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Abstract — In transient magnetic field computation, it is
highly desirable if the stray capacitances among all conductors
can be computed conveniently and their effects can be addressed
using magnetic field — circuit coupling. Because of the existence
of floating conductors, the general finite element (FE) solver of
Poisson’s equation, which is used by magnetic field solver,
cannot be used to extract the capacitance matrix directly. In this
paper, methods to deal with floating conductors in electrostatic
field for field solution and capacitance matrix extraction using
finite element method (FEM) are compared; their merits and
shortcomings are discussed. A FE formulation to deal with
charge-excitations on conductors is deduced. A method to
compute the electric field and extract capacitance matrix to
include the effect of floating conductors inside the solution
domain is put forward, and the merit of the proposed algorithm
is that the general FE solver can be used without the need for
any program modification.

I. INTRODUCTION

To simulate the power electronic electric drives, it is
important to address high-frequency effects in the solution
because of the high speed switching and repetitive steep rising
and falling in the voltage waveforms [1-3]. In addition,
solving full-wave electromagnetic field that includes stray
capacitances is very time consuming. A practical and
promising method is to couple the stray capacitances among
conductors with the transient magnetic field using field —
circuit coupled method [4]. It is highly desirable if the general
finite element (FE) solver of Poisson’s equation, which is
used by the magnetic field solver, can also be used to extract
the capacitance matrix. However, because of the existence of
floating conductors which represent equipotential volumes but
which do not constitute the Dirichlet boundary conditions, a
special numerical constraint needs to be implemented.
Reference [5] presents the constraint equations for floating
conductors in finite-difference methods for determining the
capacitance relationships among conductors. The method used
in [6-8] is to regard floating conductors as dielectric materials
having infinite permittivity. In actual program implementation,
infinity is realized using a very large number, and numerical
errors from the aforementioned formulation become
inevitable.

In this paper a simple and direct method to deal with
floating conductors inside the solution domain for the electric
field finite element method (FEM) using electric charge
excitations is presented first. The equivalent capacitance
coefficient matrix including the effect of floating conductors
can then be extracted. The merits of such approach are that
the floating conductors are automatically taken as
equipotential objects even though they are in the solution

domain; the effect of floating conductors, which are not the
circuit ports, can be taken into account in the extracted
lumped capacitances. Another advantage is that for different
charge excitations on the conductors, only the right-hand side
(RHS) of the system equation changes, whereas the
coefficient matrix remains unchanged. Hence a multi-RHS
solver can be used to reduce the computing time.

The shortcoming of the charge-excitation method is that it
requires complicated internal modifications to existing FE
programs. The voltage-excitation method needs further
attention. The proposed method is to compute the complete
capacitance matrix first. For the computation of the
capacitances among the floating conductors and other
conductors, each floating conductor will have its own voltage
excitation or zero-value Dirichlet boundary condition. The
complete capacitance matrix can be obtained without dealing
with the floating conductors. Then the entries of the floating
conductors are removed and a reduced-size matrix is
automatically obtained. Lastly, from the charge-potential
relationship, the potentials on the floating conductors can be
obtained and the field distribution of the nominal problem can
be computed using the voltage excitation method again. This
method does not require any modification of normal FE
programs, and the multi-RHS solver can be used to reduce the
computing time.

II. CHARGE-EXCITATION METHOD

A. Computation of Field

For a two-dimensional (2D) problem on x-y plane,
discritizing the field equation using Galerkin method gives

jjge(VW-VV)dxdy=Ingodxdy+LeWz—:dCa (1)

where, W is a weighting function, edge / is the boundary.

For a conductor with a total electric charge Q, the
conductor region is denoted as Q" and is bounded by edge /.
The electric charge is always on the side /" of the conductor.
The last term in (1) is:

LSW(Z—:dc = I*(EW(Z:IdC —J.r (SW(ZZjdc = L Wpgdc )

where py is the surface charge density. The line integration of
(2) will only be on the edge of the conductor.
B. Computation of Capacitance Matrix

Here the charge-excitation method is presented to compute
the capacitance matrix. Because of the relationship of
Q=CV, Vi, Vs ..., Vyrepresenting the potentials of the N

conductors:
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G matrix is the elastance matrix, If the charge excitations are
set as, { 0, Oy }T = {1 0 o}T , one has
{Gn Gy GNI}T = {Vl 8
method, G, Gon, Gon, .., and Gy can all be computed.

After the G matrix is obtained, the C matrix can be
obtained. With this algorithm, the coefficient matrix of the FE
equations can be kept unchanged. Only a multi right hand side
(RHS) problem needs to be solved. By using the multi-RHS
algebraic solvers, the computing time required to extract the
capacitance matrix can be greatly reduced.

Vy }T. By using a similar

III. VOLTAGE-EXCITATION METHOD

A. Computation of Complete Capacitance Matrix

Consider an N-conductor system, the electrostatic stored
energy can be computed by

Cll _CIZ _CIN Vl

-C,, Cy o —Cy || ]. (4
W:%{Vl v, v, 21 2 2N :2 ()

_CNI _CNZ CNN VN

For the computation of self capacitances, if the voltage
{Vl v, VN}T:{l 0 - O}T

For the computation of mutual

excitations are set as:
one has (| =2W,
capacitances, if the voltage
v v =t o
Co =20, +C, + sz)/z'
Gy, Cs, ..., and Ciy.qyy can all be computed.

Each Dirichlet boundary condition is assembled to the
RHS of the system equation. Therefore, the principle of linear
superposition can also be applied. If the system has N
conductors, the capacitances are computed by solving the
system matrix equation N times with the same coefficient
matrix. Multi-RHS solvers can also be used to reduce the
computing time.

excitations are set as,
o}T , one has,

By using a similar method, Cj3,

B. Matrix Reduction Method for Floating Conductors

For a floating conductor, the total charge on the conductor
is zero. The row and column corresponding to that conductor
in the capacitance matrix can be eliminated without solving
FE equations.

C. Computation of Nominal Field

If the original problem has conductor charge excitations or
has floating conductors, according to the Q- relationship, the
potentials on the conductors can be obtained. Then the voltage
excitations are applied to all conductors and the field solution
of the nominal problem can be computed.

IV. TEST CASE

A 4-conductor system above a ground plane, where an
analytical solution is available, is used as a test case [9].

The capacitance matrix computed by using analytical
method is:

14.840556  -3.8479870 -0.93025803 -0.44076465
-3.8479870  15.825204  -3.6344104 -0.93025803|(PF).
712093025803 -3.6344104  15.825204  -3.8479870
-0.44076465 -0.93025803 -3.8479870  14.840556

)
The capacitance matrix computed by using the voltage-
excitation FEM is:

14.851  -3.8486 -0.93902 -0.44385
| -3.8486 15842 -3.6324 -0.93902| (PF). (6)
T1-0.93902 -3.6324 15842 -3.8487

-0.44385 -0.93902 -3.8487  14.851

If conductors 2 and 3 are floated, the capacitance matrix
computed by applying the matrix reduction method to (6) is:

_[13.69499 -1.16517]  (pF). )
“1-1.16517 13.69493

The capacitance matrix computed by using the charge-
excitation method of the floating conductors is:

3 13.695 -1.1652 (pF). (8)
“1-1.1652  13.695

Comparing the results in (5) and (6), also in (7) and (8), it
can be seen that both proposed methods are giving precise
solutions.
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