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Abstract: A mathematical model of a positive temperature coefficient thermistor was obtained using a unified
approach to building a working mathematical model. This mathematical model has sufficient properties of fullness,
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costs and time spent on research and makes efficient use of the mathematical modelling capabilities.
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Introduction

Vast educational and scientific literature is
devoted to the technical characteristics of positive
temperature coefficient thermistors, basic principles
of their operation and methods of circuit design using
these thermistors. There are numerous examples of
successful practical use of such devices in various
fields.

The aim of this study is to build a working
mathematical model of a positive temperature
coefficient thermistor using a unified approach.

The dependence of the resistance R of such a
thermistor on its temperature T is not linear over a
broad temperature range (for an example, see [1; 2]).
In a relatively narrow temperature range, however, it
can be assumed that

R(T)=r[1+B(T-T,) |,
where r is the thermistor resistanceat T =T,; B isa

positive constant.

A unified approach to building a working
mathematical model that has necessary properties for
a specific study is described in [3; 4]. Some properties
of mathematical models are formulated, for instance,

Doi: &os¥¢ https://dx.doi.org/10.15863/TAS.2021.02.94.1

in [5; 6]. An example of building a mathematical
model with the necessary properties for a study is
presented in [7]; some of the results of this study were
published in [8-10]. The particular features of using a
unified approach to building mathematical models are
described, for example, in [11; 12].

Statement of the problem

The thermistor is considered to be a body with
high thermal conductivity, i.e. the dependence of the
temperature of the body on the spatial coordinates at
any time point is disregarded. Its temperature T at the
initial time point t, equals T, while T<T,.
Convective heat exchange with the environment
occurs on the thermistor surface with area S. The
ambient temperature is equal to T,, and the heat
transfer coefficient is known and equal to o. For a
relatively narrow temperature range from T, to T,, let

us assume that

R(T)=r[1+B(T-T,) |,
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C(T)=c[1+7(T-T)], L 1<,

where R(T) and C(T) are the resistance and total

heat capacity of the thermistor; r and c are the
resistance and total heat capacity of the thermistor at
T=T,, B and y are positive constants. An electric

current flows through the thermistor; its strength
equals
[ @
r[l+B(T—T0)J
where U is the constant electrical potential difference
between the poles of the thermistor.

Let | be the value of interest in the study. Let
us design a working mathematical model of the object
of study that has sufficient properties of fullness,
adequacy, productivity and economy.

Solution

To solve the problem, we need to build a
hierarchy of mathematical models for this object of
study and determine the conditions under which we
can calculate the sought value | with a relative error

not exceeding §,,.
If the difference T —T, is sufficiently small,

then, according to (1), the sought value can be
calculated using the formula

ly=—. )

Let us define the conditions under which the
resulting formula is applicable. To do this, let us
consider steady-state heat transfer. In this case, the
heat output of the thermistor's material is equal to the
heat flow from the thermistor, i.e.

U2
R(T.)

5

=a(T,-T,)S,

where T, is the steady-state thermistor temperature.
The resulting equality allows us to easily calculate

2
T*=T0+i -1+ 1+ﬂ ,
2B aSr

and then find the sought steady-state value
U

.= , 3
r[l+~/l+4BU2a’lS’lr’l}
and for this temperature range
UZ
— _<1+B(T,-T,). 4
aSr(T,-T,) B(T~To) “)
The relative error of 1, is

lo|

8(Io):

If the condition

is met, formula (2) may be used to find the sought
value with a relative error not exceeding J,.
Therefore, when the inequality

Iy <(1+8,)1, 6)
is satisfied, mathematical model (2) sufficiently
possesses the properties of fullness, accuracy,
adequacy, productivity and economy.

Then let us define the conditions under which
mathematical model (3) is applicable. To do this, we
need to consider unsteady-state heat transfer. In this
case, the change in thermistor temperature over time
t is described by a first-order ordinary differential
equation

2
(MG =gy TS
and the initial condition is as follows:
T (to) =T,
Given that
P
1+B(T-T,)

let us formulate a Cauchy problem
di_ p12as(l,—1)-pul?
dt cly  y(l,—1)+Bl
I(t)=1,.

Then let us calculate the time point

t,k=t0+L ¥ L—1+60 I—°+
aS|BlI, L.

, (6)

xIn 2—'—*—80 - +
I 21, 1.
2l o)y g )]
B2l,—L L l,— L.
for which
L.
I(t.)= .
(t) o,
Evidently, at t > t,
5(|*):"_'* :1—%s80,

and the value 1. can be considered equal to I (t) with

a relative error not exceeding &,. Therefore, it is

possible to use formula (3) to find the sought value
with a relative error not exceeding 3.

If condition (5) is not met, mathematical model
(3) at t>t, sufficiently possesses the properties of

fullness, adequacy, productivity and economy.
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Building a new mathematical model when
creating a hierarchy of mathematical models for the
object of study may lead to refining the previously
determined conditions for the applicability of the
constructed mathematical models. Indeed, using
mathematical model (6), we can refine the condition
of applicability for formula (2). For this let us
calculate the time point

. -1 1
=t r—| [ Yo" loy
oS\ B21,— 1. 1.

+ ly —11In 1+|—*60 -
21,— 1. I
(vt L),
21,—1. B2l,—1. I

xIn 1—L50 -
I, 1.

ao},

Y
p

for which

Evidently, at t <t

-1
6(|0)=‘ lol_b g,

and the value 1, can be considered equal to 1 (t) with

a relative error not exceeding §,. Therefore, it is

possible to use formula (2) to find the sought value
with a relative error not exceeding 3.
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