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(57) Abstract: A temperature monitoring system for a flexible, thin-film graphite heater dement includes a temperature sensing
component thai uses the heater element to sense temperature. The temperature sensing component Includes a current sensor and a
voltmeter circuit, A temperature control component Is associated with the heater element. The temperature control component re-
ceives at least one set point value associated with the heater and controls the temperature of the heater element based on the at
least one set point value.
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Temperature Monitoring and Countrol System
for Negative Temperature Coefficient Heaters

Field of the Invention

N 3

The present invention relates to a temperature mouitoring and controf system

Spw

for a negative temperature coefficient (“NTC) heater element and, in particular, relates
io g heater that utilizes conventional circuitry without the need for su esternal
femperature sensing device on the heater element.

Background

A heater eloment having a negative temperature coefficient of resistance will

decrease in resistance as it heats ap. Carbon based heater elements, such as graphite
and carbon fiber heaters, have 8 negative coefficient of resistance and, thus, canbe
referred 10 85 NTC heater elements,

Snmmary of the Invention

inaccordance with the present invention, a temperature monitoring system fora
flexible, thin-fim graphite heater element noludes a temperature sensing component
that uses the heater element fo sense temperature. The temperature se:ﬂsif‘;g component
inchudes a current sensor and a voltneter circull. A temperature control component i3

at

L4

associated with the heater element. The tomperatire control component receive
least one set point value associated with the heater and controls the temperature of the
heater elemant based on the at jeast one set poim valie,

A method of monitoring tomperature it 8 negative temperature costficient
heater having a heater element In accordance with the present invertion includes
measuring the voltage of the heater element and the curvent of the heater element. The
resistanoe {v) of the heater element using Ohm’s law is then caloulated. The
temperature (X} of the heater element based upon the caleulated resistance is then

A

caleulated,

poen

n accordance with anther embodiment of the prasest invention, a temperature
wonitoring system for & heater includes a flexible, thin-film graphite heater element.
The film has a density of about 40 he/in™ to about 130 Ibs/in” and a thickness from

about 0017 to about L1007, A temiperature sensing component has cusrent and voltage
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sensors for measuring the current and voltage scross the heater element. A temperature
conirol component {s associated with the heater eloment,

Brief Bescription of the Drawings

Figs. 1A~1B depiet a flowchart demonsirating a frst example calibration

systemn; and

s
it

A~28 depict a Howchart demonsteating 8 second example calitwation
system,

Detatled Deseription

The present invention relates 1o a temperature monitoring and control system
for a negative temperature coefficient ("NTC) heater element and, In particular, relates
to a heater that utilizes conventional clreuitry without the nead for an external
temperature sensing device on the heater element. In one embodiment of the present
invention, the systerm utilizes conventional clrouitry in @ tnigue manner o control
snd/or monitor the tomperature of NTC heaters without the use of external temperaiure
sensing devices on the heater element, The system allows & user to control an NTC
heater without the need for thermocouples, Resistance Temperature Detectors (RTDs),
thermistors or other sensors, This svstem utilizes existing technology in a new manner
o measure, caloulate, display values and provide calibration adjustments.

There are many benefits that the present invention provides over conventioual
control methodology. These henefits include, Sut are not imited to: the elimination of
sensor placoment issues, the elimination of sensor contact issues, improved protection

from damaging temperatures, substantial reduction of system temperature hysteresiy,

P2

possible cost savings, and simplified wirlng. Other benefits may alxo be reslized in

The NTC heater element may be constructed of a carbon-based material, such
as graphite or carbon Sber. More specifically, the heater slement may be constructed
of a flexibie, thin-film graphite or carbon graphite material. Flexible graphite heater

clements are particularly well suited to the example system because the femperature-
resistance curve for such an NTC heater element {see graph below) has sufficiens
ampiitude to allow accurate temperatures to be calonlated from the measured data.
Furthermore, the resistance of flexible graphite as 2 function of temperature remains

stable over time provided that no mechanical damage to the heater element oours.
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Flexible graphite is also advantageous because, in contrast to heater slements formed
from other materials, flexible graphile can be repeatedly produced such that every
heater element has the same characteristic temperature-resistance correlation for a
givew graphite construction,
S Using Ohim's Law (1) and the equation (2) from the trend ine in the graph
f‘

shown below, an equation {3} for the average heater clement temperature can be written

s a tonction of voltage and current, More specifically, the eguations can be
represented by
Qhny's Law:

34 VIR gr R=}H {1
Where R=Resistance in Ohms, VsVoltage in Volts, and I=Curvant in Amps

AL IO T E AT ELD  f BT A 2T e § —o .
v QOGN0 TE2976x° — DL03574043367 19y + 56.40787I3945078 {2}
303 Where y = Resistance in Ohms, x = Temperatire in Fahrenheit
Tomperature as g Function of CurrentfVoltape:
s 3 e v gy e e g e ¢ ¢
QOMOGIVFTI2976T — Q0357404338139 + 5640787 13945G78 = V¥ {3

%

25 This function cau be used within the system to control or monitor the heater clement

feniperature,
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Svstem Components:

The system components inglude a femperature monitoring component, a

5 temperaturs control component, and a system calibration component. Each component
will be discussed in greater detail below,
Temperature Monitoring:
The temperature monitoring component of the example heating system includes
two sensing cireuits:
1 13 A carrent sensor that allows the heater’s supply current 1o pass through a

forw imp@d.anca registor. This resistor may be placed on the mg‘ voltage side or the low

voitage side of the heater eloment. The voltage drop across this resistor is monitored to

cxy

give an exact measure of the current supplied to the heater element at a given moment.

Alternatively, a Hall Effect current sensor or other known sensors may be used.

e
(2]

23 A voltmeter cirenit that monitors the DC or AC supply voltage.
i

The measured voltage value and current values can then be used to caloulate the

heater element’s resistance/impedance. Using Ohms Taw, the supply voltage value can

thery be divided by the current value to vield a value which is proportional o the
- by

resistance of the heater element. This resistance valus is then used to mathematically
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caloulate the heater eloment’s average temperature using the element’s tomperature
coetlicient of resistance, as showy in the graph above. The circult may nelude signal

conditioning devices such as filters or amplifiers o process the voltage and cusrent

related readings. The signal from either sensor, Lo, the v
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sensor, may also be used as g variable to control the ampﬁmdea v frequency of

dependant signals, which themselves could be used to caleniate the heater element’s
resistance and, thus, temperatuee.

Temperature Contyal:

The temperature control component of the system includes 2 means of varying

¢ setpoint values. These set point values may Include the high Hmits, low Himits,

oo

propostional bands, ete. needed for on/off switching. The st point values may be
manually entered by the user by means of rotary dials, keypads, barcodes, RFID tags,

ete. In one wstance, a minimum resistance or 8 maximan temperature corresponding

o that resistance isset

j?
.y

as a Himit, Once the presceibed limit is achieved, the circult

L%

replaces the supply voltage with a lower voltage supply. This lower supply voltage s

{"9

b3

used as a monitoring volage while the main supply voltage is switched off. Asthe
heater clement cools, the resistance increases. When the rasistance and temperature
reach a reset value relative to the high teraperature Hmit, the heater element is again
energized with the higher supply voltage and the process repeated.

26 As an alternative, the heater element may be re-energived afier a predetermined
period of time, rather than using & reset value, This scenario would aiiew the system to
exclude the low voliage monitoring portion of the system, although without i, the
temperature could not be displayed or monitored during the cooling portion of the

eycle,

25 System Calibration:

The example system will have to be calibrated for cach individual heater
clement elther manually or automatically, Fora maneally calibrated system, as
depicted in Figs. 1A-18, the calibration portion of the system includes a means of

varying & calibration value(s}, These calibration values are used to ensure proper

d

Ly

 functioning of the temperature monitoring portion of the system. The valoes can
correspond with the heater clement’s sctual resistance at & given temperature or refated

values such as: tewnperature, temperature coefticient(s) of resistance, or temperature
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cocfficients of resistivity and dimensional values of the heater element, e.g., length,
width, ete, Values may be manually entered by the user by means of rotary dials,
Keypads, jumpers, barcodes, RFID tags or the like,

On the other hand, in an astomatic calibrated system, as depicted in Figs. 24~

S

1Ay

2R, at feast two additional sensing circuits would be required, namely, a cireuit to

H

measure the heater clement’s resistance at ambient tempersture and a civenit 10 measure
the ambient temperature. The heater element’s resistance could be measured using an

N

olwmmester cireuit or in 3 manner similar to the Jow voltage sensing eircuit mentioned

s

above. A temperature probe and seasing circuit within the present invention would
b provide the ambient tomperature value necessary 1o complete the calibration of the
example system. Users could activale the calibration manually using a button, switch,

or other sctuating devige.

2

A sim piiﬁeﬂl version of this example system may be used as an overbeating

M

15 protection for the heater or object(s) being heated, In pasticular, at a preset high
tempersture or low resistance limit, the power to the heater element would be removed,
thereby protecting the heater or heated object(s). Breakers, switches, fuses, relays, and
he {ike may be used {o remove power froms the heater and thersby turn the heater
element off. In this particular construction, the low voltage temperature monitoring o
2 tme based switching portion of the systers would also be exciuded.

Syatem Benelits:

The present invention sliminates the need for external temperatare sensors sinoe
it uses the heater element to sense temperature, Since no external temperaturs sensor
are Lsszed, the system wiring may be greatly simplified, thereby allowing for easier
23 insialiation. The elimination of external sensovs will alse save money, decrease the
weight, and reducs the sizg of the system. Uliminating external sensors will also
eliminate the chance of controller damage due to high voliage feedback through a
SEHSOT Wi,

One of the main benefits of the present invention is the protection of sensitive

sl
oy
gt

materials or heater insulation from damage due to excessive heat, The present
invention can be used 1o control the heating of thermal Insulators or materials having 2

low thermal conductivity or effective thermal conductivity. In temperature control, the
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thermal conductivity of a heated substrate or object is almost always relied up

b

OR 10 pass
thermal energy 1o a sensor or thermostal. When the thermal conductivity is low, a
delayed response is often expevienced. This delay can result in catastrophic failure of
the heater.
A similar delay can be the vesult of improper mounting of the heater or the use
of the heater for an improper application. For example, if the heater s not held or
ered securely o the object/material to be heated, the effoctive thermal conductivigy

can be extremely low, oven if the materials have a high thermal conductivity. Inthis

ase, the “effective thormal conductivity™ can be defined as the material’s thermal
conductivity plus the thermal contact conductivity or the conductivity across the
interface between the Hester and the heated Qz‘a}jec-tfmmsrz Often, due o thermal
expansion or agiug materials, the thermal tansfer efficiency degrades over time,
Eventually, the temperatore climbs to an often dangerows fevel. The present fnvention,
however, van help 1o prevent this tempersture Increase.

The thermal lag mentioned sbove can also cause a grest dead of hvsteresis about

a set temperature. Offen the solution to this type of problem s 1o use sophisticated
terpperature controls which use pulse-width-eodulation or variable voltage tohold a
temperature steady. On the other hang, the present invention can achieve tight
temperature control using a much simpler On-Off methodology, since the heat source
can by held at & near constant femperature due to little to no delay in temperature
sensing. The present invention can also.more scourately deal with variable thermal
loads, since the heat is controlied from the source.

The present invention cart be beneficial in many common applications as

iHhustrated iy the following table:
Application Examples Bensiits

Heated Plastic Coffee | can respond quickly without the plastic overheating, A single sensor

Cup will anly acourately senae a liny ama due to the plastic's low thermal
: conductivity
? £ R
Process Heater increased healer iife: Healer may lose damp load over tima.
{Heater clamped Heated system will incicate that servics is requived by a decrease in

between plates) plate temperature (s gpposed {o heatar fallure). Origingt

Quickly heat Insulative materials without overheating: Hester
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.

performance will return onee Bsteners ara tightened,

ive Alr Heater | &
Convective Alr Heater | yy mouns Sing subsitale or sensors required: No additional mass

{Thin-Fiim Heater s required for sensor mounting and air flow will not be distupted by
Suspended in Alr) Sensors
Fond Control glves a batier approximation of average tempevaturs

across the entire panel or heater 2ove. Tempsrature foctuation is
Xeptic a minimum. Healsr is able 1o easlly handie variable tharmal

loads {morefiess food containers on pansi),

Example

In this example the NTC heater elements were formed from a floxible, thin-film

graphite material. The raw material used to form the thin film was a flexible grapsite

3 foil kaving a thickness fom about 001" to abowt L1007, The densit y of the films
ranged from about 46 the/in® to about 136 fe/in®. The ¢ temperature of the flexibie
graphite heater was caleulated using the following equation:

V=AXLBX+C {43
Where:
if X = the average temperature of the flexible sraphite element {for teruperatures
from abont 32°F to about 60(°F);
Y = the resistance of the heater element as a percentage of the element
resistance at room temperature of about 70°F; and
A, B, and C are constants,
i5 In the present example, and for most flexible # graphite materials,

ASQ.B00000353, B=0.000661 860, and U=1.0446. The Hexible graphite material,
however, van be manipulated durin g manufacturing to alter the values of AL B, and O

according to particular design oriterion. For example, in alternate confi gurations, A
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G

could range from about 000000025 w0 about 0.08000045, B could range from about
0000356 o about 0.00076, and C could range from about 1.02 to about L.O7. A graph

based on the equation (4} that Hustrates the relationship between the temperature of the

s

graphite heater element basex

5 follows

o

us‘aphtﬂ EBlament Resistance Trend

TOEL0%

HR.06% 3

+
F3

He.20% -

B O%:

Elerment Resiatsnce
Shown a5 4% of Bloment Resiitsnsce §§ T0°F

BEA0%

i

330

Temperature {*F}

W

Accordingly, during operation of the heater, the temperatire monitoring system ca

o

caloulate the resistance of the graphite heater element based on information received

i{‘:‘q

from the current sensor and the volimeter circuit without the ueed for additional or
3¢ external temperature sensors for sensing the tomperatore of the heater slement. This
caloulated resistance, in conjunction with the known resistance of the heater element at

ambient conditions, is then used fo mathematically calculate the hester element’s

average temperature using the eguation (4.
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An cquivaient equation can likewise be generated using the equation {4) and the
following equation:

Resistance=Volume Resistivity*(element trace length/element trace erpsse
sectional areal

Where “Resistivity™ i3 measurad a 70°F.  Additional variables representing the
! B v

slement trace length, width and thicksess would vary from heater element o heater

While variougs features are presented above, it should be snderstood that the

X

gly or in any combination thereof, Further, it should he

e

fentures may be used sin
naderstood that variations and modifications may ocour to those skilled inthe ant 1o
which the claimed examples perain. The examples described herein are exemplary
only. The disclosure may enable those skilled in the art o make and use alternative
designs having aliernative elements that HRewise correspond to the elements recited in

3

the clalms. The intended scope may thus include other examples that do not differ or

g;,
(2]

that insubstantially differ frony the Hteral language of the claims. The sgope of

disclosure 18 accordingly defined as set forth in the appended clabms,



WO 2010/045221 PCT/US2009/060490

-31-

Having described the invention, the following is claimed:

i, A temperature monitoring system for a heater having g flexible, thin-

a femperature sensing component that uses the heater element {0 sense
temperature, the temperature sensing component including a current sensov and 2
voitmeter circuit; and

a temperature control component associated with the heater element, the
temperature comtrol component receiving at least one set poim value associated with the
heater and controliing the terupersture of the heater slement based on the at feast one

set point value,

2. The temperature monioring system of claim 1 fusther comprising 2

o

calibration component for calibrating the ystem,

1

3. The temperature monitoring system of claim 1, whereln the temperature

control component includes means for varving the at least one set point value.

4. The tomperature monitoring systern of claim 3, wherein the at least one
set point value includes one or move of high limits, Jow limits, and proportional bands.

)

e
"4-

The tompersturs moniioring system of ¢laim 3, further comprising

means for entering the set point value,

Ty

&, The temperature monitoring system of claim 2, wherein the calibration

component is either manual or antomatic,

7. The temperature monitoring system of claim &, wherein the calibration

.w-

8. The teraperature monitoring system of clalm 7, wherein the calibmtion

p&d

2

value includes one or more of the heater elewent’s actual resistance at a given
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temperature, the temperature of the heater elemens, the temperature coefficient of
resistance, the temperature coptlicient of resistivity, and dimensional vahses of the

heater elerment.

a, The temperature monitoring system of elaim 6, wherein the terperature

atica §s astomatie and includes a civcuit for measuring the heater element’s

o
proat
o
=

"

resistance st amoblent temperature and a cireuft for measuring the ambient temperature,

10, The lemperature monitoring system of claim 9, wherein the cirouis for
measuring the heater element’s resistance ncludes an ohnuneler ciroult and the circult
for measuring the ambient temperature Includes a temperature probe and sensing
cirenit,

t, The temperatyre monitoring system of claim 1, wherein the temperature

sensing component caloulates the temperature of the heater element based on the

o

resistance of the heater element,

12, The temperature monitoring system of claim 11, wherein the
temperature of the heator element is caleulated using the following eqmafﬁm:
gl 2 L 3 By 3 2
y = (A0NN03S510x" — (.00060 T85988x + 1.04450902 1 101,

whers x = the average temperature of the heater element and y = the resistance of th
heater element as a percentage of the resistance of the heater element af room
iemperature.

13, A method of monitoring temperature in a negative teraperature
coefficient heater having » heater element comprising:

weasuring the voltage of the beater element;

ot

measuring the current of the heater element;
calcutating the resistance (¥} of the heater element using Ohm's law; and
caiculating the temperature (X} of the heater element based upon the

alouiated resistance.

3
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14, The method of elaim 13, wherein the step of measuring the voltage of

the heater element comprises mesasuring the volfage of a flexible, thin-film graghite

e

The method of claim 13, wherein the temperature of the heater element

s
Loy
b

is calonlated using the following @Q{i&ﬁ@‘l
¥ = (.000191752976x7  0.03574043361 19x + 56.4078713945078

%

where ¥ = the average temperature of the heater clement and v = the resistance of the

6. A teraperature moniioring system for a heater comprising:
a flexible, thin-film graphite heater element, the fim having a density of
about 40 Ihsfin’ to about 130 1bs/in” and a thickness from about 0017 to sbout .100™;
a temperature sensing component having current and voliage sensors for
measuring the current and voltage across the heater element; and

a tomperature control component associated with the heater clement.

“he temperature mcrﬁmr%mg systent of claim 16 further comprising

18 The temperature wonitoring syster of elaim 16, wherein the resistanes

of the heater element decreases as the temperature of the heater clement increases
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INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 09/60430

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO5B 1/02 (2009.01)
USPC - 219/497

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

USPC: 219/497

Minimum documentation searched (classification system followed by classification symbols)

USPC: 219/200,482-497,549 (keyword limited - see terms below)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

PubWEST (PGPB, USPT, USOC, EPAB, JPAB), GOOGLE

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

Search Terms: temperature, sensing, heater, heating element, control temperature, current, voltage, calibrating, set point, resistance

C. DOCUMENTS CONSIDERED TO BE RELEVANT

entire document, especially; abstract, para. [0079)

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2005/0205549 A1 (Crawford et al.) 22 Septemiber 2005 (22.09.2005), 1-18

entire document, especially; abstract, para. [0003], [0005], [0009], [0011], [0015], [0021], [0024),

[0034], [0038), {0039}, [0042], [0052], [0053], [0059), [0081], (0091}
Y US 2003/0093186 A1 (Patterson et al.) 15 May 2003 (15.05.2003), 1-18

D Further documents are listed in the continuation of Box C.

[

*  Special categories of cited documents: “T” later document published after the international filing date or priori
. . . nt publisnec a -rnat ng
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the intemational “X” document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited allo cstabll(sal; the p;-:l;(l;)ca tion date of another citation or other wy» gocyment of particular relevance; the claimed invention cannot be
special reason {a: spect . s considered to involve an inventive step when the document is
“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
“P* document published prior to the intemational filing datebut laterthan  «g~ gocument member of the same patent family
the priority date claimed
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