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Realize Your Product Promise ©

ANSYS technology enables you to predict with confidence that
your products will thrive in the real world.
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Global Trends are Shaping the Aerospace and
Defense Industry

Rising Fuel Cost

Warfare .
) Evolving
Revolution i
Regulation

Geopolitics [ J\_/[ JFiscaIConstraint
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The Industry Continues Its Adoption of
Simulation to Meet Its KBIs

Digital Twin Concept
e.g. The Airbus Digital Mock-

ANSYS strategy is aligned with Up, The US DoD Digital
industry requirements Thread Initiative, The Model
Based Enterprise
Cloud, HPC & ACT .
Rolls Royce run QDynamlC CAE
simulations 5 times Collaboration
faster

Coupled Simulation

SpaceX saves hundreds

of thousands of payload O

equivalent dollars
Advanced Simulation quv Process .
Orbital ATK saves $10m Compression
with each full scale test _
they replace with CFD Virtual

O Prototyping
Advanced

O Technologies
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Solutions for Defense

Signature & Stealth

Lethality/Survivability

© 2017 ANSYS, Inc.

Electrically Large Connected Environments

]

Platform & Payload
Integration
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Integrated Propulsion
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Advanced Materials
and Structures

Full Vehicle Aerodynamics

Control and Display Software (FACE

Store Separation

compatible)
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Solutions for Space

Satellite Design

Hypersonics

Propellant Management Device

Tanks
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Payload Robustness

Structural and Thermal
Management

]

Space and Ground Station
Communications
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Direction finding antenna array with radome

* DF array consists of spiral antennas configured in receiving mode, used in
estimating the Angle of Arrival (AoA) of an incident wave.

e Phase difference between Rx antennas used to find AoA.

e Effect of radome in phase distortion is very important and needs to be
determined.

e Solution: HFSS, HPC pack

A : Phase difference between elements

2w xd
Ap = 7 sin @

0 : Angle of arrival

Capture A with HFSS
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Simulation methodology

e Cavity-backed spiral antenna used — wide
bandwidth with no back-lobe.

* Radome: 450mm height, 315mm dia

* Plane wave excitation, -30 to +30deg sweep

e Full FEM solution preferred, faster than using
FEBI.

Antenna Element — Cavity-backed
Spiral Antenna
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Results — effect of radome

= With radome

— Without radome

Phase difference between 8,5
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Results — effect of radome

= With radome

— Without radome

Angle of Arrival from 8,5
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Conclusion:

Learnings / points to note:
* No ports used at antenna, use polylines to find voltages and phase info

e Accurate phase information needs accurate field solution, used
convergence based on phase difference values

e Full FEM faster than FEBI here

e Adaptive mesh created using only few points for incident angles. For full
angle sweep, adaptive mesh takes very long time

HFSS competitive advantages:

o xxT takes very long time to simulate spiral antennas + radome, HFSS much
faster

e HFSS gives accurate answer using phase angle based convergence
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Attack Helicopter Antenna
Co-site Example

Representative platform to demonstrate HFSS-IE application to co-site antenna simulations

Generic Attack Helicopter

Length ~ 18 meter

Rotor Diameter ~ 15 meter

Several co-located antennas

Ideally modeled using HFSS
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Generic Attack Helicopter:
Example Antenna List

Typical military aircraft will operate with similar antenna elements in a co-site environment

* VHF AM/FM Radio #1
v' 116MHz-151.975MHz VHF AM

GPS Radio #2
* UHF AM Radio \ /

v' 339MHz-350MHz

e VHF FM Radio #2 IFF Upper

v' 88 MHz (SINCGARS)

* Radar Altimeter

v' 2 Antennas (Rx, Tx) 4200MHz-4400MHz
* Identify Friend or Foe (IFF) System

v' 2 Antennas - 1030 MHz — 1090 MHz
* GPS

v’ 1575 MHz

®* Countermeasures Antennas IEF Lower
v" Radar Warning

RADAR UHF AM i VHF #1
Warning Radio Radar Altimeter

AM/FM .
(Tx and Rx) Radio ANSYS
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Antenna Placement

Co-site interference mitigation

Antenna placement to reduce coupling between antenna’s

Majority of antennas are on underside of aircraft

Highest coupling most likely to occur between these closely spaced antennas
* Entire platform simulation not always needed to determine optimal placement of most antenna’s

* Simulation of smaller subsection will yield accurate coupling predictions and quicker simulations

Model Subsection

=
L J

I

Radar WarnidgF Radio 1
VHF Radio 1
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Antenna Placement

HFSS-IE Simulation of sub-section of model

shows

Return loss is not very dependent on location along

axis of airframe

Coupling is very dependent on placement of

antenna’s

Ideal locations is to spread out as far as
possible between elements
Not always possible due to mechanical limitations

Co-site analysis is important to determine

acceptable locations

© 2017 ANSYS, Inc. August 3, 2017 ANSYS UGM 2017
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Return Loss: Operating Bands

® Out of band performance of several antenna’s could lead to higher coupling

v Example: At UHF Band, the VHF antenna shows a good impedance match

VHF Radio Band ' lﬂHF Radio Band Y |¥ Band

Radar Warning
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Co-site Platform Verification

* Simulation of entire platform with 9 antenna’s

* 9x9 coupling matrix calculated at each frequency of interest

* Far-field pattern generated for each antenna

© 2017 ANSYS, Inc.

August 3, 2017

GPS

N

/

VHF AM Radio

A

IFF Lower
RADAR UHF AM
Warning Radio

IFF Upper

/
\

Radar Altimeter (Tx and
Rx)
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Coupling Matrix: 88MHz

VHF Radio 2 Operating Frequency

* Coupling value on the
order of -30dB can be seen
for the two VHF radio

despite placement

I-‘\'/ Operating Antenna

!

~

[ )
Worst case coupling -30dB
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Effects of Rotor Position

e Effect of Rotor Position

* Installed antenna performance
v" Antenna impedance and coupling
v’ Pattern shape

v’ Rotor blade modulation
* Quasi-stationary approach

* Amplitude and phase distortion

 Rotor effects observations

* All antenna’s have only small changes in impedance and

coupling with rotor positions

* Far field patterns are influenced by rotor position
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Total Gain Vs. Rotor Position

N\

130 MHz VHF Radio 1 -~ 88 MHz VHF Radio 2

 Modulation effects can be seen for VHF radios

* Far field total gain values can differ by several dB for different rotor blade positions
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Rotor Blade Modulation: VHF Radio 2 - 88 MHz

*VHF whip antenna mounted on tail of
aircraft operating at 88 MHz

*As expected rotor blade modulation is
highest in the upper hemisphere
towards the nose of the helicopter and
least towards the tail

Antenna
Location

25 © 2017 ANSYS, Inc. August 3, 2017

Bottom

Lower Hemisphere

Nose Tail

Starboard Side
Port Side

Upper Hemisphere

Top

RBM =20log,,(E, .. — E.in)
Maximum and minimum E Field
determined over all rotor positions

ANSYS UGM 2017

Starboard Side
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Rotor Blade Modulation: IFF Upper Radio - 1060 MHz

*Highest RBM of all antenna in
upper hemisphere due to close
proximity to rotor blades

© 2017 ANSYS, Inc.

August 3, 2017

Starboard Side

Antenna
Location

ANSYS UGM 2017
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RBM =20 Ioglo(Emax o Emin)
Maximum and minimum E Field
determined over all rotor positions

Starboard Side




ERKRGHIRIMNTE

222222222222222222222222222



Thermal Effects on Electrical Performance

* Need to be able to simulate
thermal effects for high power

systems

 Example:

Dish Antenna on Satellite in Orbit

Space environment causes potential

for thermal issues

Solve for Antenna Gain
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Thermal Effects on Electrical Performance

* Note the surface losses due to the use of real metals and the true power radiated

by the feed!
Solve for Surface Losses Link Solutions to Thermal Solver
and determine the temperature
distribution!
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Thermal Effects on Electrical Performance

* With the ANSYS multiphysics solutions, can now port the thermal solutions to the
mechanical stress solvers!
e Determine the mechanical stresses and distributions

* All of this is very important for space based antennas as they are in thermally non

ideal environments!

* Antenna deformation due to thermal stresses change antenna performance...

Thermally Induced Mechanical Stresses Thermally Induced Deformations
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Thermal Effects on Electrical Performance

* Looking below, it is seen that the deformation due to thermal loading is very

important!!

e Skew and increase in side lobes introduced

31 © 2017 ANSYS, Inc. August 3, 2017 ANSYS UGM 2017
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HFSS: Aircraft direct strike
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