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As part of a training class studying coupling between antennas on the same 

vehicle, a model was made of a 380’ long vessel, USS Freedom (LCS-1), with 

whip antennas.  It was simulated as a lossless metal body with a base of sea 

water (conducting dielectric) to establish coupling between the antenna and far 

field patterns.  Simulations were done covering the HF band (3 -30 MHz) and the 

coupling between antennas was determined as well as radiation patterns.  

The model was simulated on a dual Woodcrest computer (4 cores total) with 16 

Gbyte of RAM.  Simulations were done with and without parallelization of the 

solver and with hardware acceleration.  



Acceleration of Solver
Simulations of vehicles with 

antennas usually lead to large 

models and long simulations.  

The solver can be sped by 

using either parallelization 

(multiple cores) or the hardware 

accelerator.  

You do not gain by attempting 

multithreading with hardware 
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multithreading with hardware 

acceleration as all computation 

is done on the accelerator 

board.

Simulations were run with no 

parallelization, with maximum 

parallelization (16-threads), and 

with the A-30 and D-30 systems 

from Acceleware.



Parallelization During Meshing

On the mesh properties specials, 

advanced tab (window to the left) the 

meshing in MWS 2008 can be sped by 

parallelization. 

We set this to match parallelization of 

the solver.  Certain significant portions 

of the meshing still ran with one core 

regardless of the setting.

Sonnet Software, Inc.      (315)453-3096    

mwssupport@sonnetsoftware.com
4 01/16/08

We are attempting to show what might 

happen as the license changes from a 

standard license, to parallelization, to 

hardware acceleration.



|S| dB Associated with Antenna 1
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From the standard 50 ohm S-parameters you can learn the coupling between 

the various antenna if they are terminated with 50 ohms.  

This figure shows the S-parameters associated with antenna 1.  The coupling 

to its nearby twin, antenna 2, is high in certain bands.



MWS with Tuning

In operation, the antennas are likely to be matched to their loads in order to 
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In operation, the antennas are likely to be matched to their loads in order to 

obtain better efficiency.  The impedance of the antenna can be determined 

from MWS and a small DS model used to add matching elements.  Near 25 

MHz the imaginary portion of the impedances are (-30.5, -30.5, -30.4, -30.1, 

-90, -32) ohms for antennas 1-6 respectively.  194 nH inductors were added 

as tuning elements to give +30 ohms for the larger monopoles and antenna 

6.  For antenna 5 an inductor 3x as large was added.  The ports in the DS 

model were then set to (35, 35, 45, 45, 201, 33) ohms.  This will give a 

good but not perfect match for all antennas at 25 MHz.



Tuned S-Parameters
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With the tuning elements added, the match to the antenna is much better.  

Note however that the coupling to neighboring antennas has increased, 

(co-site interference).  



Directivity for Antenna 1
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Antenna 1 is aft and 

starboard as shown in the 

miniature above.  The 

radiation pattern has 4, 

horizontal, pancake-like 

lobes peaking aft and 

starboard.  The body of 

the vessel significantly 

effects the pattern.
Far field pattern with decoupling plane at sea level



Directivity for Antenna 6
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Antenna 6 is a shorter 

monopole, located 

starboard and forward.  

The radiation pattern is 

greatly effected by the 

ship’s body.  The pattern 

does not look like that 

from a standard 

monopole.
Far field pattern with decoupling plane at sea level



Currents on the 

ship were 

monitored at 2 

frequencies.

This figure shows 

the current on the 

pec body of the 

vessel at 30 MHz 

with antenna 1 

Surface Current on Vessel at 30 MHz
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with antenna 1 

excited.

The current flows 

over the body in a 

complex pattern, 

but concentrating 

on the edges.



Initially the model was run 

with the sea water 

extending 10’ past the 

edges of the vessel, 

terminated in open 

workspace boundaries.

The currents in the water 

were monitored and we 

saw current radiating in 

the water away from the 

Current in Sea Water at 30 MHz
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the water away from the 

vessel.

A study was then done of 

the effects on the S-

parameters and radiation 

patterns as the amount of 

sea was increased.

This figure shows the 

currents with 50’ of water 

to the sides of the vessel.



Growing the Sea Water
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As the sea water is increased from 10’ to 50’ to the sides of the vessel, the 

returns and coupling to nearest neighbor antenna change only slightly.  

This figure shows S-parameters for those two cases.



Polar Plots for Directivity

This figure shows a series of cuts 

through the directivity at 30 MHz 

with antenna 1 excited. The side 

lobes can be seen well here.

overhead
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The different curves are for different 

amounts of sea water past the edge 

of the vessel.

The far field pattern seems effected 

by the amount of sea more than the 

returns are.

starboardport



Simulation Times
As the amount of sea was 

increased in the model, the 

large simulation became larger.

As the volume of sea increases 

the mesh count increases and 

the fraction of the cells with 

lossy dielectric also increases.  

Therefore the times for the 

simulations increase faster than 

Simulation Time
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simulations increase faster than 

linear in the number of cells.

To speed simulations like this 

you can use parallelization or 

hardware acceleration.  For the 

simulations reported to the left, 

no 3D fields were monitored as 

these increase the CPU time.  

Far field patterns (2D fields) 

were monitored.

CPU times for a dual socket, dual core “Woodcrest” 
computer.  Simulations run to -50dB “accuracy.”
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Acceleration from Parallelization
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If the simulation runs on a multi-socket computer, one thing which can 

(should) be done is use a license which allows parallelization.  This curve 

shows the acceleration on going from none to full parallelization.  The 

acceleration is less than the number of cores being used and closer to the 

number of sockets used because of limits on data bus speed and because 

not all processes are multithreaded.
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Hardware Acceleration: Acceleware
After using parallelization to 

increase the efficiency of your 

computer, a hardware 

accelerator can be used to 

further speed the simulation.

This figure shows the speed 

increase from Acceleware 

systems for these models.  The 

acceleration is normalized to 

Hardware Acceleration
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full parallelization on the dual 

socket computer; 4 cores.

These models had lossy 

materials and far field monitors.  

If there were no field monitors 

or loss, the acceleration would 

be higher.

0

1

2

0 20 40 60

Mesh Cells (millions)

A
c

c
e

le
ra

ti
o

n
 N

o
rm

a
li
z
e

d
 t

o
 4

-C
o

re
s

A-30



Conclusions
• The T-solver in MWS when used with robust desktop 

PCs can simulate vehicles with antennas.

• Parallelization of the solver will speed simulation of 
larger models.  For the dual socket computer used in this 
study the speed up was slightly less than x2.

• Use of hardware accelerators can further speed large 
simulations, making these simulations now practical.  For 
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simulations, making these simulations now practical.  For 
a 14 million cell model studied here, the acceleration 
normalized to full parallelization of the CPUs was near 
x2 for the A-30 and x5.3 for the D-30.  

• As the model size increased the acceleration decreased 
for this model with lossy dielectric and far field monitors; 
probably from increased data transfer back to the CPU.


