic
oxidation unit, or it can be integrated with another con-
troller.
[0018] In practice, RTD 10 has a repeatable resistance
versus temperature relationship and operating tempera-
ture range, somewhere between -40 degrees Fahrenheit
and 400 degrees Fahrenheit. The exact range of RTD
10 depends on the ink from which resistance element is
made, and the size, shape, and use of RTD 10. Likewise,
RTD 10 will have a resistance range between 150 ohms
and 2500 ohms, or preferably between 200 ohms and
1,000 ohms, which can be more specific depending on
RTD 10 materials, size, and function.
[0019] RTD 10 can be manufactured in at least two

ways: for example, onto a flexible substrate, which is then
applied to a component surface, or directly additively
manufactured onto the component surface.
[0020] In the first example, a flexible substrate is pre-
pared. The flexible substrate must be able to conform to
the curvature of the component surface to which RTD 10
will be applied. The substrate can be, for example, neo-
prene, TPU, polyimide, urethane, fabric, or other mate-
rials. In some instances, the substrate must be cleaned
or cured before printing using conventional curing meth-
ods.
[0021] The substrate must be compatible with both the
component and conductive ink used to make the RTD.
For instance, the flexible substrate must be able to with-
stand heating occurring with the component, and main-
tain adhesion to the component. Additionally, the flexible
substrate should be erosion resistant so that RTD 10 on
the flexible substrate stays on the component for the com-
ponent lifetime. This is highly dependent on the specific
component and conductive ink chosen. For example, if
the component is the leading edge of a wing, the flexible
substrate must be able to withstand light, temperature,
and weather external to the aircraft. In contrast, if the
component is a heated floor panel, the flexible substrate
needs to withstand the heater within the floor panel and
the pressure of passengers stepping on the panel.
[0022] Next, the conductive ink is additively manufac-
tured onto the substrate to form or make layers of the
RTD. Examples of commercially available conductive
inks include Loctite CT 5030, Loctite Ablestik 8008MD,
Loctite EDAG 6017SS, Loctite EDAG 725A, Bonderite
S-FN 109, DuPont PE671, DuPont PE873, and DuPont
PE410. Typically, ink-jet, aerosol-jet, or screen printing
can be used depending on the type of ink chosen, desired
layer thickness, and dimensions of the RTD. For two di-
mensional (2D) printing on a substrate using screen print-
ing, the screen specifications such as mesh count, size,
and material are selected based on the conductive ink
being used, the desired thicknesses of the conductive
ink required to be printed, and the substrate to be printed
on.
[0023] For ink-jet and aerosol-jet methods, the print
head should be moveable at least on (x, y, z) axes and
programmable with the geometric pattern specific to the
component on which the RTD will be applied. The specific
print heat and additively manufacturing method will be
dependent on the exact ink formulations and require-
ments set forth by the manufacturer of the ink. Ink-jet and
aerosol-jet printers and printing heads can be utilized for
2D applications, such as printing on a substrate, but ide-
ally can be adapted to enable three dimensional (3D)
printing capabilities by attaching the printing heads onto
a numerically controlled robotic arm. For example, 3D
ink-jet and aerosol-jet printing equipment developed by
Ultimaker (3D ink-jet equipment) or Optomec (3D aero-
sol-jet equipment) can be used. For ink-jet or aerosol-jet
methods, the printing head temperatures, flow rates, noz-
zle sizes are also selected based on the conductive ink
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being printed, required conductive ink thickness, and
substrate to be printed on.
[0024] The printing is accomplished in an additive man-
ner, meaning the print head takes one or more passes
before a desired element resistance is reached in the
desired geometric pattern and desired dimensions,
which matches the curvature of the component.
[0025] The resistance element 12 of additively manu-
factured RTD 10 should have a thickness of approximate-
ly between 0.0001" - 0.010". Multiple passes are done
by the print head when applying the conductive ink. Each
layer deposited through individual passes of the print
head should have a thickness of approximately 1-100
microns. Multiple passes allows for slow buildup of the
conductive ink to the correct resistance and geometric
pattern. Additionally, multiple passes allows for tailoring
of the conductive ink on certain portions of the component
surface. For instance, ink with a lower resistance (e.g.,
with a higher number of layers) and a higher thickness
may be additively manufactured on a first portion of the
component compared to a second portion of the compo-
nent.
[0026] After additively manufacturing the RTD, the
conductive ink is cured, and leads 16 are connected to
resistance element 12. The curing process of additively
manufactured RTD 10 depends on the type of ink used.
In some instances, the ink will air dry. In other instances,
heat, infrared exposure, UV exposure, or other methods
can be used to cure the conductive ink.
[0027] After RTD 10 is additively manufactured onto
the substrate 14, it may be encapsulated with a dielectric
material, such as acrylic, neoprene, polyurethane, poly-
imide, silicone, or an epoxy-fiberglass matrix, to prevent
erosion and electrical shorting. For example, encapsu-
lating materials with high dielectric strength, such as poly-
imide (DuPont Kapton ®), may only be required to be
0.001" thick while materials with lower dielectric strength,
such as polyurethane or neoprene rubber, may be as
thick as 0.015-0.030". Encapsulating material 15 can
then be cured through conventional methods.
[0028] Finally, RTD 10 may be applied to the compo-
nent surface with an adhesive such as a pressure sen-
sitive adhesive, epoxy, or cement adhesive, depending
on the component and environment requirements. The
flexible substrate 14 allows for conforming of RTD 10 to
curvature of the component surface without creating un-
necessary stresses within RTD 10. The use of a flexible
substrate 14 allows RTD 10 to form to the shape of the
surface of the component to which it is applied.
[0029] In the second example, the conductive ink is
additively manufactured directly onto the component sur-
face. In some instances, where the component is a con-
ductive material (e.g., metallic), an intermediary dielectric
layer must first be applied to the surface of the component
before the conductive ink is additively manufactured. This
layer may be a supplemental substrate bonded to the
surface, but may also be a dielectric type ink that is ap-
plied via the same method being used to print the RTD.

[0030] If the conductive ink is additively manufactured
directly onto the component surface, the additive manu-
facturing method used must allow for a print head that
can move in three dimensions and navigate the geometry
of the component surface while printing. Like the first
example, the print head will make multiple passes to form
one or more layers until the resistance and thickness of
RTD 10 is correct. Methods such as screen printing, ink-
jet or aerosol-jet printing and others can be used, the
selected method would be determined based on the com-
plexity of the shape on which RTD 10 is being additively
manufactured. The additive manufacturing process is
similar to that described in reference to the first example.
Once additively manufactured, RTD 10 must be electri-
cally connected, encapsulated, and cured as discussed
above.
[0031] In some instances, where the assembly surface
is electrically conductive (metallic), an intermediary die-
lectric layer between the assembly and additively man-
ufactured RTD 10, such as a non-conductive ink like Du-
Pont BQ10 or ME777, or an integrally bonded layer such
as polyimide (Kapton ®) or an epoxy-fiberglass may be
used. The typical thickness of a dielectric layer depends
on the dielectric strength of the material and as a result
may vary between 0.0005" and 0.010" thick. The dielec-
tric layer may not be necessary for certain types of com-
posite surfaces. This dielectric layer acts as an insulator
and adhesive between the component surface and the
additive manufactured RTD. The dielectric layer, like the
flexible substrate in the first embodiment, must be able
to withstand temperatures, light, and other environmental
factors so that additively manufactured RTD 10 maintains
its adhesion to the component.
[0032] In either example, RTD 10 adheres to and
matches the geometry of the surface of the component
to which it is applied. This allows for greater fatigue re-
sistance over the lifespan of the component and RTD 10.
Ideally, the conductive ink printed on substrate 14 has
similar coefficient of thermal expansion (CTE) values
compared to substrate 14, reducing additional fatigue.
Moreover, multiple applications of RTD 10 conductive
ink to form one or more layers allows for varying thickness
and resistance of RTD 10 as needed on the component.
[0033] Additively manufactured RTDs have a longer
lifespan than Prior Art etched metal or wire wound com-
ponents, due to the flexible nature of additively manufac-
tured RTD substrates and inks. RTDs made through ad-
ditive manufacturing can be used in higher strain envi-
ronments and applications, such as rotor blades, to
achieve equivalent control performance. For instance,
additively manufactured RTDs can withstand strain rang-
es of between 2000 and 6000 microstrain. Additively
manufactured RTDs have longer lifespans and allow for
longer time between required replacements compared
with Prior Art RTDs.
[0034] Additively manufactured RTDs can also be ap-
plied to geometrically complex surfaces. In one embod-
iment, additively manufactured RTDs can be applied to
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wing leading edge assemblies, such as assembly 20 in
FIGS. 2A-2B. Alternative embodiments of other aircraft
components to which an additively manufactured RTD
can be applied include but are not limited to floor panels,
rotor blades, horizontal stabilizers, vertical stabilizers,
heated inlets, or other composite or metallic components
for use in aircraft including components that are heated
in use.
[0035] FIG. 2A is an isometric view of additively man-
ufactured RTDs 10 on leading edge assembly 20. FIG.
2B is a cross sectional view of assembly 20. FIGS. 2A
and 2B will be discussed together. Assembly 20 has in-
ternal surface 22, and external surface 24, and three
heated area zones 26, 28, 30. Assembly 20 includes,
from internal surface 22 to external surface 24, first set
of structural plies 32, heating element 34, second set of
structural plies 36, and erosion shield 38. RTDs 10 with
leads 16 are embedded within second set of structural
plies 36. Controller 18 is connected to RTDs 10 on as-
sembly 20 through leads 16.
[0036] Structural plies 32, 36, provide structural sup-
port to the leading edge. Heating element 34 provides
heat for ice protection purposes. Erosion shield 38 pro-
vides protection for external surface 24 of the leading
edge from, for example, foreign objects.
[0037] In leading edge assembly 20, sections 26, 28,
30, all have different heating requirements. For this rea-
son, this embodiment shows three RTDs 10 embedded
in structural plies 36 of each section 26, 28, 30. Each
RTD 10 is at a location that will correlate the hottest por-
tion of the heated section. Each RTD 10 is connected by
leads 16 to an electrical source so that resistance of each
RTD 10 can be measured and correlated to surface tem-
perature of each section 26, 28, and 30. A person of skill
in the art would understand that the number of RTD used
in any particular embodiment can be varied depending
on the requirements in that embodiment. Controller 18
is able to monitor temperatures at each of RTDs 10 and
determine if any section 26, 28, 30, needs to be switched
off to prevent the corresponding section from overheat-
ing.
[0038] RTDs 10 in assembly 20 have greater fatigue
life than Prior Art temperature sensors, and due to their
repeatable nature are reliable when detecting tempera-
tures on a component such as a leading edge.

Discussion of Possible Embodiments

[0039] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0040] An assembly includes a resistance temperature
detector for a component, one or more leads electrically
connected to the resistance temperature detector, and a
controller electrically connected to the resistance tem-
perature detector through the one or more leads. The
resistance temperature detector is configured to change
resistance as the component temperature changes. The
resistance temperature detector is additively manufac-

tured and includes one or more layers of a conductive ink.
[0041] The assembly of the preceding paragraph can
optionally include, additionally and/or alternatively, any
one or more of the following features, configurations
and/or additional components:
[0042] The component comprises an engine inlet, a
rotor blade, a wing, a floor panel, a guide vane, an ice
protection assembly, a horizontal stabilizer, a vertical sta-
bilizer, or a tank.
[0043] The resistance temperature detector resides on
a flexible substrate, and wherein the substrate is attached
to the component.
[0044] The flexible substrate is selected from the group
consisting of neoprene, TPU, polyimide, urethane, glass
fabric, pre-impregnated fabric, and combinations thereof.
[0045] The resistance temperature detector resides di-
rectly on a surface of the component.
[0046] The assembly includes an intermediary dielec-
tric layer between the surface of the component and the
resistance temperature detector.
[0047] The intermediary dielectric layer has a thick-
ness between 0.0005 inches and 0.030 inches.
[0048] The resistance temperature detector is encap-
sulated with a dielectric material selected from the group
consisting of acrylic, neoprene, polyurethane, polyimide,
silicone, and an epoxy-fiberglass matrix.
[0049] A resistance temperature detector includes an
additively manufactured resistance element that chang-
es resistance value as its temperature changes, wherein
the resistance element comprises one or more layers of
a conductive ink, and one or more electrical leads con-
nected to the resistance element.
[0050] The component of the preceding paragraph can
optionally include, additionally and/or alternatively, any
one or more of the following features, configurations
and/or additional components:
[0051] The resistance element has a resistance be-
tween 150 and 2500 ohms.
[0052] The resistance element has a resistance be-
tween 200 and 1000 ohms.
[0053] The resistance element has a thickness be-
tween 0.0001" - 0.010", and wherein each of the one or
more layers has a thickness of 1-100 microns.
[0054] The resistance element can detect temperature
between -40 and 400 degrees Fahrenheit.
[0055] The conductive ink selected from the group con-
sisting of carbon loaded, nano-carbon loaded, and nano-
silver conductive inks.
[0056] A method of making a resistance temperature
detector includes additively manufacturing a conductive
ink element having one or more layers of conductive ink
to form a resistance element, and electrically connecting
the resistance element with one or more leads.
[0057] The method of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following features, configurations and/or
additional components:
[0058] The conductive ink element comprises carbon,
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nano-carbon, or nano-silver particles.
[0059] Additively manufacturing comprises screen
printing, ink-jet printing, or aerosol-jet printing.
[0060] The method includes applying the resistance
element on a component surface.
[0061] The method includes applying the resistance
element on a flexible substrate material.
[0062] The method includes encapsulating the resist-
ance temperature detector.
[0063] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. A resistance temperature detector (10) comprising:

an additively manufactured resistance element
(12) that changes resistance value as its tem-
perature changes, wherein the resistance ele-
ment (12) comprises one or more layers of a
conductive ink selected from the group consist-
ing of carbon loaded, nano-carbon loaded, and
nano-silver conductive inks; and
one or more electrical leads connected to the
resistance element.

2. The component of claim 1, wherein the resistance
element (12) has a resistance between 150 and 2500
ohms.

3. The component of claim 2, wherein the resistance
element (12) has a resistance between 200 and 1000
ohms.

4. The component of claim 1, 2, or 3, wherein the re-
sistance element (12) has a thickness between
0.0001" and 0.010"and wherein each of the one or
more layers has a thickness between 1 and 100 mi-
crons.

5. The component of claim 1, 2, 3, or 4, wherein the
resistance element (12) can detect temperature be-
tween -40 and 400 degrees Fahrenheit.

6. An assembly comprising:

a resistance temperature detector (10) of any

preceding claim for a component;
one or more leads (16) electrically connected to
the resistance temperature detector (10); and
a controller (18) electrically connected to the re-
sistance temperature detector through the one
or more leads (16).

7. The assembly of claim 6, wherein the component
comprises an engine inlet, a rotor blade, a wing, a
floor panel, a guide vane, an ice protection assembly,
a horizontal stabilizer, a vertical stabilizer, or a tank.

8. The assembly of claim 6 or 7, wherein the resistance
temperature detector (10) resides on a flexible sub-
strate selected from the group consisting of neo-
prene, TPU, polyimide, urethane, glass fabric, pre-
impregnated fabric, and combinations thereof, and
wherein the substrate is attached to the component.

9. The assembly of claim 6 or 7, wherein the resistance
temperature detector (10) resides directly on a sur-
face of the component.

10. The assembly of claim 6, 7, 8, or 9, further comprising
an intermediary dielectric layer between the surface
of the component and the resistance temperature
detector, wherein the intermediary dielectric layer
has a thickness between 0.0005 inches and 0.030
inches.

11. The assembly of claim 6, 7, 8, 9, or 10, wherein the
resistance temperature detector (10) is encapsulat-
ed with a dielectric material selected from the group
consisting of acrylic, neoprene, polyurethane, poly-
imide, silicone, and an epoxy-fiberglass matrix.

12. A method of making a resistance temperature de-
tector comprising:

additively manufacturing a conductive ink ele-
ment having one or more layers of conductive
ink to form a resistance element (12), wherein
additively manufacturing comprises screen
printing, ink-jet printing, or aerosol-jet printing
and the the conductive ink element comprises
carbon, nano-carbon, or nano-silver particles;
and
electrically connecting the resistance element
with one or more leads.

13. The method of claim 12, further comprising applying
the resistance element (12) on a component surface.

14. The method of claim 12, further comprising applying
the resistance element (12) on a flexible substrate
material.

15. The method of claim 12, 13, or 14, further comprising
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encapsulating the resistance temperature detector.
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