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Abstract - A new innovative technology for control
cabinets is being developed to simplify production,
installation and use. The result is a significant reduction in
plastic consumption, simplified wiring system and reduction
in the occupied space required at the installation site. A new
solution is based on connecting components with laminated
conductors of rectangular cross-section sandwiched between
multiple layers of insulation. The interconnection of the
layers and devices is achieved by conductive screw
connections that pass through the plates. The number of these
layers is chosen to meet the requirements of the relevant
standards. While a prototype of this innovation is currently
under development, this study investigates the thermal
characteristics of the assembly, obtained using computational
fluid dynamics simulation software (CFD) called „FloEFD“.
By defining input and output current values in the assembly
with a rated diversity factor (RDF), the temperature rise was
simulated. In addition to determining the total amount of
heat generated by the Joule effect as well as conduction,
convection and radiation processes, the results also indicated
critical heating points. In conclusion, the simulation provided
encouraging results that will be useful in further
experimental prototype testing.
Keywords – control cabinet; laminated conductors;
FloEFD; thermal simulation; Joule effect

I.

INTRODUCTION

In the industrial environment, control cabinets are
often used. They contain various electrical components
that monitor and control mechanical functions.
Components such as switchgear, programmable logic
controllers, bus couplers, and terminal blocks are mounted
on rails and connected by wires running through wire ducts
[1]. This type of wiring presents a number of problems,
including the use of large amount of plastic for wire ducts,
and the time-consuming and complicated wiring process.
Since most of the work is done manually, this process is
prone to errors [2]. Considering the safety of electrical
equipment there is no way to check for an incorrect
connection that could cause damage [3]. The more
switchgear and electrical devices there are in a control
cabinet, the more wired connections are required, which in
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turn requires more wire ducts. Due to these factors, the
control cabinet becomes larger and more cumbersome,
making it more difficult to install and fit into the space
where it is to be placed. For example, installing control
cabinets in a city rail environment is difficult due to the
handling process, which can lead to workers fatigue in the
waist and arms [4].
Automation of production and size reduction are the
main goals of future control cabinet production. The new
technology being developed, can minimize the space
required for installation while eliminating the need for
wiring and potential errors. Using a CNC machine,
materials are cut into multiple insulating and conductive
layers that are alternately laid on top of each other. This
layout significantly reduces the use of plastic because no
wire ducts are used and the conductors are bare material.
Switchgear and other electrical equipment are placed on the
top insulating layer and connected to the conducting layers
by screw connections. The arrangement corresponds to [5]
and it is also optimized to reduce overall length of
conductors necessary for interconnection of these
components as well as heat convection within the cabinet
[6]. This invention is still under development, and means of
connecting electrical devices to conductive layers are
currently being investigated.
Since heat transfer inside electrical cabinets is complex
and includes radiation, convection, and conduction,
analytical methods for solving thermal circuits are difficult
to apply [7]. In recent decades, computational fluid
dynamics (CFD) has increased in popularity as a method
of estimating thermal properties [8]. Using a Siemens NX
software add-on called “Simcenter FloEFD” [9], it is
possible to perform a thermal calculation by simulating the
current flow through the conductive layers. These
simulations and calculations are the subject of this paper.
The first part of this paper focuses on a more detailed
description of the concept of the new wiring technology
and on the development of a simulation model in the
“FloEFD” software. Taking into account the complicated
geometry, the approach to solve the model, the
aforementioned technology, is explained. Furthermore, the
main functions that are activated in the simulation are
listed, as well as the input parameters such as the material
properties. The calculation method is explained together
with the corresponding settings for the mesh and the
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calculation domain. The results, detailed in the second part
of the study, show a general temperature increase as well
as an individual analysis of the mounting layers. The
distribution of temperatures each surface is graphically
presented along with the analytical values of maximum,
minimum and average temperatures. In addition, a timedependent simulation was added to show the process of
temperature accumulation in the enclosure within 72
hours. Finally, all results are considered in the context of
the requirements of the standard IEC EN 61439 and show
the verification results.
The paper is organized as follows. Section II provides
insight into technology concept and development of model
as well as the simulation settings. Section III describes
results obtained by simulation, for stationary and timedependent conditions. Finally, section IV summarizes the
paper’s results and outlines future activities.
II.

Figure 2. Screw connections between layers

SIMULATION MODEL OF ELECTRICAL CABINET
TECHNOLOGY

A. Technology concept
The subject of this study is the low voltage indoor
control cabinet shown in Fig. 1. This model consists of a
steel enclosure with ventilation openings, inside which
there is a series of vertically arranged insulating layers,
together with a mounting plate and conductive layers of
aluminum conductors located between the plates.
The conductors with rectangular cross-section are
arranged between the insulation boards in accordance with
the requirements of the relevant standards and
interconnected by conductive connections through the
layers. The described technology is still under
development and therefore subject to changes in design
and materials. The connections already mentioned are
made with screws fastened with conductive nuts and at the
same time form a conductive connection with aluminum
conductors, shown in Fig 2. The switching devices are
located on the top insulating layer, as shown in Fig 3., and
modified to allow connection to the output pins from the
insulating plates.

Figure 3. LV switchboard ; 2x80A CB; 80A RCD; 63A RCD; 63A
CB; 4x40A CB; 4x40A RCD; 4x16A CB; 4x25A CB; 20x10A CB;
SCPD; MAIN CB 250A; 4x6A 1p CB; 6A CB 3P; 2x simple thermostat

The dimensions of the modeled cabinet are 0.8 m height
(y-direction), 0.8 m width (x-direction) and 0.3 m depth (zdirection). This represents a 30% reduction in volume,
which is a significant advance in the development of the
new generation of control cabinets. The thickness of the
insulating layers is 2 mm, while the thickness of the
conductive layers is 2 mm, 5 mm or 10 mm, depending on
design requirements and flow current values. The
enclosure door has two ventilation openings with a size of
130x130 mm to support the cooling of the internal
assembly.
B. Model development
A steady-state thermal simulation of the assembly was
performed to analyze the heat distribution in the cabinet
and identify critical points. No heat sources were used in
the simulation, but the electrical conditions at the ends of
the conductors were specified. The current flow heats the
conductors and consequently the rest of the assembly,
creating the Joule effect. The simulation provides an
analysis of the influence of the electric current on the
heating of the electrical components, conductive and
insulating layers. The current values were adjusted using
the RDF (“rated diversity factor”) with the value of 0.6,
achieving more realistic working conditions. The overall

Figure 1. 3D CAD model of assembly
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results of these simulations are temperatures affected by
all three forms of heat transfer: conduction, convection,
and radiation [10]. Furthermore, the properties of the
materials used in the simulation were adjusted, as shown
in Table 1.
The software used “FloEFD” provides an option for
definition of material parameters by the user, which was
used to enter the values obtained from the manufacturer of
the original material and housing. Thermal conductivity
and specific heat are defined as a function of temperature,
as shown in Fig. 4. and Fig. 5.
Before starting the simulation, global and surface goals
were set in order to define key design objectives and to
monitor solver convergence. The main global goals are
maximum and average temperature for all the solid
components in assembly which allowed a simple
comparison of different projects on this model. The
simplified model is shown in Fig. 6.
TABLE I.

PROPERTIES OF USED MATERIALS

Density
𝑘𝑔
𝑚3
7.9
2688.9
1350
2200

Steel
Al
Pertinax
PTFE

Specific heat
𝐽
𝑘𝑔𝐾
465
Fig. 4
1340
1300

Thermal conductivity
𝑊
𝑚𝐾
25
Fig 5.
0.3
0.3

Specific heat [J/(kg*K)]

1400
1200
1000
800
600
400
200

Figure 6. Simulated model of control cabinet

C. Mesh
An important component of any CFD analysis is the
mesh, because the results obtained depend on the setting
of the mesh parameters. For this purpose, the model has
been adapted to reduce parts that are not relevant for
thermal analysis (knobs on door, fillets on screws,
chamfers etc.). All parts of the assembly are replaced by
simplified models to reduce the calculation time. Mesh
features are set manually for each part of the assembly at
refinement level 1 to 9, adjusted for dimensions or
properties (material, fluid/solid region, shape). The local
mesh is set individually for each small conductive part
with a higher mesh resolution, providing more accurate
Joule heating results. The cells are rectangular
parallelepipeds as well as more complex polyhedrons, near
the edges. The total number of cells in the model is 1 981
418.
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Figure 4. Specific heat of aluminum
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D. Computational domain
In this case, the internal analysis of the assembly was
used, and the inlet and outlet were defined at the
ventilation openings. The internal airflow is confined by a
steel enclosure, which is completely closed with lids and
represents a fluid subdomain. The outer and inner space of
the enclosure and electrical components is filled with air
that meets standard atmospheric conditions. The ambient
pressure is set at 101325 Pa and the ambient temperature
is set at 20.05°C.

10000
5000
0
4 10 20 40 80 150 200 300 400 600 800 933
Temperature [K]

Figure 5. Thermal conductivity of aluminum
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E. Boundary conditions
Since the internal analysis of the assembly was used
with the included heat conduction in solids, the thermal
condition on the enclosures enabled. The external wall
condition allows to define the heat exchange between the
external airflow and the external model walls. The heat
flow through the walls of steel enclosure is defined with a
heat transfer coefficient of 5.5 𝑊/𝑚2 /𝐾.
Boundary conditions are defined at the lids of
ventilation openings. The ambient pressure is set at the
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ventilation outlet lid and the inlet volume flow at the
ventilation inlet lid with value of 85 𝑚3/h .
F. Transient analysis
A thermal time-dependent simulation was also
performed to analyze the heat buildup in the control
cabinet. The simulation is set to a period of 72 hours, 259
200 seconds to be more precise. The simulation step is set
to be 60 s. The results are shown graphically, where the
temperature rise and the time to reach steady-state
temperature can be observed.
III.

THERMAL SIMULATION RESULTS

Figure 9. The distribution of heat on top insulating layer

A. Steady state results
As a result of the completed simulation, the total
heating temperature of the model at steady-state is 40.45
°C. The conductors connecting the 80A switch and the 80A
RCD reach the maximum temperature value. The enclosure
temperatures range from a maximum of 24.31 °C to an
average of 21.06 °C. Fig. 7. shows the distribution of heat
on the back of the model enclosure. All plots of the heat
distributions use a scale from 0 °C to 100 °C.
The temperature of the switching devices is affected by
the location of maximum heating. Therefore, the maximum
temperature of the switching devices occurs on the 80A
RDC, at its rear side, as shown in Fig. 8.
Figure 10. The distribution of heat on the 6 th insulating layer

Figure 7. The distribution of heat on the rear surface of the modeled
enclosure

The temperatures and heat distributions on the insulating
layers and on the conductors and connections, are
important to observe. Fig. 9. shows the heat distribution on
the top insulating layer, under the switchgear. The minimal
temperature value of the layer shown is 20.12 °C, the
maximum 40.45 °C, and the average is 26.97 °C. In the
next insulating layer, the maximum heat is generated by
the Joule effect in the conductors connecting 80A RCD to
25A switches, as shown in Fig. 10. The maximum
temperature on this layer is 40.45 ˚C, the minimum 20.54
˚C and the average temperature of 27.99 ˚C. According to
the obtained results, the maximum temperature of the last
two layers is equal to the maximum total temperature of
the assembly. Since the top layer is exposed to air, the
average temperature of the top insulating layer is lower
than that of the 6th layer.
The temperatures on insulation layer number 5 are the
result of current flow through the conductors connecting
the 80A switch to the 80A RCD. The distribution of heat
is shown in Fig. 11. The maximum temperature on this
layer is 40.40 ˚C, the minimum 20.58 ˚C and the average
temperature of 28.67 ˚C. Compared to the previous layers,
the average temperature of the 5th layer increases due to the
accumulated heat within the layered structure of the model.
Fig. 12. shows the distribution of heating on insulation
layer number 4 with the maximum temperature achieved
on this layer 37.35 ˚C, the minimum 20.57 ˚C and the
average temperature of 28.56 ˚C. In general, the maximum

Figure 8. The distribution of heat on rear surface of the switchgear
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temperature of the insulating layers decreases with
distance from the point of maximum heating.
Fig. 13. shows the heat distribution on the 3rd insulating
layer. The maximum temperature on this layer is 35.52 ˚C,
the minimum 20.58 ˚C and the average temperature of
28.01 ˚C. The maximum value of the temperature
continues to decrease, and the color intensity has moved
away from the location of the maximum heating point of
the assembly. Fig. 14. shows the heat distribution on the
second insulating layer containing only PE conductors.
The maximum temperature value amounts 33.91 ˚C, the
minimum 20.62 ˚C and the average temperature value is
26.38 ˚C. Conduction is responsible for the decrease in the
average temperature of the layers.

Figure 11. The distribution of heat on the 5 th insulating layer

Figure 14. The distribution of heat on the second insulating layer

The phase conductors with the largest cross-section are
located on the first insulating layer, they are responsible
for the transmission of the highest current of the assembly.
Based on the further distribution of current throughout the
assembly, as seen in the plot of the heat distribution of the
first layer in Fig. 15, a change in the intensity of the heat
generated by the conductors can be seen as a function of
the distance from the inlet.
B. Time-dependent simulation results
The results of the set time step up to a final time of 72
hours are shown in Fig. 16. Within 12 hours, the
temperature reaches its maximum and then fluctuates
around a steady-state value. The time steps considered in
this calculation are also shown in Table 2.

Figure 15. The distribution of heat on the first insulating layer
Figure 12. The distribution of heat on the

4 th

insulating layer
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Figure 13. The distribution of heat on 3 rd insulating layer
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Figure 16. Temperature rise as a function of time
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TABLE II.

NUMERICAL VALUES OF TEMPERATURE RISE AS A
FUNCTION OF TIME

Time
0s
1 min
5 min
30 min
60 min
12 h
24 h
36 h
48 h
60 h
72 h

Temperature rise
Temperature
20,05 °C
21,05 °C
23,19 °C
28,85 °C
32,10 °C
40,68 °C
40,79 °C
40,88 °C
40,77 °C
40,75 °C
40,77 °C

whose goals are automated manufacturing, reduced use of
plastic, and smaller size. Compared to the applicable
standard, the results for temperature rise are within
acceptable limits. The next step will be the selection of an
appropriate concept for the connection of electrical devices
and conductors, taking into account the material and the
type of connection.
A prototype is currently being built and will be tested
according to the relevant standards. Various tests need to
be carried out, such as temperature rise tests, short circuit
tests, corrosion resistance tests, UV radiation tests, etc.
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TABLE III.
Part of the
assembly
Manual operating
means of metal

TEMPERATURE RISE REQUIREMENTS
Temperature
rise
condition
+15 ˚C

Manual operating
means of
insulating material

+25 ˚C

Accessible
external
enclosures and
covers ( metal
surfaces)
Accessible
external
enclosures and
covers ( insulating
surfaces)
Terminals for
external insulated
conductors

+30 ˚C

The value
obtained
Maximum
temperature all
enclosure parts is
24,31 ˚C
250 A switch has
maximum
temperature of
22,23 ˚C
Enclosure
temperature
maximum is
24,31 ˚C

Satisfies /
Does not
satisfy
+
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C. Temperature rise verification
For the results to be valid, they have to meet the
requirements of the corresponding standard [3]. The
maximum total temperature reached is 40.45 °C, which
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IV.

CONCLUSION

The thermal simulations, described in this study were
performed on an innovative new control cabinet model
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