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Teorija pasivnih filtrov

]1 — IDM + ICMl V ICM'} IIJM} I >

I, = I¢cpyy — Ipy EUT
Iey = L1+, Vs IL’ME} (fnm fz)
I L =1
DM — 2 lfcm

Ozemljena kovinska povrsina s potencialom 0 V

B Definicija tipa emisij glede na pot
—  Protifazne (DM): prenosna pot le med napajalnima vodnikoma (B+/B-, L/N, itd.)

—  Sofazne (CM): prenosna pot vkljuCuje kovinsko povrsino, ki je ozemljena (ozemiljitveni
vodnik)
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Teorija filtrov — vstavitveno dusenje

» Gradniki pasivnih filtrov: R, L, C -> Kako vemo katerega izbrati?

Mapajalno omrezje

IZVOr emisij

+ Definicija dusenja filtra:

vizh,brez filtra

e A= 20l0g10

vizh,s filtrom

« Cilj je A-> preko vseh meja (€¢im veC€ dB)
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PV

Teorija pasivnih filtrov

Zs > Zipm

L, B+

B Protifazne emisije — gradnja filtra

M, B-
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Teorija pasivnih filtrov

B Sofazne emisije — gradnja filtra
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B MERILNA POSTAVITEV - CISPR 16 LISN — ENO FAZNI

Model emisij

N, B-

" Merilna postavitey :
L, B+ : SD I'J'H : L, B+
" O YO 0
e 470 nF|
! | MERILNI
| S HFT 2Ll : PRIKLIUCEK
e e [
j SRR 15{] Q | 3 PRIKLIUCEK STRAN
| 50 M\J——l’ﬂ-?ﬂ nF | -
N, B :
:
|
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Model emisij

® MODELI VIROV EMISIJ

| CM vir emisij : | DM vir emisi] |
| I | |
L, B+ | | L, B+, |
D | : D| T :
| | | |
| |
.z | ' ..
5 [ I ™ |
| 7x=0 | Z. '*C f;lsl
ht | . <
.-"I I |
| Irr”+ \V , | :
N,B- AL | | |
! | iy I | '
O— - | H |
| | | |
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PraktiCni primer — Wuerthov izvor emisij

B AC/DC stikalni napajalnik

T

l .
fﬂ ?L T C | [Re
—C ~=~] '-._
"
q _Cg
N Ota—e
e C3i C =19 uF,ESR =430 mQ, ESL = 5 nH
. e Cyg: C=22nF ESR =410m{), ESL = 5nH
PE O— * C12: ¢ =10 pF

« FB: L =1,85uH, ESR =10 m{Q, R, = 150 Q
« cca. 2 metra kabla do LISN vezja
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PraktiCni primer — Wuerthov izvor emisij

B Model elektrolitskega kondenzatorja C3:

Z Q)
100

i

N

ESR

1
Rg —
01 5 3 7\ 3 6 7 8
10 10 10 10 10 10 10° f (Hz)
ESR = Rg + R¢ C=C, C»Cy»Ce

https://passive-components.eu/capacitors-electrolytic-capacitors/
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Impedacna kondenzatorja
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PraktiCni primer — Wuerthov izvor emisij

m Casovni signal toka skozi L1

I{
LC::;;' . .J »
o @L o e s
—C3 .
M %‘ ?
2 L
N Ota—e
FB
PE 00—

/A

/A
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0.2
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-0.4
-0.6
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-0.5

Laboratorij za fotovoltaiko
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IL1
-50 0 50 100 150 200
t/us
0 5 10 15 20 25
t/us
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PraktiCni primer — Wuerthov izvor emisij

B Casovni signal toka skozi L1

o 0.9

L o= = . 09
r :
L1 3 0.4

b |

0.3

Li5cy, ELE T o7

-0.1
-0.2
-0.3
-0.4
-0.5

/A

=
_1*
P
}—l_
£
'l

t/us

B I, =04Af =125kHz
1A} 0

PE o—r 12[A]: 04

Tdelay[s]: 0
Trise(s]: 2.4bu

I1
Trall[s]: 100n
Ton[z]: 0 @
Tperiod[s]: Su PULSE(0 0.4 0 2.45u 100n 0 8u)

Meoycles:
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PraktiCni primer — Wuerthov izvor emisij

m Casovni signal napetosti na tranzistorju M1

L O ] ]

(|
|
1
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e
u/v
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PE O 400 H
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200
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PraktiCni primer — Wuerthov izvor emisij

m Casovni signal napetosti na tranzistorju M1

UM 1
K 600
L{__.a—-_hhu 500
L O£ . - . 400
[ ’J = 300
—
R S =
— CE H‘B 200
100
* 0 -
-100
0 5 10 15 20 25 30
N t/us
.model MySwitch SW(Ron=.1 Roff=1Meg Vt=5 Vh=-.5 Lser=0n Vser=0)
Vinitial[V]: 0
V3 .
MySwitch T
F E Tdelay[s]: 2ud
Trisels]: 1t
F}E G YT R2 |:| 1 PULSE(D 10 2u4 1f 1f 4u5 8u) o -
1 Tonlsl: | 4u5
Tperiod[s]: 8u
Vinitial[V]: 1} Neycles:
Von[VI: | 445 | SINE(250 150 500k 2u3 0 90) DC offset[V]: 350
Tdelay[s]: i} Vi Amplitude[V]: 150
Triselsl: [ 100n + FreqHzl: | 500k
Thallfs]: f _ Tdelay[s]: 2ul
Ton[s]: 2u3 PULSE(D 445 0 100n 1f 2u3 8u) Theta[1/s]: 0
Tperod[s]: 8u Phi[deg]: 90
Neycles: Ncyclesj
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PraktiCni primer — Wuerthov izvor emisij

m Casovni signal napetosti na kondenzatorju C3
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PraktiCni primer — Wuerthov izvor emisij

B Casovni signal napetosti na kondenzatorju C3

LC};«.{

=
—r T
_1®
By
| }_l_
0
1=
=

Laboratorij za fotovoltaiko
PV Qe .
in optoelektroniko

0.8
0.7
0.6
0.5
0.4
~ 03
0.2
0.1

-0.1
-0.2

-15 -10 -5 0 5 10 15

t/us

© MAHLE



Laboratorij za fotovoltaiko
PV (e .
in optoelektroniko

PraktiCni primer — Wuerthov izvor emisij

m Casovni signal napetosti na izhodu Ry

0.3

L O g ]

0.2

0.1

(|
|
1
m
-
e
=
o
u/v

-0.1

=
fary
L)
I
&

__Cg -0.2

t/ms

0.25

FB 02
PE O—m 0.15

0.1

u/v

0.05

-0.05
100 105 110 115 120

t/us

© MAHLE



Laboratorij za fotovoltaiko
PV Qe .
in optoelektroniko

PraktiCni primer — Wuerthov izvor emisij

B Wuerthov dodatni filter ypical Insertion Loss:  WE.CMB 744822120
s /I\\
50 |
45 / ) h
WCAP-FTX2 WE-CMB B \ \
890324022007 744822120 g 5 / \\ “
S E 30 \ U
E 25 / \
< r \
20 1 { ¥ 4 ! |
15 uf \\\ N
Pd | \\
1: ” \\\‘
”~
WCAP_CSSA Frequency [MHz]
# 885352213015 — A(comm) — = A
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PraktiCni primer — Wuerthov izvor emisij

B Wuerthov dodatni filter - gradniki

~ C, C =15nF,ESR = 75 mQ, ESL = 5 nH R P
Lem| ®
— C,C =22nF ESR =41 mQ, ESL = 2,4 nH Lem| @
— CMC: Zpm
Lo, it
= CM: Lgy =22 mH, Ryery = 79KQ, Cpery, = 24 pF | . meritev
]
= DM: Lpy = 105 pH, Cpgm = 7 PF, Rpgm = 77 kQ o I O vy o

— 20 cm kabli do filtra
— 2m kabli od filtra do LISNa

L O MALAAS * * O L
LCM L C‘I" C"f'
Cx |G [Cx
stran
LISN stran pretvornika
Cy Cy
Lem .
N O aaas . . ON

Cea 10 cm dolga povezava
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PraktiCni primer — Wuerthov izvor emisij
Brez filtra

B Rezultati merltev, L terminal Frequency MaxPeak Average
MHz dBuVv dBuv
0,251 92,2
0,377 87,25
0,256 89,04
0,627 82,1
0,503 81,97
0,753 81,4
MAINS LABMEMChizobrazevaniahEMC_delavhica_202042_2_ CE_150k-30M_L_na_mad 1,253 74,67
0,989 72,74
95 1,628 70,61
2,758 69,38
3,136 66,24
0,15 74,86
I 3,633 63,42
Y , ] 0,251 56,30
N 0,377 51,25
IEG61000/6-3_AC main_QP 2’28% 57";35 48,81
i s s —
> ¢ T 1,505 47,24
2 % IECE1000-6-3_AC_mams ' 0,256 52,66
Q /| 0,625 46,60
£ \\T'r\w 0,751 46,38
< f A 2,256 4558
> F4 HEAE 6,644 59,14
-4 = e 1,628 45,13
A e 1,248 44,22
= o Ve WL 9,024 57,88
N | 11,533 57,28
- Tl‘ 3,26 42,75
14,537 56,63
3,635 41,11
27,958 42,92
4,889 37,38
5 : : = | 21,937 51,13
150K 200K 300K 400K 600K 800K M 2M M 4M 5M 6M 7M 8M 10M 20M 30M 24,317 49,66 -—
8,311 38,30
Frequency [Hz] 6.799 37.86
10,829 37,31
— IECB1000-6-3_AC_main_AY  —— [ECE1000-5-3_AC_main_QP @ OuasiPeak —— PK+_MAXH —— AVG_MAXH —— PE 14,357 33,45
22,918 33,28

0,195
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Prakticni p
Brez filtra

rimer — Wuerthov izvor emisij

B Rezultati meritev, N terminal

Laboratorij za fotovoltaiko
in optoelektroniko

:-AINS-LABME MChizabrazevaniahE MC_delavnica_202042_1_CE_150k-30k_M_no_mod

95

78 A
7GJ6-31_ C

Ik

61

s
/
/

44

I
IECE1000-6/3 AC_
-

L}
\Cp

Level in dBpV

27

Ll

|

10

150K 200K

— |ECET000-6-3_AC_rmain_aAW

300K

400K 600K 800K 1M M 3Mm M SM 6M 7M 8M

Frequency [Hz]

— |ECET000-6-3_AC_rnain_QP ¢ COuasiPeak —— PK+_MAXH — AVG_MAYH —— PE

10M

20M 30M

MAHLE

Frequency

MHz
0,251
0,377
0,501
0,256
0,627
1,003
1,505
0,751
1,88
0,501
1,129
1,502
2,256
0,625
0,375
0,749
0,251
1,628
2,254
0,256
3,257
3,633
0,15
2,882
4,886
3,633
4,886
6,263
8,018
12,775
13,652
27,953

6,266
17,664

8,311
10,829

0,195
26,441
13,781
17,882

MaxPeak

dBuVv
90,24
85,73
82,76
87,68
80,82
80,16
79,42
77,7

77,2

73,77

67,11
67,03
76,76
61,3

57,03
54,33

53,51
53,3

50,27

46,16

Average
dBuVv

66,53
65,53
64,50
63,47
65,79
62,18
67,20
60,65
59,03
63,38

53,00
49,75
45,03

41,55
41,09
39,87
37,39
40,68
35,34
31,38
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PraktiCni primer — Wuerthov izvor emisij

S filtrom
B Rezultati meritev, L terminal Frequency MaxPeak  Average
MHz dBpVv dBuVv
0,258 72,92
0,251 72,65
0,15 70,29
0,251 53,77
0,377 58,85
0,256 50,44
M MINS-LABSEMChizobrazevanja\EMC_delavnica_202003 2_CE_150k-30M_L_mad? 01375 —_— 43159
0,501 49,2
» 26,444 42,39
13,346 38,64
EC61000-6{3_AC,main_QP 14,357 37,44
* 0,625 43,33
o a\ 27,953 46,62
IEC6100063_AC oA 2298 36.29
‘ - r b - 1
.\ . 2,758 39,98
9,319 32,79
2w 8 ~—~1 \ 0,749 36,97
E BEET 13,349 40,19
© o 4,281 25,57
= PV 22,918 39,27
o VS R 14,357 39,2
e 3 / | ot 0,755 24,81
/ | ;’l 6,801 28,51
= = 1,763 24,48
Y 3,273 24,21
R 5,793 27,84
19 L .fl'l ..... 2,767 33,63
) 0,627 23,47
b | il [ il 2,758 - 23,46
A Lk u ' i 1,003 32,88
LM L 0,15 31,53
5 1 - 9,317 34,05
150K 200K 300K 400K 600K 800K 1M M 3M 4M  5M 6M 7M 8M  10M 20Mm 30M 3,635 29,98
1,763 28,12
Frequency [Hz] 4889 56,06
1,379 27,13
— |[ECE1000-6-3_AC_main_ah — IECE1000-6-3_AC_main_0OF # CuasiPeak —— PR+_haxH —— AVG_MAXH ——PE 6,801 31 —_—
1,003 14,03

1,505

© MAHLE
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PV Qe .
in optoelektroniko

PraktiCni primer — Wuerthov izvor emisij

S filtrom
B Rezultati merltev, N terminal Frequency MaxPeak Average
MHz dBpv dBpVv
0,249 71,96
0,256 68,83
0,375 60,48
0,251 53,71
0,256 49,44
0,15 62,92
b AIMS-LABNEMChizobrazevanja\EMC_delavnica 202043 1_CE_150k-300_M_mod1 0'375 o 43768
0,499 51,11
& 26,446 42,66
0,625 44,75
IEC61000-6;3, AC_main_QP ﬁgg? g?g?
. T 22,92 36,47
i 0,499 32,36
& [EC -3_AC_mainlav.__ 27,96 46,06
B 2,751 39,22
i 0,751 38,81
> I 9,319 32,81
o R i 13,351 41,5
S R b 14,357 40,29
= [ - 4,281 25,50
3 ERVIRYA A l 22,92 38,9
3 5 | / | T 6,801 28,87
- / VA U’ 0,755 24,63
RN . ‘\ l . 1,763 24,49
v 1Ak L 3,275 24,40
W |‘ l k i i-, : | 2,875 34,24
19 Lo | | JUPER VLR lh . 5,793 27,98
v Ili‘ i 1,001 33,35
S . B f 2,751 23,24
M A e - Y 0,625 23,10
0,15 30,64
5 ! 1 9,319 34,51
150K 200K 300K 400K 600K 800K M ZM M 4M 5M &M 7M 8M 20M 30M 3,626 29,49 —
Frequency [Hz] 1,763 2818
4,877 27,53
6,801 30,67
— |[ECE1000-6-3_AC_main_aY — |[ECE1000-6-3_AC_main_QF & QuasiPeak —— FK+_MaxH —— AWG_MAXH ——PE 1,374 25,22 e
1,001 12,77

1,376

© MAHLE
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Priprava na Wurth prakticno delavnico

B Design your EMC-filter
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Priprava na Wurth prakticno delavnico

| Differential mode line filter

: A oV b e sd el Rt e B G Bbikivel
6)%5‘%'/’ o Differential Mode Line Filter

WURTH ELEKTRONIK

—
N

3

.
X

UARISTOR®
Risk of electric shock

|

% le __| '—---_—- o] &

—
LN
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Priprava na Wurth prakticno delavnico

[ Common mode line filter

Design Your [HC[alte

6) Common Mode Line Filter — WA %
744 998 5 WERTE FEEICTRONTK
@ Rev. 18b Umax = 250U Imax

CMC Cy CMC
5 ke

x Q
O
—
n
(& 4
<
=)

& e § f

Y Y Y\ ..' @ rvvvrea— ]

| | e | o N
Risk of electric shock

ATA

‘only for trained professionals
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Priprava na Wurth prakticno delavnico

B Multiple line filter




Nabor materiala

B Design kit: 744998 - hitps://www.we-online.com/catalog/en/DESIGNKIT 744998

Design your EMC Filter

PV(

Laboratorij za fotovoltaiko
in optoelektroniko

Quantity: 10
HAIStor
Quantity: 10 ) |
| Quantity: 20 |
R: MQ o i

1890324023025

Pitch: 10mm |
|G 015 pF |
[T 275VAC‘
[dvidt:  300VAS
1890324022007 |
\iPiicrE 0 mm |
e oosyf |
[z amswc|

| 885352211002
Quantity: 10 |

|C: 680 pF
Uy 250 VAC |

| Safety Class:  X1/Y2 |

1885352211003

| Quantity: 10 |
C: 1000 pF

tUg 250 VAC |

4622

691134710002 | dvidt: 500VAS | Safety Class:  X1/Y2 |

| Quantity: 104 S . . B -

' \DE: 450 VAC/24 A 890324023006 1885352213011 |

UG 300VAC/6A | Pitch: 10mm | Quantiy: 10

|REsae 20 mQ |C: 0.01 yF |G 1000 pF |

1005 upto2mmeWires | },ka _275VAC Ue 250 VAC |

ldvidt  500VAS | Safety Class: X1/Y2 |

885352213015 7448030509 |
17466113 Quanty: 10| | Quanty: | 744822110 |
| Quantity: 10, Quanty: 10 L 2200 pF L. 9mH | | Quantty: 21
[ 50A| b 504 | U 20VAC | |l SAL L 1omH|
| Thread: M3 |Thread: M4 | | Safety Class:  X1/Y2 R 28mQ | S _A_Yi
S ITEPU SR e e s o
- ;L O, e e
74466240007 1 | 7446620027 | |7448040707 (744822120 |
Quantiy: 1 Lo 1 |Quantiy: 1| |Quantty 1) (Quanty: 2
L ; 68mH! {17 27 mH | L 7mH | \[L _ 20mH |
W 1A T T s
(R 300mQ| Ry 1200mQ |  [Re: 20mQ | |Re 540mQ

HLE



https://www.we-online.com/catalog/en/DESIGNKIT_744998

