CST STUDIO SUITE

EM Simulation for Defense
Aircraft, ships, land vehicles and satellites represent
some

of

the

most

demanding

and

complex

electromagnetic environments.
CST STUDIO SUITE® brings together 20 years of
experience in the simulation of 3D microwave & RF
components, antennas and systems. It is used by
government agencies and defense contractors worldwide on a daily basis for mission-critical projects.
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Complex geometry can be meshed efficiently with surface meshing.

The entire ship can be simulated using a farfield source to model the antenna.

When used in a defense context, the often-conflicting requirements
of antenna interoperability, high performance, reliability, immunity,
radiation hazards, lightning protection, stealth and weight all add to
the complexity of the component and system design.
Advanced simulation technology embedded in a familiar CAD environment with the ability to import existing CAD data makes the
software intuitive and easy to use, both for early stage component
development and for installed system performance simulation.
Full parameterization tools, optimizers and a circuit simulator are
included as standard, and high performance computing (HPC) options such as cluster and GPU computing are available.
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Radiation from an antenna on a ship at 400 MHz.

EM Simulation for Defense

Antenna placement and
co-site interference
There are multiple communication, detection and guidance related antenna systems in use in a military environment, covering a
very large band of the electromagnetic spectrum. Minimizing the
interference between multiple systems on a single platform is essential to ensure the reliability of communications, which means
that great care has to be taken when placing antennas.
CST MICROWAVE STUDIO® (CST MWS) can calculate near-field and
far-field antenna results, and can plot or display them interactively
in 2D or 3D. The integral equation solver in particular is well suited
to antenna placement problems. It uses a surface mesh, which represents very large objects such as ships efficiently while still capturing the fine detail of antennas. Simulating the antenna in situ
not only lets the engineer investigate how the platform affects the
behavior of the antenna, but also makes it possible to calculate the
coupling between antennas and optimize the performance of the
whole system.
These solvers can be supplemented by Savant, a ray-tracing simulation tool designed especially for simulating the performance of
antennas attached to large structures, and EMIT, which collates
information about radio communication systems and automatically identifies co-site interference risks, both in and out of band,
between them. Both products, developed by Delcross Technologies,
are linked to CST STUDIO SUITE, allowing the easy export and analysis of simulation data.

Installed radiation performance of a tactical air navigation system at 1.087 GHz,
where the ship is over 500 wavelengths long.

Part of a VHF performance analysis for a fully detailed Humvee model, including
conductive window coating and perimeter door seams. Plot shows surface current
resulting from rear-mounted VHF antenna.

Current distribution on a ship excited by a plane wave, including the permittivity and conductivity of the water around the vessel.
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Electromagnetic
environmental effects
Many structures are very large compared to the wavelength of
interest, yet include small components or geometric details that
are essential for accurate modeling. An aircraft, for example, can
be five orders of magnitude larger than the cross sections of the
cables used in its wiring harness. Electromagnetic environmental
effects (E3) such as HIRF, RADHAZ, EMP, lightning and antenna coupling need to be addressed in a full system context so that problems are not missed at the design stage.

Simulation model for EMP analysis of a helicopter, including shielded cable models
(blue), compact seam models (green) and thin-panel conductive window coatings
(pale blue). A fullwave EMP simulation is shown on the right.
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CST STUDIO SUITE offers coupled and hybrid solver technology to
identify and address these E3 concerns in large scale projects:
ó The hybrid cable and 3D electromagnetic simulation in
CST CABLE STUDIO® allows fast and accurate co-simulation
of the whole system including the transient cable responses
and the re-radiation from the cable harnesses. This analysis
allows engineers to consider the electromagnetic benefits of
adding additional cable and vehicle level shielding against the
additional weight that the shielding would add to an aircraft.
ó Compact models in the transmission line matrix (TLM) solver of
CST MICROWAVE STUDIO replace small, complex features such
as seams, vents and thin panels with analytic models that are
quicker to solve and represent the part’s behavior accurately.
ó Transient full-wave/circuit co-simulation combines 3D time
domain simulation with circuit simulation, allowing non-linear
circuit elements and semiconductor SPICE models to be easily
integrated into the model.
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Radar
CST STUDIO SUITE includes a range of specialized tools for investigating the radar scattering properties of aircraft and vessels. The
measure of this reflection, the radar cross section (RCS) and radar visibility considerations are a major part of the modern design process.
The integral equation solver and transient solver in
CST MICROWAVE STUDIO® (MWS) are both versatile full-wave solvers which can simulate the precise interactions between the radar
pulse and the body of the craft. Both solvers support HPC, allowing very large structures to be simulated using a cluster. Built-in
postprocessing methods mean that RCS can be calculated quickly,
and the full-wave nature of the simulations means that frequencyselective radomes and radar absorbing materials can be taken into
account by the simulation.

RCS of a ship at 16.8 GHz.

As an alternative, the asymptotic solver uses ray tracing to provide a fast RCS calculation for very large structures. Because of its
speed, the asymptotic solver can be used to calculate the RCS of a
structure over a range of incident angles. This allows the calculation of range profiles and sinograms, which make it easier for engineers to identify which parts of the structure reflect at a given
angle, and make it possible to work out the signature range profile
of a craft for identification purposes.
Radar systems can also be designed, simulated and optimized in
CST MWS, using special postprocessing tools for analyzing MIMO
antenna systems and calculating radar range.

A plane wave passing an aircraft. The nose and windscreen frame give rise to
significant reradiated fields.

E-field magnitude around a nautical radar antenna, optimized with CST MWS.
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Sinogram data for an aircraft model.

