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Thermal Topology Optimization of a Three-Layer
Laminated Busbar for Power Converters

Oriol Puigdellivol, Damien Méresse, Yvonnick Le Menach, Souad Harmand, and Jean-Frangois Wecxsteen

Abstract—This paper focuses on a topology optimization method
for laminated busbars in power converters that minimizes the
quantity of copper used while keeping the temperature under the
allowed limits. Busbars are widely studied for adding their stray
inductance to the commutation loop, which causes surge voltage
across the power devices. However, the study of heat dissipation is
essential to control hotspots in the busbar and preserve the con-
verter components. Current density and temperature are sensitive
to shape modifications; hence, topology optimization based on mul-
tiphysics simulations is an aspect to be considered when designing
prototypes for a good cost performance ratio. The temperature is
calculated by an electrothermal two-dimensional (2-D) finite ele-
ment method (FEM) superposition approach. Busbar plates are
modeled in 2-D since the thickness is constant. Furthermore, the
different layers are related by the thermal equations reproducing
the heat transfers regarding the overlap in the laminated busbar.
Simulation results are validated by experimental tests. Compar-
ison with 3-D FEM proves the 2-D approach to be faster while
remaining accurate and a perfect method for topology optimization
resolutions, which are very time consuming for three-dimensional
(3-D) geometries. The busbar topology optimization is made by
maximizing the energy transfer with the environment and by vary-
ing the electric and thermal conductivities of the mesh elements.
Optimization leads to more than 50% volume reduction.

Index Terms—Busbar, converters, heat transfer, optimization,
thermal management.

I. INTRODUCTION

AMINATED busbars interconnect the power switching de-
L vices to other electronic components in power convert-
ers. All the advantages compared to cable wiring reside on the
geometry, while being flat, rigid, and compact, which allow me-
chanical support for the devices, weak stray inductance, and
heat dissipation.
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The main purpose of busbars is to reduce stray inductance
as during the turn-off transient of the switching power devices,
voltage overshoot occurs. This peak, a result of high di/dt and
stray inductance, increases losses and could lead to the module
failure. The overshoot is directly related to the sum of induc-
tances taking part in the commutation loop path such as the
busbars, the capacitors, and the power modules. This topic is
widely studied and several papers can be found in the literature.
Techniques concerning inductance minimization are based on
reducing the commutation loop size by rearranging the layers
disposition [1], [6], [10], widening conductive sections [2], [7],
and using the symmetry concept [5], [8].

Temperature cannot be ignored as it is a critical parameter
for the design of busbars. Current density prediction across the
busbar allows us to determine the creation of possible hotspots.
These hotspots are the result of a thin section with high current
density, and they increase the temperature significantly across
the busbar. As the temperature increases, the electrical conduc-
tivity decreases, leading to higher Joule heating. Consequently,
high temperatures can damage not only the adhesive used be-
tween conductors and dielectric films but also the semiconductor
devices as manufacturers set temperature limits for the converter
operations. An optimal conception must avoid these problems
without forgetting that temperatures that are too low are a sign
of oversized systems and waste of material. Temperatures must
be calculated in steady state at the maximum converter power
possible in order to set the worst-case scenario and not exceed
the maximum allowed temperatures. The temperature variations
from alternating current can be ignored as thermal transients are
slower than the electric ones.

Regarding electromagnetic modeling, different numerical
methods are used: the finite element method (FEM) and the
partial element equivalent circuit (PEEC). The FEM method is
generally used for precise results at the expense of computation
time. The PEEC method extracts parasitic parameters: resistance
and self- and mutual inductances from a volume discretized in
elementary filaments forming an RL circuit. The PEEC method
proves to be an alternative to the FEM as given in [3] and [10]
since problem resolutions are quick but less accurate. For tem-
perature calculations in busbars, multiple analytical methods
can be found in the literature [4], [14]; however, these methods
are limited to simplified geometries. Moreover, numerical tools
such as FEM [15] or lumped parameter thermal model (LPTM)
[16] are more precise and can be applied for complicated bus-
bar geometries and also allow the temperature dependency of
electrical parameters. To do so, a multiphysics looping between
the electrical and thermal problems has to be performed during
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the numerical resolution. Numerical three-dimensional (3-D)
analysis can be applied, but the fact that insulating layers are
less than 0.5 mm thickness significantly increases the unknowns
of the problem and the calculation time; therefore, this method
is limited for optimization. In Section II, a two-dimensional
(2-D) numerical superposition method based on FEM is de-
veloped for modeling laminated busbars, taking advantage of
the constant thickness of the conductive plates (temperature is
considered constant inside the thickness). With this method,
based on FEM, good accuracy is achieved, and by reducing
the problem to two dimensions, the calculation time is signif-
icantly reduced. An electrothermal 2-D problem is solved in
each plate of the laminated busbar and then interrelated with the
other plates by the thermal equations. These thermal equations
are consistent with the overlap of the plates in the assembly. In
Section III, the 2-D method is compared and validated against
experimental measures of a three-layer laminated busbar. In
Section IV, a slightly different three-layer busbar is simulated
under the operation conditions by 2-D approach and the 3-D
FEM showing an oversized geometry. Comparison of the time
to results between both approaches gives the 2-D superposition
method an advantage to apply topology optimization without
expensive time calculations. Optimization is done by consid-
ering the plate’s thickness and shape in order to balance the
temperature limits with the amount of material used.

About topology optimization in busbars and according to
electromagnetic calculations, optimization of shape is also stud-
ied by [13] using the PEEC method and a genetic algorithm (AG)
in order to minimize inductance and balance currents. Regarding
thermal transfers, Matsumori et al. [17] propose a topology opti-
mization for fluid and thermal interaction problems and Iga et al.
[18] propose an optimization for thermal conductors consider-
ing conduction and convection. However, Hong [19] considers
that the main power dissipation is removed by conduction.

In this paper (see Section V) and thanks to the fast reso-
lutions of the 2-D superposition method, a thermal topology
optimization is proposed so that electrothermal resolutions are
performed along with an optimization algorithm. Volume re-
duction is accomplished first by reducing the thickness of the
plates and then by doing a topology shape optimization. For
the topology optimization, it is necessary to adapt the 2-D elec-
trothermal FEM solver with a discrete mapping of the elements
density, which changes the electric and thermal conductivities.
This method is similar to the solid isotropic material with pe-
nalization (SIMP), which turns the density of the elements into
a continuous variable [12]. The mapping density method con-
sists of canceling both electrical and thermal conductivities of
the targeted elements in the mesh, allowing the resolution of
new shapes without remeshing. This method coupled with the
optimization algorithm, which targets the elements to remove,
turns into fast resolutions. The novelty of the paper resides in the
adaptation of a 3-D problem into several 2-D problems without
losing accuracy and allowing fast topology optimizations.

II. 2-D SUPERPOSITION METHOD

The developed method consists in solving a 3-D multilayer
busbar geometry by 2-D FEM-coupled problems (electric and

©

Fig. 1. (a) Three-dimensional busbar. (b) Two-dimensional conductive plates.
(c) Section cut of the relative position between plates.

thermal) (see Fig. 1). The objective of this method is to allow
fast electrothermal resolutions for the subsequent application
of a topology optimization in the different plates. To do so,
each conductive plate is treated as a single 2-D problem. The
resolution is done by an electrokinetic model followed by a
thermal one. The different layers are then related by the thermal
boundary conditions. These thermal boundary conditions are
solved locally and depend on the relative position between the
plates [see Fig 1(c)]. The general equations of both models are
presented later to describe a general case for three conductive
layers. Finally, the description of the procedure for the 2-D
superposition method is detailed.

A. Electrokinetic Model

The first step of the method is the geometry definition of the
conductive plates. With the aid of a numerical tool (MATLAB),
simple images of the plates are used to upload the geometric
shape into the solver. Then, the geometric shapes are meshed
and solved by the electrokinetic model from the MATLAB PDE
toolbox. The electric problem is solved by the following equa-
tion in all conductive plates:

v- % (=VV) = VJs )

where p is the resistivity and hence 1/p is the electrical conduc-
tivity, and Jg is the current source. Current inputs and outputs
are modeled with Neumann boundary conditions defining the
normal component of the current density, and the outer bound-
aries are set to 0 (isolated). The Joule heating is calculated by
the resolution of the electric problem and used as heat source
for the thermal problem

1 2

1
Q= =|1E| = 2IVVE @
p p

B. Thermal Model

Once the Joule heating is calculated, the thermal model is
solved by the MATLAB’S PDE heat transfer problem. Consid-
ering the domain under study D a conductive plate (see Fig. 2),
the thermal resolution depends on the possible heat transfers
between D and its environment, which can be air or contact
with other plates. Equation (3) stands for the thermal diffusion
inside domain D with thermal conductivity A and tergperature

DOI : 10.1109/TPEL.2016.2601010



I, I

Fig.2. Computational domain

nol 1

N

Plate 2 Copper A ‘
3 =+ + Insulating film A5/
| Eq (6)!¥Eq (7):{Eq (8)! Plate 1

USN;

Fig. 3. Section cut of a three-layer laminated busbar. Plates are separated
by an insulating film (gray) of x1o thickness, zoomed zone. The entire system
is surrounded by air with the environment temperature 7. Curved arrows
represent convection and radiation. Straight arrows stand for conduction.

| Plate 3

T'. The possible boundary conditions are defined by ', and IT'..
' (4) stands for convective and radiative transfer between D
and the air at T},,, where h is the convective coefficient, the sur-
face emissivity is defined by ¢ and o stands for the Boltzmann
constant. I'. (5) represents the thermal conduction between D
and another plate at temperature 7, through an insulating film
of conductivity X; and thickness x;

D — -V - (WVT) 3)

T — W(T —T) +c0 (T4 - T;g) @)
A

Do T -T,). )

Fig. 3 illustrates the section cut of a three-layer laminated
busbar and the three possible combinations of the boundary
conditions (4) and (5). The resulting local thermal equations
defining the problem are (6), (7), and (8)

— V- (T) + 2(T = Tx) + 220 (T = TL) = Q ©)

— V- (AVT) + h(T = T + 20 (T* = T

SR LA ) %)
12
— V- (AVT) + Mz (T —T) + M (T—-T3)=Q. (8
12 13

The first term of (6), (7), and (8) corresponds to the ther-
mal diffusion, i.e., the domain under study (named plate 1 in
Fig. 3). Convection and radiation terms are multiplied by 2 in
(6) by considering that both sides of the domain are under I,
conditions. Equation (7) adds thermal conduction instead of a
second term for convection and radiation so the domain is under
I', and I'. conditions. The insulating film placed between the
plates (plates 1 and 2) has x12 thickness and Ao thermal con-
ductivity. 75 represents the element temperature from plate 2
standing in front of the element treated in the domain. Finally, in

(8), the double thermal conduction I'. case, where conduction
between the domain and plates 2 and 3 occurs.

Once the thermal resolution is done, the electrical resistivity
p is recalculated since it depends on the temperature. Therefore,
alooping concerning the electrical and the thermal resolution is
carried out until the convergence of the final temperature

p=poll+a(T-T,) ©

where pg is the resistivity at the ambient temperature 7;, and «
is the coefficient determining the variation of the resistivity with
the temperature.

Fig. 4 shows the flowchart when using the 2-D superposition
method for temperature calculations. In every electrothermal
simulation, a loop (gray one) is performed to take into account
the temperature dependency of the electric resistivity until the
error between the previous temperature values and the current
ones reach a defined value. The first resolution of the flowchart
for all plates is simulated in a double convection—radiation state
[plates surrounded by air (6)] in order to have an initial solu-
tion for all the plates. Consecutively, another loop (the left one)
applies the appropriate thermal equation (6), (7), or (8) regard-
ing the relative position between plates and updates the external
plates temperatures [ 7, in boundary conditions (5)], allowing the
thermal conductive flow between them. The simulation reaches
the final result when the errors between precedent tempera-
tures of all plates and the current ones are less than a fixed
value.

Using a well-adapted convective coefficient h becomes a crit-
ical decision for achieving accurate results. In this paper, only
natural convection is treated. Warm air tends to rise, so depend-
ing on the spatial position of the plates, the natural convection
coefficient varies significantly. Different correlation factors for
different spatial dispositions allow calculating the convection
coefficient [9]. These correlations are valid for laminar flow,
which means a Grashof number (10) less than 10°, where L is
the characteristic length, § the fluid density,g the gravitational
acceleration, 3 the coefficient of thermal expansion, and g is
the kinematic viscosity. The possible spatial dispositions are the
vertical plate (11) (where both surfaces are under same condi-
tions), upper surface for the horizontal plate (12), and lower
surface for the horizontal plate (13). These correlations de-
pend on the characteristic length L of the plate and the gradient
between the surface temperature and the ambiance 7T,. Since
the applied method uses 2-D problems, the chosen coefficient is
the mean value of both faces

L362gBAT
Gr= L0900 (10)
L
0.25
h = 1.42<T_LT°°> (11)
T _ . \0-25
h= 1.32( - °°> (12)
T -7\
h= 0.66< - ) (13)
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For each geometry:
abs(T(j)-T(j-1))<error

Fig. 4.

Experimental setup of the busbar with the current connections.

Fig. 5.

III. EXPERIMENTAL VALIDATION

A three-layer laminated busbar has been physically tested
to validate the 2-D superposition method. The temperature has
been measured with an infrared camera (Fluke Til25) after
painting the surface with black paint (¢ = 0.98); the measures
have an accuracy of £1 °C. The busbar has been connected to
a generator, and the currents across the plates have been repro-
duced in the simulation according to the measures of current
done in the experimental setup (see Fig. 5). The ambient tem-
perature is 25 °C.

Measures have been taken in a thermal steady state after
100 min (see Fig. 6). The convection coefficient used in the sim-
ulation is the mean of (12) and (13). The thermal images have
been overlapped and compared with the thermal simulation (see
Fig. 7). The maximum error of temperature rise between mea-
sures and simulation over the plate’s surfaces is below 9% (see
Fig. 8). Error is higher in the edges and in the connections where
the measure is not reliable. These results are accurate consid-
ering the simplifications adopted in the simulation where just

the 2-D conductive plates are modeled without the connecting

wires.

IV. SIMULATION RESULTS

Once the method is validated, another 3 layer laminated bus-
bar (Fig. 9) is simulated at the operating conditions in order to
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Fig. 6. Measures of the maximum and minimum temperature taken with the

infrared camera.
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Fig. 7. (a) Simulated temperature. (b) Thermal images adapted to the busbar
geometry.
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image (%)
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Fig. 8.  Absolute error between the temperature simulated and the temperature

measured.
T
| ; EMP
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Fig. 9. (a) Exploded 3-D view of the three plates of the laminated busbar.
(b) 2-D view of the simulated plates in superposition method. (c) Electric
scheme with the positive potential (4), the MP, and the negative potential (—).

compare results and time saving between the 2-D superposition
method and the 3-D FEM method. This simulation also allows
seeing whether or not the busbar is oversized. This busbar is
formed by three copper conductors of 1 mm thickness each.
The big plate is for the medium dc-link potential (MP) while
the other ones stand for the positive dc-link potential (+) and
the negative dc-link potential (—). The whole system size is
236 x 672 mm. The busbar is intended for connecting the ca-
pacitor bank with an IGBT busbar. The 3-D FEM geometry is
treated by pre- and postprocessing software, and the numerical
resolution is performed by coupling an electromagnetic code
and a thermal code. Two different current values are compared;
the parameters used in the simulations are listed in Table I,
with A.g = 240 being the real operation conditions for the
busbar.

For the 2-D superposition method, the geometry simulated
is shown in Fig. 9(b), while for the 3-D FEM simulation, a
CAD file is used. The results from the simulations are shown
in Table II. Comparing both simulation results, the difference
between temperature rises is less than 6% (plate 3). According

TABLE I
INPUT PARAMETERS OF THE BUSBAR SIMULATION

Parameter Value
Current A ¢¢ 240/350
Insulating film conductivity (W/m-K) 0.2373
Insulating film thickness (mm) 1.42
Emissivity 0.15
Average convection coefficient (W/m?2-K) 2.525
Ambient temperature (°C) 70
TABLE II
COMPARISON OF THE MAXIMUM TEMPERATURES FROM THE SIMULATION
RESULTS
Current A ¢f Plate Temperature (°C) AT Difference %
2-D 3-D
240 1(+) 83.8 83.3 3.6
2 (MP) 83.3 82.8 3.8
3(—) 84.7 83.9 5.4
350 1(+) 94.9 94.22 2.7
2(MP) 9349 93.17 1.4
3(—) 95.87 95.43 1.7

to the time to results, the 2-D superposition method represents
an advantage since is faster. The time to results corresponds to
the total time consumed considering the geometry definition, the
meshing and the inputs definition, and the numerical resolution.
With the 2-D superposition method, the time to results is of the
order of 10 min, whereas the 3-D FEM stands for more than 100
min.

According to the temperature values in Table II, in particular,
the 240A row which corresponds to the operating conditions for
the busbar, the highest temperature is 84.7 °C (see Fig. 11 for
the temperature distribution in the plates). The most restricting
temperature of the system is the maximum temperature allowed
by the glue used between the insulating films and conductors,
which is 105 °C. In this case, the busbar system can be consid-
ered oversized, and it is possible to optimize it by reducing the
conductors’ volumes.

V. TOPOLOGY OPTIMIZATION

The objective of the topology optimization is to reduce the
amount of copper used in the laminated busbar while targeting
a maximum allowed temperature. This temperature cannot ex-
ceed the semiconductor device’s temperature limit set by the
manufacturer, normally 120 °C for the IGBTs, or the temper-
ature limit of the adhesive used for fixing the insulating films,
which withstands 105 °C at thermal steady state and 115 °C
for peak temperatures. The 2-D superposition method is used
for the thermal simulation because of the fast resolution time.
Furthermore, it easily allows the implementation of topology op-
timization techniques such as thickness optimization and shape
optimization.

First, optimization concerning the plate’s thickness is applied
in order to reach temperatures below the limit and save a large
amount of copper, without modifying the original shape. Since
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Fig. 10.  Flowchart of the algorithm for the extraction of the elements in the
busbar 2-D mesh.

copper sheets have standard thicknesses, the thickness modifi-
cation is applied uniformly over the plate. Using the 2-D super-
position method, the thickness parameters can be varied without
changing the mesh in the geometries.

Then, with the purpose of achieving the temperature limit, the
subsequent shape topology optimization is applied in the geom-
etry with the new thickness. The shape topology optimization
will proceed by changing the density d of the elements in the 2-D
FEM mesh to reproduce the presence or absence of material. A
mapping of the elements’ density over the geometry is done, and
its values vary in a discrete way. The density is directly related
to both conductivities, electrical and thermal, so that a density
closer to O (to avoid numerical instabilities) equals the absence
of material and a density equal to 1 corresponds to the presence
of material in the mesh element. This method is coupled with
an algorithm (see Fig. 10) that maximizes the energy transfer
with the environment and allows the volume minimization of
the busbar according to the objective function that depends on
the maximum temperature.

The objective function is given by

F(Q) = TQmax (14)
subject to
_v. (% () vv) — Vs (15)

Busbar Temperature (°C)

70
@ (b) (©

Fig. 11.  Temperature distribution in 2-D exploded busbar containing (a) plate
1 (+), (b) plate 2 (MP), and (c) plate 3 (—) side to side.

V- (M(6)VT) + h(T — Tw) + 60(T4 - T;g)

A12

1

+ 22T - Ty) = = (8) |VV[? (16)
T12 P

o, 6dY—Voly <0 (17)

§=10"1 =1 (18)

G (J, Jmax) =0 (19)

where ) is the domain of study, meaning all plates of the bus-
bar. Equation (14) stands for the minimization of the domain’s
volume regarding the maximum temperature. Equations (15)
and (16) describe the electrical and the thermal problems, re-
spectively. Equation (16) corresponds to the general thermal
equation containing all possible transfers, the equations used
are (6), (7), and (8). The minimization of the volume is defined
by (17) where the density of some elements ¢ will be set closer
to zero; therefore, the volume will be reduced from the initial
volume called Volj. In addition, the density of elements § can
only take two values: 1 or 1019 (18). G function defined in
(19) conditions the value of the element density ¢ with the value
of the element current density J. If the current density of an
element is higher than a defined value Jy,,, then its density
will not be set close to 0 because it is an important element for
the current flow. In this way, G function will avoid the creation
of domain discontinuities between electrical inputs and outputs.

The algorithm used for the thermal topology optimization
finds a local minimum, depending on the initial position (see
Fig. 10). In the study case, the busbar initial position is the
maximum volume state. The algorithm will target the elements
that have a weak energy transfer with the environment. Because
of (4), the targeted elements will be the coolest in the domain
Q. So, a group of the n coolest elements will be set to density
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§ = 10710 if the function G (19) allows it. Hereafter, a new
electrothermal resolution will be solved as the new geometry
will modify the current density distribution and, consequently,
the temperature. The chosen value for the parameter n must
be low, else too many elements could be set to density close to
zero compromising the continuity of the electric domain. Setting
density 6 to 1071” (absence of material) will also modify the
thermal transfers between plates and environment. For example,
two overlapped plates where before there was conduction (8), in
a new state with the absence of material caused by the variation
of ¢, there will be convection and radiation with the environment
(6). This method is iterative until the maximum temperature
allowed is reached.

VI. DISCUSSION

The 2-D superposition method can be used to analyze the
current density distribution and temperatures in steady state for
laminated busbars. The method is validated by an experimental
comparison and proves to be a faster method than the 3-D FEM,
which is a primordial feature for topology optimization. The
implementation of the topology optimization algorithm in the
2-D superposition method provides new geometry shapes while
keeping the temperature under the allowed values.

Fig. 11 shows the steady-state temperature at operation condi-
tions with the original geometry simulated in Section IV (1 mm
thickness). The hotspots reside in the connecting tabs; the ca-
pacitor’s connections (small holes) have no thermal effect as the
current density is not significant. The highest temperature zone
is placed in plate 3 since a large hole next to the connecting tab
considerably reduces the current section. The laminated busbar
is oversized (temperature < 105 °C), and therefore, optimiza-
tion can be applied. First, an optimization regarding only the
plate’s thickness is applied. The thickness is reduced by half
(0.5 mm) since copper sheets have standard thicknesses. Be-
cause the temperature limit is not yet overcome [see Fig. 14],
the shape topology optimization is applied over the geome-
try with the new thickness. Conductive material is erased by
the algorithm (see Fig. 10) assuring the continuity of the do-
main. The shape modification implies the modification of cur-
rent flows and, hence, the temperature. The plate 2 (MP) will
not take part on the topology optimization because it is used to
physically fix the busbar in the converter by its edges. The cur-
rent density limiting the topology optimization Jy,,x (19) is set
to different values in order to compare the different optimiza-
tion results. The tested values of Jy,, are integers from 2 to
5 A/mm?. Because of the presence of lower temperatures, the
optimization is first applied in plate 1 (4) and then in plate
3 (—). The geometry evolves forming a new current density
distribution where the maximum value in optimized zones is
Jmax- Figs. 12 and 13 show the current density in the original
shape but 0.5 mm thickness and the new shapes created by the
topology shape optimization according to the J,,, value. It can
be observed that optimized zones have constant current density
Jmax- In the optimized geometries, black zones with zero cur-
rent density correspond to empty zones (no material). Regarding
the topology optimization results, it is clear that the .J,, . value
is a determinant factor. For a low Jy,.x value (2 A/mm?), the
optimization of plate 1 (4) is quickly limited since the minimal

Current density (A/mm?)

(@ (b © (@ ©

Fig. 12.  Current density of plate 1 (4). (a) 0.5 mm thickness original shape.
(b) Topology-optimized geometry with Jy,.x = 2A/mm?. (c) Topology-
optimized geometry with .Jy, . = 3 A/mm?. (d) Topology-optimized geom-
etry with Jy, 0 = 4 A/mm?. (e) Topology-optimized geometry with Jy, .y =
5 A/mm?.
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Fig. 13.  Current density of plate 3 (—). (a) 0.5 mm thickness original shape.
(b) Topology-optimized geometry with Jy,.x = 2 A/mm?. (c) Topology-
optimized geometry with Jy, . = 3 A/mm?. (d) Topology-optimized geom-
etry with Jyax = 4 A/mm?. (e) Topology-optimized geometry with Jy,ax =
5A/mm?.

8

(=]

H

N

current density exceeds this limiting value. Therefore, optimiza-
tion continues in plate 3 (—). On the other hand, for high J;,.x
values (5 A/mm?), plate 1 (+) is highly optimized by creating
paths of constant current density value (Jyax). Consequently,
optimization in plate 3 (—) is less significant.

Fig. 14 shows the temperature evolution of the optimizations.
Original geometry with 1 mm thickness stands for 84.7 °C as
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Fig. 14. Maximum temperature of the plates according to the original shape
1 mm thickness, original shape 0.5 mm thickness, and topology-optimized
shapes with different Jy, o criteria and 0.5 mm thickness.

1mm 0.5mm m J=2 topology

W J=3 topology W J=5 topology
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Volume (%)

25
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Plate3 (-)

Fig.15. Comparison of volume minimization in plates between original shape,
thickness optimization, and topology optimization with different J,, ,« criteria.

the maximum value, thickness optimization (0.5 mm thickness)
rises to 102.6 °C, and the subsequent topology shape optimiza-
tion of plates 1 (+) and 3 (—) of 0.5 mm thickness reaches the
maximum temperature allowed, 105 °C. Fig. 15 compares the
resulting volume between plates and optimizations. Optimiza-
tion in plate 1 (+) has poor effect in the increase of the busbar
maximum temperature since plate 2 (MP) works as a heat sink;
hence, large amount of material can be economized.

VII. CONCLUSION

Topology optimization for busbars in power converters is pre-
sented. The numerical resolution is performed by the superposi-
tion method based in 2-D FEM. This method allows observing
current density distributions and steady-state temperatures in a
fast way by coupling both 2-D problems: electric and thermal.
Thermal transfers between plates depend on their relative posi-
tion as overlapping determines them. The method is validated
by an experimental comparison, which confirms the assump-
tions in the model. Furthermore, the method shows agreement
with the 3-D FEM results and a much more competitive time to
results, allowing fast topology optimizations. Finally and taking
advantage of the 2-D approach, a thickness and a shape topol-
ogy optimizations are applied in order to reduce the amount of
copper used without exceeding the temperature limits. Shape
topology optimization is performed by the defined algorithm
and allows a reduction of copper of more than 50% in all tested
conditions. However, this topology optimization can deterio-

rate the inductive effect of the busbar. Future work will include
inductance in a multiobjective topology optimization.
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