
TH2E-6

Analysis of Waveguide Components using Ho-Curl Hexahedral
Edge Elements in MSC/EMAS

J. F. DeFord and P. Saladin

MacNeal–Schwendler Corporation, Electromagnetic Development Branch

4300 W. Brown Deer Rd., Suite 300

Milwaukee, WI 53223

Introduction

The finite element method (see Ref. [1] for a com-

pendium of papers on the applications of the finite element

method to electromagnetic) is widely used in low–fre-

quency electromagnetic, where nodal elements are com-

monly employed to represent the electromagnetic fields or

potentials in the simulation volume. In high-frequency ap-

plications nodal elements suffer from two principal short-

comings: (1) an ineffective representation of perfectly con-

ducting corners, and (2) the requirement of vector

component continuity across element boundaries, which is

a liability in regions of high field gradients.

Edge elements address the shortcomings of nodal

elements by possessing only projection degrees of freedom,

and by allowing a discontinuity in the normal components

of the fields across element boundaries [2]. MSCL13MAS is

a general purpose electromagnetic modeling code that has

both nodal and edge element formulations available for use

on unstructured meshes containing arbitrary combinations

of hexahedra, tetrahedral, and triangular prisms in 3-D. In

this paper we focus on the use of the Ho-curl edge element

formulation on hexahedra.

Ho-Curl Ed~e Elements in MSC/EMAS

The general formulation used in MSC/EMAS rep-

resents the electromagnetic fields in terms of the electric

scalar and magnetic vector potentials. Edge elements do

not require the use of the scalar potential because of the al-

lowed discontinuity in the normal components across ele-

ment boundruies. Therefore, the equations that are satisfied

in AC analysis are given by:

VX~VXX=jOw;- “cm 2A

@’v “ (J) = jov “ (d)

where cois the radial frequency, A is the magnetic vector po-

tential, and p, S, and a are the permeability, permittivity,

and conductivity, respectively. The electric field and mag-

netic flux density are related to the vector potential by the

expressions

E = jrd

s= Vxz

In effect, when edge elements are used the potential for-

mulation in MSC/13MAS reduces to an electric field for-

mulation.

The distribution of unknowns on an isoparametric

hexahedral element is shown in Fig. 1. In this element the

tangential fields are uniform along an edge, and are linear

functions of the isoparametric coordinates in directions nor-

mal to the edge, falling to zero at each of the three corre-

sponding opposite edges. There are no normal components

of the vector potential associated with an edge for this ele-

ment, although there are contributions to a normal field

along an edge from adjacent edge projections. See Lee [3]

for a detailed discussion on the H@url element.

Fig. 1, Distribution of the degrees of free-
do-m on an Ho-curl hexahed~al edge ele-
ment. Unknown components of the vector
potential are associated with, and tangential
to, element edges.

Em

1207

CH3577-4195M)00-1207$01 .0001995 IEEE 1995 IEEE MIT-S Digest



Hvbrid-T Junction A@ication

The hybrid-T junction, also referred to as the

“Magic-T”, is commonly used in waveguide systems as a

power combiner/divider (Fig. 2) [4]. From simple symme-

try arguments it may be deduced that power into port 4 is

equally divided in–phase into ports 1 and 2. Also, power in-

put into port 3 will be equally divided but 180° out-of-

phase at ports 1 and 2. Parameters of interest that may not

be determined from simple analytical considerations in-

clude the scattering parameters S33 and S41, which are im-

portant to the overall performance of the device.

biasing feature of the mapped mesher in MSC/ARIES,

which allows the user to specify a variation in element di-

mension along an edge of a logically hexagonal solid re-

gion. Mesh refinement of this type is used to improve the

accuracy of the results in regions of high field gradients.

Results of several simulations are tabulated in

Table 1, and a plot of the magnitude of the real part of the

electric field for excitation of the fundamental mode at port

3 is shown in Fig. 4. The tabulated results show good agree-

ment with those developed using a field-matching tech-

nique recently published by Alessandri, et al. [5]. The

plotted results shown in Fig. 4 exhibit the smooth field vari-

Fig. 2. Hybrid-T waveguide junction.

Fig. 4. Magnitude of the real part of the

A solid model representation of the device was

generated and meshed using MSC/ARIES (Fig. 3). Note

Fig. 3. Hexahedral mesh of hybrid-T
waveguide junction. Note element size is
graded, resulting in smaller elements near
junction. Distances are in millimeters.

that the element size is graded such that the finest mesh is

near the junction. This is accomplished by using the mesh

ation

electric fieid on two orthogonal cut sur-
faces in hybrid-T waveguide junction.

typical of hexahedral elements. A much finer mesh

of tetrahedral is necessary to achieve similar local field ac-

curacy, with the commensurate substantial increase in com-

putation time, physical memory, and disk space resources.

Table 1. Comparison of MSC/EMAS and pre-

viously published S-parameters for hybrid-T

waveguide junction.

S–Parameter MSC/EMAS Re- published Re-
sults (dB) suits (dB) [5]

I

1s111 I–18.4 I -19.5 1
I I

1s121 I -7.4 I –7.3 II 1

1s111 I–3.7 I –3.6 I--
I I

1s411 I -4.4 I -4.4 iI ,

1s331 I-8.5 I -8.5
1

3-Stub FMer Application

Stub waveguide filters are used to pass and reject

certain frequency bands [6]. At a pass band frequency the
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length of a stub is chosen to be n)J2 (n an odd integer),

which causes its terminating short circuit to be imaged at its

base. The use of multiple stubs allows more flexibility in

the design, providing for wider pass bands with steeper

band edges.

The 3–stub filter we analyzed is shown in Fig. 5,

Terminating
boundary

Symmetry

plane Inmtt ~ort. .

Fig. 5. 3–stub waveguide filter geometry,
showing plane of symmetry exploited in
simulation.

and the hexahedral mesh for this device is shown in Fig. 6.

Fig. 6, Hexahedral mesh for 3–stub filter.
Note mesh biasing toward stub junctions.
All distances are in millimeters.

As in the previous example, the mesh is biased toward the

junctions between the guide and the stubs where the field

gradients are expected to be large. The 1S111scattering pa-

rameter as computed by MSC/EMAS for a range of fre-

quencies spanning both stop bands and pass bands is shown

in Fig. 7. Even/odd mode analysis was used to replace a

single simulation using the entire mesh (Fig. 6) with two

simulations of half the mesh (which uses less computer re-

sources) [7], and a pair of such simulations was done at each

frequency. The first of each pair of simulations was done

-— Measured Results

lSlll(dB) — MSC/EMAS Results
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Fig. 7, Comparison of measured and cal-
culated reflection coefficient as measured
from input port.

with the mesh terminated at the axial center–point (axial di-

rection is along waveguide axis) with a perfect electric con-

ductor boundary condition, and the second with a perfect

magnetic conductor boundary condition. A data point in the

plot shown in Fig. 7 was then obtained by averaging there-

sults from the corresponding pair of runs. Also shown is a

comparison with experimental measurements on a device

of similar geometry. Fig. 8 shows electric field magnitude

in the (a) stop band, and (b) pass band. Note that in the pass

band the stubs contain N2 wave period, and the field in the

guide proceeds unperturbed past the stubs.

co nclusio~

Hexahedral Ho-curl edge elements provide the

means for highly accurate solutions to the Maxwell equa-

tions in the high frequency regime, First order hexahedral

elements have proven quite accurate for waveguide compo-

nent modeling, requiring only a modest amount of mesh re-

finement near conducting corners where field gradients are

highest, Second order (H1-cttrl) edge elements have now

also been implemented in MSC/EMAS, and testing has

shown improved performance in regions of high field gradi-

ents.
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Fig. 8. Magnitude of the electric field at
(a) band stop frequency (13.5 GHz), and
(b) band pass frequency (11.0 GHz), Fun-
damental mode is induced at right.
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