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Allmanna forutsattningar
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Ventiler med kommuteringskretsar, vilka emitterar de
hdgsta frekvenserna ar inbyggda i "EMC-sékra”
iInneslutningar.

Ovriga kretselement finns inuti en "konventionell”
byggnad som utformas fér att ha nagorlunda bra
skamningsegenskaper.

Aktuellt frekvensomrade ar 9 kHz till 30 MHz.

EMC-atgarder far ej dventyra byggnadens livslangd, dvs
inte 6ka risken for korrosion.

Mal: En jamnstark skarm som ar tillrackligt bra.
Fraga: Om/Hur sk&rmning kan férbéattras.
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Simuleringssvarigheter
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= Byggnaden ar ca 100 m lang, 30 m bred och 12 m hég.
= Plat fér vaggbekladnad ca 0,7 mm tjock.

= Platen har en plastbeldaggning ca 0,05 mm tjock

m Platarna ar i langder som ar ca 1 m breda.

m Golvet ar armerad betong kompletterad med jordnat,
maskstorlek 3x3 m.

m Ej rimligt simulera i skala — berakningstider och minne
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Specifika fragestallningar
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m Ar teorin fér dampning tillampbar i vart fall

m Att forsta vilka faktorer som ar viktiga

m Hitta principlésningar

m Hitta bra simuleringsmetodik

m Dorrar och portar — ett stort problem i1 praktiken

= Hur noga maste man vara

m SLUTRESULTATET SKALL KUNNA OMSATTAS |
RITNINGAR OCH FOR BYGGARE BEGRIPLIGA
INSTALLATIONSANVISNINGAR!
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Jamforelse med teori
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m Teorin utvecklad fér dampning inuti ett skarmat utrymme
med en ganska enkel geometri fér en plan infallande
vag.

m Det fall vi har ar en sandare inuti ett skarmat utrymme
och vi ar intresserade av dampningen utanfér skarmen.

m Berakning med Wire-MoM (in->ut) jamférd med teoretisk
dédmpning (plan vag ut->in)

m Wire-MoM av Jan Carlsson SP
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Wire-MoM Model

F A

A

Example of a Wire-MoM model: The "standard" case.
Cage 2*2*2 m on a conducting ground plane. Magnetic

~ dipole at center, near-field pointsat Y =2, 4,6, ... m
(X=0,Z=1m)
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Comparison of results

© ABB Power Technologies

. Shield, preliminary {Dag A. 2003)
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Dampning beroende pa byggnadsstruktur
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= Vertikala stalstolpar, c-c 4,5 m, arean motsvarar en
diameter pa 14 cm.

m Horisontellt fackverk c-c 1,2 m, arean motsvarar en
diameter pa 2,8 cm. (modellerat c-¢c 1,0 m, Diam 1,0 cm)

= Principiell byggnad matt 20x20x10 m.
= Vaggbekladnad isolerad stalplat, ej simulerad.

m Uppmatt total dampning var 40 dB.
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Wire-MoM model of converter building
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Calculated attenuation for steel structure
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FEMLAB 2D SIMULERING
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+ Kortare berakningstider

+ Enklare att modellera
Endast en mod i taget; TE eller TM
Randvillkoren kritiska, kraver eftertanke
Kallorna svara att relatera till verkliga kallor

0 Dampning ar faltet integrerat 6ver hdgra ytan, utan och
med skarm.

0 FEMLAB fran Comsol
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Disk, top/bottom Perfect Magnetic Conductor
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2D model of an axisymmetric wire mesh shield with a source. Due to the Perfect
Magnetic Conductor boundary conditions at z =0 and 4.5 m, a cylinder of
infinite axial extension is represented with a volume to area ratio V/A = 1.5 m.

TE mode at 10 MHz with 6 = 1000 S/m 1in the shield,

and u =1, ¢ =1 in the whole region.
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Comparison with theoretical attenuation

© ABB Power Technologies

Power Systems DC - 13 -

i, Shield, preliminary {(Dag A. 2003)
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Disk, top/bottom Perfect Electric Conductor
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Comparison with theoretical attenuation
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Comparison between attenuation versus frequency according to Femlab
simulations in previous figure and analytical expressions for an external
plane wave. The comparison is based on V/A = 1.5 m.
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Tva skdrmar battre dn en dubbelt sa tjock

© ABB Power Technologies
Power Systems DC - 16 -

m Rotationssymmetrisk geometri, TE-mod

m Skarm pa 3 m fran centrum

m Tre alternativ studerade med ¢ = 1000 S/m
m En enkel homogen skarm 5 cm tjock

= En enkel homogen skarm 10 cm tjock

= Tva homogena skdrmar 5 cm tjocka pa avstand
5cm, 10 cm, 20 cm, 40 cm och 80 cm fran varandra

(dvs spaltens tjocklek)
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Modelling of a double screen
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- double shield where the two 5 cm slabs
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Base case, but the shield
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Attenuation with single and double shields

© ABB Power Technologies

Power Systems DC - 18 -

. Shield, preliminary {(Dag A. Z003)
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Overlappande platar
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m Det ar byggnadstekniskt ganska enkelt att lagga
platarna om lott vilket ger ett 6verlapp pa ca 0,5 m.
platarna ar 1 m breda.

m Detta ger en ganska stor kapacitiv koppling, men vad
iInnebar det | dampning.

= Simulerat i FEMLAB 2D.

m Kapacitiva kopplingen simulerat med stort €, eftersom
minsta praktiska spalt ar ca 5 cm simuleringstekniskt.

m Resistiv koppling via skruvar férbattrar.
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Screening by overlapping plates
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2D rectangular TM model (detail) with an incident wave (H, =
1000 A/m) shielded by overlapping plates with a conductivity of
1E7 S/m separated by a 5 cm dielectric material. The "“====

overlap 1s 0.5 m.
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Field figure at overlapping plates
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Attenuation at overlapping plates
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Dorrar och portar — skarmens svaga punkt
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m Passage for tunga transporter under montage, stora.
m Persontransport féor underhall, anvédnds ibland ofta.
m Livstid och korrosionsskydd.

m Sakerhetsféreskrifter ger en, alt tva jordlitsar per dorr pa
gangjarnssidan.

= Hur noga maste vi vara?




Model for simulation of leaking doors

E

"y

. Current loop (blue) shielded by a 4*4*5 m box of PEC (perfect
, electric conductor) surfaces except for a leak at the door (red) at

X =4 m. Surfaces outside this box are low reflecting except at

— ' A IDID
X =0 (PEC). E and H fields are integrated on the FRIDED

surface X = 10 m.
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Model of a door with contact points

=

. Door with a 5 cm leak around the perimeter interrupted by

5*5 cm PEC surfaces (the number of these has been been
varied; 16 in this example). Only upper half of the door DD
shown. Periphery 4*4 = 16 m. I\ ]|
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Door earthed at the hinges
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Attenuation with 16 contact points
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. Shield, preliminary {Dag A. 2003)
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Door with good connection at the perimeter

, Door with with 5*5 cm leaks around the perimeter. The

umber of these has been varied; 16 in this example. Only

AL IDED
pper half of the door shown. FAIDED

S B
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Attenuation of a door with good connection
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Sammanfattning
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Normala berakningsmodeller f6r skarmverkan galler
med acceptabel noggrannhet aven da stralningskallan
finns inuti skarmburen.

Modellering kraver eftertanke speciellt i 2D fér att fa
relevanta resultat.

Den stora spannvidden i fysiska dimensioner gor att det
inte gar att gbra en fullstdndig berdkning med fér oss
rimliga insatser.

Berakningar ger mycket battre férstaelse.

Berakningar vardefulla fér principlésningar och
detaljanalys.
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