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ABSTRACT: A method for calculating the
temperature field of a printed circuit board is
presented, based on the approximation by a system
of  bicubic splines of the sets of measured
temperatures at selected points of the printed circuit
board. The method makes it possible to determine
the temperature of a printed circuit board at any
point and can be applied in calculating the
temperature regimes of operation of printed circuit
boards that are part of the coordinate-time support
equipment. In the process of developing the
designs of equipment for coordinate-time support
(CVO), the tasks of calculating and analyzing the
processes of heat release of units and blocks of
CVO equipment constantly arise, on the basis of
which the choice of design solutions is made in the
design of systems. Significant assistance in the
analysis of thermal processes in the designs of
printed circuit boards (PCB) can be provided by
specialized software that allows you to carry out
the necessary calculations at the early stages of
designing CVO equipment and is available to a
user who does not have special training. To analyze
the thermal regimes of the PCB of the CVO
equipment, it is proposed to use the BetaSoft Board
software from Dynamic Soft Analysis Inc (USA).
The program has a developed mathematical
apparatus, which makes it possible to carry out a
full-fledged three-dimensional modeling of heat
transfer phenomena on the PCB. Simulation
accuracy in this case is about 10% compared to
full-scale tests. However, with all the positive
aspects of the BetaSoft Board software, it is
difficult to determine the temperature value at a
given point of the SP, since all calculations are
displayed as temperature gradients in certain
intervals, i.e. in fact, exact temperature values are
only available at the boundaries of the temperature

zones. The method of approximating the
temperature values of the PP by bicubic splines
considered in the article makes it possible to
eliminate this disadvantage and replace the
continuous function of two variables with a
combination of functions, each of which depends
on one variable.

KEYWORDS:thermal field model, printed circuit
board, temperature distribution, thermal power
plane, approximation, coordinate-time support.

l. INTRODUCTION

In the process of developing the designs of
equipment for coordinate-time support (CTS), the
tasks of calculating and analyzing the processes of
heat release of units and blocks of CTS equipment
constantly arise, on the basis of which the choice of
design solutions is made in the design of systems.
Significant assistance in the analysis of thermal
processes in the designs of printed circuit boards
(PCB) can be provided by specialized software that
allows you to carry out the necessary calculations
at the early stages of designing CTS equipment and
is available to a user who does not have special
training.
Calculation of thermal regimes of units and units
of CTS equipment is based on the principle of
electrothermal  analogy. This principle lies in the
fact that the transfer of thermal energy in
structures is considered similar to the transfer of
electricity in electrical circuits. In this case, the
power of the heated zone Phz acts as an analogue
of the current strength; analogue of the potential
difference - temperature difference (or overheating)
AT of the heated zone Thc and ambient
temperature Tam; analogue of
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electrical conductivity - thermal conductivity 3.
The use of such an analogy makes it possible to
draw up thermal circuits and calculate them
according to the basic rules of electrical
engineering [1,6,8].

1. PROBLEM STATEMENT

Usually, the thermal power released in the
unit/block of the CTS equipment is set, the
operating conditions (Tam) are indicated, and the
design parameters of the unit/block are known.
Evaluation of the thermal regime of the block
consists in the step-by-step determination of the
overheating of the heated zones: AT =Phz/ 5 .

By changing the design parameters of heat
pipelines and the conditions for removing heat
from the outer boundaries of the unit/block of the
CTS equipment, it is necessary to strive to reduce
the overheating value AT to the limit. The task is to
ensure that, with a given design of the unit / block
of the CTS equipment, the temperature of the
heated zone does not exceed the limit value (for
this specific element and specific circuit). In all
cases, it is desirable to design and calculate the heat
removal system so that AT does not exceed 5-10
(0]

C.

Il.  SOFTWARE USED

To analyze the thermal regimes of the
PCB of the CTS equipment proposed to use the
BetaSoft Board software from Dynamic Soft
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Analysis Inc (USA). The program has a developed
mathematical apparatus that allows for a full-
fledged three-dimensional modeling of heat
transfer phenomena on the PCB.

In this case, the modeling accuracy is
about 10% compared to full-scale tests [6, 7].

In addition, the BetaSoft-Board software
has a special converter that provides automatic
transfer of data on the design of the PCB and the
electrical and radio products placed on its surface
from the computer-aided design system (CAD)
Expedition PCB.

When modeling the thermal regime of
PCBs, the BetaSoft-Board software uses numerical
methods based on finite difference methods with
adaptive grids, which allow coarsening the mesh
step on small PCB details that do not fall into the
main, larger grid [6]. The advantage of this
approach is the increased speed of analysis while
maintaining high accuracy of calculations. The
typical computation time for a PCB consisting of
100 components on a class 486 personal computer
is about 30 seconds [6, 12]. The processes of heat
transfer, heat conduction, convection and radiation
are modeled.

However, with all the positive aspects of
the BetaSoft Board software, it is difficult to
determine the temperature value at a given point of
the SP, since all calculations are displayed as
temperature gradients in certain intervals, i.e. in
fact, accurate temperature values are only available
at the boundaries of temperature zones (Figure 1).
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Figure 1. General view of the BCP and temperature values of the BCP at the boundaries of temperature zones.

V. THERMAL FIELD SIMULATION

METHOD BASED ON BICUBIC

SPLINES.

The proposed method for approximating
the temperature values of the BCP by splines
makes it possible to eliminate this disadvantage and
replace the complex continuous function of two
variables with a combination of functions, each of
which depends on one variable [2,3,4,5].

The use of local interpolation spline functions for
constructing mathematical models in the problems
of digital processing and restoration of various
signals remains relevant [3,9,10,11,18,19].

The function Sy(f; x) is called the n power function
of local interpolation provided that the following
conditions are met:

1 Sn(f;X)EHn[Xi’XH—l]
2. S (x) eC,[a,b]
3.S,(x)e f(x)i=0,n

The defect of an interpolating spline
function of degree n is the number v =n — m. Two-
dimensional local interpolation spline functions can
be built on the basis of one-dimensional local cubic
interpolation spline functions, and the error
estimate is also based on the errors of local cubic
interpolation spline functions. The construction of a
local parabolic spline is as follows.

To construct the domain D = [a, b] x [c, d], we
divide these intervals into N, equal to the OX axis,

and M, equal to the axis OY, A =A, x A,

Ayia=x,<X <..<Xy =b,

Ayic=y, <y <..<yy=d.
where h and | are chosen as follows
h=x,-x%,1=0L...N-Li1=y  —vy,

j=01,....M —1.
Consider a grid:
A =AxxAy

Ay TXG < Xg <Xy < < Xy < Xy

ANy Y, <Yo< Yy <Yu < Yuan

Then we have

D" =[a—hb+h]x[c-1d +1]

at the node

A" =A'xxA'y-the values of the function are

known, that is:
f ()(i , yi) = fij , i=-101....N,N+1

j=-101....M,M +1

Based on the above values, a parabolic
local interpolating spline [2,4,5,17] interpolating
the functions f(x,y) in the domain D will be
constructed. ~ Since  the  parabolic  spline
interpolating f(x,y) is local, it is built on the basis
of values of the function fj; in the range

[x%is X 1< LYis Viial
(Xi—li yi—l)l (Xifli yj)’ (Xifli yj+1)’ (Xifl, y,—+2),

(i3 Y (Xia Y O65 Y (X0 Y e2)
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(Xi+1’ yj—l)’ (Xi+1’ yj )’ (Xi+1’ yj+l)’ (Xi+1’ yj+2)

(Xi+2’ yj—l)l (Xi+2’ yj )’ (Xi+2! yj+1)1 (Xi+2' yj+2)

It should be noted that the spline
constructed for a fixed value of one of the variables
is a one-dimensional cubic local interpolation
spline [2,3,4,5,16]. Here - is fixed, that is, the local
interpolation cubic function x=x; has the following
form

Ss(Xi, Y)
Sy (%, Y)=@Q-u)Z;(x,y)+uZ; (X, y)QD)
Where

1 1
Zj (Xi ] y) = _Eu(l_u) fi,j—l +(1_U2) fi,j +§U(1+U) fi,j+1(2)

1 1
Z;(%,Y) =—§U(1—U) fi,+{-u )fi,m_au(lJru) £

The parabolas (ZJ- (Xi,j ) Z j+1(xi,j)
(X, Yia) (%5, Y5) (X Y )
(Xi ) y')’ (Xi ’ yj+1)(Xi ’ yj+2);

Y
u= TI = y]+1 yj .
parabolas that pass through the node. Substituting
(2) and (3) into (1), after some simplification, we
get the following:

Sg(Xpy)=—;U(

follows

)f.,l 1- u)(2+2u—3u2)fi‘j+

—U(1+4U 3U )fl j 1 U2(1 u) fu J+2(4)

J :OIM _1, OSUSl.
Based on the foregoing
X = Xias X Xigos

In the fixed case, we get the following one-
dimensional spline functions:

after certain simplifications, we obtain the
following local interpolation spline function:

3 (X5 Y)=p(D[e (u) f, 1,j1t (Dg(zlgl))ff i+qz3$3)(t“)+fit1,¢]4+

SS( |1'y) (1 U)Z ( Il’y)+uzj+l( |1’y)(5)
S3( |+l’ ) (1 U)Z ( |+1' )+UZJ+1( |+l'y)(6)

SS( |+2’y) (1 U)Z ( I+27y)+uzj+1( |+2'y)(7)
Sg(XX—, ¥) = S3(Xi = y)S5(xx+1,y)
and S;(XX+2,Y)

Based on the one-dimensional cubic splines
obtained above, after some transformations, it is
possible to construct two-dimensional interpolation
splines of the following form [4]:

Sl )=~ 005,040 5 (08,0614

+%t(1+4t—3t2)83(xi+1y)—%tz(l—t)ss(xm, y)

J=0,M -1, 0<u=<1.
y_yj

h 1
h=X.,,—X%,1=Y,,—Y;,
Substituting the values of the one-dimensional

cubic splines constructed above S3(xi-1, y), S3(xi,
y), S3(xi+1, y) and S3(xi+2, y) we get:

83(xi,y):—gta—ﬁ)[a—u)zj(xi-l, y)+uzj+1(xi-1,y)1+%<1—t)

(o X%

2+ 2t+3°[1-U)Z; (X, Y) +UZ ., (X, y)]+%t(1+ 4t - 3t%)
[A-U)Z; (Xiqs Y) +UZy 5 (X0, V) —%tz(l—t)[(l—u)
*Z; (X2, Y) +UZ 5 (%15, Y)](8)

Wherei =0, N —1 j=0,M —1,

OsusLOSUSLt:X;K,

y_yj
1
+ @, (U) fi—l,j+2] + @, (D[, (U) fi,j—l + @,

u= ’h:Xi+l_Xi'|:yj+1_yj1

(lu)l—fi,j+2] + @, (D[,
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+ @5 (U) fi+1,j+1 +o@, ) f j+2] + @, (D[, (U) fi+2,j—]¢:(t?£ QLle_Fﬂg“_ éfz)

+¢,(u) fi+2,j+1 +¢,(U) fi+2,j+2]

©)

Where ¢, (t) = —%t(l—t)2

o, (t) = %t(l—t)(2+ 2t —3t?)

2
P =5t

The resulting mathematical model can be
used to restore various thermal, seismic,
geophysical  fields of complex  structure
[3,13,14,15]. The table shows the measured
temperatures of the printed circuit board at given
points. The graph of the initial thermal field
according to the table is shown in Fig.2. The results
of the thermal field reconstruction using the
mathematical model (9) built on the basis of the
bicubic spline are shown in Fig.3.

Table
Measured PCB temperatures at given points
X, mm T°C x ST’,x y, mm T°Cy ST’y
48.0 37.60 37.60 90.9 32.88 32.86
110.0 39.17 39.18 94.8 34.45 34.48
141.3 40.75 40.75 99.5 36.03 36.00
158.5 42.32 42.32 104.3 37.60 37.46
181.4 43.90 43.90 111.0 39.18 39.30
204.4 45.47 45.48 118.2 40.75 40.82
246.5 47.05 47.06 123.4 42.33 42.32
262.7 48.63 48.61 128.7 43.90 42.74
298.6 48.63 48.59 135.9 45.48 45.50
309.11 47.05 47.08 162.9 47.05 47.12
317.2 45.47 45.49 174.1 48.63 48.72
328.7 43.90 43.91 191.8 48.63 48.68
356.4 42.32 42.32 206.6 47.05 46.96

S == BN = &S

Fig.2. Graph of the initial thermal field according to table 1.
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Fig.3. The results of the thermal field reconstruction using the mathematical model (9)

V. CONCLUSION
Thus, splines as a class of piecewise
functions, due to a number of advantages over
other interpolation methods, are increasingly used
in the development of algorithmic and software
tools for analyzing and recovering signals,
expanding the scope of traditional approaches to
modeling complex fields. The advantages of
splines in problems of calculating functions of
many variables are indisputable. They can be used
to determine anomalous changes in thermal,
electromagnetic, gravitational fields, anomalous
disturbances in the ionosphere, seismic noise,

various acoustic vibrations, and others.
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