nimoTyanan nizsuuindinanizk

msinsizAnsiNaneueulnuaesd muldannzauqaneshicugaves

= g at
Al WINIDT BHHIEY
Analysis Common Mode Noise Generation Under Balanced And

Unbalanced Condition Of DC Power Supply

Tne

w @
WwALTUA  Anz Iy
WIOWYY e

Wi Tas

m'\nm
"1‘1&"”"'“}11 83061 Ad b
e 51 .'D ..... ‘Albl.k.'.f/ .....
’]»!trlb*u ”5 a"F'l'ZS .
B

b d

a = o~ o [} 4 o = = o =
YsiiwusidludunisesmsanyimumangasSgaiaanisumaas Tasa
MIFIAINTTUIZVUAIVAY
aonfumaluTaiwszeaumdusigunismanszls

Fn1s#nu 2550



USaaiinusimsdny 2550

a9

=

= = o
AMIFTIAINITUTEVUNIVAY AN IAINITUMIAAT
Y = ¥ ¥ s
ﬂﬂ’fﬂutﬂﬂiuiﬁﬂﬂﬁ&’ﬂﬁ)ﬂ&ﬂﬁ?!ﬂ')f’}mﬂﬂ]'jﬂ']ﬂﬂﬁzvﬁ
A = o o Y 4 [V '
L1393 ﬂ'l'i')m‘j'lg’;ﬁﬂleﬂﬂﬂ@iJﬂﬂuI'ﬂllﬂuf]ﬂﬁ muiﬂ’dﬂ‘nzﬁuﬂmmﬂnﬁnqaﬂm
Y- d  ar
A WIUIDT SHWWAE
Yo a
A
o o as
wmpauTua ANAZIN 48015282
WA AWFLL 48015298

TRUCE LT T P b 48015304

........ \af{l(,, 1/ 8113615

.........................................

Gaas. Tofu wsudsidssa)



o = d T
msdnnzrimananeuueulnuaiesd muldanmizaugauazliaugaves
oA d  ar
A% w1183 Trwaw
Analysis Common Mode Noise Generation Under Balanced And Unbalanced Condition

Of DC Power Supply

waudus  anaziu 48015282

WIWWHY AT 48015298

Wi 1Ins 48015304
]

91913811310

set.as. Jou wlsvlasea

Unsinui 2550

UNANED
o u/ dw

= = - = =] 1 A g
PFayaninutatiuildiumsine wasuSvudeun nuliaugavesesrailuaunaves
A51AA Common Mode Noise 9897995 Full wave center tab rectifier 12239995 Full wave

y ¥ ]

14
bridge rectifier A1y laugavesvsfannanyludugavesmeds Hiumase uazidd
Qe T ar 1 ¥ o o ‘:; [} :;. 5 1 t

Tnan gauautaniu liaugadsnaidluaumalfifaussdui hiauaafdrvesunatie uas
1 ¥
A o a ' 4 s T
fdaTvan VA3 £ VB3 uaz VI3 # V23 awddu vnany luaugavealranng Aanad
#11130%1 Common Mode Noise Voltage 1978 VOMS = (VA3+VB3) uagVeML = (V13+V23)

o_ W ¥ o r :?: =4 [ 1 ¥ ¥
audwy Imitaueanu iaugavesismasaesuazmusanlseumeunnuliauaala de

HanN1inanod



Analysis Common Mode Noise Generation Under Balanced And Unbalanced Condition

Of DC Power Supply

Mr.Komsan Daungtawan
Mr. Phitsanu Samchiang

Mr.Worawut Wohan

Advisor
Assoc.Prof.Dr.Yothin Prempraneerach

2007

ABSTRACT
This project presents the study and comparision thc unbalanced characteristics of the
circuit which is the cause of Common Mode Noise appearing in Full wave center tab
rcetificr and Full wave bridge rectifier circuits. The unbalanced circuit is the caused by the
unbalanced transmission path and unbalanced dc source and load terminals. Because of these
unbalanced characteristics will produce the unbalanced voltage at the source and load tenninals

VA3£VE3 and V13£V23 respectively. From these unbalanced voltage can find Common

Modc Noise Votage that is VOMS=(VA3+VB3) and VCML=(V13+V23) respectively. The
degree of unbalanced circuit are presented in thise project in from of common mode
rejection ratio (CMRR). The degrees of unbalanced of circuit can be shown by the

experimental results.
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1. 1ﬁumqﬁ'u~huﬁtgmu1m'l:iﬁuaa { Transmission path unbalancc )

2. unaaniwluanga (A.C. Source terminal unbalance )

3. 'I‘Hﬁﬂ'll.iﬁuﬁ}ﬁ { Load terminal unbalance )

o ¢
32 nefanridunedumhinflvfiesshiauga (Unbalance)

a e o o
9ngiA 3.1.a) eusiBuuRsANYaTAR]

A_C. Source Terminal Transmission Path Load Terminal
Unbalance Unbalance Unbalance
]
Va1

Frame¢ Ground

® > —®
§ —'l[:Cpl %sz.

© O

Cpl1,Cp2 = the parasitic capacitance
7R 32 nesEuyaveadanidumesuniidad Insions iauga

1ngUi 3.2 Wdumaedeshudyanulianga ( Transmission path unbalance ) 1iR9INATS
=] & ﬂ‘ L] T i L
7309 on unz off veelnlen DI uaz D2 Fadeumlaslimuundasio (A.C. Source ) NIV INN
Mld Sending linc impedance Ty Returning line impedance Wuram W ludmvos

Transmission path 'll.iﬁllﬂﬂ
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llﬂﬁdﬁw.lliﬁljﬂﬁ ( A.C. Source terminal unbalance ) I Parasitic capacitance (Cpl)
floy5EMINUMEITIY (A.C. Source torminal) UAZIASUNS1IA (FG)

T‘l‘laﬂ.lljﬁl.lﬂﬂ (Load terminal unbalance ) INAY1A Parasitic capacitance (Cp2) ﬁﬂg}
SSH'jNTHaﬂ (Load terminal) llﬁgl'ﬂiﬂﬂi'l'.lﬂ( (FG)

msAssadyaiunouuoy Inuatood Taaime (Vem) nsdiaeeshigugaszitud
Sending line impedance 118¥ Returning line impedance Tud U039 Transmission path vz luminu

pfuTidagii 3.3

A.C. Source Tarmioal Trenamission Path Load Taminal
....... Unbalanes oy I e AN Ynbalaoce
i Rakl Zu
@ e o G O
Vsi
® 2
________  — T == C [] Load
Vs2
A K H
@ —_—0 O @
== Cpl =|_ Cp2
....................................................... S
© O
Rak = the resistance betwcen anodc and cathode
ZL = the line impedance
Ce = the parasitic capacitance
Zcik =  the sending line impedance ( Zciri = Rakl + Zr1)
ZRTN = the returning line impedance ( ZRTN = ZL3)

g & * 4 o a
a) Wesauyaranidunoimliad oo iauqaiie DI a%ad on , D2 a3nd off
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A.C. Source Torminat Trensmission Path Load Temninal
Unbalsnee Untaleance Unbalance
A K
@ o o 0,
Vi
®) 2
........ . —1 4L =c [ Low
vy
Rak2 Zy
@ T 3 @
= Cpl == Cp2
Frame Ground
:/77 FG

o d a ' 3 o -
b) MesauyanaisumesimliSad Moo hiavqaiiie D1 adad off , D2 a3A4 on
o d 4 a . i a
U 3.3 nesmuyadandidues sundisad WSions augaiio InTeaadad on-off
- o - o o [} o
nngU# 33 Tunsdif D1,02 a¥ad on aunsefinsanANLliauga vesrIarrigy
d a o o
wosumliSadTWsions TAdail

i. Transmission path unbalance AN Zor -‘,ﬁ ZRTN

ﬁ}:'lﬁ'ﬁ ZCiRl = Raki+ZL1 , Zcikz = Rak2+ ZL2
wag ZRTN = ZL3
e ZCIRI = ZCIR2 > ZRTN (1)

2. A.C. Source terminal unbalance (HR91A | Vaic | -',‘E | Vazc |

2218 |Vaic| > | VBc| WAz |Vaxc| > | Vac|

Wl |Vaic| # | Vaxc| (2)
Vems = (Vaic+Vac) # 0 (3)
Voms = (Valc—-Vaxc) = Vs (4)

3. Load terminal unbalance 1DAIN | V13| F | V23|

(Vis+V2) #£ 0 (5)

] ¥
ﬂﬂﬂ VoML

VoML = (VI3—Vz3) = VL (6)
aa a LY ’ o
uazlunsdif D1,D2 adad off aunsofinsananuliavga vessyaniaunesum)

»
Sanlnsions 1adl



1. Transmission path unbalance

0515'1'1 ZCIRl = Zcirz = 00
ZRTN = Z13
RNV ZCorl = ZCIR2 >> ZRTN (7

2. A.C. Source tcrminal unbalance
welan | Vaic| > | VBC| WAY |Vaxc| > | Vic|
Ml | Vaic| # | Vaxc| (8)

3. Load terminal unbalance

aldn | Vi3 | = | V23|
Taon Vas = (VBc - Icm3Ziz) = 0 (9)
Viz = (V23 -Viz) = 0 (10)

3.3 wenaniduneiumliailniiooianga (Balance)
Tudwveamsmlfifiannuauga (Balance) ¥993995 WildTaonslalalen D3 it

nludgues Returning line lﬁiﬂﬁﬂ‘l"l’ Scnding line impedance UQ% Retuming line impedance

Wiy Feeehil¥aauues Transmission Path ifamsauga wazmsilfunassiufannuauga
A ldTaunsdogadumesumiveanomlasaarsuns g wasmsmidTnanauga HildTasnms
Aooynsuandiees C1 uae C2 iieApoynsufuReInThEnes Ao iRy tﬁmi‘luqaﬁﬂhu

¢ 0 » .. . tod ) o -
aunsuns 18 M lAKHAYD Parasitic impedance lifinano4993 mzﬂ‘n 34

A.C, Source Terminal Transmission Path Load Terminal

Balance Balance - Balance
f o
® — — 0
Vsi1 !
i i i
] ¢ :
| i D3 s
: L1 Loail
L
Vs : ;
2
®) 11 * @

Frame Ground

© ® L

i o g o
JUR 3.4 2esauyavesdanisumeosuniisaa IMSieosauga
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o o o o ¥
TumsAnsandygunouusu Inualosd 1ame (Vom) nsdinestugasziriud
Sending linc impedance tA¥ Returning linc impedance 1ua 1YY Transmission path WANINY
o a = o 3 =1
llﬂSlJTlﬁTlNﬂ'liil'HﬂﬂJDQﬂﬁ:llﬁﬂﬂllllﬂlﬂ'ﬂl]ﬂ { Common madc curTcnl)llﬁZf}‘izllﬂﬂﬂlﬂDﬁlﬁUl‘HUﬁ

Trua { Differential modc current) E)ﬁU'IU'lﬁﬁdzﬂﬁ 3.5

A.C, Source Terminal Transmission Path Load Tenminal
Balance Balance Balance

A.C. Source Terminal Transmission Path Load Terminal
Balance Balance Balance
tmd
A K -
@ ° o O]
—
Vsi <
]:: Cl
Tt . H
i » ‘_'\ |:| Loa?!
/‘“\ H
T q2
vy
L Frame Ground
N
© o L

] d a 3 o a
b) Nesauyaanismaeiunlisna IMsioesaunaiio DI a3ad off , D2 @3ad on

i - d a 4 o
i 3.5 nesmuyadandirumesumhing Idfisesaunaiiela lonadng on-off
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vngUlf 3.5 Tunsdifil D1,02 @iAg on ANNIONVITWINNUAUAA ( Balance ) YOINITHA
d d a o o
niguresumlisnd IWsoes Tadail

1. Transmission path balance (AAYIN ZCIR = ZRTN

oz'ld Zowri = Rakl + ZLi,Zor2 = Rake + Z12
13} ZRTN = Rak3 + ZL3
Yl ZciRl = ZCIR2Z = ZRTN (1)
2. A.C. Source terminal balance INR9IN [Vaic| = | Vaxc|
n3o Vaic = -Vaxc
mld Vems = [Vaic + (-Vaxc)] = 0 {12)
Voms = [Valc - (-Vac)] = Vs {13)
3. Load terminal balance INA9IN | V13| = | V23|
ilz.lﬁ":i'l Viz = -V
vl VemL = [Vis + (-Vz3)] = 0 (14)
VoM = [V - (-Vi3)] = Vs (15)

aa o o o
uazlunidlii DI,D2 a9 off AIWITOAVISUINDINANAD ( Balance ) Y9115 aIHITY
d = o A
wosumlisndIniond TAdad

|. Transmission path balance

2141 Zcrl = Zcmrz = OO

naz ZRTN = OO

il Zorl = Zowrz = ZrRTN = 0 (16)
2. A.C. Source terminal balance

2ldn |Varc| = | Vaac|

) VAIC = -VazC amn
3. Load terminal balance

1A Vi3] = | Va3

n3o Viz = -V23 (18)

Tauh Viz = 0 Uz Vaz = 0



o o = v
3.4 noafanviuiadiiafiniieeshiouga (Unbalance)

1IN 3.1b) amnsoduunesauya WAl

A.C. Source Terminal Transmission Path l.oad Terminal
Unbalance Balance Unbalance
{ oo |
§ [~ .
® > —+— @
.
! 11 N
i ™~ i
v | i 2=C | |Lexd
@ .o |
: 1 g :
f ™~ !
L
(:) : ™~ ! ( : )
__________________________ i e =

—_— Cp2
Ce Frame Ground

<
@

T«

217 3.6 2vsauyaveanuIadisad Insions hiausga

4 o ' ) a 3 3
gt 3.6 sefuilud e Transmission Path szifiannuaugaiiioasimilumsae

- ' = ' d A . . i '
wouuiad ualunsdifiases luaugafiileanin parasitice capacitance (Cpl,Cp2) HBYsznIn A.C.

Source Terminal 1tag Load Terminal M1AnA1M 1WA uazemnsanssandyaunsuueu

« ar = o e = o 4 a
Tnuaiood Thame (vem) Tudnuuzi@nrfuduns forsuives 1nesfandimwneiiumilisad g

(003 14nail

A.C. Source Terminal Transmission Path Load Terminal
Unbalance Balange Unbalance

@ { Rakl  Zu :

g N S . O

: o o N,

i K A i

QY c Load

- ) Rak !

i —— —{ i —s

), o o . O

I A A K :

Frame Ground

@/J7 G

a Jd o * 4 = o
a) NesauyaanduIassad e iangadio DI,D3 adad on uaz D2,D4 aIAF off



duipnoayanans nizwundImanisi

A.C. Source Terminal Trensmission Path Lond Terminal
Unbalancc Balance Unbaiance

: A K

| 5 o O

@ Rak2 212

S — S -
Frnme Ground

T Cp2
© ® |

b) 2eseuyayaiuSadiing IMsieehinugaiile D1,03 03nd off uax D2,D4 anF on

s 3.7 2esmuyayarrusadis ad Idsiees linugailelaToaadnd on-off

o o <
3.5 Wenjanruiaaiaalrdieeionga (Balance)

1104910 1UdIMY09 Transmission Path A uaugasguAlfehisududeswdluluadou
4pd Transmission Path uAvzAdILATYINA YOI A.C. Source Terminal a2 Load Terminal 1A
- + o « L 'd ) = 4
Manuerugalaomsaogasunesinlvemiondotaadsunsig  uazdooynsuahdunusd

A ' [y ] o o 3 (- E LR ¢ o ¥
Cl uaz c2 dleAvoynsufumyomhduauddeavindn meilugaresmaursunsd g

U0 Parasitic impedance lifinanoa9es ﬁv@jﬂﬁ 38

A.C. Source Terminal Transmission Path Load Terminal

97 3.3 2esmuyadaruadisad sioesauga

83061
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P a as o o s b4
gl 3.8 aunsoRnsendyruneuuou InuaisdDame (vem) vaanesiiily

(HARUANAA ( Balance ) 1R

A.C. Source Terminal Triwnsmission Path Load Terminal
______Bnlnnce

Balance e Balance
Rakl  zu | tdm
T e S i

; o o P
K A ;
- } Loss
Zu Rak3 |
——_ é
o o )i
A K |
A Frame Ground
( ) l FG

a) 2esauyaannuiadisad Iisieesauqaaugaiiie DI,D3 adad on uaz D2,D4 AInG off

A.C. Source Terminal Transmission Path Load Terminal
Balance Balance Balance

‘--.-“---‘-----‘--------: :-_------_----"-‘--“.‘.‘b.A": ld['l'l -------------------------- é
—_—— :

' ' ©

/f‘\ \\ I

~d \‘\ — C1 E

N ;

; il | Load:

1 i

-

—e i

/ N I ;

— @
tdm S B R

AN Icmi Frame Ground

©) @ JIR

a fdoa 4 s A o a o
b) 2vsauyadarinuiadisad IMSioesaugaie D1,D3 a%ad off uaz D2,D4 a9 on

3t 3.9 nesauyaranruiaidadldswesaugaiie laTenadng on-off
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Laed UM RO UINNUANRA ( Balance ) uazluauga (Unbalance ) vo303¢aiM

= d4 a o w o o o o g = 4 I3
uiadisnaWsions mwnsonsanldludnuuzdsrfudy 2esyanrisumeiundisedInsions

Qs

d'
S L1

1. Transmission path balancc INAIN ZCIR = ZRTN

Tﬂﬂﬁ ZCIRl = Rakl + ZLi , ZCr2 = Rax2 + Zi2

way ZRTNI = Rak3 + ZL3 , ZRTN2 = Rake + ZLs

Wl Zcirl = ZCIR2 = ZRTNI = ZRTN2

il DI,D3 a3 on Wag D2,D4 @ind off
Zcikl = ZRTNI , Zcir2z = ZrtNz = OO0

(il D1,D3 &30 off uaz D2,D4 aInd on
ZCIR1 = ZrTNI = OO0 | Zcrz = ZRTN2

2. A.C. Source terminal unbalance IAA91N | Varc| -‘,'E | Vazc |
virldt VeMms = (Valc+Vae) £ 0
VoMms = (VAaIC-Vac) = Vs
3. A.C. Source terminal balance IAA91N | VAIC| = | Vaxc |

il VeMs = ( VAIC + Vazc) 0

Voms = (Vaic—Vac) = Vs

4. Load terminal unbalance {NA9IN | Vi3 | -'/-' | V23 |

Min VemL = (Vis+Vva) £ 0
VoML = (Via-Vz3) = VL
S. Load terminal balance R0 [ Vi3] = | V23|
in VemL = (Vi3+Vn) = 0
VoML = (Via—-Va3) = VL

3.6 Common Mode Rejection Ratio { CMRR)

(19)

(20)

(21)

(22}
(23)

(24)
(25}

(26)
(27

(28)
(29)

Common mode rejection ratio AB MIUsTUMITAUANNAVAIVDINDT HAIINVIINTS

Wulyud s iidanuauge dygisnounouTnuatosdlaamevu Sending line uag

. . A = [ L4 o o ' L) = a [ 4
Returning line lUBllﬁUUlﬂUUﬂUlﬂiUﬂﬂ'}ﬂ ll‘idﬂuﬂﬂﬂﬂiPJI.IT‘HE!FIITIBSHNBﬂQ$UHﬁﬁWﬁlﬂuﬂuU

uad ldvimsiUFudgaud s ihidanuauga dyanunsuseulnvaised 1iane (vem)
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o o a cd o » o o
ﬂ:ﬁl'l.]flUulﬁuﬁﬂ]ﬂl’lmﬂﬂlﬂﬂiﬁul‘b’ﬂﬂi'l"lllﬂ'l-lf)ﬂﬁi’]ﬂlﬂil (VDM) llﬂSSZﬂUﬂUQﬂ'ﬂUﬁUﬂqﬁ119\1’]\“]5

tr T

ausndszmiumldlae CMRR A9l
CMRR = 20log(Vem/Vom) (30)

the common mode noise voltage

=
@
<
a
4

I

the differcntial mode noise voltage

VDM

sunduvesdyanuneuuouTnualiame (Vem) Uu Sending line (A2 Retuming line #

[ v o= A = o « - o -:i'
muﬂuwaﬂﬂaﬂmasuuamumlﬁuumuu AUIWIUNTIIA A 1WITHOBUNAIU

3.6.1 CMRR v afariduinesunihindlvdiens
91ngUft 3.10) AUNTOAUIUMIAIYEY CMRR 8aail
Vi3 = 1683V , Vi1 = 1641V
uag Vsum,yms = Vsum x V/Div = 0.7 x 20 = 14V
Vemrms = (16.83 + 1641)2 = 16.62V

VoM.rms Vsum,ms = 14V

CMRR = 20log(VeM.ms/Vommms) = 20log(16.62/14) = 1.494B
9IngUii 3.10b) AWTORMUIUNIAINEI CMRR Waf

Vi3 = 1489V , Va3 = 522V
o Vsum,;ms = Vsum x V/Div = 0.02 x 20 = 04V

Vemgems = (1489 + 1522)2 = 1505V

VpM,rms = Vsum,rms = 04V

CMRR = 20log(VcM,rms/VDM,rms ) = 20log(15.05/0.4) = 37.62d4B



2008 /01/22 15:06:40 NORM200kS /8 Sma /fdlv
Stopped 3 (5ms /div)
: : CH1: ON
20V /div 1001
DC ooV
.................................................................................................. cHz: oN
20V /div 10:1
DC oY
............................. T T L T RLS R RLERLEE SERRELTE SIEERRR] o Math
: 142
: | CHa: OFF
- S0V /div 100
: DC ooV
: Record Length
: Main 10
: Zoom: 10K
: Filter
: Smoothingg ON
g B . SN P RTPTT-PUT PRI SPPPRPTRS BWY: FULL
Tracel:: kMax | 25.60V Min 3.200v . Rms 16.83v Trigger
TraceZ: Max | C.000V Min [-24.00QV . Rms 16.41¥ mMode: auTo
Traced: Rms : 0.7000v 1. .. . SHRURUROE SOUURUE U S Type: EDGE
"""" ; : Source: CH1 &

2) gUnauvesnesdandidumeiuimlisnd Infions liaugn (Trace 1: Vi3 = 1683V,

Trace 2: V23 =16.41V., Trace 3 : Vsum_rms = 0.7 x 20 = 14V)

2008/01/22 150343
Stopped

A

NORM200xS/8 Sms /v

[Sms/div])

Tracel: Max @ 17.80v i Win
TraceZ: Mox : —-12.00V Min
Traced: Rms @ 0.020iv  :

CH1; on
20V /div 1003
pC ooV

CHZ: ON
20V /div 1001
pC ooV

CHI Math

1+2

CH4: OFF
50V /div 100
DC oY

Record Length
Maln il 4
Zoom: 10K

Filter
Smoothingg ON
BW: FULL

Trigger
Mode: ARUTO
Type: EDGE

Source; CH1

b) jUnAuveIRIYariFumeTumliEnd WS o0 TaumA (Trace 1: Vi3 = 14.89V .,

Trace 2: V23=1522V ., Trace 3 :

Vsum_rms = 0.02 x 20 = 0.4V)

- : d4 «a i o ' -
7# 310 pUnduvensdanriduwesumliind TisieasAdumia Inanamesiuen



a o -
3.62 CMRR vosnenfannuiadiinfilniiesd

9INgUA 3.11.)

iae

AWISOAMUINNIAIUEY CMRR AR

Vi3 = 3305V , Va3 = 3157V

Vsum,rms = Vsum x V/Div = 0.63 x 20 = 12.6V
Vemrms = (33.05 + 31.57)/2 = 3231V

VoMmms = Vsum,rms = 2.6V

CMRR = 20log(Vcm,mms/Vpmoms) = 20log(32.31/12.6) =

1IA3U7 3.01.6) AWSRIUIUNIAEY CMRR 1A

Ha

2WW08/01/22 15:48:27

Viz = 31.71V , V23 = 31.80V

Vsum,;ms = Vsum x V/Div = 0.02 x 20 = 04V
Vemrms = (3171 + 31.80 )2 = 31.75V

VoMms = Vsum,mms = 0.4V

CMRR = 20log(VcMms/vbM,rms) = 20log(31.75/0.4) =

NORMZDOKS /2 Sars /div
3 (5ms /div)

Stopped

TraceZ: Max

Tracel: Max @

Trace3: Rms

Maln:
Zoom:
Filter

...... b EOY BW:
40,80 Tr

i=18.40v Min Rms M?;':'
O-8301v i Type:

Record Length

22

8.1848

38dB

rpBAg

Math
T2

OFF
oy
ooV

10K
T

Smoothing  ON

FAL

AUTO
EDGE

: : ! : : : Source. CH1 &

2) yUnduveanesyairuiadisndlsions hianga (Trace 1: Vi =33.05v .,

Trace 2: V23 =31.57V ,, Trace 3 : Vsum_rms = 0.63 x 20 = 12.6V)



2008/01/22 155537

Pl

NORM2GOKS /8 5mg /div

Stopped

(5msg /div)

CEeERY T R 31 .-.7..1;\; ........
Rors

: at1.a0v

CH1; ON
20V fdiv 1x1
DC o.0v

CHZ: ON
20V fdiv L)
DC o.0v

CH3: Math

1+2

CH4: OFF
SOV fdiv plig]
DC 0.0v

Record Length
main; 10K
Zoom 10K

Filter
Smoothing: ON
Bw: FLALL

Trigger
Moda: AUTO
Type: EDQE

Source; CH1 &

b) jURAuvBINNIanWUSAtad THilBeTauga (Trace 1: VI3 =31.71V

Trace 2: V23 = 31.80V ., Trace 3 : Vsum_rms = 0.02 x 20 = 0.4V}

1 3 - d = o o ' o
3% 3.1 pladuvenasyanruiadisadWsiooifidumiaInammesivea

muaaamafIsufouszduanuangalas Common mode rejection ratio

FWCT dB FWB dB
Unbalance 1.49 Unbalance 3.18
Balance 37.62 Balance 38

A5 1A 3.1 uanImsifsounoyszAuANuaNgalav Common mode rejection ratio

23
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-
unn 4

ASNAADIUAZHANTINAADIVDIIHAAATINAIMN Y ( LOAD RESISTER)

- o <
4.1 minaananosanvidumesuniinflnsiess (FweT)

4.1.1 roulvvoanmsnaans

' a + o
Tumsnaapsdesldmveamiiimeiimioudunnnisnano

- Jc{
4.1.2 wiswosnldlumsnaaos

AC
220v @

wiowad Ao umesunl 220v/24v anud  50Hz
lalos D1,D2,D3 B3 IN40O2
TnaanuiuNIu R = 100KQ

= 4
anhamos C1,C2 = 0.47uF

© DMI l ©

| g 24V | Cl g R

S > IS
—E- cpl -J- cp2
T T ™ erame Grouna
©) ©) FG

R 41 uanastaidumeSundisadInfiees liauga (Unbalance )

AC
220V @

Ve

o

@)

24V

/\E
-»—n—T—u—-
AN

\®

@

Frume Ground

®© ® )

< o g a
3N 4.2 namassyandisumesunlisadWsioesauga (Balance)



2008/01/22 1520225 NORM:200kS /s Sms/div
(Sms/div)

Fil

Stopped

CH1: ON
20V /div 11
AC

CHZ ON
20V /div 11
AC

CH3: Math
142
CH4: OFF
50V /div 100
DC ooV
Record Length
: : : Main 10K
........ Lo TR L NG| ZoomE 10K
: : : : Filter
: : : : Smoothing ON
e T 2..7...5..? ......... BW: FULL
: : - 5ay Trigger
{ Rmz @ 22.77¥ Mode: AUTO
e e e Type EDQE

a) The common mode voltage a.c. source terminal unbalance ( VcMs = Valc+ Vazc)

2009/01/22 1521225 NORM200kS /s Sms fdiv
Stopped g (Sms/div)

CH3. Math
1=2

CH4: OFF
S0V /div 11
oC aov

Record Length
Main: 10K
Zoom 10K
Filter
Smoothing: ON

S5 56V . : BwW: FULL

. 20 4 Trigger
32.00v : : : : Mode: AUTO
2.44Div H : H : : Type. EDQE
: ; : : : : Source: CH1 £

b) The different mode voltage a.c. source terminal unbalance { VDMS = VaiC - Vazc)

R 4.3 nemagdafiuunaasishiouga (A.C. Source terminal unbalance )



2008/01/22 1506540 NORMCZ00KS /8 Sms /div

Stopped 3 (Sms /div)
: : CHT: OoN
20V /div o1
; : H : DC 0.ov
......... TR L e LT AT il PYPee oN
. : M v : M H H 20V /div 1001
DC o0.ov
CHX Math
142
‘| CH4: OFF
S0V /div ;1
DC 0.ov
Record Length
Main 10K
Zoom: 10K
Filter
: : : : : : : : Smoothing: ON
S e O E TR SSUUTPUUON SUTURTUL JOPSRRUPS Sp LU ST BW: FULL
Tracel. Max @ 25.60V : Min 3.200v : Rms : 16.83¥ Trigger
TraceZ: Max ! 0.00QY I Min [-24.00Y : Rms : 16.4WY Mode: AUTO
Traced: Rms @ 0.7000v .l TSSO UL PIUONE SOOI Type:  EDGE
: : : : : : : : Source; CH1 &

a) The common mode voltage load terminal unbalance (VoML = Vi3 + V23)

2008 /01 /22 150724 NORM-200KS /s Sms/dv
Stopped 3 (Sms /div)

I R i i e

! o.oogv :
Traced: Ruws @ 1.4900v  :© 1 | e Type: EDOE
: : : : : : : : Source: CH1 &

b) The different mode voltage load tcrminal unbalance (VoML = Via—Va3)

Eﬂﬁ 4.4 llﬁﬂdzﬂﬂauTHﬁﬂhj‘dUﬁ}a { Load terminal unbalance )



2000/01/22 1517224 NORM:200xS /5 Sms/div

Stopped 3 (Sms/div)

: : CH1: ON
20V /div 10:1
AC

CHZ; oN
20V /div 101
nC

CHI hMath

12

CH4: OFF
S0V /div LLr=h)
DC oov

Record Length
Maln: 10K
Zoom: 10K

Filter
Smoothing: ON
BW: FULL

Trigger
Mode; AUTO
Type: EDGE

Source: CH1 &

a) The common mode voltage a.c.source terminal balance ( Vems = Vaic+ Vazc)

2008/01/22 1518238 NORMZ00KS /5 Sma /div
Stepped

A3

(5ms/div)
: CHY; oN
20V /dlv 1;:1

CHz: ON
20V /v e

CH3: Math
1-2
CH4: OFF
S50V /div hlia ]
DC 0.ov

Record Length
: : : : : : : : Main: 10K
....... IR IS LETTE 2 TEPPR-p Jf : S : H Zoon: 10K

: : : ! : : ! : Fater
Smoothing:  ON
: BwW: FULL
: Trigger

TrgceZ: Max : M?i?e. AUTO
Trpced: Rms Type: EDQOE

Source: CH1 &

b) The different mode voltage a.c.source terminal balance ( VDMS = VAIC - VAzC)

JUR 4.5 uaasgUnduumassiwauga (A.C. Source terminal balance )



2008/01/22 150943 NORM200KS /3 Sms/dlv
Stopped g (Sms /div)
et e win Fvgao R
TraceZ:. Max : -12.00V Min [=-17.60Qv : Rms 15.22¢
Traced: Rms : 0.02Div R

a) The common mode voltage

2009/01/22 151031

load terminal balance ( VcML =

NORM2ZU0KS /3 Sms/dlvy

Stopped g

(5ms /div)

17,60V Min
TraceZ: dWax :-12.00V Min
Traced: Rms : 1.480iv

b) The different mode voltage

load terminal balance ( VDML =

CHI: ON
20V /div 1l
DC 0.0V

CHZ: ON
20V /div Al
oc oov

CH3: Math

142

CH4, OFF
50V /div 10;
DC oav

Record Length
Malin: 10K
Zoamm: 10K

Filter
Smoothinge ON
BW: FULL

Trigger
Mode: AUTO
Type: EDGE

Source: CH1 &

Viz+ V)

CHIL ON
20V /div 101

Trig-ger
Maode: ATO
Type: EDGE

Viz-Va2)

U 4.6 naasglnduInanmuga (Load terminal balance )
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000 /02 /07 1610525
Slopped

MNORMI00MS /8 +—500ns /dhv

A.. A ﬂmn.n

R T y\-—-vu Yooy VVV uuv"d‘r\‘

CHT: OFF
20V /dv 1
DC 0.0v

CH2: OFF
20V /divw 1001
DC o.ov

CHX OFF
20V /dv 100
DC oa.ov

CHa: ON
10mY /div 1o
AC

Record Length
Mqin: 5K

.................................................................................................. Zoom: 500
FRter
Smoothing: OoN
O O B8wW: FUALL
Trigger
Mode: AUTO
T'.!!*?!?t...'?.-."j. ........................ flvg ImSSR. WY e Type: EDOE
Bource: CH1 #
a) The common mode current unbalance {Icm)
2009 /02 /07 1616214 NORM: 1D0MS /8 50008 /div
Stopped
: : : : H CHI: CFF
: : : : : 20V /div R
H : : : : DC 0oV
......... . OFF
: : : : : 20V /div 101
: : : i : : oC oov
......... Rt LLLLOI LR R SRR P T PR LR SR ER LR TR EPSE IEPTOPPPV IRTOTPPPRE SICPPURPE SRR Povt=h OFF
i H : H : i 20V /divw 1001
: : : : : : oC oov
......... ::-..”.-o.éu--o....H....o...i.o...-... .........é....-....i.........é.........é......... CHA: Oon
H : 3 : H H H 10mV/dlv 1001
I + . H : ac
H : P H B H Record Length

b) The common mode current balance (IcM)

Main:

Zoomne 500
Fllter

Emrnothing; onN

BW: FLAL
Trigoer

MiDcke; AUTO

Type: EDQE

Bowrce: CHY1 £

29

U9 4.7 uamamsifSoudfiounn higugauazangaveanssuanonnouIvua (Icm) 1ny High

= -
frcquency_current e ) nvertion factor = 1

FI‘ITNIIErENmﬂ‘IJ?UUIﬁUU Common mode cerrent

Full wave center tap (FWCT) P-P (mA)
Unbalance 10.80
Balance 8.00

MINA 4.1 namamsiSouioun e hiruganasaugavenszuanouyouTvua (cm)
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Mmsnurasmatisunou Frequency common mode noise

Full wave center tap (FWCT)

Frequency (MHz)

Decibel (dB)

0.45 i2
Unbalance
1.8 i2
16 18
0.45 0.9
Balance
1.8 10
16 10

Msnn 4.2 uaasmsifSoudounuliauaanazaunoves Frequency common mode noise
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o f )
4.2 mIimaasdnvsyauIadiindiniess (FWB)
4.2.1 oulvweansnaasy
Tumsnaassfesldmupimsiimesimioudunnnisnaasa

= {c:
4.22 wisniweinlgluniineans

wilalad v wwefimd 220v/24v A0 50Hz

lalen DI1,D2,D3,D4 183 1N4002

THannRIUAIUNIU R = 200K

anhdiees C1,C2 = 0.47uF

Q)

AV

Cl

2/

M

L=
i

\
[

c2

/

/
. T
I

ga

1

Cpt
Frame Grousd

oyt

7Uf 4.9 naranesdanruiadisndiisiens hiauga (Unbalance )

DL

®
/

©

L1
}<} d l Ci
D4
] N T o
™~ :
@ o

®
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® S e

Ui 4.10 uamrnesaruSadisadlWsioasauan (Balance)




2008/01/22 16:04:43 NORMC200KS /5 Sms /div
Stopped (5ms /div)

Fal

CH1. ON
200 fdiv 10
RC

CHz: ON
20V /div 11
AC

CH3! Math

1+2

g T ........ e AN oma: OFF
: : H . S0V fdiv w1

DC 0.0v

Record Length

: : . : Malnd 10K
e N 4 U [....f. P Zoom: 10K
; : Filter

; : H : Smoothingg ON
e St T U B FULL

4400 7 win {-a4. 00 VU Rms Y 90.52v Trigger
3z.80v . Min -32.80v ! Rms : 22.72¥ pode: auTo
................ 1000y L | Type EDQE
............ : e o F

4

a} The common mode voltage a.c. source terminal unbalance ( Vems = Vaic+ Vaic)

2008/01/22 1610529 NORMZ200kS /8 5ms/div
Stopped

Fei

[(5ms/div)

VoM
PRUS ISR /-2 ol Math

1-2
""" CH4: OFF
50V /div Lr-A]
DC 0.0v
Record Length
Main L1 4
Zoom: 10K
Fillar
Smoothingg ON
B FULL
Trigger
: : Mode: AUTO
Traged: Rms . 2.48Div \: . /. Type: EDQE

Source: CHY 4

b) The different mode voltage a.c. source terminal unbalance ( Vbms = Vaic - Vazc)

Eﬂﬁ 4.11 uﬁm;ﬂﬂﬁmmﬁqﬁw'l:iﬁnﬂa { A.C. Source terminal unbalance )



2008/01/22 154627

Fil

NORM200kS /6 Smes fdiv

Stopped

(Sms /div])

TraceZ: Max :
Traced: Rms :

CHT ON
20V fdiv 10
DC oov

CHZ oN
20V /div 101
DC aov

CHX Math

1+2

CH4! OFF
50V /div Rl
DC ooV

Record Length
Main 10K
Zoom 10K

Filter
Smoothing: ON
BwW: FULL

Trigger
Mode:! AUTO
Type: EDQE

Source: CH1 4

a) The common mode voltage load terminal unbalance ( VoML = Vi3 +V23)

2000 /01722 154725

NORM200kS /8 Sms /div

Stopped

OFF
pliA ]
0.0v

50V /div
DC

TraceZ: Max
Trace3: Rms :

3.15Div

Record Length

b) The different mode voltage load terminal unbalance ( VoML

Maln: 10K
.| Zoom: 1O
Riter

Smoothingg ON

BW: FULL
Trigger

Mode: AUTO

Type: EDQE

Source: CH1 &
= Vi3-Van)

gﬂﬁ 4.12 llﬁmjﬂﬂﬁuiﬂaﬂvhjﬁﬂﬂﬁ { Load terminal unbalance )



2000/01/22 1559105

41

NORM:Z00KS /3

Sms /div

Stopped

(Sms /div)

2008/01/22 155945

A

NORM:ZU0KS /5

5ms /div

Stopped

(Sms sdiv)

Tragtel: Max . 34.40
TrgceZ: Max @ 34.40v
2.47Div

CHI: ON
20V /div 1x1

CHZ, ON
20V /div ptis |

CH3 Math
12

CH4: OFF
S0V /div 11
DC o.ov
Record Length
Main: 10K
Zoom: 10K
Fitter

Smwothing: ON
BW: FULL
Trigger

Mode AUTO
Type: EDGE

Source: CH1 4

a) The common mode voltage a.c. source terminal balance ( VcMms = Vaic + Vaac)

CH1: OoN
20V /div o
RC

CH2: OoN

20V /div 1o

CH3: Math
1-2
CH4: OFF
50V /div 11
oC 0.0V
Record Length
Main 10K
Zoom: 10K
Filter
Smoothing: ON
Bw: FULL
Trigger
Mode: AUTO
Type: EDGE

Source: CH1 4

b) The different mode voltage a.c. source terminal balance ( VDMS = VAIC-Vazc)

R 413 uanagnduumnasiuga (A.C. Source terminal batance )



2008/01/22 155537 NORM200kS /5 5ms /div

Stopped 3 (5ms /div)
g : CHY: ON
20V /div 1021
: DC 0.0v
_______________________________________________________________________________________ CHZ: ON
; : : 20V /div 101
: IV ; VoM : : pc 0.ov
......... Rt : : : : : : CHZ: Math
: . : - : T 142
CH4: OFF
S0V /div 101
DC . o.ov

Record Length

Main: 10K
Zoom: 10K
Fliter
Smoothingg ON
: : BW: FULL
DoMax : 34.40Y : Trigger
TraceZ: Max @ -28.80V o Min Mode® AUTO
Traced: Rms : 0.020)v  : Type: EDGE
: : Source: CH1 &

a) Thc common mode voltage load terminal balance ( VoML = Vi3 + Vz3)

2008/01/22 15756226 NORMZ2200KS /8 5ms/dlv
Stopped 3 (5ms/div)
: : CHT: ON
10:1
0.0v
ON
101
0.ov
Math
1-2
CH4: OfF
50V /div plig}
DC 0.o0v
Record Length
Main: 10K
Zoom, 10K
Filter
: Smoothing. OMN
B S S S SO SO TSP SPRPPPIN B FULL
Tracel:: Max : 34.40V I Min ALy Trigger
Trace2: Max - =28.80V ©oMin ] : 31.00v Mode: AUTO
Traced: Rms @ 3.18Div . ] SSSUUUSE NV SRUS Type: EDGE
: : : Source. CH1 &

b) The different mode voltage load tcrminal balance { VoML = Vi3 —Vz23)

UM 4.14 uanagUnduIvanauga (Load terminal balance )
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2008 /02 /07 1632230 NORMI100MS /8 ++500ne/div

Stopped
: CHY: OFF
: H oV /v o
: i i i : : H H DC 0.0v
......... S FERTEETTTS FPPPRRRRR PEPPPRPRP CPRPRIR TR SETPITPIPE SODDLLLPRE SEPRTTEDE SRSERREEH] Pvtest OFF
: ; ; : : : : : 20V /div 101
[+, 0.0V
CHI OFF
S0V /i 101
DC o.ov
CH4! onN
H : H H 10mVv/dv 1001
PV E.T, L Im.er\AM PP B
v H vy U Pl
H H H : Record Length
H : Main: B
......... v it | Zoome %00
b : B t Fitter
Smoothing: ON
S T T T T aw; FuLL
Trigger
: : : i i : H Mode: AUTO
Traced: P-p | 10.40mv 1 Avg [ 364 WUV e Type: EDOE
H : i H i : : : Bowrce: CH4 &

a) the common mode current unbalance (ICM)

2000/02/07 16:34:40 NORM 100MS /s +500ns /dlv
Stoppad
: : : H H : H H CHT OFF
: : : 20V /div 10:1
: : ; i : : : : oC o.0v
......... S REE LT PP PR PPOLOEE: STy R P L PP RRRE IOPRPRRPPEEPRITRPEE COTOIIPEN] Pt OFF
; i H i : : : i 20V /div 10:1
; ; i i oC oov
......... Ot RIITETTEYS IOTRRURTRS PV RUTUE) PRPRPTRPLECETTPPOPLS ERRRPPPRLI CRTRPRPRY Poets OFF
: : i : : H H : 50V s div 10:1
oc 0.0v
CHa: onN
1omv/dlvy 10D
ac

Record Length
Main

Zoom: 500

Fllter
Emwoothing: ON
L LT Y BwW: FULL

: : Trigger

; H ; : : : : : ode: AUTO
Traced: P—P | 0400w  : Avg [ 254.7uv ST ST e Type: EDOE
; ; ; : : : : : Source: CH4 £

b) the common mode current balance (Icm)

i 415 wamimanSouifivuany iTuganazaugaveanszuaneuuouInua (icv) 19v High

=

frequency current probe Convertion factor = 1AS/V

a1 Imsfiounoy Common mode cerrent

Full wave bridge (FWB) P-P (mA)
Unbalance 10.40
Balance 8.40

MINN 4.3 wermamsifSoumsuany liaugauazaugavesnszuanouuou Tnua (icm)
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msruaasmadiowmnia Frequency common mode noise

Full wave bridge (FWB)

Frequency (MHz)

Decibel (dB)

0.45 11
Unbalance

1.8 10

16 13

0.45 0.8

Bal

atance 18 10
16 10

mIn 4.4 uaasmsfSouiouanyluaugauasaugaves Frequency common mode noise
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40

4
UNn 5
d
AISNARRINDHANIINARRIVR A HaaNDINa3 ( LOAD DC MOTOR)
5.1 mimaasasesanriduneiunilidndlviiess (Fwer)
5.1.1 3oulvveemnanes
Tumsnrassdealdmueamsiiiinesiniioutunnnmsnaans
- o
5.1.2 windwesniFlummaana
o wioudaa T wuudumnesuny 220v/24v anud 50Hz
e ‘'lalen D1,D2,D3 wod 1N4002
o Tvaraduowmes
o anhdmes C1,C2 = 0.47uF
DI
> l ®

24V C1

AC
20v @

@m&m@
4

24V
D2
5 Lo
Cpl J_CZ
g T fm Groms
® ® o

=i o g a ,
1R 50 uemssanidumeiunliSadTWsioas liauga (Unbalance)

Dt

®
> ©0)
E prAY o3 == ClI
2"2\:v @ * m 4 QMOTOR
24V = C2
D2 T
™
By - @
®
Frame Ground
© @/J7m

- o a
Wi 5.2 namanesdanvisunesunlidadIWsiessauga (Balance)



2008/02/02 14:19:42 NORM:Z00kS /8 5mg /div

Stopped 3 (Sms /div)
: : CH™. ON
11
ON
Rl
Math
1+2
Ch4, OFF
S0V /div 101
(1] 0.0V
Record Length
Main: 10K
Zoom 10K
Fiter
Smoothing: ON
................................................. BW: FULL
Tracel: P-P : 06.00V Trigger
TraceZ: P-P I 72.00V Mode: AUTO
Trace3: P=-P : 1.32Div Type! EDQE

Source: CH1 £

a) The common mode voltage a.c.source terminal unbalance ( VeMs = Vaic + Vaxe)

2008/02/02 1420220 NORMZO0KS /3 Sms /dlv
Stopped q (Smsg/div)
: : : : : : : : CHTL oM
SOV /fdiv 101
aC
CHZ: ON
SOy fdiv 11
ac
CH3: Math
1-2
4 CH4; OFF
SOV sdlv 1000
oc 0.0v
\\‘ Record Length
Mainc 10K
------- Zoom; 10K
Filter
; : : : ; : H : Smoothingg ON
D TS O OIS JNURURURTE FRUPPUDUON PR PP Teeens T T BW: FULL
Tracel: P=P : 96.00V {"Rms 130,089V U hvg Trigger
TraceZ: P=-P : 72.00v i Rms T 22.28Y i Rvg Mode: AUTO
Traced: P-P : 3.16Dlv [ Rems 1 0.9600v  ©. fvg 70-0EDlv | Type: EDOE
: : : Sourcel CH1 &

b) The different mode voltage a.c.source terminal unbalance ( VDMS = Vaic- Vaxc)

U 5.3 waasguafiuunaagioluauga (A.C. Source terminal unbalance )



NORM200kS /8 Sms/div

(5ms/div)

2008/02/02 142155
Stopped

i

Traced: B=p i 4V IRV I Rms

16 51v
Tracez: P—P | 35.20¥ P Rms 1 19.2%v
Tracea P . 3. 480iy ;. Rms 1 1.1301v

CHY. OoN
20V /div 10:1
DC 0.ov

CHZ oM
20V 7 div o
DC 0.0v

CHI: Math

142

CH4: OFF
50V /div 101
pC 0.ov

Record Length
Main 10K

.| Zoom: 10K

Fllter
Smoothing: ON
BW: FULL

Trigger
Mode: AUTO
Type: EDQE
Source. CH1 4

a) The common mode voltage load terminal unbalance ( VeML = Via+V21)

2008/02/02 142237 NORM200xS /8 Sms/div
Stopped ’ (5ms /div)
g ; CHY: oN
20V /div o
DC 0.0v
CH2: oN
20V /div 1
DC 0.0v
CH3: Math
1-2
CH4: OFF
S50V /div A
DC o.ov
Record Length
Main: 10K
Zoom: 10K
] Fitter
5 Smoothingg ON
: : : : ; BW. FULL
feaceT! Pab 4V GV s ] YEUSTV fAvg 17 00y Trigger
Tracez P—p @ 35. ZDV ! Rms 19.27v Rvg =15, ?1‘!’ sMode: AUTO
Tracea PP : 1. IG-DIv . Rms 1. SBDiv fAvg P9, STDIV Type: EDGE

b) The different mode voltage load terminal unbalanee { VOML = V13— V23 )

UM 54 uarmegUnduTvanluouga (Load terminal unbalance )
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2008/02/02 14:15:40 MNORMZ200kS/s  Sms/div
Stopped 3 (5ms /div)
: : CH1: ON
50V /div 1001
AC
.................................................................................................. gl oN
S0V /div 1 [14]
RC
.................................................................................................. o Math
: : 142
Yaic Vaxc: VoM -
: : CH4: OFF
50V /div 11
ocC 0.0v
: : : Record Length
: : : Maln: 10K
: : : Zoom: 10K
: : : Filter
: : : Smoothing: ON
B S F S SR S S SO S-S BW: FULL
Tracel: P=-P : 04.00V Rms | 23.09v Avg : 367.3mY Trigger
TraceZ: P-P @ §4.0QY Rms [ 24.00v fivg -343.3mv Mode: AUTO
Traced: p=P . 0.180iv .. Roxs 1.8:0300v L. fvg [ 0:0100v | Type:  EDaE
: : : : Source: CH1 4

b) The different mode voltage a.c.source terminal balance { VDMS

VaIC + Va2c)

a) The common mode voltage a.c.source terminal balance ( VeMs =
2008/02/02 14:16:18 NORM200KS/s  Sms/div
Stopped 3 (Sms/div)
: : CHY: oM
sov/div 11
AC
.................................................................................................. vl on
SoV/dv 11
AC
CHZ Math
1-2
‘[ cHa: OFF
: sov/div 1)
: DC 0oV
b : Record Length
* : } Main: 10K
: : : Zoom: 10x
: : : Filter
: : : Smoothingg ON
M H : : : BW: FULL
Tracel! p=F 1 B4 dov Rws 123, 09¥ VP Ty Trigger
TraceZ: P-P | B4.00V Rms 1 24,00v ! Avg -343.3mv Mode: AUTO
Trace3: P-P : 3.360iv Rms 1.0.960iv  : Avg : 0.000iv Type! EDGE

Source. CH1 &

VAlIC - Vazc)

3% 5.5 uepgUaliuumaswauga (A.C. Source terminal balance )



2008/02/02 14:07:53

NORM200xS /0 Sms/dlvy

Stopped

jjaltd

(5ms /div)

Traca1 P—P : 11. 20V
Tracaz PP 11. zuv Rms
Tracea =P 0. IZDlv Rnra

13.28v
C.04D1v

a) The common mode voltage

load terminal balance ( VcML =

1w

Via+vn)

2008/02/02 140832 NORMZD0ES /s 5ma/div
Stopped 3 (5ms/div)
: : CHY ON
20V /div 101
DC a.ov
CHZ: ON
20V /div ;1
DC o.ov
CHI: Math
1-2
"JCHA: OFF
S0V /dlv 101
DC ooV

Trace1 P=p : .
TraceZ: P-P @ 11.2Q¥
Tracea P=P : 1. ‘ISDW

13.63v fvg 1356V
13.20v D Avg =13.23¥
1.3300v frvg ....‘...??'?.!! ......

b) The diffcrent mode voltage

load terminal balance { VDML =

Record Length

Main 10K

Zoom: 10K
Filter

Smoothing: ON

BW. FULL
Trigger

Mode: AUTO

Type: EDGE

Source: CH1 4

Vi3—Vz23)

U7 5.6 uanagUnduluanauaa (Load terminal balance )
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71 5.7 uammsnfSouifouany luavgauazauqgavenszuanouuouIvua (lcm) lay High

frequenc

AN 5.1 uaaamsiSoumouanyhigugaunraugavoanssuaneuuou IMua (icm)

2008 /02 /707 17.02:16 NORM: 100MS /3 «+S00ns /div
Stepped
E
Traces: p—p | 11 20wy | mg}esedev 11 i
a) The common mode current unbalance (Icm)
2008 /02707 16:56501 NORMICOMS /6 ++500na /dv
Stopped
I (S o s L S T
ﬁv—f\f\.ﬂi\/\/\.ﬂéw:\na 2% Ak A.J“-/\m A .r\....f\l\.nf;\ﬂnl\ N
A Y kg g g L AR i i
Traced: p-p | @.g00mv avg f 206.5uv i G

CH1: OFF
20V /v I
DC 0.0V

CHZ: OFF
20V /v o1
DC o.o0v

CHIL OFF
S0V /div 100
DC 0.0v

CHa: N
1omv /S div m
ac

Record Length
Main L= 4
Zoom: S00

Filter
Smoothing:  ON
BW: FULL

Trigger
Mo-che: AUTO
Type: EDOE
Source: CH1 £
CHY OFF
X0V /div 101
DC 0.0v
CHZ OFF
20V /v Ll )
DC oav
CHX OFF
500V /div 0o
DC oov
CHa4: on

10mVv /dlv 1;:1
Ac

Record Length
Maind
ZoOITy: 500
Fllter

Bmoothing: oN
Bw: FULL
Trigoer

Mode: AUTO
Type: EDQE
Source: CH1 #

b) The common

mode current balance (Icm)

current_probe 3 Convertion factor = 1A/V

mﬂquaﬂqnmﬂ?umﬁuu Common mode cerrent

Full wave center tap (FWCT) P-P (mA)
Unbatlance 11.20
Balance 8.80
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mmaaImuSoumou Frequency common mode noise

Full wave center tap (FWCT)

Frequency (MHz)

Decibel (dB)

0.i5 16
Unbatance
1.2 15
15 25
0.15 10
Balance
1.2 0.8
15 10

msnA 5.2 namnsfSouiovarm hougauazaugaves Frequency common mode noise
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NORM:200kS3 /8 Sms/div

Stopped ¥
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b) The different mode voltage a.c.source terminal unbalance { VDMS

CH1: ON
50V /div 1o
AC

CHZ ON
S0v /div LI
AC

CHX Math

142

CH4; OFF
S0V /div 101
DC o.ov

Record Length
Malng 10K
Zoom 10K

Filter
Smoothing: ON
BW: FULL

Trigger
Mode: AUTO
Type: EDGE

Souwrce! CH1 4

a) The common mode voltage a.c.source terminal unbalance (VeMs = Vaic+ Vazc)

Record Length

Malnd 10K
Zoom: 10K
Filter

Smoothking ON
BYY: FULL
Trigger

Mode: AUTO
Type: EDGE

Source: CH1 4
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b) The diffcrent mode voltage load terminal unbalance ( VDML
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S0V /div 11
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CHI Math
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Filter
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a) The common mode voltage a.c.source tcrminal balance { VcMs
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b) The different mode voltage a.c.source terminal balance ( VDMs

CHT: ON
50V /div o
AcC

CH2: * ON
50V /div 11
AC

CHX Math

1+2

CH4: OFF
50V /div 1001
1] 0.ov

Record Length

Makb 10K

Zoom: 10K
Filter

Smoothing:  ON

Bwy: FULL
Trigger

Mode: AUTO

Type: EDGE

Source. CH1 4
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Math
1-2
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Record Length
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Zoom, T
Filter

Smoothing: ON
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Trigger

Muode! AUTO

Type: EDGE

Source: CH1 4
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a) The common mode voltage load terminal balance ( VeML = Vi3 + Va3)
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Filter

Smoothing: ON
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b) The commeon mode current balance (ICM)

U 5.15 wamanmsnfoufiounuhiavgauazaugavesnszuanouuey Ivua (Icm) lav High

frcquency current probe i Convertion_factor = 1A/V
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MIanIn IUTouAgY Frequency common mode noise

Full wave bridge (FWB)

Frequency (MHz)

Decibel (dB)

0.23 17
Unbalance
1.2 1.1
15 17
0.23 12
Balance
1.2 10
15 12

M 5.4 uamamsSeuhvunnu hiquqauazaugaves Frequency common mode noise
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General Purpose Rectifiers
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{continued)
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Panasonic Aluminum Electrolytic Capacitors/ SU(Bi-polar)

M Standard Products(Bi-polar)

Case size | Specilication Lead Length Min PackagingClty
w.v. Cap. [ pia. ILengthl Ripple Part No. Strai Tapi
. g tan § | Lead Lead Space aight | Taping
(20%) iﬁ"zr('ﬁinzl Dia. [Syaigni| Taping| Taping Leads
+85°C) |(120Hz) +B Fi
V) | wF) [(mm)itmm})| (ma) |(+20°CY(mm)|(mm )} (mm)|(mm) (pcs) | (pos)
330 8 11.5 250 030 | 0.6 a5 | 5.0 ECEAOJNI31U() | 200 1000
470 10 12.5 Ao 030 | 0.6 5.0 5.0 ECEADJN4ATIX() | 200 500
1000 10 20 430 0.30 | 0.6 50 | 50 ECEAQJN102U( ) | 200 500
6.3 | 2200 125 | 25 660 0.32 | 0.6 50 | 50 ECEAQJNZ222U( ) | 200 500
3300 16 25 760 034 | 08 | 75 ] 75 ECEAQJN332U( ) | 100 250
4700 16 31.5| 1170 | 036 | 08 | 7.5 ECEAOJN472U 100
6800 18 35.5| 1450 0.40 | 0.8 7.5 ECEAQJNB82U 50
47 5 11.0 90 025 | 0.5 2.0 5.0 2.5 |ECEA1ANA470U() | 200 2000
100 6.3 | 11.2 130 0256 05 | 25 | 5.0 2.5 |ECEA1AN1I01X() | 200 2000
220 8 11.5 200 025 | 0.6 a5 | 50 ECEA1AN221U() | 200 1000
330 10 16 280 0.25 | 0.6 50 | 50 ECEATAN331W() | 200 500
10 470 10 16 340 025 | 0.6 5.0 5.0 ECEA1AN471U() | 200 500
1000 125 | 20 470 | 025 | 0.6 | 5.0 | 5.0 ECEA1AN102X() | 200 500
2200 16 25 690 | 027 | 0.8 | 75 | 75 ECEA1AN222U() | 100 250
3300 16 315 | 1090 | 0.29 | 08 | 7.5 ECEA1AN332V 100
4700 18 35.5 | 1200 031 | 08 | 7.5 ECEA1AN472U 50
10 5 11 40 020 | 05 2.0 5.0 2,5 JECEAICN100U() | 200 2000
22 5 11 60 020 | 05 | 20 | 5.0 2,5 {ECEAICN220U() | 200 2000
a3 5 11 80 020 | 05 | 20 | 5.0 2.5 |ECEAICN330U() | 200 2000
47 6.3 11.2 100 020 05 | 25 1 5.0 2,5 |ECEAICN470U() | 200 2000
220 10 125 260 020 0.6 | 5.0 § 5.0 ECEAICN221X() | 200 500
16 330 10 16 330 0.20 | 0.6 5.0 5.0 ECEAICN331U() | 200 500
470 10 20 380 020 | 06 5.0 5.0 ECEATICN471U() | 200 500
1000 125 | 25 560 020} 06 5.0 5.0 ECEATICN102U( )] 200 500
2200 16 31.5 750 022 | 0.8 7.5 ECEA1CN222U 100
3300 18 35.5 900 024 ) 08 | 7.5 ECEAICN332U 50
10 5 11 45 0.15 | 0.5 2.0 5.0 2.5 |ECEAIEN100U() | 200 2000
22 5 11 60 0.15 | 0.5 2.0 5.0 2.5 |ECEATEN220X(){ 200 2000
a3 63 1{11.2 a0 015 ] 0.5 } 25 | 5.0 2.5 |ECEA1EN330U() | 200 2000
47 631 11.2 110 015 05 § 25 | 5.0 2,5 |ECEA1EN470U() | 200 2000
o5 100 8 11.5 180 0.15 | 0.6 a5 5.0 ECEA1EN1O1U() | 200 1000
220 10 16 320 0.t51 06 | 5.0 | 5.0 ECEA1EN221U() | 200 500
330 125 | 20 350 0.15 1 0.6 5.0 5.0 ECEA1EN331U() | 200 500
470 125 | 20 430 0.i5 | 0.6 | 5.0 | 50 ECEAIEN471U() | 200 500
1000 16 25 680 015 | 0.8 75| 75 ECEATEN1O02U() | 100 250
2200 18 35.5 900 017 | 0.8 | 7.5 ECEA1EN222U 50
10 5 1 43 0.15 | 0.5 20 | 50 2.5 |ECEAIVNIOOU() | 200 2000
22 6.3 | 11.2 a0 015 | 0.5 2.5 5.0 2.5 [ECEA1VN220U(} | 200 2000
35 a3 8 11.5 100 0.15 | 0.6 35 5.0 ECEA1VNA30U( ) | 200 1000
47 8 11.5 120 0.15 | 0.6 a5 | 50 ECEAIVNA470U() | 200 1000
100 10 16 230 0.15 | 0.6 5.0 5.0 ECEAIWVN1IO1U() | 200 500
220 125 | 20 360 015 | 0.6 5.0 5.0 ECEA1VN221U() | 200 500

When requesting taped praduct, please put the letter “B" or *i* between the *{ )'. Lead wire pitch B=5mm, 7.5mm,i=2.5mm.
The taping dimensions are explained on p.196 of our Catalog. Please use it as a reterence guide.

Endurance:; 85°C 2000h

Desi;;n, and specifications are each subject to change without notice. Ask factory for the current technical specifications before purchase
and [ or use, Should a salety concern arise regarding this product,please be sure lo contact us immediately. ! Mar.2006
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Panasonic Aluminum Electrolytic Capacitors/ SU(Bi-polar)

B Standard Products(Bi-polar)

Case size | Specification Lead Length Part No MinPackagingCly
W.v. Cae. Dia. |Length| Ripple | tan & | Lead Lead Space ' Straight | Taping
{+20%) %uzganzl Dia. Straighl| Taping| Taping Leads
+85°C) |(120Hz) #B #i
VM | WF |[(mm){mm){ ma) j+20°CH(mm}|(mm}}(mm)|(mm) (pcs) | (pcs)
a5 330 12.5 {20 450 [ 0.15 ]| 0.6 | 5.0 | 50 ECEATVN331U( }| 200 500
470 125 | 25 500 | 015 | 06 | 50 | 50 ECEATVN4A7IU( )| 200 500
047 | 5 11 10 | 015 | 05 | 20 | 5.0 2.5 [ECEATHNR47U()| 200 2000
1 5 11 10 015 | 05 2.0 5.0 2.5 |ECEATHNO10U( )| 200 20C0
2.2 5 11 18 | 015 | 05 | 20 | 50 2.5 |ECEATHN2R2U(){ 200 2000
3.3 5 1 25 | 015 05 | 20 | 5.0 2.5 |ECEATHN3R3U( )| 200 2000
4.7 5 11 30 (015 | 05 | 20 | 5.0 2.5 |ECEATHN4R7U()] 200 2000
10 6.3 | 11.2 50 [ 0.15 | 05 2.5 5.0 25 |ECEATHN100U()| 200 2000
50 22 8 11.5 90 (015 | 06 | 3.5 | 5.0 ECEATHNZ220U( )| 200 1000
33 8 11.5 110 [ 015 | 06 | 3.5 | 5.0 ECEATHN330U( )| 200 1000
47 10 12.5 140 [ 015 | 06 | 50 | 5.0 ECEATHN470U( )| 200 500
100 10 20 250 (015 | 06 | 50 | 5.0 ECEATHN101U{ )| 200 500
220 125 | 25 360 | 0.15 | 06 | 50 | 5.0 ECEATHN221U( ) | 200 500
330 16 25 450 | 015 | 08 | 75 [ 7.5 ECEATHN331U( )| 100 250
470 16 315 590 | 015 | 0.8 | 7.5 ECEATHNA471U 100

When requesling taped product, please put the letter "B or "i* between the "( ). Lead wire pilch B=5mm, 7.5mm, i=2.5mm.
The taping dimensions are explained on p.196 of our Catalog. Please use il as a reference guide.

Endurance; 85°C 2000h

Design, and specifications are each subject to change without notice. Ask factory for the current tachnical specifications before purchase
and [or use. Shoutd a salety concern anse regarding this produci,please be sure to contact us immediately. Mar, 2006
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