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RUAG Space at a Glance RUAG

» Leading European space product
supplier to the industry

= Acquisition of Saab Space and
Austrian Aerospace (2008),
Oerlikon Space (2009), Patria

Space (2015) ﬁ
= Eight sites in four countries

(Switzerland, Sweden, Finland
and Austria) N

&
¢
Switzerland ~

= US office in Denver, Colorado
= 1160 employees
= Total revenues (2014): 265 M€

= Headquarters: Zurich (CH)
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RUAG Space AB RUAG
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2014:
Sales: 785 MSEK, 86 MEuro, 115 MUSD
No of employees: 374
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Antennas

Wide Coverage Antennas
Complete family of antennas for
TT&C, data links, GPS receivers
and beacons. More than 540
delivered for satellites and
launchers.

Array Antennas

Feed arrays and direct radiating
arrays for mobile communications
and RF instruments.

Reflector Antennas _
High-accuracy antennas for science
and communication applications.

RUAG Space AB




Johan Wettergren RUAG

= civilingenjor fran Chalmers
| teknisk fysik

= 30p filosofi, 40p musikvetenskap,
10p hdégskolepedagogik

= teknologie doktor i elektroteknik
(vagledarslitsantenner)

= 3 ar paantennavdelningen
= 1 ar forskarassistent pa Chalmers
= 8 ar pa mikrovagselektronik

= 2 artill pa antennavdelningen

= 5arsom chef 6ver elektrisk antenndesign

= vagledarslitsantenner, elektromagnetiska berdakningar, mikrovagsmatteknik,
tekniska kundkontakter, offertarbete, verksamhetsuppfdljning, ledning
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Antennkonstruktion ar multifysik RUAG
Materials Science.

Magnetic Moment Reliability

Abrasion

Outgassing
Venting

uv

Charged Particles (e~, p*)
Electrostatic Discharge (ESD)
Radiation Damage

Atomic Oxygen (ATOX)

Corrosion

External RF Radiation

Passive Intermodulation (PIM)

RF Losses (Heating)
Multipactor, Corona, & Arcing

Solar Radiation & Albedo
Thermo-Mechanical Fatigue
Thermal Distortion

Heat Flux

Acoustical Noise

Quasi-Static Load
Random & Sine Vibrations
Structural Damage

Deformation

image from
Joakim Johansson,

RUAG Space
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Maxwells ekvationer RUAG
VxE=-louH
VxH =1lweE +
VeE =ple¢
VeH =0
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Vad man vill rakna ut for antenner RUAG

= hur de stralar
= deras forluster

*= deras anpassning

= nar frekvensen varierar

= nar omgivningen stor
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James Webb Space Telescope

image from NASA

artists impression
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Hur raknar man?

| huvudet

" papper & penna

= enkla MATLAB-hack

= stdrre fOretagsegna berakningsrutiner
* |InkOpta specialiserade program

= inkopta generella program
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METOP-satelliten

image from ESA

artists impression
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ASCAT

= Scatterometerantenn

* radarmatning mot
havsvagor ger
vindinformation

= vagledare med slitsar

= matstracka med
absorbenter
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Azimuthdiagram for nasta ASCAT RUAG

" % the MID antenna azimuth pattern for elements

" f=5.3e9; % frequency

. lambda=299792458/f, % wavelength, 57 mm SCA MID azimuth pattern

- I:l T T T T T
. Nslot=64; : : . ! T
= dLslot=43.1e-3; % slotspacing (m)

= SLL=20;% sidelobe level : : : : :
- n:2; %Taylorparameter _5 ............... .............. -\. .._ .............. . ............. -

= z=((1:Nslot/2)-0.5)*dLslot/lambda;

= L=Nslot*dLslot/lambda;

. L_L=L lambda . HR | U U DU S, H S S -
= I=taylor(SLL,n,L,2); =

. Fary

. x=[-z(end:-1:1) Z]."; =

. a=[l(end:-1:2);1]; ﬁ

" Theta=-180:0.1:180; i _15 ..................................................................................... .
= theta=Theta*pi/180; =

- il

. SF = array(x,zeros(size(x)),a,0,theta,0,0,0,0); =

. EF=halfwave(theta+pi/2); g 10

= e=SF.*EF;
" E=20*log10(abs(e)/max(abs(e)));

" Nth=0.5*(length(Theta)-1);

. BW=2*interp1(E(Nth+[1:10]), Theta(Nth+[1:10]) ........... P A SRR ............. 1 W S T o 4
" figure(1)
. clf

" plot(Theta,E)
= axis([-6 6 -300])

= tite('SCA MID azimuth pattern’) -2 0 2 B
. label('azimuth angle (degrees)) azimuth angle (degrees)

= ylabel('relative directivity (dB)")

= gridon

. hold on
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Elevationsdiagram for nasta ASCAT

SCA MID elevation pattemn, 7 waveguides

= egenutvecklad & e
genetisk il -
_ _ 300 L | -
optimering | - .
= tusentals testfall e” T |
15 / |
= kostnadsfunktion fof EAY
& mimimering il
° 8|0 /}J 4|0 -20 0 20 (\40

gain slope (dB/degree)
Lo}
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METOP-satelliten

image from ESA

artists impression
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RUAG

METOP och HRPT-antennen

2015-11-02
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ALDAS M=

= Diffraktionsteori (GTD och UTD)

=  Geometrin byggs upp med plan, lador och cylindrar

= Strukturen som modelleras har god ledningsformaga

=  Modellens dimensioner bor vara storre &n en vaglangd

= All struktur antas vara i antennens fjarrfalt

= Indata i form av matta diagram eller fordefinerade antenntyper
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ALDAS RUAG

= Direktstralning

= Forsta ordningens stralning med enkel k
paverkan

= Reflekterad stralning fran plana och krokta
ytor

= Krypande stralning runt krokta ytor

= Diffraktion runt raka kanter

= Blockering
| N - Bireee‘t a:dld
: :Andra ordningens stralning med dubbel - = = g One diffraction
paverkan v o o il T inferactians

= Reflektion plan yta / Reflektion plan yta
= Kantdiffraktion / Reflektion plan yta

» Reflektion plan yta/ Kantdiffraktion
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Stralningsdiagram i narvaro av RUAG
satellitkroppen
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GRAS instrument RUAG

= GRAS instrument on the MetOp satellite
= Two antennas on the MetOp satellite
= rising GPS satellite occultation

= setting GPS satellite occultatio

= Analysis of phase — refractive
electron density

= Meteorological quantities

= Temperature

= Pressure

= Water vapour
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GRAS instrument RUAG

= Approximately 500 GPS occultations per day

90 °N

60 °N

30 °N

30 °s

60 °s

9 °s
180 °
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Antenna electrical design RUAG

= Array antenna

= Beam steered 27° toward
earth

= Small element spacing of
135 mm

= 6 x 3 (elevation x
azimuth) array

= Gain > 10 dBi within = 50°
azimuth
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GRAS antenna RUAG

= Dual concentricrings = Feeding from microstrip lines via slots

= Rings mountedin cups = Separate feed networks for the two bands
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Next generation GRAS antenna RUAG

= HFSS model

* note similarity to
JWST antenna

= 6 element array

= very similar
radiation pattern!
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HFSS-simuleringar RUAG

= Ansoft HFSS™

= Full wave Finite Element
(FEM) electromagnetic
simulator

= Simulations are made in the
frequency domain

= Adaptive meshing
convergence

=  Optimization using the field for
gradient needed
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Multipaction

= elektron slas loss av
joniserande stralning

= accelereras till motsatt
sida, slar ut fler

= om faltet just bytt
polarisation, fas resonans

= maximala faltet och
minsta avstandet maste
begransas
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Electromagnetic Compatibility (EMC)

= sma slitsar slapperin och
ut falt

= EMC-konstruktion gar ut
pa att skapa riktigt dalig
antennfunktion vid alla
frekvenser samtidigt

= tatning ofta nédvandig
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RUAG

El. conductive

shielding gasket

Duroid substrate

Cover

Chassis wall ~

SMA connector

W/

S N/
|74

4

A
Chassis wall

EMC_DETZ
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Johans rad: las intressanta kurser
satsatid och engagemang
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