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Influence of the Cross-Section Form
of the Power Bus Bar on its Parameters
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Abstract—Per-unit-length  inductance and characteristic
impedance are the main parameters that affect the operation of
power bus bar (PBB). When designing the PBB there are
attempts to reduce these parameters in various ways. The cross-
section size and the material of dielectric have a significant
influence on the parasitic parameters of the PBB. In this paper,
we calculate the line parameters of PBB for various values of
dielectric permittivity and cross-sectional shapes (for the
constant area of 50 mm?). The results of calculations of the PBB
parameters with the change of the thickness, width, and shape of
the conductors are presented. The analysis of the mass,
dimensions and technological possibilities of PBB manufacturing
is carried out. The optimal parameters of the cross-section of
PBB were determined according to the criteria of the minimum
per-unit-length inductance and the characteristic impedance.

Keywords— electromagnetic compatibility, bus bar, S-
parameters, power supply, parasitic parameters, parasitic
inductance, impedance

[. INTRODUCTION

In power electronics, the PBBs are used to reduce the
influence of parasitic parameters of electrical connections
between the source and the consumer. Parasitic parameters can
lead to unstable operation of active elements due to
overvoltage, voltage drops, currents imbalance, resonance in
capacitors and etc. [1, 2]. The use of modern active elements
in power converters increases the efficiency of the device
achieved in several ways, one of which is an increase in
switching frequencies [3]. The estimation of the conductive
and radiated electromagnetic interference of the PBB can be
performed on the basis of a simple approach based on
analytical formulas and modelling with the calculation of the
waveform and the magnitude of the magnetic field [4]. Also,
parasitic parameters are extracted for estimating conductive
interference, using the partial element equivalent (PEEC)
method [5, 6]. To reduce the induced interference, the coupled
capacitance method is used, which involves the alternation of
the ground layers, thereby absorbing voltage surges [7]. Also,
the various integrated filters [8] and various methods of
reducing the parasitic inductive coupling and the characteristic
impedance of the PBB are used, which allows the converters
to operate at higher frequencies [9]. A design of low-
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inductance PBB is developed which allows reducing the
voltage dips in power inverter modules [10].

Estimation of correct values of parasitic parameters can turn
out to be a rather laborious process since it is necessary to find
the optimal solution between parasitic parameters, thermal
properties, and mass and dimensions of the structure. For
simple PBB designs, analytical parameter estimation [11] or
an estimation based on PEEC [12] is used. Full-wave
modelling and optimization of PBB are performed using the
finite element method (FEM) [13], and also modelling with
combined electric and thermal numerical models to calculate
the spatial distribution of electrical and thermal quantities
[14 —16]. The constructive features of the interrelationship
between the geometry of PBB and its electrical and physical
parameters remain a promising line of research for optimizing.
So, for example, many different solutions are compared, the
influence of the external form is considered and on their basis,
the recommended guideline for PBB’s designing are proposed
[17]. The advantage of a circular form of cross-section as
compared to rectangular form was demonstrated. The coaxial
construction of the PBB is obtained from a set of N tubes. A
feature of this design is the absence of a resulting magnetic
field in the environment of PBB, as well as low values of the
elements of the inductance matrix, low power losses, high
mechanical stability in the case of short-circuit currents and
low influence of the eddy current and proximity effect [18].

From the foregoing, it follows that the shape of the cross-
section, the materials of the conductors and dielectrics exert a
special influence on the parameters of the PBB. Therefore, the
aim of this paper is to investigate the influence of the shape of
the cross-section of the PBB on its parameters.

II. RECTANGULAR CROSS-SECTION OF BUS BAR

A. Increasing of conducting width

The initial geometric parameters of the cross-section of the
PBB were taken from the design considered in [19]. For
conductors of PBB with width w, thickness ¢ and
S=wx#;=50 mm?, the approximate maximum power is 19 kW
for DC circuits according to

p= 1)
258-10

The quasi-static models were created, and analysis of the
cross-sections of the PBB in the TALGAT system was
performed [20]. The first model (Fig. 1a) consists of two
parallel metal plates with the width w =10 mm and thickness
t; = 5 mm, between which there is a dielectric with g, =4.3
and thickness #=2 mm. The second model (Fig. 1) has an
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additional insulation obtained by oxidizing the conductor
(=50 um, ¢=20), by covering with the EP-730 lacquer
(24=18-20 pm, &=4) and winding a film (#s=200 pm, &=2.3).

The calculation of the per-unit-length inductance L and the
capacitance C was performed for the first and second models
of the PBB with a change in the parameters w (from 100 mm
to 10 mm) and # (from 0.5 mm to 5 mm) with a constant
cross-section area S=50 mm?. The width w of the dielectric
varies in the same way as in the conductor, and its thickness #
does not change. Also, the thickness #3, #, ts of additional
dielectric materials remained unchanged.
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Fig. 1. The cross-section of PBB: initial (a¢) and complemented (b) models
consisting of a metal (1) and dielectrics with different ¢, (4.3 (2), £=20 (3),
&=4 (4), £=2.3 (5))

The L and C values (Fig. 2) and characteristic impedance Z
(Fig. 3) for PBB are obtained as a function of the aspect ratio
w/t, of the cross-section.
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Fig. 2. The values of the per-unit-length inductance L and the capacitance C,
depending on the variation in the aspect ratio w/t, for the two models of the
PBB with the cross-sectional area =50 mm? without (@ (A,0)) u and with
additional dielectric materials (b (0,0))

Fig. 2 shows that with an increase in w/t; from 2 to 200, the
L values decreased from 177.3 nH/m to 23.3 nH/m, and the
value of C increased from 217.5 pF/m to 1937.6 pF/m. This
led to a decrease of the Z value from 28.6 Q to 3.5 Q for the
first model (Fig.3). With increasing of w/t; ratio, the
difference Z between the first and second models decreased
from 2.1 Q to 0.2 Q due to the decrease of L.

The positive effect associated with the increase in
capacitance and the decrease in the inductance takes place
with serious drawbacks in the terms of mass, dimensions, and
cost of the PBB design. So, the increase of the ratio of w/t
from 2 to 200 mm will increase the weight of the structure by
205% (from 316 g to 650 g, per 1 m of length), and the total
area of cross-section (wx(2xt+t;)) will increase by 250%

(from 120 mm? to 300 mm?). This is due to the tenfold
increase of the dielectric thickness #. These drawbacks can be
significant in developing the overall design of the device.
Thus, it is necessary to find the optimal aspect ratio that meets
the design requirements of the device as a whole, and consider
options for changing the shape of the cross-section and the
dielectric constant of insulating materials.
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Fig. 3. Dependence of the characteristic impedance (Z, Q) on the ratio w/t, for
the first (—) and second (---) models

B. Changing of permittivity

Calculating of the L and C values was performed during e,
changing. For this purpose maximum (w/t;=200) and
minimum (w/t;=2) values of w/t; are selected for first and
second PBB model structure. Analysis of the dependency
shows that when increasing ¢, from 1 to 10, C value rises for
wit; =200 (from 477.8-491.6 pF/m to 4360—4461 pF/m) by a
factor of 1.45 faster than for w/t; =2 (from 72.7-74.4 pF/m to
460.6-471.5 pF/m). The L value, during &, rising for w/t; =200
(23.3-25.2 nH/m) and for w/¢; =2 (153—177.3 nH/m) is almost
permanent for both variants, appropriately. Thus, the
capacitance component is significantly changing under e,
increasing, which significantly influences Z (Fig. 4).
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Fig. 4. Dependence of characteristic impedance (Z, Q) on permittivity (g,)

Fig.4 shows that value of Z is almost equally decreased from
46-48.8 Q to 18-20 Q for w/fi=2 and from 7-7.2 Q to 2.3—
2.4 Q for w/t; =200 for both model variants that is a positive
effect during PBB model creating.

C. Rounding the corners of conductors

The above-described models have corners where the charge
density is higher than between them. It can result in premature
voltage breakdown via dielectric around the PBB. Rounding
of PBB’s conductor corners with taking into account saving of
conductor cross-section area was performed (S=50 mm?).
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Maximum rounding radius r=¢,/2 was selected (Fig. 5). The L
and C values were calculated; and based on the results the Z
value was calculated under permittivity value €. changing.
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Fig. 5. Cross-section with rounded corners
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The C value dependency analysis with rounded corners was
performed. With increasing €, from 1 to 10 the C value also
linearly rise. However, for rounded corners the C value
insignificantly decreases by 12—4.8 pF/m for w/#,=200 and by
12.5-2.6 pF/m for w/t;=2, and L value increases by 0.6 nH/m
(23.9nH/m) and 32 nH/m (185 nH/m), appropriately, in
comparison with the right angle. The Z value dependence on ¢,
was calculated (Fig. 6).
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Fig. 6. Dependence of Z on permittivity ¢,

Fig. 6 shows that Z value will rise on 10 Q (up to 55 Q)
under rounding of the corner edge of every PBB conductor,
and will gradually fall to 20 Q under growing of ¢, from 1 to
10. Furthermore, PBB mass is almost permanent in
comparison with the first and second models. However,
technological process of structure creation will be more
complex.

III. CHANGING THE CROSS-SECTION OF BUS BAR

A change in the shape of the PBB cross-section (Fig. 7) with
the unchanged area of each conductor (=50 mm?) has been
performed. The L, C and Z parameters are calculated, for each
PBB, the results are summarized in Table I.

From Table I, it follows that as w/t; increases by a factor
of 100, the values of L and Z decrease significantly and C
increases, which is a positive effect of the PBB. With an
increase of w/t; of the cross-section with rounded corners
(Fig. 5), the per-unit-length capacity increases significantly
(by a factor of 2) and the structural mass practically does not
change, and the electrical strength of the structure also
increases. However, the technological process of
manufacturing a similar PBB becomes more complicated. The
cross-sectional shapes shown in Fig. 7, a, f, are appropriate for
their execution with a relatively low value of w/t; and have a
characteristic impedance for w/f;=2, which is half as much
compared to the cross-sectional shape shown in Fig. 1, while
the mass of the structure is insignificantly (by 10 g) less
(306 g). However, with an increase in w/#; to 200 there is an

increase in the per-unit-length capacitance and a decrease in
inductance, which decreases Z. For coaxial cross-sectional
shapes (Fig. 7, b, d, e) the L, C, Z parameters turned out to be
the best with the minimum mass and dimensions, and an
increase in w/t; will reduce L and increase C.
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Fig. 7. Various cross-sections of the PBB
TABLEI
PARAMETERS OF THE PBB OF VARIOUS CROSS-SECTIONS
Cross-section wlt C, pF/m L, nH/m Z,Q

2 219 153 26.4

200 1938 233 3.5
== 2 217.5 177.3 28.6
2] 200 1927 252 36
' | 2 458 185 20.1
C ) 200 4451.8 24 23
Frrd] 1 623.8 46.7 11.1
i
el 100 8452 5.7 0.8

1 2716 143.9 23
Feee) 1 511. 9.4 13.2
Z 7
e 100 1489.6 31 46
T 1 4633 92.8 14.2
#IIIJ

100 1451.7 31.6 47

- 595.2 0.4 11.6

- 545.6 82.9 12.3

An increase in the radius of the conductors from Fig. 7 d.
With the increase of the radius, the cross-section area of every
conductor, equal S=50mm?, was taken into account, which
resulted in decreasing of thickness and increasing of the radius
of every conductor, an air filling has arisen inside the central
conductor. The parameters (Table II) are calculated, where it
can be seen that the increase in the radius of the coaxial
conductor produces a slight change in the per unit length
parameters.



2018 Moscow Workshop on Electronic and Networking Technologies (MWENT)

TABLE II
PARAMETERS OF THE PBB WITH THE CHANGE OF THE INTERNAL AND
EXTERNAL RADIUS OF THE CONDUCTOR FROM FIG. 7 d

71, mm 72, mm 73, mm C, pF/m L, nH/m Z,Q
0.25 3.99 7.2 533.71 84.44 12.58
0.5 4.02 7.22 536.08 84.04 12.52
1 4.11 7.3 545.86 82.49 12.29
1.5 4.26 7.43 561.78 80.12 11.94
2 4.46 7.6 583.26 77.13 11.49
2.5 4.71 7.81 609.44 73.77 11.00
3 4.99 8.05 639.72 70.23 10.48

The cross-section shown in Fig. 7 b is interesting in terms of
finding the optimal geometric parameters. It has a small per-
unit-length inductance (L=46.7 nH/m) and a high per-unit-
length capacitance (C=623.75 pF/m), for w/t;=2, and the mass
of the structure is 366 g. With an increase in w/#; by a factor of
100, L decreases to 5.7 nH/m; and C increases to 8.5 nF/m.
The shape of the cross-section is quite simple for analysis,
since it represents a known shielded stripline, but such a
structure is difficult to manufacture. Meanwhile, it is advisable
to analyse it with rounded corners and find its optimal
parameters.

IV. CONCLUSION

The calculation of the parameters of the PBB for various
forms of the cross-section (for an area equal to 50 mm?) and
the dielectric constant of the insulating material is performed.
The results of calculations of the parameters and their
dependence on the thickness, width, and shape of the
conductors are presented. The analysis of mass, dimensions
and technological possibilities of PBB manufacturing is
carried out. The optimal parameters of the PBB cross-section
are determined, according to the criteria of the minimum
inductance and characteristic impedance.
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