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1. EMC delavnica 2016: HELLA SATURNUS Urban Gregorc

32 - 330 aue
4 .

"t 200 w8
AL © &8 ATTD  PREANF IN

e 55 1 ERE T 1 BT texe ('.:t: T3
«“
e | v
=l
) 1
i) .
\ 1% |
R i
° \ N ! i | N
A5t Y
\ [
-t et 213 NN o VPO

\
S - L
|
303 ane 400 we
47T
L 5 sop clasd
204 30
&
151
‘ Fvh o
E 7T i
= ] o
@ 4p E 15
- I o WEet 3 s -
= » 8 o
g s %Te b £
= 3 4
5 3
3 1 »
*
? L
ot 0
T 5--
t ettt t S i S S S R t 1 ; | - '
150% 100 400500 800 1M M M AMSMBE 8 10M 200 30M oM S0 e 80 $00M 200 00 400 50 300 1G

Frequency in Hz Fregusncy n Hz



Loved In aBuY

100

90

B0

0

&0

1'5(1:

NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija

2. EMC delavnica 2017: ISKRA EMECO
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1zziv: DC/DC stikalni napajalnik za LED Zaromet
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S cim?

* Tl: Donira integrirana vezja
* Hella Saturnus: Pripravi ohisja in testna bremena
* Wirth elektronik: Donira vso magnetiko in kondenzatorje
* Ostale elemente kupite s Farnella (IC elektronika?)
* FE, LPVO:
= pomoc pri fizicni izdelavi prototipa TIV
= pomoc pri meritvah (napajalniki, multimetri, osciloskopi, spektralni
analizator, EMC sonde)

* Amiteh: Preliminarna EMC meritev z Detectusom
* SIQ, Hella Saturnus: Koncne meritve
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Kako?

Termin
torek 18.2. Predstavitev EMC delavnice Marko Jankovec (LPVO, FE)
Lo Z 1 @ 2 8 Sinhroni stikalni napajalniki Peter Krzi¢ (HELLA)

Teoreti¢na delavnica nacrtovanja EMI filtrov  Marko Jankovec in Gregor Ergaver (MAHLE)
torek 10.3 (LAE) Prakti¢na delavnica nacrtovanja EMI filtrov ~ Tomo Kozeljnik in Saso Bozjak (Wurth elektronik)
Altium delavnica (SCH) Jankovec/Tome

Altium delavnica (PCB) Jankovec/Tome

Tehnologije in naértovanje za proizvodnjo TIV Gregor Crv (Intectiv) / Dejan Jeraj (Iskratel)

Narocilo materiala Wiirth eletronik in tiskanih vezij

Oddaja izdelanih koncanih projektov.
Ekskurzija v 51Q
Ekskurzija v HELLA

Razglasitev rezultatov
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Elektriche zahteve

DC/DC pret ik
Topologija /G e Integrirano vezje TPS92641
navzdol
cje vh i .. : . .
Obmotje v od.ne napetosti za [8—18]V V tem podrocju mora pretvornik zagotavljati nazivni izhodni tok
polno delovanje
Nazivni izhodni tok 6 A +10% Prstvornlk mora v predpisanem obmocju delovati v neprekinjenem
rezimu.
Obmocje izhodne napetosti [3-4]V 1x LED Osram oslon boost
Yrsna vrednost va.lowtost| 0,2V Pri osnovni frekvenci
izhodne napetosti
Vrsna vrednost valovitosti :
izhodnega toka 0.2 A Vse skupaj
1 x LED OSLON® : "
Izhodno breme Bc);ost HL Bremena bo zagotovilo podjetje Hella Saturnus.



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Elektriche zahteve

Izkoristek pretvornika a2 g/lgrjen pri temperaturi okolice 25 °C, vhodni napetosti 13,5 V in izhodnem toku

Prisobni
’(c$mper2a§urcl) Nob k biti b ' [ i okolice 25 °C
. b =25 °C), obena komponenta ne sme biti preobremenjena pri temperaturi okolice 25 °C.
Dolgotrajno tearnﬁperatura Lega vezja je vodoravna, polozena na mizo s hladilnim telesom navzdol.

delovanje nikjer na vezju ne Temperatura se izmeri po 30 minutah delovanja vezja.

sme preseci
125 °C

ﬁi?giti?e‘igr"je"e -20V Vhodna zascita proti napacni prikljucitvi napajalnih sponk
E:g%riltgpetostna Usypp <6V Izklop pretvornika, ko je vhodna napetost manjsa od 6V

e v v Zascita proti kratkemu stiku na izhodnih sponkah bremena . Zahtevan izklop
Kratko-sticna zascita JUNMESPAY stikalnega dela.

g:jep:‘t;iéenf‘ponke na U,>6V ZascCita v primeru odprtih sponk na bremenu. Zahtevan izklop stikalnega dela.
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Tockovanje

* Nacrtovalske zahteve
= Za vsako dosezeno alinejo 5 tock (do 50 tock)
o |zkoristek: za vsak % nad 85% se dobi 5 tock

* EMC
© Prevodne emisije do 35 tock
= Sevalne emisije do 35 tock

o Imunost na vsiljene tokove do 30 tock

* Cena (L, Q, C)
o |skalnik octopart iz redne ponudbe za 1000 izdelkov
= Za vsak € se odbije 5 tock.
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Uvod v delavnico (Jankovec, ULFE)
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Predavanje o stikalnih napajalnikih (Krzic, Hella)

EMC delavnica 2020
Sinhroni stikaln) napajalniki

Kam postaviti vhodne In izhodne fillre brez uporabe EMI $6i1a?
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Delavnica nacrtovanja filtrov (Jankovec, Ergaver, MAHLE EDS)

“pH\E E”Q‘NEEQW
G

Prakti¢na delavnica nacrtovanja EMI filtrov

dr. Gregor Ergaver (MAHLE, RR EMC),
izr. prof. dr. Marko Jankovec (FE, LPVO)
Raziskave in razvo] elektromagnetne zdruzljivosti /

Laboratori] za fotovoltaiko in oploelektroniko
RR EMC/LPVO
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Karakterizacija agresorja in merilne postavitve




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

X1
L L DUT \QJJ

L_MEAS ], out

Simulacije agresorja e N

N N DUT
- ﬁ 13
V(L_out)*1000000 Nt

1dm

PULSE(0 0.4 0 2045 100m 0 8u)

95dB:
90dB— J\L&,
85dB— "
S0dB— \
7SdB-
70dB-
65dB—
60dB—
S5dB—
S0dB—
45dB—
40dB-
35dB—
30dB—
25dB—
20dB-
15dB-
10dB—
SdB Y Y Y Y Y T

Vem

n2
410m Su PULSE(D 455 2444 1000 1000 Sud 8

Jdran 0 10m Im

L
1MHz 10MHz




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Meritve agresorja
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Izbira filtra

B \Wuerthov dodatni filter Typical Insertion Loss: WE-CMB 744822120

55 ,\\
- / U T
WCAP-FTX2 WE-CMB N || :
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Wurth prakticna delavnica nacrtovanja filtrov
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Rezultati

Luka Pogatnik LP 50.7 25 25 48.5 23.3 28.14 -6 2.2 1.7 3.14 2.35
Ziga Smelcer 7S 35.9 27.2 26.3 33.12 21.69 28.35 -16.34 2.78 5.51 2.05 3.45
B. Brzec #speed BB 53 37 32 52 28.39 27.47 -6.74 1 8.61 453 4.71
Marko Remec MR 35 28 25 26.11 25.6 29.3 -25 8.89 2.4 4.3 5.20
B. Geferin in C Sivic BCin CS 55.35 38.19 33.16 50.28 30.07 30 -11.51 5.07 8.12 3.16 5.45
Smodi SS 60 42 14 74.7 28.9 25.5 12.9 14.7 13.1 11.5 13.10
K. Pivk in L. Nagode KP in LN 50 30 20 68.15 16.3 27.6 6.43 18.15 13.7 7.6 13.15
Jan C Hudoklin JCH 53.5 11.5 2.5 49.09 28.58 30 -12.7 4.41 17.08 27.5 16.33

M. Oblak MO - - - 70.97 35 27 9.18 - ; - ;

+
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Luka Pogacnik
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' ! 0.000s 1.000500 MHz
r"‘lll\ l<.m{—:‘..\t-u,.:';__‘,\uLj.} : r
60 depv - J
EN 55011 M_ '
50 depv J =
40 dayv E L J Pl %
! + 1 : { . _9'0{ ki .
i | ! : | s | S
30 deyv : —— i e e

'

5 1, ¥ T "'l il
oSl T e NM iii“ !
10 By A R ~ Il ! ;‘ i "IH‘: l '

!
L

y ‘ L) J G
Start 150.0 kHz Stop 30.0 MHz
Marker |

Diagr | Type | Ref | Trc | Stimulus | Response | Function | Function Result |!
_Scan | N1j 1l 251,25 kHz | 48,58 depy |

Scan N2 | 1 1.0005 MHz 23.34 depv

Scan N3 1 5.0055 MHz 28.14 dBuv
udert - ckipa B Mapoved 355 Y Mapoved 1M By Mapoved &M 1 Meriev 360k | eriey | vE ) ‘m__ | | - 1 oM ) Poveeetas rexilka |
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Youtube EIektronlka FE Altlum de5|gner tutorial

Altium shema #07: Horizontalna in vertikalna povezljivost

Einktrorika - FE

ektrom Y

Altium shema #08: Kaj mi gre na zivce

Elektroreka « FE

Altium Designer SLO 7

£3 videos + 3,930 views + Last wdated on 13 Dec

Altlum TIV #01: Piasti
Elskvorska - FE

Vas kanal -

E ie Ktl on ”‘(8 - F E Kratki videl o funicijah in uporabs Altum /‘
Designerja za nacriovanje elektronskih

veziy, uporabal kot gradivo pri predmetin
Realizacija elektronsiih sklopov in

Konstruaranje elekiranskih noprav, Posnel

izr. prof. dr. Marko Jankovec, Fakulteta za
elektrotehnlko, Univerza v Ljubljani

. Elektroniks - FE

Altium TIV #02: Oblikovanje TIV na podiagi 30 modela

Erektzorihi - FE

Altium TIV #03; Modifikacija oblike TIV in dolotanje obmocje keepout

Elktrordka - FE

Altium TIV #04: Pomagala za dolocanje toéne oblike in dimenzij TIV

Eloktrorvka - Fi

) F;Luh7

Altium PCB #05: Layer stack manager ( {

Elektronska - FE -~ ]

WATCHED " 14:50

Altlum PCB #06: Uporabne funkcije In bliznjice v PC8

Elekironika - FE Altium PCB #06: Uporabne funkeije in bliznjice v PCB

19.34 2
n Dosigner 2.0 + 4

https://www.youtube.com/playlist?list=PLgo30NsEJyYOCWY 3p9cGxnvCJIXejgsRGZ
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Obisk Hella Saturnus Slovenija
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Obisk Hella Saturnus Slovenija
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Oddani izdelki
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Meritve na Hella Saturnus Slovenija
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Meritve na SIQ
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Kristan Pivk in Luka Nagode
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Pivk in Nagode: Delovanje

Umin [V]Ed Umax [VI1Ed lin [A] B4 Uin [V] B4 Pin [W]R3
7 18 1.1 13.5 14.85

lout [A] Bd Uout [VIEd Pout [WIEd n[%] K3

lout_pp [mA] B4 1out_min [A] B4 lout_max [A] Bd Uout_pp [mV]Ed
7500 0 7.5 3800
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Pivk in Nagode: RE 150 kHz-30 MHz
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Pivk in Nagode: RE 30 MHz — 200 MHz

Broadcast Mobile
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If 3 | Mabile PK
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o £
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E 7T E 25
> >
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Pivk in Nagode: RE 200 MHz — 1 GHz

Broadcast Mobile
4 4571 Mobile K
Broadcasf PK i
4 A0+
!
3 35t
Bréadeast A -
3 ———
301-
§ 2 . g 4
3 * * 2 25t Mabile @
m * @ +
©T 2 “ o - :
c c &
s % = 20t S
[ — ) s R s A R
B o £ »
| 4 - 15+
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» A 10t .
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Pivk in Nagode: CE
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Pivk in Nagode: BOM

ozNAK B IME B2 CcENA (€/1000 kosHl
L3 744311047 (wurth) 2.55
L1 7443550101 (wurth) 2.326
L2 744373965068 (wurth) 1.842
Q1 IPD85P04P4L-06 0.564
c9 875105345011 (ELKO D) 0.365
c4 885012209048 0.358
Q2  PSMN3R2-40YLDX 0.34
Q3  PSMN3R2-40YLDX 0.34
c2 885012208069 0.292
c3 885012208069 0.292
C10 885012208069 0.292
C11 885012208069 0.292
c1 865060445005 (ELKO F) 0.184
c5 885012107018 0.12
C12 885012107016 0.11
C6 885012007040 0.046
c7 885012207098 0.032
cs 885012207098 0.032
C13 885012207098 0.032
Total 10.409
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Bruno Ceferin #2

o B
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M

80,60
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Ceferin: Delovanje

Umin [V]Ed Umax [V]Ed lin [A] Bd Uin [V] B4 Pin [W]E2
7 18 1.86 13.5 25.11
8 18 1.82 13.5 24.57

5.74 3.67 21.0658 83.9
5.9 3.42 20.178 82.1

480 5.44 5.92 160
180 ** o 30



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Ceferin #1: RE 150 kHz-30 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Ceferin #1: RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Ceferin #2 : RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Ceferin #1: RE 200 MHz — 1 GHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

Ceferin #2 : RE 200 MHz — 1 GHz

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021
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Ceferin #1: CE
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Ceferin #2 : CE
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Ceferin: BOM

ul Vrednost il koli¢ina Ml Octopart cena/100(kfl cena materialjid
C4, C5, C6, C8, C14, C16 cer 10uF, 50V 6 0.15 € 0.87 €
FB1 742792114 500hm, 3A 1 0.16 € 0.16 €
L1 WE-PD2SA SMD Power Inductor, size 7850  2.7uH, 4.35A 1 1.26 € 1.26 €
L2 7427932 980hm, 18A 1 0.51 € 0.51 €
L3 SMT Flat Wire High Current Inductor WE-HCI 82 uH, 7 A 1 4.68 € 4.68 €
Q1, Q2 nmos IRLR8726 TRPBF 2 0.13 € 0.26 €
Q3 pmos DMP3028LK3-13 1 0.18 € 0.18 €
/ elko 100u, 25V 2 0.02 € 0.03 €
Total 7.95 €,

vrednost ull koli¢ina Ml Octopart cena/100(kfl cena materialjid
C4, C5, C6, C8, C14, C16 cer 4.7uF, 50V 6 0.10 € 0.58 €
FB1 742792114 500hm, 3A 1 0.16 € 0.16 €
FB2 7427932 980hm, 18A 1 0.51 € 0.51 €
L1 7443551221 22uH, 6A 1 2.31€ 2.31€
L3 744373965100 10uH, 8.8A 1 1.83 € 1.83 €
Q1, Q2 nmos IRLR8726 TRPBF 2 0.13 € 0.26 €
Q3 pmos DMP3028LK3-13 1 0.18 € 0.18 €
/ elko 100u, 25V 1 0.02 € 0.02 €

Total 5.84 €,



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Martin Debevc
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NACRTOVANJE ELEKTRONIKE ZA EMC

Debevc: Delovanje

Umin [V]EJ Umax [V]Ed lin [A] E3 Uin [V] B3 Pin [W]E3
6 18 1.78 13.5 24.03

lout [A] Bd Uout [V]Ed Pout [W]Ed n [%] E3
3.56 22.9264

lout_pp [mA] Ed lout_min [A] Bd lout_max [A] Ed Uout_pp [mV]ES
140 ** e 30




NACRTOVANJE ELEKTRONIKE ZA EMC

Debevc: RE 150 kHz-30 MHz

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Debevc: RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Debevc : RE 200 MHz — 1 GHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Debevc: CE
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Debevc: BOM

NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija

designator B4 component B2 median octopart price per 1k pcs [USD] B #pcs B final price

FB1 742792515 0.108 1 0.108

L1 744316150 1.774 1 1.774

L2 744373965068 1.840 1 1.84

Ql BSC0921NDI 0.622 1 0.622

C3,C4,C23 885012207103 0.127 3 0.381 1u

C5, C6 885012207098 0.032 2 0.064 100n

C24, C25 885012207074 0.076 2 0.152 470n

C2 885012209048 0.358 1 0.358 4u7

C20, C21, C15 885012209028 0.400 3 1.2 10u

C10, C11, C9 885012209028 0.400 3 1.2 10u izhodni
SUM 7.699 USD

6.52 EUR

5. 3. 2021




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021
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NACRTOVANJE ELEKTRONIKE ZA EMC

Sivic: Delovanje

Umin [V]Ed Umax [V]Ed lin[A] B4 Uin [V] B4 Pin [W]Rd
8 18 1.74 13.5 23.49

lout [A] B4 Uout [VIEd Pout [WIEd n [%] B3
5.98 3.44 20.5712 87.6

lout_pp [mA] Bd lout_min [A] B lout_max [A] Bd Uout_pp [mV]Ed
140 ** ok 30



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Sivic: RE 150 kHz-30 MHz

Broadcast

Mobile

5
.

Broadcast P

401

35
307

25

Broadeast AV

L 4
|
|
|
|
|
|
|
|
|

209

151

Level in dBuV/m

109

-5t & K3
1 &

"

150k 300 400 500

-+
-+

4 4
T T

800 1™ 2M M 4M 5M 62M
Frequency in Hz

5
4
0 Mobile PK

Mobiie AV

Level in dBpV/m

sl u®: & @ . ol '@ e . * ¢ PS

'5| @ ® o o © s @ ® I3 ES

26 26,2 264 26,6 268 27 272 274 276 27,8 28

Frequency in MHz

o




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Sivic: RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Sivic: RE 200 MHz — 1 GHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021
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NACRTOVANJE ELEKTRONIKE ZA EMC

Sivic: BOM

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021

PRICE PER 1000
COMPONENT | No | VALUE | COMMENT MAMNUFACTURER | MANUFACTURER No SUPPLYER SUPPLYER NO [USD]
P4SMA3GBCACT-
D1 1 Diode supp SMA PASMA3GCA Littelfuse Inc PASMA36CA digi-key ND 0,121
D2 1 DIODE-Z SOT23 0,25W BZX84/C18 Nexperia USA Inc. | BZX84-C18,235 digi-key 1727-6254-2-ND 0,014
ON
D3 1 DIODE SCHOT 50D323 NSR1020MW2 SEMICONDUCTOR | NSR1020MW2T3G Farnell 2533247 0,055
Wiirth
L1 1|4,7uF | WE-LHMI 5030 Wiirth Elektronik 74437336012 | Elektronik 74437336012 1,795
Wiirth
L2 1|4,7uF | WE-LHMI 1365 Wiirth Elektronik 74437356047 | Elektronik 74437356047 1,826
Wiirth
L3 110,47uF | WE-LHMI 7030 Wiirth Elektronik 7443734615 | Elektronik 7443734615 1,038
T1 1 TRAN TO252/3 NP15PD4SLG INFINEON IPDESPO4P4LOGATMAL | Farnell 2839465 0,607
12,73 2 BSZ0506NSATMAL INFINEON BSZ0506NSATMAL Farnell 2725823 0,364
TOTAL 9 5,82 (USD

4,97




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija

Ziga Smelcer
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Ziga Smelcer
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NACRTOVANJE ELEKTRONIKE ZA EMC

Smelcer: Delovanje

Umin [V]Ed Umax [V]Ed lin[A] Bd Uin [V] B4 Pin [W] R4

7 18 1.8 13.5 24.3
7 18 1.75 13.5 23.625
7 18 1.81 13.5 24.435
lout [A] B4 Uout [V]1Ed Pout [W]Ed n[%] B4
5.88 3.56 20.9328 86.1
5.8 3.46 20.068 84.9
5.9 3.46 20.414 83.5
lout_pp [mA] Bd 1out_min [A] B lout_max [A] Bd Uout_pp [mV]
60 ** ok 20|
60 ** o+ 20|




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #1: RE 150 kHz-30 MHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija

Smelcer #2: RE 150 kHz-30 MHz

5. 3. 2021
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #3: RE 150 kHz-30 MHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #1: RE 30 MHz — 200 MHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #2: RE 30 MHz — 200 MHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #3: RE 30 MHz — 200 MHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #1: RE 200 MHz — 1 GHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #2: RE 200 MHz — 1 GHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #3: RE 200 MHz — 1 GHz
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M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #1: CE
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #2: CE
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer #3: CE

aBuv | 99 1 MHz 10 MHz 100 MHz

SGL

2 av |90

CLRWR

CE CIYPR
50—

6DEB

-1

-0

—10

-—-20

Pl

-30

100 kH=z 200 MHz



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Smelcer: BOM

ﬂ Description ﬂ Designator ﬂ Footprint ﬂ LibRef ﬂ Quantilﬂ CENA Mouser za 100(.: SUMA ﬂ Proizvajalﬂ SIFRA
1.6m Elektrolitski/polariz C1 C_el_10mm Cel 1 0.227 0.227 PHILIPS EEU-FS1E122B
10u Kondenzator C2, C3, C4, C5,C6, C7C_1206 C 14 0.182 2.548 TDK C3216X7R1E106M160A
100n Kondenzator C12 C_1206 C 1 0.157 0.157 Murata GRM31C5C2A104JA01L
4.7mF Elektrolitski/polariz C13 C_el_10mm Cel 1 0.25 0.25 Rubycon 6.3ZLQ4700MEFC10X2"
470p Kondenzator C21, C22 C_1206 C 2 0.051 0.102 Kemet C1206C471J5GAC
100n Kondenzator C32 C_0603 C 1 0.007 0.007 Kemet C0603C104MA4RAC
100p Kondenzator C31, C34 C_0603 C 2 Drobiz China
470n Kondenzator C33 C_0603 C 1 Drobiz China
10n Kondenzator C35 C_0603 C 1 Drobiz China
6.8p Kondenzator C40, C41 C_0603 C 2 Drobiz China
L FB Ferrite bead FB1, FB2 L 1806 L FB 2 0.048 0.096 Taiyo Yunder FBMJ4516HS720NT
Cfeedth HF filterski kondenz Cf1, Cf2 C_1206_ft Cfeedth 2 0.19 0.38 TDK YFF31HC2A105MTOOON
ZENER Zener diode D1 D_MELF_0102 D_ZENER 1 0.037 0.037 Vishay BZM55C16-TR
SHOTKY Shottky diode D3 SOD-123 D_SHOTKY 1 0.086 0.086 NEXPERIA  PMEG4030ER/8X
L_uni Inductor Lfin, Lsw L_13x13mm_uni L 2 0.549 1.098 Bourns SRP1265A-100M
DMP3013 Power switch P-MO! Q1 DIODES_PowerDI33: MOS_P_DMP3013 1 0.167 0.167 Diodes DMP3018SFV-7
IRF8327 Power N-MOSFET 3CQ2, Q3 IRF_DirectFETSQ  MOS_N_IRF8327 2 0.432 0.864 Infineon IRF8327STRPBF
1k Upor R1 R_0805 R 1 Drobiz China
200 Upor R2, R4 R_0603 R 2 Drobiz China
9.1M Upor R3, RS R_0603 R 2 Drobiz China
1 Upor R8, R41, R42 R_1206 R 3 Drobiz China
51k Upor R10 R_0603 R 1 Drobiz China
47k Upor R11 R_0603 R 1 Drobiz China
10k Upor R12, R13, R14 R_0603 R 3 Drobiz China
1k Upor R15 R_0603 R 1 Drobiz China
3.3k Upor R16 R_0603 R 1 Drobiz China
100k Upor R17 R_0603 R 1 Drobiz China
20k Upor R22 R_0805 R 1 Drobiz China
9.1M Upor R23 R_0805 R 1 Drobiz China
15k Upor R24 R_0603 R 1 Drobiz China
2.2k Upor R25 R_0603 R 1 Drobiz China
10 Upor R30, R31 R_1206 R 2 Drobiz China
10m Upor Rs R_1206 R 1 0.039 0.039 OHMITE PCS1206DRO100ET

'SUMA VSE _ 6.058 €



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Jan Cvijanovic Hudoklin
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NACRTOVANJE ELEKTRONIKE ZA EMC

Cvijanovic Hudoklin: Delovanje

Umin [V]Ed Umax [VIEd lin [A] Bd Uin [V] B4 Pin [W]E4
7.5 18 1.82 13.5 24.57

lout [A] K4 Uout [VIEd Pout [WIEd n [%] ES
5.9 3.62 21.358 86.9

lout_pp [mA] Bd lout_min [A] B lout_max [A] B4 Uout_pp [mV]Ed
200 ** gl 100



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Cvijanovic Hudoklin: RE 150 kHz-30 MHz
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Razred 3

PISR, . o B
LI a o |

Broadcast PK

Level in dBuV/m
Level in dBp\V/im
[~
(=]

P, LENISER, A0 Vsl AN
| QNN CRNN FOFY BNNN (U BNEE) PN FIF) [ NN

® 1

150k 300 400 500 800 1M oM 3M  4M 5M B.2M 26 262 264 266 268 27 2712 274 216 278 28
Frequency in Hz Frequency in MHz



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Cvijanovic Hudoklin: RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija

Cvijanovic Hudoklin: RE 200 MHz — 1 GHz

5. 3. 2021
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Cvijanovic Hudoklin: CE
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NACRTOVANJE ELEKTRONIKE ZA EMC

Cvijanovic Hudoklin: BOM

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021

Comment Description Designator | Quantity | Price per 1000 Total
NTS2605FT3G Schottky Dicde D4 1 005€ 0,05 €
BZT52C24 Zener Diode D1 1 001€ 001€
8635080449011 WCAP-ASLI Aluminum Electrolytic Capacitors, 100uF, 25V c2 1 022£ 022 €
EEE-FN1E10TUP Aluminium Electrolytic Capacitors - SMD 25VDC 100uF 20% 240mA AEC-0Q200 c3 1 010€ 010€
EEE-FN1ATOTUR Aluminium Electrolytic Capacitors - SMD 10VDC 100uF 20% 160mA AEC-Q200 4 1 010€ 0,10 €
744373965100 Inductor 10uH L3 1 1,20 € 1,20 €
744273501 WE-5L5 HC SMT Common Maode Line Filter, 5uH, 54 L4 1 160€ 1,60 €
FDN360P PMOS M1 1 008€ 008 €
782853701 Ferrite Bead, 700 Ohm, 1.54 FB1 1 0,06 € 0,06 €
BSZ060MNEZLSATMAN MOSFET (M-Channel) Q1,02 2 027€ 033 €
PE2512FKETWOROZ Resistor Res 1 014€ 014 €

4,11€




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Marko Remec
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NACRTOVANJE ELEKTRONIKE ZA EMC

6 3.46 20.76 85.9

8 18 1.79 13.5 24.165

100 ** o 20



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Remec: RE 150 kHz-30 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Remec: RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Remec: RE 200 MHz — 1 GHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Remec: CE
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Remec: BOM

[~ [~ [~ [~ [~ [~ B [~

Cvh_a Capacitor C1,C3 C3216_1206I1_N C 2 0.247 0.494
Cvh_tranz Capacitor 100n C2, C24, C25, C26 C2012_0805I_N C 4 0.069 0.276
Cizh_a Capacitor 22u C4,C21, C22,C23 C3216_1206l_N C 1 0.101 0.101
Cizh_b EMK325ABJ476KMHP C5,C6,C7,C8,C20  (C3216_12061_N C 4 0.28 1.12
Cvh_b Capacitor 22u 25V x5r TM C12, C13, C14, C15, C1C3216_1206I1_N C 6 0.115 0.69
2u2 Capacitor Cvcc, Cvin C2012_0805I_N C 2 0.078 0.156
MMSZ4703T1G Zener D1 SOD-123F_N D 1 0.027 0.027
RB160M-40 Schottky 1A, 40V Dboot SOD-123F_N RB160M-40 1 0.076 0.076
10uH, 8.8 A WE-LHMI, size 1365, 10 ul L1 WE-LHMI_1365 744373965100 1 1.56 1.56
1R5 74437349015 L2 WE-LHMI_7050 2 1.31 2.62
10uH WE-LHMI L3 WE-LHMI_7050 2 2.01 4.02
SQJ940EP-T1_GE3 MOSFET (N-Channel) Ql SQJ940EPT1_GE3 SQJ940EP-T1_GE3 1 0.38 0.38
DMP3018SFVQ-13 ~ MOSFET (P-Channel) Q2 DMP3007SFG7 DMP3018SFVQ-13 1 0.178 0.178
ferite bead 782853131 R_FB R1608_0603I_N-equicR 1 0.039 0.039
10m R Rcsl R3216_12061_N R 1 0.069 0.069
Skupaj: 11.806,




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Gal Pavlin
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3.2021

Gal Pavlin




NACRTOVANJE ELEKTRONIKE ZA EMC

Pavlin:Delovanje

Umin [V]Ed Umax [V]Ed lin[A] B Uin [Vv] B4 Pin [W]Ed
7 18 1.8 13.5 24.3

lout [A] K4 Uout [VIEd Pout [(WIEd n [%] K3
5.8 3.64 21.112 86.9

lout_pp [mA] Bd lout_min [A] Bd lout_max [A] K4 Uout_pp [mV]Ed
140 ** ek 40



NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Pavlin: RE 150 kHz-30 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

Pavlin: RE 30 MHz — 200 MHz

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Pavlin: RE 200 MHz — 1 GHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Pavlin: CE brez TB
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Pavlin: CEz TB
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Pavlin: BOM

Designator Rd P/N Bd Quantity K¢
C1 865080542005 1
C5, C6 875105544003 2
C13, C14, C15, C16 885012208094 4
C17, C18, C19, C20, C21 885012207053 5
D1 5.0SMDJ18AS 1
D2 BZT52-B12X 1
D3 PMEG4010BEA115 1
D4 ES1A-M3/61T 1
F1 C1T5 1
FB1 742792693 1
L1 74437324010 1
L2 744373965047 1
Q1 TPN1R603PL 1
Q2 BSZO506NSATMA1 1
Q3 FDMCS8010ET30 1
R14 WSL1206R0100FEA 1
https://octopart.com/bom-tool/ulzO3DFT 6.99 € each




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Matjaz Jug

B o T
3 -

IT — ES PO R ot o o T e L L 4 LI s c Ye e g -
Z 22 20 _ + I
,

INTECTIV. Y
AN




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Jug: Delovanje

lout [A] Bd Uout [VIEd Pout [W]1Ed n [%] K2
5.85 3.48 20.358 82.9

Umin [V]Ed Umax [V]Ed lin [A] B4 Uin[Vv] B4 Pin [W] k4
7 18 1.82 13.5 24.57

lout_pp [mA] Bd lout_min [A] Ed 1out_max [A] B4 Uout_pp [mV]Ed
1480 5.04 6.52 240




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021

Jug: RE 150 kHz-30 MHz

Broadcast Mobile
501' 457
45‘: 40 Mobile PK
A0+ Broadcast P s
- 35.-
351 1
3ok 30y
E bk E o5t
3 25*: % 25._
T 20ie DI I SRS A Broadeast AV 2 L Mot
£ - c |
T 151 ® |
B L
10+ . s o
S * 10+ # @ * @ * ¢ *
5t * * 0 ®
ol > ST
i & o+
-5t 5 ° ¢ 9 IS B o s &
L - @ g £
150k 300 400 500 800 1M 2M M 4M 5M 6,2M 26 26,2 264 26,6 26,8 27 272 274 276 278 28

Frequency in Hz

Frequency in MHz




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Jug: RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021

Jug: RE 200 MHz -1 GHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Jug: CE
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Jug: BOM

Podro¢je uporabe kd Part number K4 opis Bd kolicirkd cenapri 1000 k<Rl skupakd
Vhodna zascita DMP3007SFG P MOSFET 1 0.316 0.316
Vhodni filter SRP5015TA-R20Y tuljava 1 0.53 0.53
Vhodni filter EEEFK1E681SP kondenzator 4 0.264 1.056
Vhodni filter SRR4828A-1R2Y tuljava 1 0.335 0.335
Switcher SiZ998DT dual MOSFET 1 0.525 0.525
Switcher PA4344.473NLT tuljava 1 1.751 1.751
Switcher TMK325ABJ476MM-T kondenzator 3 0.368 1.104
Izhodni filter SRP5030TA-1R2M tuljava 1 0.415 0.415
Switcher RL2010FK-070R0O1L upor 10mR 1 0.134 0.134
skupaj USD: 6.166 5.10€




NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Hella: RE 150 kHz-30 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Hella: RE 30 MHz — 200 MHz
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NACRTOVANJE ELEKTRONIKE ZA EMC

M. Jankovec, ULFE in Hella Saturnus Slovenija 5. 3. 2021

Hella: RE 200 MHz — 1 GHz
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Koncni rezultati: Delovanje

Tekmovalec

Debevc 6 18 1.78 135  24.03 6.44 3.56  22.9264 102.0
Sivic 8 18 1.74 135 2349 5.98 3.44 205712 62.9
Cvijanovié Hudoklin 7.5 18 1.82 135 2457 5.9 362 21358 869 200 ** = 100 50 96| 596
Pavlin 7 18 1.8 13.5 24.3 5.8 364 21112 869 140 ** B 40 50 9.4  s59.4
Smelcer #1 7 18 18 13.5 24.3 5.88 3.56 209328  86.1 60 ** & 20 50 57| 557
Remec 8 18 1.79 135 24.165 6 3.46 2076 859 100 ** i 20 50 as| 545
Smelcer #2 7 18 175 135  23.625 5.8 346 20068 849 60 ** = 20 50 03| 49.7
Hella 8 18 18 13.5 24.3 5.86 362 212132 873 1520 5.04 6.56 1000} 35 1.5 465
Smelcer #3 7 18 1.81 135 24.435 5.9 346 20414 835 60 ** & 20 50 73| 427
Ceferin #1 7 18 1.86 135 2511 5.74 3.67 210658  83.9 480 5.44 5.92 160 45 55| 395
Ceferin #2 8 18 1.82 135 24,57 5.9 342 20178 821 180 ** = 30 50 144 356
Jug 7 18 1.82 135 24,57 5.85 348 20358 829 1480 5.04 6.52 240 35 -107] 243
Pivk/Nagode 7 18 1.1 135 1485 2.8 2.2 ul a1 7500 0 7.5 3800 25 -54.6 -29.(5]
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Koncni rezultati: RE

Tekmovalec

M. Jankovec, ULFE in Hella Saturnus Slovenija

5. 3. 2021

B4 Class Bl Limita (class) Bl Limita (class+1) B Tocke (class) Bl Tocke (class+1) B Dodatne tocke Bl Tocke skupaj

Jug

Smelcer #2
Smelcer #1
Smelcer #3
Sivic

Pavlin
Debevc

Hella

Ceferin #2
Pivk/Nagode
Cvijanovic Hudoklin
Remec
Ceferin #1

-9.34 35 35.0
-8.98 35 35.0
8760 5 35 35.0
-8.54 35 35.0
-7.53 35 35.0
-5.33 35 35.0
-4.03 35 35.0
0550 5 35 35.0
19.98) |4 22 16 20 35 5.1 25.1
31950 |4 32 26 20 35 0.1 20.1
31420 | 3 36 28 10 20 5.7 15.7
24780 | 3 27 21 10 20 3.7 13.7
463 | 2 56 46 5 10 4.9 9.9]
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Koncni rezultati: CE

Tekmovalec B4 CE B4 Class B Limita (class) Bdl Limita (class+1) Bl Tocke (class) B Tocke (class+1) Bl Dodatne tocke Bl Tocke skupaj
Hella -8 35 35.0
Smelcer #1 -4.5 35 35.0
Smelcer #2 -4 35 35.0
Smelcer #3 -3.5 35 35.0
Debevc 0 35 35.0
Sivic 3750 |4 42 34 20 35 8.4 28.4
Jug al | 3 50 42 10 20 7.5 17.5
Ceferin #2 510 | 2 58 50 5 10 4.4 9.4
Remec 2. | 2 36 30 5 10 3.3 8.3
Pivk/Nagode 6. | 2 36 30 5 10 0.0 5.0
Ceferin #1 sol | 2 80 70 5 10 0.0 5.0
Cvijanovi& Hudoklin 60 | 1 66 58 0 5 3.8 3.8
Pavlin 68 0 66 0 -2.0 -2.0|
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Koncni rezultati: BOM
Tekmovalec Bl cenakomponent ] Totke K

Hella . 411€ -2055
Cvijanovi¢ Hudoklin _ -20.55
Sivic 4.97 € -24.85
Jug 5.10€ -25.5
Ceferin #2 5.41€ -27.05
Smelcer #1 6.06 € -30.29
Smelcer #2 6.06 € -30.29
Smelcer #3 6.06 € -30.29
Debevc 6.52 € -32.6
Pavlin 6.99 € -34.95
Ceferin #1 7.95€  -39.755
Remec 8.49 € -42.43

Pivk/Nagode . lode 52
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Koncni rezultati: razvrstitev

Tekmovalec Bd Doseganje zahtev Rd 1zkoristek Rd CE Rd RE RdBci Rdcena B4 Vvsota H] Mesto
Debevc 30 -32.6 169.4 1
Sivic 30- 131.5 2
Hella 30 125.9

Smelcer #1 30 -30.3 125.4 3
Smelcer #2 30 -30.3 119.4 3
Smelcer #3 30 -30.3 112.4 3
Cvijanovié Hudoklin 300 206 886 4
Pavlin 30 -35.0 87.5 5
Jug 30 -25.5 81.3 6
Ceferin #2 30 -27.1 73.0 7
Remec 30 424 642 8
Ceferin #1 30 -39.8 44.6 7
Pivk/Nagode 30- -26.5 9
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