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Part 1:

© Introduction
= Modeling & simulation cascades
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Radio-frequency simulations

® |teration loops Analysis - Design

Part 2:
= Validation campaign
= Test approach
= Measurement setup
= Measurement evaluation
= Outputs
= Panel results
© Yoke results

= Conclusion
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LUXEMBOURG

LARGE GROUND ANTENNAS FOR SATELLITE COMMUNICATION
[

r HITEC Luxembourg Engineering Group main activities: PARTNERS &
=  Antenna system according to customer requirements CLIENTS
=  from 3.5 m up to 18 m diameters
»  from 2GHz up to 30GHz e n e
Limited motion (geostationary satellites) o, TechCom Mirad i

r Full motion (LEO and MEO satellites)
=  Transportable antenna system & SES A

c.esa <|

COSPAI.

@/

EURCPEAN SATELLITE NAVIGATION INDUSTRIES

el
%

LE GOUVERNEMENT

DU GRAND-DUCHE DE LUXEMBOURG
Ministére de I'tconomie

et du Commerce extérieur

Simulation Validation Measurement

Iteration loops . . Conclusion
cascades campaign evaluation
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LARGE GROUND ANTENNAS FOR SATELLITE COMMUNICATION
[

=  Subject development:

= Antenna system for Deutsches
Zentrum fur Luft- und Raumfahrt
(DLR) in Weilheim

= 13m reflector operating in Ka-band

(20-30Ghz)
= 2 axes, full motion _ e
=  Cooperation between: > (R - :

0 i . T == ; .
SES Astra TechCom Services: o B h
RF and system design 11 .

A

/N TechCom
ASTRA Services

=  HITEC Luxembourg :
Electro-mechanical system design

LUXEMBOURG
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Simulation Validation Measurement
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MODELLING & SIMULATION IN THE ANTENNA DESIGN PROCESS
[

= As part of a design cycle, three main areas of modeling and simulation are involved:
= Static analyses for structural integrity of the design and approximate performance
= Dynamic analyses for system performance under various load cases
® RF evaluation to compare RF performance against specifications

Static Analyses

RF Analyses
Special CFD .
elements Simulations Radio-
> frequency
simulations
\ 4
Component Assembly Dynamic Analyses
FE Models FE Model
Satellite Wind
Controller trajectory gust
Model models models
\ 4
«| Model Order Control
“1 Reduction System

I=> This results in cascaded design and simulation loops

. Simulation : Validation Measurement .
Introduction Iteration loops . . Conclusion
cascades campaign evaluation
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COMPONENT FE MODELS
[

.

& "'i y—

Generation of FE models of
individual antenna components
Inputs:

= Rough load estimates
Outputs:

= Deformations at critical points

m  Stress distribution

Radio-frequency

Component ~ | Assembly
FE Models “| FE Model

~
7

simulations

But:
= Uncertainties at interfaces between
components
= Few specifications at component
level

1 ]
éi Model Order Reduction H& )I Control System |

Simulation

cascades

Introduction Iteration loops

Validation Measurement
campaign evaluation

Conclusion
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ASSEMBLY MODEL

[
= Integration of:
= Antenna components
= Connecting elements
(bearings, drive train...)
® Inputs:
©  Gravity
=  Wind loads, usually pressure
distributions from CFD
= Thermal loads
= Qutputs:
= Deformations of reflector optics
n Stress levels
= Behaviour at connections
| oot
T 5 ey [ ] [ ] [Comapmmes ]
—)| Model Order Reduction }—)& )I Control System |
Introduction ingéig: Iteration loops ::/aarITi]dpaatiigrr: Mss;;:] raetriT(;(ra]nt Conclusion




RADIO-FREQUENCY SIMULATIONS

Gain (dBi)

Galileo 13m TT&C Antenna, f= 2.2 GHz

Without Strut- and Feed Cone-Scattering Contributions
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CFD Simulations

Radio-frequency

Analysis of the impact of
structural deformations on
the radiation pattern

System performance
evaluation
Inputs:
= Deformed reflector shape
® Position of sub-reflector
Outputs:
= Antenna gain reduction
®  Beam tilt

—
—>|

simulations
Component ~ ~ Assembly | Controller Model | | Satellite trajectories | Wind gust models |
FE Models > 21 FE Model L ]
Model Order Reduction )I Control System |
. Simulation : Validation Measurement .
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CONTROL SYSTEM SIMULATIONS
o
X = AXx+ Bu
y =Cx+Du = Integration of reducer-order
structural model and axis
From: T &Z mat 1 From: T EL miot 1 From: » Wind
- - - controllers
; = Inputs:
E ©  Satellite trajectories
~ projected onto antenna axes
s » Dynamic wind gust models
= QOutputs:
: = Antenna axis movements
. » Deviation of antenna beam
1 e SR T B ........ from target
-1&0
10 10° 10°
Frequency (rad/z)
~ Radio-frequency
[ simulations
Component ~ ~ Assembly | Controller Model | | Satellite trajectories | Wind gust models
FE Models U 2| FE Model L v ]
éi Model Order Reduction H& > Control System
. Simulation : Validation Measurement .
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cascades campaign evaluation




LUXEMBOURG

DESIGN ITERATIONS

@
Special _ CFD_ Radio-
elements Simulations R
> frequency
simulations
v Satellite Wind
> Component Assembly Controller trajectory gust
FE Models FE Model Model models models
\ 4
.| Model Order Control
“| Reduction System
|
[
Mechanical I
. e e
Design

Best insight into components

How to draw conclusions from control system output to mechanical design?

Introduction

Simulation
cascades

Iteration loops

Validation
campaign

Measurement
evaluation

Conclusion
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VALIDATION LOOPS

[
Special CFD Radio-
elements Simulations N
> frequency
simulations
v Satellite Wind
> Component Assembly Controller trajectory gust
FE Models FE Model Model models models
Model v
Validation | Moddl Order Control

A “| Redlction System

|

| - How to trace

I behaviour to

| the source?

|

I

|
System + Technically feasible
Testing + Testing of end product

| : Simulation . Validation Measurement .
ntroduction cascades Iteration loops e evaluation Conclusion
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LUXEMBOURG

VALIDATION LOOPS

[
Special _ CFD_ Radio-
elements Simulations R
> frequency
simulations
v Satellite Wind
> Component Assembly Controller trajectory gust
FE Models FE Model Model models models
Model v
Validation .| Model Order Control
“| Reduction System
- Tracing
difficult
Assembly - Technically
Testing demanding
: Simulation . Validation Measurement .
Introduction Iteration loops . . Conclusion
cascades campaign evaluation
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VALIDATION LOOPS

[
Special _ CFD_ Radio-
elements Simulations R
> frequency
simulations
v Satellite Wind
> Component Assembly Controller trajectory gust
FE Models FE Model Model models models
Model v
Validation .| Model Order Control
A “| Reduction System
+ Closest | + Technically
mapping feasible
Component
Testing
. Simulation . Validation Measurement .
Introduction Iteration loops . . Conclusion
cascades campaign evaluation
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VALIDATION CAMPAIGN
[

= Component testing:
= Highly rigid
= Large dimensions & weight

= Static testing is not technically feasible:
= How to apply the boundary conditions?

= How to measure minuscule
deformations?

= Modal testing is quite promising:
= Comparably simple boundary conditions

= Measurable movement with reasonable
loads

» Plus: abundant data when using
Scanning Vibrometers

= Component selection:
= Yoke: connection between antenna axes
» Panel: reflector optics

. Simulation : Validation Measurement .
Introduction Iteration loops : . Conclusion
cascades campaign evaluation
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VALIDATION CAMPAIGN

A validation campaign has been launched in
cooperation with:

= Polytec GmbH

= Execution of modal tests using the Polytec c FIII!,IEI:
3D scanning laser viborometer PSV-400

e  Vrije Universiteit Brussel, Prof. Vanlanduit v Vrije Universiteit Brussel
= Modal analysis of measurement data set

Validation tasks:

® Measurement of frequency response functions
(FRF) under (almost) free-free conditions

= Modal analysis of FRF for:
= comparison with simulation results
= and model validation

. Simulation : Validation Measurement .
Introduction Iteration loops : . Conclusion
cascades campaign evaluation
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PANEL SETUP

= Suspension by rubber
cords

= Excitation by shaker,
stinger and force
transducer

= Excitation signal:
Pseudo random

= Frequency range:
25 - 500 Hz

= ~500 measurement
points

. Simulation . Validation Measurement .
Introduction Iteration loops : . Conclusion
cascades campaign evaluation
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YOKE SETUP

= Excitation by shaker, stinger and
force transducer

= Prevent lateral movement by
straps

= Excitation signal:
Pseudo random

e Frequency range:
50 - 400 Hz

® ~2000 measurement points

Simulation Validation Measurement

Iteration loops : . Conclusion
cascades campaign evaluation

Introduction
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LUXEMBOURG

MEASUREMENT EVALUATION

Modal analysis:
Curve fitting process to determine:

Mode shapes
Resonance frequencies
Modal damping

Mode synthesis (FRF)

FEA — experiment correlation:

Calculation of Modal Assurance
Criterion (MAC) matrix

Comparison of matching measured
and simulated modes

Model updating

Measured & fitted FRF

M ode number, FEM

10 14 20 25 a0 35 40 45 a0

Maode number, Experimental

Simulation

Introduction
cascades

Iteration loops

Validation
campaign

Measurement

. Conclusion
evaluation
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PANEL RESULTS — EXAMPLE 1

r

Mode shapes match very well (only 180° phase shifted)
Significant difference in resonance frequency

Experiment (101Hz)

MAC = 0.98

Maode nr. 1 \Besonance frequency: 101.7142 Damping. 0.30897

Simulation (74Hz)

Mode nr: 7 (Resonance frequency: 74.3886

0.02

0
-0.02
-0.04
-0.06
05

. Simulation . Validation Measurement .
Introduction Iteration loops . . Conclusion
cascades campaign evaluation
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PANEL RESULTS — EXAMPLE 2

= Mode shapes match very well (only 180° phase shifted)
= Noticeable difference in resonance frequency

Experiment MAC = 0.92 Simulation

Mode nr: 3 Resonance frequency: 150.7056 Damping: 0.37582 Meode nr: 8 Resonance frequency: 177.145

0.02

-0.02
-0.04

0.0
05

Simulation Validation Measurement

Iteration loops . . Conclusion
cascades campaign evaluation

Introduction
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Experiment
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PANEL RESULTS — EXAMPLE 3

Mode nr: 5 Resonance frequency: 213.9827 Damping: 0.83315

Y
N -

A 15
057,

Modenr: 8 Resonance frequency: 236,52 Damping: 0.56534

= Simulated mode is correlated to 2 measured modes

= In structures consisting of rib reinforced sheets, local
modes occur in the sheet in areas enclosed by ribs

= Local modes can be uncoupled e.g. due to small
dimensional differences (rib positions, welds, ...)

= Notice that resonance frequencies between
uncoupled modes are very close

Mode nr: 11 Rescnance frequency: 220.616

c
09 O
002, ..':
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002 0.7 5
-0.04,
-0.06, e g
05 Y 05 (/)
0.4
0.3
0.2
\ ﬁ’“’fﬁrﬂj 0.1
Nt
A" 15 0
0.5 ‘2
. Simulation . Validation Measurement .
Introduction Iteration loops . . Conclusion
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PANEL RESULTS — AFTER MODEL UPDATE

= Initial model:
=  First torsion mode at 74Hz
= Measured: 101Hz

= Updated model:

r

[a

First torsion mode at 95Hz

Mode shapes and MAC values

unchanged

Generic result for shell-beam
panel modelling method!

NODAL SOLUTICN 1
e MuY 16 2011

511%4;1# _12:21:25

FREQ=74.3886

Usiid - (AVG)
b 1

MODAL SOLUTTCN
STEP=1

SUB =7
FREQ=95.1584
Usi _ (AvG)

MAY 20 2011
PLOT MO, 1

020389 % i .018229
X =14

B3994 1.67791
3.6595 3.33759
5.47906 4.99727
7.29861 6.65696
9.11817 B.31664
‘.a.?.“.-'?'.‘- 9.97632
12.7573 11.636
14,5768 13.2957
16.3964 14.9554

. Simulation . Validation Measurement .
Introduction Iteration loops . . Conclusion
cascades campaign evaluation
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YOKE RESULTS — EXAMPLE 1
[

®  Global mode shapes match well
= Frequencies very close

Experiment MAC = 0.96 Simulation

Meode nr: &  Resonance frequency: 136.24368 Damping: 012852 Maode nr; 15 Resonance frequency: 149.037

-1 e
-2 e
. Simulation : Validation Measurement .
Introduction Iteration loops . . Conclusion
cascades campaign evaluation
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YOKE RESULTS — EXAMPLE 2

r

i

Some local mode shapes match well
Close resonance frequencies

Experiment

Mode nr: 25 Resonance frequency: 316.0733 Damping: 0.50315

MAC = 0.96

Simulation

Mode nr: 58 Rescnance frequency: 331.684

r,
\vAnv ¥,
OO

Introduction

Simulation
cascades

Iteration loops

Validation
campaign

Measurement
evaluation

Conclusion
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YOKE RESULTS — EXAMPLE 3

[
= Many local modes closely spaced in frequency
= Many local modes uncoupled from simulation to measurement and vice-versa

Mode nr: 23 Resonance frequency: 238294 Mode nr: 34 Resonance frequency: 244 836

Experiment
Simulation
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CONCLUSION

[
= Complex modeling & simulation process:
@ Many components and connections
= Various disciplines with cascaded analysis tasks
= Many antenna performance criteria rely on downstream models

® Model validation:
© Bottom up approach
e Starting with component validation

® Modal testing:
= Well suited for analyzing large and highly rigid structures
o Good level of detail, especially using scanning laser vibrometry

= Comparison of measured and calculated data:
= ldentification of matching “global” mode shapes and frequencies
= Targeted model updating
= Some difficulties in comparing “local” modes due to uncoupling

= Main goal of validating the overall component behavior has been reached

. Simulation : Validation Measurement
Introduction Iteration loops . .
cascades campaign evaluation

Conclusion




FOR FURTHER INFORMATION PLEASE VISIT OUR WEBSITE

WWW.HITEC.LU
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HITEC LUXEMBOURG S.A.
5, RUE DE L‘EGLISE
TEL: +352 498478-1
FAX: +352 401303

EMAIL: INFO@HITEC.LU
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