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Simulation of thermal conditions of a radio-electronic block of a cassette
design
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Abstract

The modelling and study of the thermal conditions
of the electronic unit of the cassette design installed
in the open compartment of the spacecraft on a
thermal stabilization platform operated in a vacuum
is considered. One of the main issues of heat
removal from electronic components is the effect of
the characteristics of the intermediate layers of a
multilayer printed circuit board on effective heat
dissipation. Effective heat removal means
determining the thickness of the intermediate copper
layer, which significantly affects the heat removal
and determination of the thickness of which does not
lead to heat removal, but only increases the mass
characteristics of the electronic device, which is one
of the main parameters in aerospace engineering.
The problem is solved by the finite element method.
The convergence of the results was checked by
thickening the grid of finite elements. If the results
of the previous and subsequent, partitions differ by
no more than 2-3%, then it is considered that the
results of the calculations are valid. Thermal
calculation of the cassette, performed by the finite
element method, and analysis of the results showed
that the thickness of the intermediate copper layers
nonlinearly affects the temperature distribution in
electronic components, with the greatest effect
being observed when the thickness of the
intermediate copper layer less than 175 microns.
When the thickness of the intermediate copper layer
is more than 175 pm, heat removal is ineffective in
terms of weight characteristics. The calculation
results illustrated by the figures of the distribution
of the temperature field during module operation are
presented.
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AHHOTALHUA

PaccmoTpeno MonenmmpoBaHWE W HCCIEIOBaHHE
TEIJIOBOTO pexuma JJIEKTPOHHOTO 610Ka
KOHCTPYKIIMU KaCCETHI, yCTAHOBJIEHHOTO B OTKPBITOM
OTCeKe KOCMHYECKOrO ammapara Ha Iuathpopme
TepMocTabuimu3anuy, paboTamomeil B BakyyMe.
OmHUM W3 OCHOBHBIX BOINIPOCOB OTBOJAA TeIia OT
JJIEKTPOHHBIX ~KOMIIOHCHTOB  SIBIISICTCS  BIUSTHHE
XapaKTEPUCTUK MPOMENKYTOUHBIX CIIOEB
MHOTOCIIOWHON TeYaTHOH IuaThl Ha 3(QeKTUBHOE
paccesaue Teria. O¢GGEKTHBHBIA OTBOA  TeIUia
O3HAYaeT OMpeJeNICHHe TOJIIUHEI POMEKYTOYHOTO
MEJHOTO CJIOsI, KOTOPBIH CYIIECTBEHHO BIHMSET Ha
OTBOJI TEIUIa, U ONPEIENICHNE TOJIIHUHEI KOTOPOTO He
NPUBOANT K OTBOAY TEIUIA, & JIMIIL YBEIMYHBACT
MacCOBBIE XapaKTEPUCTUKH 3JIEKTPOHHOTO
YCTPOHCTBA, KOTOPOE SIBISIETCS OZHUM M3 OCHOBHBIX
MapamMeTpoB B ad3pPOKOCMHYECKON TeXHHKe. 3amada
pemaeTcsi ~ METOAOM  KOHEYHBIX  JJIEMEHTOB.
CXOmMMOCTh ~ pe3yJIbTaToB  IPOBEPSIach  IIyTeM
CTYyHNIEHHWs] CETKM KOHEYHBIX 3JeMeHTOB. Ecmm
pe3ysbTaThl  MPEABIAYIIET0 M MOCIETYIOIIUX
pa3bueHuii pasiandaroTcs He Oonee yeM Ha 2-3%, To
CUMTAETCS, YTO pE3yJlbTaThl PAaCcUYeTOB SIBISIOTCS
JIeHCTBUTENbHBIMU. TEeIuloBOM pacder KacceTsl,
BBIITOJTHEHHBIIT METOIOM KOHEYHBIX JJIEMEHTOB, W
aHamM3 pe3yNbTaTOB MOKa3alM, 4YTO TOJIIMHA
MPOMEKXYTOUHBIX CJIOEB MEIH HEJIMHEWHO BIMSET Ha
pacrpeneneHre  TeMIepaTrypbl B 3JEKTPOHHBIX
KOMIIOHEHTaxX, TmpuyeM  Haubombmuii  3hdekT
HaOJIIo/1aeTCsl TPH TONIIKHE IPOMEXYTOYHOTO CIIOS
menu. wmeHee 175 wmkMm.  Korma  TommmHa
MPOMEXYTOYHOTO MEIHOTO CIIOS COCTaBIISIET Ooiiee
175 MxMm, oTBOA Tetuta Hed(PPEKTUBEH C TOUKU 3PEHHS
BECOBBIX XapakTepHcTHK. [IpencTaBieHbl pe3yapTaThl
pacueTos, WJUTIOCTPUPYEMBbIe pHCYHKaMH
pacrpeseneHus TEMIepaTypHOro IMoJisl mpu paboTe
MOJTYJISL.

KnroueBbie CJI0BO: MaTeMaTH4IecKoe
MOJIETIUPOBAaHUE, METOA KOHEYHBIX BJIEMEHTOB,
IpOBOAUMOCTD, TEIJIOBOM PEXUM, DJICKTPOHHBIC
YCTpOMCTBA.
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Introduction

Electronic devices of aviation equipment must satisfy
the following properties: small dimensions and mass
characteristics. Therefore, reliable calculation of the
thermal regimes of electronic devices of aviation
technology is important. Bearing in mind the
consequences of the failure of devices in flight.

The most important tool for assessing the thermal state
of an aircraft instrument in the environment of an
aircraft is the mathematical modelling of the thermal
conditions of the components of on-board electronic
equipment. Therefore, the reliability of mathematical
models and the results of modelling heat transfer
processes in structures with a new electronic component
base are practical guidelines for the thermal design of
equipment. There are several approaches to solving the
problem of heat dissipation in multilayer printed circuit
boards. One of the most effective methods is to arrange
heat-transfer layers in a multilayer printed circuit board
made of materials with a high degree of heat transfer:
copper, aluminium, stainless steel, etc., which leads to
temperature removal to the device case. At the same
time, it is necessary to identify the most optimal
thickness, physic-mechanical characteristics of the heat-
removing layers. Bearing in mind that the material of the
heat-releasing layers has various physical and
mechanical characteristics, a large specific gravity, and
an unjustified increase in thickness can lead to an
increase in the mass of the product.

Electronic devices used in aviation must have enhanced
reliability characteristics, due to the large consequences
of their failure during operation (Medvedev, 2005;
Lucas, 1994; Levashkin, Ogin, Vasilyev, 2019,
Vantsov, Vasilyev, Medvedev, Khomutskaya, 2019).
One of the factors ensuring the reliability of electronic
devices used in aeronautical engineering is reliable
mechanical and thermal calculation. Exceeding the
permissible thermal operating conditions of electronic
components leads to the failure of these elements and
ultimately to the failure of the electronic device with
unpredictable consequences during the flight. One of
the factors affecting the heat sink in multilayer printed
circuit boards, which are of great use in aircraft devices,
is the thickness and material characteristics of the heat
sink layers. A significant number of works have been
devoted to heat removal issues (Khairasov, 2013;
VintrouLaragi, Bairi, 2012; Costa, Vlassov, 2013;
Funk, Mengli¢, Tagavi, Cremers, 1992; Muzychka,
Yovanovich, Culham, 2006; Rinaldi, 2006; Muzychka,
Bagnall, Wang, 2013; Monier-Vinard, Laragi, Dia,
Nguyen, Bissuel, 2013; Shabany, 2002; Schacht,
Wunderle, May, Michel, Reichl, 2008; Dede, Nomura,
Lee, 2015).

At the same time, the issue of optimal thickness, thermal
characteristics, location and structure of heat-removing
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layers in multilayer printed circuit boards has not yet
been resolved. An unjustified increase in the thickness
of the heatremoving layers affects the mass
characteristics of aviation devices, which are of great
importance in aviation.

In this paper, we consider the question of the optimal
thickness and materials for heat sink layers in multilayer
printed circuit boards.

Electronics as a part of modern spacecraft are one of the
most important factors for progress. The level and
quality of its execution largely determines the
competitiveness of rocket and space technology in the
military and civilian sectors of the economy (Funk,
Menglic, Tagavi, Cremers, 1992; Muzychka,
Yovanovich, Culham, 2006). As a rule, every three to
five years, the electronic component base is modified
structurally and functionally and integrated into more
complex structures.

In engineering practice, it is often difficult to investigate
the suitability of a new electronic component base,
especially imported and designed for operation in a
vacuum. In the electronic equipment for remote sensing
of the Earth, containing a huge amount of memory and
information transmitted in the shortest possible time, it
iS necessary to create innovative non-traditional
structural and technological solutions both in power
structures of radioelectronic units and in multilayer
boards, the number of which can reach several dozen
layers especially when using surface mounting
domestic and foreign electronic component base,
besides having a high cost (Muzychka, Bagnall, Wang,
2013; Monier-Vinard, Laraqgi, Dia, Nguyen, Bissuel,
2013).

The most important tool for assessing the thermal state
of an electronic component base in a spacecraft
environment is mathematical modelling of the thermal
state of the components of an onboard electronically
device. This circumstance is also due to the fact that it is
usually postponed to carry out the necessary and reliable
testing of newly created equipment due to the limited
development time and its means for later periods when
it is very difficult to eliminate the revealed remarks.
Therefore, the reliability of mathematical models and
the results of modelling the processes of heat transfer in
designs with a new electronic component base are
practical guidelines for thermal design of equipment
(Dede, Nomura, Lee, 2015).

In this paper, we study the thermal conditions of an
onboard electronic device designed to work in the open
compartments of full-size or small spacecraft, since they
ultimately determine the quality and survivability of
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new types of basic electronic components (Godin,
Khairmasov, Sokolsky, 2004; Khairnasov, 2013).

As an illustrative example, consider the thermal mode
of an electronic unit of a cassette design, hereinafter
referred to as a cassette, which is the basis for electronic
components operating in a vacuum. Operating
conditions are characterized by the following
parameters:

. Cassette is installed in the unpressurized
compartment, the vacuum is from 10-2 to 10-6 mm Hg.
(10-6 mm Hg were taken in calculations);

. Temperature of the installation surface of the
spacecraft (temperature of thermostatically controlled
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thermal baths of spacecraft) is maintained between
minus 10°C and plus 40°C (plus 40°C was taken in the
calculations);

. Temperature of structural elements inside
unsealed spacecraft compartment, i.e. environment
surrounding device (cassette) varies in the range of
50°C (plus 50°C was taken in the calculations);
continuous operation modes; generated power of 42
watts.

The parameters of the board-frame: housing material
aluminum (thermal conductivity 120 W/mK), overall
dimensions: 28515030 mm, overall dimensions of the
base: 312+30 mm, thickness of two copper intermediate
layers 175 um each.
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Figure 1. Drawing of a cassette case with a multi-layer printed circuit board

Theoretical basis

The cassette is installed in an unpressurized
compartment on a thermostatically controlled
thermocables spacecraft with good thermal
contact through a heat-conducting gasket or paste
(paste was used in the calculations) (Medvedev,
2005; Levashkin, Ogin, Vasilyev, 2019).

The cassette consists of the board-frame with a
cut-out bottom, in which a printed circuit board
is inserted. The board is installed in the plate-
frame on the paste 131-179 and is pressed against

the pressure plates. The heat flux from the
electronic components spreads across the board
due to copper layers 175 microns thick and plated
holes, and then flows along the copper edges of
the plate to the cassette case. Figure 2 shows the
temperature distribution for one of the cases
considered. Thermal contacts were filled with
heat-conducting material Elazil type 137-182 or
paste (Shabany, 2002; Schacht, Wunderle, May,
Michel, Reichl, 2008).
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Methodology

Currently, there are a large number of programs
that allow you to perform thermal calculation of
electronic modules, with the output of the results
in graphs, tabular form and figures (Lucas,
1994). There are several approaches to solving
thermal problems of electronic devices of
aircraft: analytical, graphic and numerical. The
most complete picture of the temperature
distribution, mutual influence of the thermal
fields of electronic  components, full
consideration of the boundary conditions allows
us to make a numerical method: finite element
method  (Vantsov, Vasilyev, Medvedev,
Khomutskaya, 2019).

The problem is solved by the finite element
method. The cassette (Figure 1 and 2) was
modelled by 8-node cubic finite elements of
three-dimensional conductivity. The equation of
linear static thermal conductivity is:

Q=CXxT

where C is the conductivity matrix, depending on
the material (W / °C), T is the unknown
temperature in the nodes to be determined (°C),
Q is the heat source, defined as the load (Watt).

As an external load applied to the boards, the
intensity of the distributed heat per unit area
applied to the edges of the structural elements (W
/ mm2) and the intensity of the distributed heat
per unit volume (W / mm3), as well as the
external temperature applied to the elements of
the thermostatically controlled thermal board
(°C).

As a result of the study, the temperature in the
nodes of the final elements was determined. The
total number of finite elements of the partition
was 75690. The accuracy of the obtained
calculations was checked by thickening the grid
of finite elements. The calculation error when
splitting into 96525 finite elements and the
adopted splitting scheme was ~ 2%. This
discrepancy between the results allows us to state
that the calculation results converge and take as
a basis the previous partition into finite elements
(Vintrou, Laraqi, Bairi, 2012; Costa, Vlassov,
2013). The convergence of the results implies the
reliability of the results obtained within the
computational error of solving large systems of
equations.

Results

As a result of the study, a simulation of the
cassette block with electronic components was
carried out. The device was approximated by
finite elements, including a multilayer printed
circuit board having thin layers of about 18
microns.

Boundary conditions and dissipated powers of
the electronic components were applied. The
solution of an inhomogeneous system of linear
equations is made. A picture of the temperature
distribution (Figure 2) and the temperature
distribution in the heat sink layer located in the
multilayer printed circuit board (Figure 3) are
obtained. The dependence of the maximum
temperature on the thickness of the intermediate
copper layer is also obtained (Table 1).
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Figure 2. Example of visualization of simulated results. Temperature distribution in the cassette. Front
and back view. Temperature from plus 40.0 to plus 109.9 °C

Figure 3. Temperature distribution in the copper layers of the board. Temperature from plus 40.0 to plus

90.3°C
The Table 1 shows the results of calculating the optimal according to the results of modeling the
maximum temperature of an aircraft instrument thermal state of instrument.
by the thickness of the intermediate heat sink
layer, which shows that this temperature depends At the bottom of the figures nine temperature
on the thickness of the heat sink layer. At a gradations of elements from the minimum -
certain thickness of this layer, this dependence indicated by the MN index to the maximum -
sharply decreases. This thickness was taken as designated by the MX index are shown.

Table 1. Dependence of the maximum temperature on the thickness of the intermediate copper layer

Thickness of the copper layer of the board, 10 17 23 30 35

um 5 20 40 60 5 5 5 0 5 450
Maximum temperature of electronic 39 21 15 13 11 11 10 10 98, 95
components, °C 4 7 9 4 9 0 5 1 6 1
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The calculation and analysis given in the Table 1
shows that the maximum temperature up to 105-
175 pm significantly depends on the layer
thickness; for a layer of more than 175 pm, the
temperature drops slightly.

Conclusion

As a result of the study, a simulation of the
cassette block with electronic components was
carried out. The device was approximated by
finite elements, including a multilayer printed
circuit board having thin layers of about 18
microns.

Boundary conditions and dissipated powers of
the electronic components were applied. The
solution of an inhomogeneous system of linear
equations is made. A picture of the temperature
distribution (Figure 2) and the temperature
distribution in the heat sink layer located in the
multilayer printed circuit board (Figure 3) are
obtained. The dependence of the maximum
temperature on the thickness of the intermediate
copper layer is obtained (Table 1).

Thermal calculation of the cassette, performed by
the finite element method, and analysis of the
results showed that the thickness of the
intermediate copper layers nonlinearly affects the
temperature distribution in electronic
components, with the greatest effect being
observed when the thickness of the intermediate
copper layer less than 175 microns.

When the thickness of the intermediate copper
layer is more than 175 pum, heat removal is
ineffective in terms of weight characteristics. The
results of the study can be applied in the design
and manufacture of electronic devices for aircraft
containing multilayer printed circuit boards with
heat-removing layers in the body of the printed
circuit board. The obtained optimum
characteristics of the thickness of the heat-
removing layers will allow making the
development of electronic components with
optimal thermal characteristics.
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