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ABSTRACT

This thesis presents a feasible studies of partial discharge detection for a
three-phase system according to IEC 60270:2015 standard by further improvement
from a single phase partial discharge system. The purpose of this research is develops
potential capability of research and testing which is related to partial discharge
detection in a high voltage laboratory.

The three phase partial discharge detection system consists of 1. The coupling
capacitor 2. Coupling device and 3. Three phase partial discharge detection and display
device. The coupling units which cause by the connection of coupling capacitor and
coupling device have rated voltage per phase is 50 kV,s and a capacitance of coupling
capacitor is 1 nF and have approximately divided ratio 1:44,000. In the Three phase
partial discharge detection and display device consists of 1.Analogue to digital and
signal receiver and 2.Measurement and display program

When the construction is completed, the developed three phase partial
discharge detection system is tested to validate the efficiency in the partial discharge

detection.
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2.1 MIAFYITIVNEIU

AIUAITEINYBININTFIU IEC 60270:2015 NE1991015A@Y159U19d2U(Partial
discharge) fio [1] Msfavfamsliiinanzdiudadousounsdiuvesauiuiiogszning
fnilitudliannsadenlossevindni i lidstuldtufe nmsfav$ausdnudunis
Pawfausnamiuvlianusal iatutvauiuiiduegssvindiialnindsenasduauiy
uda aunumanvdeauiunfadly Wensiausaursdiuinlulngs vievesinsiegluauiy
uda vidoidnlunssfafiegluauiumar Wieinfieniausiuseudidalngn wasnudivinls
AnnsRaensatulslnnwediazshlFamudeuanmlydusmi i lFraoauunsening
Bidalnga mafawnfaunsdmasiatulussuvaunuiiisnuuraualiiiliahauegs vie
anuiidiaralliasinaue vislidudedeatu wieiFaiovu Fuilviaruedonauiliin
vgaluauuiidginiidmmimeisaauulniningaviliAnusna sty
wilienavihlifistusnanidlagauysallaudinuuinnmsfausauisdiulasdiulngoziiaun
A0 uinishamndeunsdrufausonelfifanisviaisideauiuldvinudoslfidusses
i uazaniluganuiiansosasgunsallnildludian femainissiaians
Aavfrunsdndadudaiid e uagnannn1snsiainnsnavnsauisdauaz il
navanavaNysaiveieauiu niedoyaifisafurunuasdnuurasinisiianis
AaysaueE I

2] Woianshansausdmasiindanudemlifuiuiadoideauudumely

Anarudouiiiuisodioauiufistuanzgn SunaliAnuiisemanivildauiude
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ihifundfeudanfnanisdenanmifiininsldeuiianiizn 13] Ssnsfasdauisdiuiy
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JUN 2.1 Useanveen1sfaysaunsdiu

UsTLNIBINISRaNISAUIeEI [4] NsRavnsaunsdlunlieenidy 3 uwuude

1. 3wl (nternal discharge) ntuluileauuiiiduiovu fudadevy
tfuflennsivadlnBidaniesi Seinnueieaaunliigainiiuinudu ilvsandiiams
Ransaunsdiutu nasnansanieluiindulasduauiunds vioauiumad wWu Cross
Linked Polyethylene (XLPE), NszA19auIU LLaszﬁwﬁaLLan ANYULNIAANITAETISA
aelunansdaguil 2.2
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— lndaAnsa
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2. Talsuniansa (Corona discharge) anunsatinduldnsluauiuniauazauiuman
Uinadidalnsnuasuvaivsednuuzveuny dsiinnuedonaunilniings Talsundansads
ansaduundeslasn 2 Ussan laun mMainlalsuifaysasunseas uazn1sialalsun
Aagsasnusieasiu dbiodalasalasuamduiiuusigaazlididalasassuiuduiu
soasiu Msfassafasiintuduaiiaurassundunsstunaasy 3idalnsauatounay
Hududeasdusarlididalnsnsruiufudiuussgs nsfawfafasiAntuiiedeuinves
sURduLIIY wazduunssiunnasuiudnianfndyyunisiariatuiinisaunasaie
UInveagURduLsIFunaaey dnvaizmsiinlalsuifiarsouanafiguil 2.3
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didnlnsaUansuviay

1Alsu1Raw5a
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JUN 2.3 nsiinlalsundaviia

nsinlalsuAavisaluseaunlisusssiuaglianinsadunalamenmionislagy
wailusEAunguLsInIutuaIzatnsasuilamensiitwdesdads uavluguiinainag
ausaNeuiuLaNTes udlalsnfavsaninuaziinlugusuuiaddu Tadauneiy
a e o = a4 & v - = ' o a
ANHRZANNTEAY MHZ ARuAaudgeiazidlusunIussuunIsdeans Sendn AdusuNIwIng
(Radio Influence Voltage : RIV)

3. NNSAAT159NIUAY (Surface discharge) TnaztAnT ud1RtauIuuS Ul
AMNASEAFUININAN T UL LIV UIUNT BULUILAEI AUAURIRUIN NISARYITIMINRIFINITH
Aatulatuvasnauiuthany Yasanowaida Wudu nsiawdeazdmaneaunslniduna
THusiveneeonanUSNRLRY (Ushausninsiduiasuin #geeusynouiuiousnisy
SU’eNauﬂﬂ‘wﬁﬂﬁﬁﬂéﬂﬁwaﬁﬁ]zﬁﬂﬁlﬁﬂmiaﬁ‘m%ﬁ] Msfavfamuiafnldnduonnie wielu
dsuawiunarlunia Sk wazerafinmunulsessevosauIuAwilaiy (Weaudafuuia
wspvaaLlaiuvaran) LﬁaﬁmmLﬂ%ﬁmamaﬂﬂ/\lﬁmmLLu’JiaaﬁiaﬂJaaamuqqLﬁuﬂ'ﬁﬂqm
é’ﬂwmzﬂmﬁmmiﬁmﬁammﬁaLLamé’quﬁ 2.4
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13Ul 2.4 MsRariainIsAntuuinaiddalasanssnaududatuusiuauiy
L‘Wi’]%‘U%L’Jmﬁ'ﬂﬂﬁﬂﬁﬂimLﬂ%‘ﬁlﬂau’lﬂﬁ/\lﬁ’@ﬂﬂ’j’lU%L’ngu dlewfinuseruturilianueson
auwuiﬂ/\lﬁwgﬁumm N13AEY1599828186200N U1 UYBILHLANIN DILKHUANIUTAINY
nune wasskulinaiulufaziianulidnuiuawiulumadalasaseunuls wsedn
WHURWINL AN LT ELATLHUN 191N MSRavIsInINRINaeAmduuSanIalusesu
vils udfmAnusnadiaenyquiuauIuld

2.2 29956 VAINIIAAYVITAIUNEH I

(4] ilelsiannsansiatuniefaUinnmesnisiasniaunsdniiinludoauiuislds
nsimuNsasaLyaTesauIuiiinisRar ity Inglfiduisasauyad mivauiuid
Tnsaufa iielflunsiiesginsiiauagmusuiamsfausauisaiu 5Ua 2.5 uansan
auuiinsufanigludoauuazauiuisegseninedidalng A - B Inssufaasdouuny
dreamuglitih G, ieaunuduiidoounsudulnsufa Cc Wouumudsanuglnih C, uaz
Cpuaz C7 (ipauuduiiresynsufulnsufadazsuiudu ¢, ) Woauwuduilawusal
Foglassouradinsufarglibunrugluin ¢, uay ¢, (leauiudufiauuzaidey
Tnoseuvedlwssufa desamfuldifu C,)
¢, = .+ C, (2.1)

a

AAglnivesduaIudesunsuiulnsawia



laefiAn C, 11N Ce wae Cc 1nnnd Gy Agldrnauglniihvesianmegeu C; 9
falpgUszananyindu C. Fellamnnin G, 11n9 UuAD

C — Cl C" (23)
t ——b 4 =C,
Cb+ CC
A A
I 1
1§ ) A
Clpl -

|2

; /, _1Go
”b
o — s
o U, T ,®|§

o)

4 h)
O 0
g B
n) Tanauunilnsia %) 1995auYaraslndianyin

JUN 2.5 199sauyavesiannilnsaiauaziinn1shayisautsdiuniely

o1daunsein U, 7177 A - B Mliusesuanasouln s iadA1gandna1usanuiusn
advpalnsalia (unusie Co) fgnausnandlulnsuda Tadeuunumisuny ¢ (Wdr
IeusIueen) Imnudumnu R seounsuegilumddnnszuansnavise i)
Y] @ o a1 Y & a a o § YU a ) P
dnwazduiadiivasnaduuluiund wazvlifausswiuan OU_ Uszqiivdegesnuiain

InsawnasAingu
Agq. = duUC (2.0)

. PN 1 1 Y L ! a 4 | o 4
nszud i) Nlvasgargluliaunsansiaiale winishavisaursdiuves C vl
Aan1senemUszeues G, waz G, Twasasauya Wunaliiinussduaniitn A - B wiaiu OU,

Fomlaanuseglu C fie

ou, = C0u (2.5)

t

C, +C,

Auswiuanifilalidoyaieniu Oq_ tae usiludadiuiu C OU_ 1 OU, 7itald

Tluiadgutuiaziuagiu i) Weownue

Y



OU. = dq, (2.6)
CC
azlen
ou, = C,Oq. (2.7)
c.(c,+c)

frwes OU, fiAndu mv fa v luvasd OU_ Jawdu kv laedilinsiue Cc uaz G,
Jlanansavmuduiusues OU, du OU_ waz Oq_ 1§ egrdlsfinmunisiinnisiawisa

Tulnsafiavzdmalinanisideuidasanemnisey venseualulinsniguennaiuis
A5Ivinle

2.2.1 §55491AVBINISNANITAEYISIUIEIY

[4] Snuwmenaiinnsiamfausdnlunsfifenaiasng livaneadsluusaz
munmﬁ’mamﬂugﬂﬁ 2.6 lnef v, ﬁmwaé’umﬂﬂéau%mwmmqﬂﬂiﬂj V. ABLSIAUASDY
Inseudad ldinnsiinnshasisauidiu V', Aeusauasenlnsiwiadiinisiinnishayisa
VAU wag | Aenszuaitaanevesgunsal audidy U Aeussduiusnatvedinsauia v
AolsIRunaLUINAILUR NS ILhE

Tusudt 2.6 uansdnwmuenininnishagnsatiosvigldin ussiuasoudaansues
gunsaiviseTannedeu V, ussnuaseulnswufadililinnsiianisfaysauidan Ve ausau
V. lughsesauindnsiiiutuauieussiuusnany msaawsafazifnlulnsuia@idoauiy
duiunndes) sentunsssusenaniazanandu vt vliliiAnnsiaude rananlunng
anaswawsssiu U wndu v fiandesnin 100 ns ndsandiliinnisiasnsalulnsauiauds
usasuiinsesinssufiafaziutusnaduasifiuaunseiaaussduusnanagd Ut fagvinlinng
Pamsalulnsauiafiindnasy wanmsainsiamsiansaduieraifatulivaronsmund
wsasiu v, iudulilinwefiesiinnisiannda dmsudneasmsinmsaauiaundiudie
wsesy V. Tuthenssautiudedusedy V. dudaseduiusnanny U Avgvinlinisfausaly
Tnsauia dendunssiuiinaniezanandu V nsfavsafazliiin uasdnvaznisiin
MsParsafazmiioutunmsAnnsAarSaesssulutanisuan
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JUN 2.6 ussiumnAseulnsaunauaznIzuafivianevesaunsalvaziinnIshar sauedEIl

2.2.2 Usgamusinguazuseaniale

q
[ [
= o 1

[4] nsRamausdruiiinduiuazegnislugunsalliiiussgeaniidnwas e
fnfn aziu Usggndonssualwihifinainnstavifaudiutuagiannsoaldlnenss
wAn1sAaw15alulnsening C. 5uﬁma1ﬁLﬁmﬂ13dwaLinzq Wunaldinwsasunan SUt it
douussfunisuen A- B uaziinnisindsuiivesuszqliih vieiinnseualnaiu 1Ju

ANszuareninle (Measurable current) Aagu# 2.7 ualilinszuansoUszamiintuase
aglulnsaing

t ~ (Ca+cb)

@]

hS

U 2.7 Mmsdaviaudululnssingluanauiu

ANNSTWAE AU i(t) %uagjﬁ’ué’mwehummmLﬁuﬂszﬁ; C/Cy stwﬂsz?‘;%m?{auﬁ
maéfuﬁuﬁazqmuﬁmﬁwLGUEJLmé’umﬂ U, Iuﬂizﬁqmmaﬁ Ce >> G hay G = GGy
U5¥q q %ﬁﬁimmﬁqm

A1 G >> Ct A1 OU, azldiuwnweanysal LLazﬂiz?\;ﬁmamﬁaﬂizLLa i(t)

Uszganemmlanaunis
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g = [itbdt = cc (2.8)
C, +——"—0u,
Cc + Cb

WAZINS1E Cp << Co B9LA

a ~ (c,+¢,)dy, (2.9)
dlounuaainauns 2.7) agly

= C (2.10)
q _b6qc
C

Us¥q q di3anindszgusnguesiadnishasisaunsdiu mwsiedsey q dldvindy

UszanifinTuasslulnssfing C udduiudiu dq, shednsidmnes C/Ce wasduniugiuves

3

nMsinAnsRavsavduifiaenudusiainni U, luauns 2.5 Taeii C, Wuddafu
Usgqudnues G BelaifinaiAeafusnshausaunsdiu
Tunau U Feulafivinlile ¢ >> G MmaﬁqmlﬁwszﬁqmuLﬁ'mﬁﬂ'ﬁmm 5T
Dululden wszinaziluaiszmsliihlituunassnswseiuuny egrdlsinuaniuyszq
C azdinunnndn G vesTaguaasuiiivndntdes Wunalinaulilunisasiadunisfasisa
unsdututiesas ilesmnnssuatae () axdidlioyas
LﬁaﬁmﬁmmamﬁmamU‘ﬁzaﬁde Ce MU C; agldmnudusius

Q

CtESUt We C, z(ca +Cb) (2.11)
Tuie

(Ct +ck)8u't (2.12)

o]
il

a

= f A v A v Y ! 1 v =3
dlo OU', Aoussiuiitandsainduaanisanemiszy Uszqiignuaesesnuiaindaiiuaiu

9 Y

Aen (C) @awnsatals LLﬁsﬁﬁﬂUﬁsﬁ;ﬁi’ﬂiﬁﬁu'jw qm (Measurable charge)
gm = COU, (2.13)

Aatiugnsduvelszaiinlaseusyiusngfe

q
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q, = C, (2.14)
q C, -I—Ck

ANUFURUSVDY g/q TugURe Ch/Ct mIBlulnenves Ct uanwnsguil 2.8 Feagdaey
Tdanan Ck Mwmunzay Wislrlaaraullunisnsradunisdassauisdiuiaednis uin
U v = v o Qlld 1 4{ dy (-] 6
paan1sAnlageaziendentden Ck NHAMINNE FWULAU Ct WINNBIINTT gu/q WAL
aulin1sine1asisaeuls Jedeslinisusuiiisuisasmeasy lnan1stdeuussaiingiuan
wlusukAzgnAeslUTanvaaeu

Gm Gm
q q
A A
1 — 1—‘—\\~ = T |
» N \ N N Ck=0.1nF
0,8 / 0,8+—\
VN
/ 4 \ e
O,U / O,U \ AN
\ Ck=1nF
0.4 / 0.4 \ \ / \‘
y / ’ [~ N2 \
/ Ck=10nF \ N
0,2 V4 0,2 & \ J
d N ™ [nF]
0 - —— 0 llllHH—l—l—l—-HHl—l—l—l—-'mr ——t
0,01 0,1 1 10 100 G 0,01 0,1 1 10 100 C;
G

2
=

gﬂﬁ 2.8 navesAdunulsEy G Aenulansin gu/q %amuagiﬁ’u C/C

2.3 ’J\‘Wiﬂ"ﬁﬂi')QﬁUﬂ"l‘é’ﬁﬁ‘UqéﬂU'}\‘ié’Ju

[4] N136197995NAFDUNIIAATIFIUNAIUAINNINGFIU IEC-60270:2015 9zdiAdu
WANAIRTITINISHOMBLRLANT Tdaans ( Zn ) %auwmsgnﬂuﬁmﬁuL'%&ﬂdﬂ@h@iammﬁ'm
( Coupling device : CD ) aunsaseRduszuuianvaiu 2 wuu Téun msdeuuvsynsuiu
FufuUszga Uil waznisiouuvaynsuAUIannaaoy ansiaguil 29 n) uaz )
audu Faduisnnsesadunisiauisaunsainiing ( Straisht detection circuit )

F

?

== C

CC
Zo o=

1.) N3FDIINAFBULUURIABATUAIAARIDYNSUAUAILAUYSTAUAED
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CC
v R
CD[ 'Y (T M

L

%.) NMIHDIITNAFBULUUMFBAUNEIRARRUNTUAUTan AU
JUN 2.9 2995MAABUNMIAAYIIUEILTTATS

Tned
U Ao wvaatelniiusesiuainssuaasy
F Ao fhnsesnuisnsludndenuassng
Zni A9 duNLAUIUDUY19895 U
CC  feaeala
G  fo Mufuuszamuiien
0. GREeGOVIGRY
D #o fasormuien
MI fiD STUUIANTSAEYISAUNNEIU

ANIULANGANITBINTIHEIIINAGOULUY N.) WATUUU 2.) fi8 WUu n.) fasaruiien
Anslsounsutudufutszgauilendusuuildfunnlumadin aruisafedsfanmagou
I¢ine uaglidssdanisinusnanniiiaanaaey msgnsudussduiidvuaues daufu
Uszaeuiien uinnuillunsindyanaazdesniuuy 4. deswnnstannsafiintuiy

¥
a =

Aevuludannageu (C) Jsauisaindyuinlalind msizdmeniungisieaynsulagnsy

Y

fulaanaaeu waldeidetonilafomniinnisiusnaniunfanvageu agvilviaTesiloTanTs

q

favnsausarndengle

231 ﬁuﬁuﬂiz@mmﬁm (Coupling capacitor)

[5] ﬁaLﬁUUizﬁ;mmﬁm M%aﬁalﬁuﬂwqﬁwgq (Coupling capacitor ; Cy) St
dusuieleudygunishausavisdnlinsuiiasseninaniulssguesingnagau (Test
object capacitance ; C,) LLaquﬂsajmm?{m (Coupling device ;CD) 3 afiBuflwaud s
E%"M%’Uﬂmﬁmmiaams‘ﬂwdauﬁqﬁuﬁaLﬁuﬂivamuLﬁ'snéfaqLﬁu%ﬁmﬁﬁﬁflﬂ’nmmﬁmﬁﬁﬁ
iodadyannnshaunsaunsau mummaaﬂmﬂimmﬂmii‘umu ANURVBIRAAUYTEY

mULﬂ8:1msmmaqwaaumsmaammaﬂskumaqmmmwmaLmsJ (Stray capaotance)
YBINATNITIA
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msaseiiuUsggauiielildranuiuusey uasiiiausaiuinisean1smedi
< = v A O & 4 dovw o § val A A R
Nudsgamesiufeiundusesiiliein wsgenassilndvuinlvg vielisangs felu
Y an Yy o & A = oMY A o v & = v Ao
LaIsNsaseduivlsEaufeINaunsasilddsRen s AR vUTELUUREIRUTTAY
< ! ! [ v * A o ' [y [ A
ANUNUUIZININNIIANAUUTEIVOIRUAUUTEIATUNYINYINNTADDUNTUAY PI3UN 2.10

T

GV,

¢ | v
C3_¥ V, |:> o

C.== V.

R

JUT 2.10 mMasieffivUszquuuaynsy
! [ a o v v o= a o
N5IAIAMIAIUYTETIN LasfiinuseiuvesinuUszaAuieIansailalay

Amuali C unuatraiulszguasdunuusequaazda Jfiavinduynda waz Vv Aefidn
L3AUIDIIRAUUSTQURAad Fallawidunnda wazdeaduiidaussiuiiliiansiasnsa
TuanAuiulsey agledn

C = G=CG=G=C (2.15)
Ay

V = V1 ra V2 = V3 = Vn (216)
' < ] d‘
AIANMIAUUSZTINVRIRUAUYTERATULALA © Cy

& = (2.16)

[ ™

a o [y v & =
N ﬂLL'ﬁ\‘i(ﬂ’L!sUENG]'JLﬂUﬂﬁ%ﬁ;ﬂ']‘ULﬂEJ'J Vi

Vi = nV (2.17)
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2.3.2 qﬂmaﬁmmﬁm (Coupling device)

[5] gUnsalAuLALY wiefisaA1uLiEa (Coupling Device : CD) w3e Builuaudin
Yoyeuad (Measuring impedance : Z.) fnthilvinisdufiinsanseuanadiiléainiansveasy
wazdsihudyaumemeidyaialufuededionsianishiansauisdn Qﬂﬂiaimuﬁm
Faintififiddydnnateusznisie Wusinsesnseuaninuiduaransludindsieg an
wiasieussunaaeulilid luivdesdiotn 16 Wusdostuwssulniiiuldlmanany
L?ﬂamaﬁ’uLﬂ%qzﬁai’w%aivwLLammaéf’wmmmiaam%awdaﬂumaﬁﬁLﬁmmmﬁﬂwiaq
faummmﬁwiﬂmauﬁuumawmaau wazdadusanneauussiu (Voltage divider) dm5unis
fvunnnazgUnduvosIdunaaaudniiy masmmimmLLau’N%amamaanﬂsmmu
mmLLammgUw 2.11

HY : W/ eussugnnsslaady Ry, sasnumuindaynyiod

T, : Jagmeseu G éTaLﬁUUﬁzaﬁﬂﬁzgzym

<l ﬂ'ﬁLﬁUUis@ﬁﬁaawaﬁa@wmau PD : Yo’ ind sy auiad PD
A q' I o

G : fiuUszgmunen AC : ¥ LA UNAgaU

Z,, : duduensindeyayne GND : 9ariavianiy

Ly : Aoy

SUTl 2.11 éhasmmiam(ﬁ?qLLaz’maauyJaﬁuaaqﬂﬂizﬁmuL‘ﬁ'm
2.4 nsUszuaNadyIMazUNADN

2.4.1 myvhanudosiy

[5] vdealaszunsuegeiglunsduunnisUszananadygyiansiaysauisdiu
yeaAIeiions19duNTAnNIAaTIFIUNEILRANIIFUT 212 uaztilelvinnsUszanana
é’zgapmﬁaéﬁ”’uﬁmmgﬂﬁamazLL;JusTW arfodldFuundslinunzan fuismseI9asnTes
ArwiuuuaudgeuiiAatuannisdesynsufuresfufivussgauifewargunsaiany
RenBauanslilugud 2.1 sghiiadvasnisiannsaunsdndiinldangasevestagmasaey
Fuilenuuaneaiy deuwdsioniunyinisduiinsndnamiafienevesszguaing

(Ga)
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Calibrator Display Unit

—/
cammn— W P B

Matching Unit Band-pass Peak Weighting Reading

Attenuator Amplifier Detector Unit Instrument

= [ = A v a s 1 =3
E‘U‘VI 2.12 Uﬁ@ﬂ1ﬂ8$LLﬂSlPU’eNLﬂi@ﬂﬂ@’)ﬂﬂ’ﬁ@ﬁ‘mi‘ﬂUNﬁ’]‘L!LLUUE]%‘UW&E‘]ﬂ

[

miﬂizmamaafyiuu’]mamﬁaﬂuaﬂﬁﬂﬂﬁ]’lﬂﬁLLé’ié’ﬂﬁaaﬁaﬁw quasi - peak detector

e G]’JEJ‘LWI weighting umt and reading LW@VI’W]NWWLL&@Q@W%@Q GU‘IJWﬂéU’eJ\iﬁiUﬁJ’]Mﬂﬁi
Wﬁ‘U’]iQU’Nﬁ’JUVINﬂW@J’]ﬂVIﬁ@LLauiJﬂﬂiLﬂWU’] AIUNINTZTU I[EC 60270:2015

242 mam'ﬁmauauawaﬂﬁaémiaam%ﬂmamu

5] TneUnfudrdanamsnavsauisdniiatuasiaasunuiswitimes
ALARININY ”Lﬂaumszmmmaqqmn LLszU’;’mé’zgzy']mmsaam%aquauﬁgu%ﬁmi
AnRIfINT0IANUBRUULIUAINERY (Band-pass filter) e tmanizainudlugasgnily

WINTIU
Amplitude
0 dB
-6 dB
| |
| |
] | |
_ | |
A | I Frequency
| | >
f, f,
5UN 2.13 Anuduiussening vunauazaunveiadnshaysauadu
Tuszvuiawuuhawuun
A
WD
A 9 YUINAIUDATOUARUVDIFYYIUNTAAYISIUIIE Y
B R 99NTDIANDVDIFINTDILOUAIUDNIUVDITEUU TN
f, R IniaANNNa9
f, A INTNAANUDUY
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AINUINTFIY IEC 60270:2000 tAAIMUAKAUAIINAVDITEUUIBUATDILDIANY
Narrow-band tag Wide-band 13¢iadl

Narrow - Band tJugaanudildiuesasdlainlunisnaaauwuyu On-Site
AMUA Mid-band 50 kHz < f, < 1 MHz

WUUAIS 9 kHz < Af < 30 kHz

Wide-band tdugasnudnldiuesesdioinlunismageunieluiesufifinis

Fasinaanans 30 kHz < f; < 100 kHz
INTNAANUDUY f, < 500 kHz
LUURAS 100 kHz < Af < 400 kHz

weiluamsgu IEC 60270 aduunled 2015 lvinsuiluludiueeadndiinainud
VUDI52UU Wide-band T lduinTudsasvinlrensanudivaficnunisudluwandused

FnsinAunans 30 kHz < f; < 100 kHz
INTNAANUDUY f, < 1 MHz
LUURAS 100 kHz < Af < 900 kHz

2.5 M3UFULTBU9RTNTAAYITIUNSE U

[4] Lﬁaqmﬂé’igip,Wﬂﬁﬁﬁ%ﬁ%NﬁWﬁm%mﬁa’?ﬂi’mlﬁﬁu%wiﬁummmmm
fifulszaauifien waztagmadeu Jedosdinsuiuiiisusedyyiumsianfaunsgu
rowvhmmaaeu Tneldiesesaisiadnisiaunsaunsdiuimiuamusyaliiihgniesutiuen
Fadunisdrassnisiinnsfiaviieunsdrudienmsdaiadnszuafifvuinvesuszgunnsgu
(qo) WUSsivsansvasannadey Fagudl 2.14 1n3esUiuiisuanasgIuUsENeUMBUVAITY
sUdu U, Fefigundunansdsgudl 2.15 soounsusudnfuuszquun G puunsg IEC
60270:2015 lanivuali Co<0.1C, LLazﬁﬁzj'NnawﬁummgUﬂﬁ'u U (t) windunsedaenin
60 ns

N
3
|

JUT 2.14 M3U5UiigUaINInTITUNISAaysauIedIu [1]
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t >
0 t t

5UN 2.15 sUAduLsIIU Us lglumsasiansesuSuiiguinnsgiu

=i v I

N15as1aUsEaniAgndoLtueY a1113amIANUERNgNAT19TULAINNITBUN A
nszwaiilvaoenaniATesTuiisunnsgIuieuiungl auaun1sil 2.18 WieA1UINAINAY
< ' 9 =
\uUsey Co UazAgaAYRILIIY Uy muaunisi 2.19

2> (2.18)
[itt)dt

q=0Gu, (2.19)
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2.6 TUsunsu LabVIEW

LabVIEW % 5 ® Laboratory Virtual Instrument Engineering Workbench U
Tdsunsudifmuntu LABVIEW 93138037 Virtual Instrument 1138 VI ailaanuvnanedn
w3asfletaiiou

Tsunsu Labview Wulusunsuiiadrstwited lldimesfunsinuasiniosdiodn
dmfunaimnssy lnefigauszasdndndenisdnnisludunisinuaziniesiieTnagisdl

a

Uszansan dlusnveslusunsuosiuasUssnaulusmefleddusineg sruauunniiezaaely
mMyiawsiuduazgndeian Inslawizegndannlismiuiuiaiosdeiandimnssusiieg
awitlanunsotiluusuldldvannvatsuuiniasnniu gaisures LabviEw Aetfulusunsy
Uszunm GUI %38 Graphic User Interface fufiolidndudosinnisidouldnvieddslag
LLazé'ﬂwmzmmﬁIGﬁumaL%EJuiﬂiLmimﬁammgUmW w3a7i38n1 A1%1 G (Graphic
Language) e?fwzlﬂszimﬂ%uiﬂmmmL‘fJuUiiﬁmaemﬁL?;Iumwﬁugmlﬂiu C, BASIC %130
FORTRAN

UsTAsAndnv s Wmuilusunsa LabVIEW Ao Fesnsimunlusunsuiias
dnldfuszuuiniasdiofafifinnunglunndoulysunsuuasiiflaiduiiorzdaelunisin
mAmnssuliinndign szmeuismiduiiauiesiizuannswangunsaiflilunisia
meAmssu Tagiameendufiiundn doldiusaudnesimilswos LabVIEW fio nnsvili
Aeufinensveefliiinanusiudyu LabVIEW waz aunsalifeudeiiienisiiudeya (Data
Acquisition Card) LU?SuLﬁuﬁalﬁwaWﬂwawagﬂLLUU 919 19U Oscilloscope, Mult-imeter,
Function Generator, Strain meter Thermometer M‘%@Lﬂ%mﬁaﬁ’@guﬂ ANUABDINIT

2.6.1 Dataflow

Data flow vﬁamiLS?JauLLmumWﬂWﬂMaﬂJaﬂ%'ayJaﬁuwL"f]umia@mmﬂmwmmiuﬁm
nsagnaRe Msefuie wazyilviideuaunsadeulaieduiensldgunmunudening
uagyllideandnguuuudneen

FlushNTuazUsEnaUmeaaItnuantann Front Panel @adudrunldlunisuana
A . = = a A4 A o
AIMFEAIUAN Wa Block Diagram FudSeuladenasnieluveniaddedn

: Ex - L) |

sUfl 2.16 nt Front Panel waalusunsa LabVIEW
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Ul 2.17 nii Block Diagram veslusunsal LabVIEW

LabVIEW 1fnannisvininuvesasesdeln vien1sinauviligldanunsaeenuuuniuigly
feans wanmsaenanlseandu 3 dulugs e

Signals «———» e M= Analysis > Presentation

1.

Acquisition

and Controls

g‘l.l‘ﬁ 2.18 Block Diagram w3asilodafiadnannn LabVIEW

Acquisition Hudusudeyavsinatsuenidigreuiiames Inedeyanludayaiu
Ll idndszuuiionaunainnmia DAQ
L4

Analysis niananiilasudoyaudionavdoswiuilsnsulunisinsiendoya 393
wananalugUluUNdeANIvINguan N UEIN Inla

ee

Presentation fio n1suannatugusuuiiivssleniserldinu Ingorauanauumni
Jomauiiames w3eaUnsaldula 1Wu Digital Multimeter F4aNN15OLRBNNTHANING
lunanevane Uiy

2.6.2 @rulsznauses Ay LabVIEW
TUSWNSUMTUTULNIAY LabVIEW 15192438037 Virtual Instrument (V1) LWsne

anwugusIngnieaenmiledldldnuazimileuiuinsesilensegunsainiaiminssy lu
YuzifefundRInvetgunsaliadoussanatuazidunismiaues fladdu, Subroutines
wazlusunsundnuiloununiwvaly ausu VI nilse) azUszneumediulsenau 3ad1ufe

1.
2.
3.

Front Panel
Block Diagram

lcon way Connector



21

ﬁ’qawdauﬁwﬂizﬂauﬁ'u%umﬂuqﬂmaimﬁauﬁa dnwaziagniinfives
dutsgnouaadifetolud
1. Front Panel vievtiilni agidudiuiilidenuiuszninedlddulusunsy mded
flui3en User Interface) Tngvildaziidnvazmiloudunihiniveaniosdienso
gunsaifldausunstame 1 Teeluagdseneuse @lnddade, Yude, Yune
souansuansousiuaAigldarmnsanivun dwduiiduineiuniadeulusunsy

1%
)=

Usztan Visual M1ara18a99zi911aiuf1 Front Panel HaziuSoutaiioudu GUI o9
TUSWNSUATD VI YuLeg

Object ﬁa&uiuu Front Panel agilagauuseinn fg

1) Control AaUszLanisuangld (Input) BegldamnsaianiAnasly wield
wdeaniiterdeuuaselel 1wy Juvgu Yuideu alnd (udu

2) Indicators aeUszimiilduansanseeviitu (Output) dldldansnsounlala
U N D3 LED

3) Decorations w1 Object #ilaliAgadasiulusunsuLascode vy Block
Diagram taekai it enruarsudussideuves Front panel windy
tiues dnwaizes Front Panel uansdssusaludl

Decoration Control
Indicators \ l
Chapel A \ »@e]
7257+ Chariiied A Sellinr
S —
i =
T Pange
- LY =
F]\aone- R g
F | ! [ 1
E " 1 Bnaingus Cfse
&
g n ‘u;qniﬂms_
§ - | Trigger Enakles
m; Togmesource |
£30E - ol Thansed &
237 ! )
0 g I §

;51]17; 2.19 Object Gms]ﬁagjuu%ﬁ’l Front Panel w84 LabVIEW

m3eslefildluniseanuuu Front Panel avUsznauludie Control Palette uay
Tools Palette G’ﬁﬁ LabVIEW & Controls Palette ﬁiﬁéﬂummamwu Front Panel LLamﬁdgﬂ
2.18 Bafuduiiinsofugldau (User Interface) Tasazdmdungusing  1wu nauvesiniay
(Numeric) Fsnelunguazdl Control wag Indicator 199 AAgITUFLAY
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Express
Control & Simulation
NET & ActiveX

YyYYyvTYyvvyvvy

g‘U‘ﬁ 2.20 Controls Palette ﬁiﬁﬂumiaamwu Front Panel

Tools Palette A RS89Nl UNITHAILNUSWASY F99LlYianseanLuUy Front
Panel wag Block Diagram Tud@iutiaznaniie Tools Palette @wmsueeniuu Front Panel

Tools @

31]17'; 2.21 Tools Palette msﬁumiaammu Front Panel

2. Block Diagram ffuaiiouifu Source Code w3alUsunsavas LabVIEW Fsusingin
o¢fluzUv89n1971 G 89 Block Diagram # fe3du Executable Program Aoaunsn
flagnauldviui wasdeddnUsznisuileife LabVIEW azfin1snsiaaeuniiy
Rananvedlusunsunasanal mivlsunsuazmauldfseloliiden anaielu
Tsunsuwindulaegldarunsofiazgseazidoavesanufianainuanslifiuld
paenna IS deulusunsutuinetuinn dudssneuniely Block Diagram 4
awsznoudie feidu Aiasil TWaunsumuaunamaurdolassads ntduluus
azdmmand Ssaztmnglugunes Block inagldunisdeans (Wire) a1msu Block
fumngaudidetu enmuadnwmzmslvavesioyasswing Block imaniu nil
Foyaldsumsuszanananuidesnsuazuansuasenunliungldsioly
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|| PicoScope5000aExampleBlack-1yi Block Diagram * =
File Edit View Project Operate Tools Window Help
—— 5
D& 0N § 2 4o o | 15ptApplicationFont ~ | Jov v b fag +| Search S 1

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

[This exemple how to use the PicoScope Labview library to collect data using block mode]

[Channel B Settings|

ssssss
Cloze

e — | L5 [Channel B Buffer
PSSX4XA/B devices |

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

JUN 2.22 788149 Block Diagram Nliiindefianain niousulusunsy

Block Diagram Node ﬁag‘d lcon ‘ﬁagj‘uu Block Diagram Fadl Input Lag/139
Output wazazyuamdefinssulusunsy Tauwladuaueiandn

1) Function fie Node fifuthilitugiuvesnenfinnes Sasliawnsafiesane
winlugseasBennieluledn wu n1suin nsem

2) SubVis #3aluniwinisgendAui1$a199x158n091 Subroutine #3 8
Subprogram AelUsunsugesiigniBeudusniiiegmuundenliludnlusunsy
wils 151awsniladlug front panel uag block diagram léiile double
click 71 Icon vessfuy

3) Express Vis iU subVls Uszinnfiasfiawiaisniden Express VI 1191904
Block Diagram fiuagU 5109111819 Configuration Fuuniteuliisndld
Journ Parameters #ing audeantsuaziiomdeurnaia dufavasaldnl
aeludaludanuiiislanednls Femnuanunseves Express VI dniliisn
uwnvlinn@usosdeans Input taswns1y Parameter anunldgnasiedu
wudgninulinmeluseuesuds Jmnlvinisilieu LabVIEW Neuazity
1nn Fanmdne Express VI gl Icon wwalnafiflitundadudi

Express VI
. Trigger and
Function Sub VI Gl
L]
» i
L beta 1

x [ uip 4 f E
[ ["'f ! . F\_, Errr r

;sﬂ‘ﬁ 2.23 ¢79813 Block Diagram Node
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windlenlglunisideulusunsuuu Block Diagram @® Functions Palette @93z
Function g SubVl 619 9 Afegud lgldidantd ae Function uag SubVi dailungu 1
W1 Numeric Function 9l Function #19 9 ignfiumila 1y UIn au A w15 kanaaagy
221

41 Functions ‘:L Search
| Pregramming [ 3
=
Structures Array
: [z
Mumeric Boolean b
\ é
Comparison Timing Dialeg & User E
Interface |
22z
B (e
| File VO Waveform Application
‘ Control
| |Ge l
- J
‘ Synchronization Graphics 8 Report 1
Sound Generation
‘ Measurement I'0 }:
Instrument /0 138
Vision and Motion }i
Mathematics [ 3 |
Signal Processing b
| Data Communication }I
! Connectivity }F
Control & Simulation }I
Express »
Addons >
| Favorites }l
»

| User Libraries

| Select a VL.

gﬂﬁ 2.24 Functions Palette w8911 Block diagram

2.6.3 Ussnmuasdaya
Tunsdeulusunsuing lWWasedinissenmamudsnoufiesldfauusiu uiamsu
TWsunsu LabVIEW Fldliandusewines Waknsuagyinisimuali iesudidenyszian
vosdayaihneuldnlvigniesiiu Ussinvmosmastayanelu LabVIEW flivansagisdi
wilouiulusunsulunivisug wavdadisnurcssandildly LabvIEw windu WUsunsy
LabVIEW wisdayaifiu 6 sfiadsiifio
1. Numeric Aafayaussinniaiay ffaaurududsly Block Diagram asifiuldudti
Gu wazduunatouvziiududdy uazaunsadsulvanldlaunsadnyini
faviu wdnden representation wavidenUssamiias
2. Boolean AedeyaUsvinniiiianir Ao True uaw false Uu Block Diagram azuand
Toyailudiied uazamiu Front Panel ¢4 Boolean aziidnwauziu fa Control
wse et andu Output Aagtdu LED wievaealussinnmng
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3. String AeteyaUszianiidumdnes Icon szuanadudvuy amunsuansa awdl
g 4 LU fiB
1) Normal Display Aon1suanauni
2) Code Display fon1suanawuy Ipafluseloviiamiunansiidnusfinian
wadlsiifiu M3iunssn wnu wiemstuussalu
3) Password Display Aon1sunumIsnysnay *
4) Hex Display uanwaldusiatavgiudunn
4. Enum Aedeyavssuavuandligldiiudufnilsie wiradmesiufasuay fady
U Block Diagram iisueaiiutoyadssnniiiudiitu fundoutuauuiy
5. Dynamic iuteyaiiogluguves Waveform Uy Block Diagram gnuansnediinGy
Fudanneluasusznoudie Array veaannesy Time Stamp Jevesdnya ol RHE
Uszuan Dynamic ddaulnaldlu Express Vi 9amannnseiu nuidla waziiasizi
GRVRTRIY!
6. Time Stamp Ludeyafiuszneuseiuil wagnariifimmiazBeadliadiundl Time
Stamp U Block diagramn 9zivafdudtianadunii anunsaunanuladidu
$ufl 1981 WU String ¢

2.5.4 ¥anN13Y1197U84 Dataflow Programming
AouszuiaulUsInTNIYFemIUndnMsNInuveslsunsulusUluy Dataflow
uarguuuudeya (Data Type) Fadudsadnylunisimuilusunsy Fdusunsuiidoutude
LabVIEW tfu agyiaulagerdevdnnisves Dataflow Felivdnnsdwieluil Ao
1. flefdurdo Subvi agvhedledideya (Input)
2. eflsitunie Subvi aaseazlideya (Output) lugailsidunse Subvi Buq 9
AoINNTvRY
Joyavzandaiulagany (Wire)
thifeyafiléiusnuansa1 viegunduse Indicator i



unii 3
nseanuUULazUsZNaUES19

Tuunfanuiaznaniiini1seenluukagUsenauas19@i1uyUsznaunIey U895 UY
n3293UNsRavIsIVIsdINRUUEIIE teun FnAuyszaaiuiies gunsalaiuiien was
TUTUNTURARINANTSRAYTIUSE I

Yy v =

3.1 ﬂ'li'e’]'e’]ﬂLL‘U‘ULLﬁSUﬁSﬂ@Uﬁiq\‘lﬁ?LﬂUUiz'ﬂlﬂq‘ULﬂfJ'J

3.1.1 nseenwuulasiadewasiaiulszgruien

AiulszgAIuLAYY niadAuUszgAUUas (Coupling capacitor : Gy ) 1911113

< o o A | v a1 <

0NLUUILLUUNUY 1 tWd 971U 3 fMNuiaUNuNnUIzn1s wagiAmunulseyy 1 nk
TR 50 KVims I086D9UIIAIINNTAAYIFIVIEINNG 3 YUADEN9EUTI(Free of PD) waziin
nseenuuulagldmiiudssgnidannuiuusey 10 nF didauswuiilineliiinnishaise
VEIu 5 Kv/6h §1uau 10 69 uwinissieeunsufuazldfmiiuusggauiiesiifiinaanuiu
U5¥q 1 nF fifausesy 50 kV uanedsgun 3.1

1nF
50 kv

JUT 3.1 nsreaunsuiaiuUsey 10 f uduiudszgaiuiien

Y

Mniuiseanuuulfussafassluriensinssuenitdutanauiuwedhiianaslss
(Polyvinylchloride : PVO) wasfiiaatin (Electrode) Unadiniadruvunasdiuans Ingl
didelnsndinuududidalnsnduusigs wazdidalnsadiuaradudidalnsasunsiadn
Fnmdunsnd lnauiuslidmiuinsaaidouroludigumdniae fauuudviulassouidled
Thdudaiuaidnlnsnsunsnd uaginmssaauuufedamesionvzyigeslsd ( SFe) fimm
AU 2 bar Lwai’]aaﬂumﬁLﬂﬂiﬂiﬁmmaﬂmwzquammulmmmmasmamqq flvouny way
SovhnsUandinuasdaauiunfuiioviesudrTuhufadavugundoandn shldai
Uszgauiieadiviinisesnuuuiirugelsyana 1 wes amsmmesiuiudseaauiieniivh
MT0ONLUUNARIFITUT 3.2 uaznmdraesanufiivesialfivdszgauifeaiivhnisoniuy

WanaRagui 3.3



( ) Bidelasm
. :'_T— AULTIE
fMAuUsEY E
10 nF \ Yiansanszuen
_: :_ %ﬁﬂau’gu
e
—H ] [
H | [ .
a8t < U
Ny ==y
] -
aveIan
| —H ] [
AR BUTLNING
fvionarg L
\ = b Bdelnsa

UG 2 Y 3
Funaes PUNTTIW
= S
Wian (
osioWaul Ul
gunsalmuien
( Coupling Device )

JUN 3.2 lassassasiufiudszaauieaiivinsesniuy

AR AULTIE

s welUda

Q AR AN

gunsalmuiien

JUN 3.3 wuudaesanuiiivesiunulsgaruieivinnisesniuy

27
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b4

nsoenuuulassaiisvesiuivuszamuifeiidmilaidesfiasanogituiude
anuasoaaunliiduidosnanveuldsvesdidalnsndruvunazdruasfidaiuny
videlaildsuunnnelunisinasawsilwilaliAnanuesoaauslii faduaveiiviili
\Aalalsundaviaudnudidalasavesiuivuszgauiieivagaaey ilkinisiasisa
vdnfinsiulddanuiionatn esnnsiansavisdniiAatuilfiae Juaintag
VGRM

fafuudiSstesinnsiiassauulifinesdidelasndiutuardiansesiauiv

Usggmuiieniegarauuliihggainvansauvseld neldislnluiddmudlunisimsey

(=
L3
No.1 ) Aluminium €S 1
No.2 ) Polyvinylchloride € =3
No.3 ) Air € =1
Applied Voltage 50 kV
oML

JUN 3.4 AauaudAnidlnihvesianildlunisesnuuudiiuusyanuien

9 9

Surface: Electric field, norm [v/em] Max: 122.199
T T

SUN
U

3.5 Aawalihgeanfiusinguudafiiulszanuiesnvinnisesniuy
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1N3UT 3.5 aelddaunalalihgegade 122.2 V/em Bsfioinfiesanndeifisuiu
Aauliiingdfisvinlilalsunimia fuduudiSasldinsiisusdunaaouauis
ﬁﬁmaaﬁnﬁwisqmmﬁ'mﬁ 50 kV,e 92l AlSUNREnSaT LS MR U 9B ALATATS
duvulazduans awnsathlassadiefieenuuuiutiludsynavasdle

3.1.2 miﬂisﬂaua%'wéhLﬁuﬂssqﬂﬁuLﬁﬂa

dovhmssonuuuiaiadudaldinisusznevadaifulssgauiiediuiu 3
muiildeanuuuld sUTl 3.6 azuansfamsfindeiaufulszguun 10 nF $1uau 10 6 vuunu
fansaivinananauruezaiaafifianuuduss uagviinnsdesynsufiivuszgiaeve
noaunfidalisinuldumietesfunisifelalnnfaviangesossosznineiufivlses
waziilevinisdoaynsudifutsegasute 10 1 SeinsAnanesoidenradiuunuas
druanudiuBLaAlAIARULIIGRATATUNTIANNEITU kAIUTTYasluYie 3T vinsdudn
nlvudunduisinissaauiufng Sk, LLé’Jﬁwlﬂaﬂé‘?wugﬁuﬂdmmé‘mﬁué’uﬂszﬂau
ahaatadu dufuuszgeuiiniinmysznevadaataSeusosuanidiguil 3.7 uasi
nsfarnenufuusgynvesialiussaauifisiiamiadeiriosindmusiunu 1
Ammileath uazAdiuysyaldfagun 3.8

JUN 3.6 nsfadisdaiuyseadiuan 10 67 vuwnuBanitesaian



a a

daalase

¥

ATULTIE

DATA HOLD

v &

POWER  MAUMINIWE nia TkHz2" 20Kz F B

DATA HOLD

LCR METER

n.) .) fA.)

U 3.8 ArnuiuUsyguesiiuUszgauiieIufazim
v o® N o
n.) AMAUUTEIMUNEIRIMN 1
v o= d' o
9.) MNUUEAUNYIRIN 2
v o= a o A
A.) MLAUUTEIAUNEIAITN 3
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3.2 m'saanLLUUu,azﬂsznaua%ﬁeqﬂnszﬁqﬂnszﬁmuLﬁ'en
3.2.1 MyveNUULNTVRIgUATAlAUIAYY
gUn3aiAuLAYY (Coupling device : CD ) iogunsaiAUUAsiin1seenuuyas
Useneudeasasassdidlng s loun drwfinilde druvesnisiaussiulnihnssuaaduildly
NIMAaeUTaiaud 50 Hz way 200 Hz drufiaesiie druveanisindyaiunisiayisa
vdn Ssgunsaimuieusaziasdadeusoriomn 4 9a ldud
1. yesadyy v sﬁﬂ%’ué’mmmmimaaummﬂﬁaLﬁwssqmmﬁlm
2. YeReindnaIunRaITauIsEIY
3. ARRINFRYYIULIINUNATDY
4. RRRVANAU
maaamwuqﬂmaﬁmuLﬁ&J’Jﬁ?u%é’aqﬁ’]ﬁﬁ@‘Uizﬁmémwiumiﬁﬁmé’@mmiumu
waednsidrunisannouks TNz auiusEuUTaY é’aﬁ?uLLﬁaiudauﬂJaﬂﬂﬁi’mé’@ﬁy’]m
LA UNAFDUNTTUARSULAE N TIA QU IUNTAFTITAVNEIUTIRDYIINISEDNDIAYTZNDY
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1 Welcome

Thank you for buying a PicoScope 5000 Series Flexible Resolution Oscilloscope
from Pico Technology!

The PicoScope 5000 A and B Series of Flexible
Resolution Oscilloscopes from Pico Technology are a
range of high-specification real-time measuring
instruments that connect to the USB port of your
computer. With the PicoScope software you can use
these devices as oscilloscopes and spectrum analyzers.
With various options of portability, resolution, deep
memory, fast sampling rates and high bandwidth,
these highly versatile oscilloscopes suit a wide range of
applications.

The A models are high-speed portable oscilloscopes with a function generator:
PicoScope 5242A PicoScope 5243A PicoScope 5244A

PicoScope 5442A PicoScope 5443A PicoScope 5444A

The B models are as the A models, but feature an arbitrary waveform generator and
deeper memory:

PicoScope 5242B PicoScope 5243B PicoScope 5244B
PicoScope 5442B PicoScope 5443B PicoScope 5444B

Here are some of the benefits provided by the PicoScope 5000 A and B Series
oscilloscopes:

® Flexibility: Whether you want 8, 12, 14, 15 or 16-bit resolution, the PicoScope
5000 Series Oscilloscopes will suit your needs.

@ Portability: Take the unit with you and plug it in to any Windows PC.

® Performance: Up to 1 GS/s sampling, 200 MHz bandwidth and 512 MS buffer.

® Programmability: The PicoScope 5000A SDK lets you write your own programs, in
your chosen programming language, to control all the features of the scope. Using
the API functions, you can develop your own programs to collect and analyze data
from the oscilloscope. Refer to the PicoScope 5000 Series (A API) Programmer's
Guide for more information.

® Long-term support: Software upgrades are available to download from our
website. You can also call our technical specialists for support. You can continue to
use both of these services free of charge for the lifetime of the product.

@® Value for money: You don't have to pay twice for all the features that you already
have in your PC, as the PicoScope 5000 Series oscilloscope contains the special
hardware you need and nothing more.

@® Convenience: The software makes full use of the full-sized display, disk storage,
user interface and networking built in to your PC.

@® Five-year warranty: Your oscilloscope is covered for five years from the day of
purchase against manufacturing faults. We don't charge a penny extra for this
benefit.

For further information on the PicoScope 5000 A and B Series oscilloscopes, see the
comparison table in this manual, and the specifications tables in the PicoScope 5000
Series data sheets available on our website.

Copyright © 2013-2015 Pico Technology Limited. All rights reserved. ps5000ab.en r3
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2 Introduction

2 Introduction

2.1 Safety symbols

Warning Triangle

This symbol indicates that a safety hazard exists on the indicated
connections if correct precautions are not taken. Read all safety
documentation associated with the product before using it.

2.2 Safety warning

We strongly recommend that you read the general safety information below before
using your oscilloscope for the first time. Safety protection built in to equipment may
cease to function if the equipment is used incorrectly. This could cause damage to your
computer, or lead to injury to yourself and others.

Maximum input range

The PicoScope 5000 A and B Series Oscilloscopes are designed to measure voltages in
the range -20 V to +20 V. Attempting to measure voltages outside this range (other
than using a differential or isolating probe specifically designed for this purpose) may
expose the user to a risk of electric shock.

The analog inputs of the PicoScope 5000 A and B Series Oscilloscopes are protected to
+£100 V. Contact with voltages outside the protection range may cause permanent
damage to the unit.

Mains (line) voltages

PicoScope 5000 A and B Series oscilloscopes are not designed for use with mains (line)
voltages. To measure mains (or line) voltage, use a differential isolating probe
specifically designed for that purpose.

Safety grounding

PicoScope 5000 A and B Series Oscilloscopes connect directly to the ground of a
computer through the USB cable provided to minimize interference.

Avoid connecting the ground input to any potential other than ground. The outer shells
of the BNC connectors are all at the same potential (shorted together). If in doubt, use
a meter to check that there is no significant AC or DC voltage between the ground
input of the oscilloscope (and also, if your oscilloscope is connected to a laptop, mains
ground) and the point to which you intend to connect it, as this may cause a large
current to flow. Failure to check may cause damage to your computer and connected
equipment, or lead to injury to yourself and others.

Do not rely on the product to provide a protective safety earth.

Repairs
The oscilloscope contains no user-serviceable parts. Repair or calibration of the

oscilloscope requires specialized test equipment and must be performed by
Pico Technology.

ps5000ab.en r3 Copyright © 2013-2015 Pico Technology Limited. All rights reserved.
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2.3 FCC notice

This equipment has been tested and found to comply with the limits for a Class A
digital device, pursuant to Part 15 Subpart B of the FCC Rules. These limits are
designed to provide reasonable protection against harmful interference when the
equipment is operated in a commercial environment. This equipment generates, uses,
and can radiate radio frequency energy and, if not installed and used in accordance
with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference
in which case the user will be required to correct the interference at his or her own
expense.

For safety and maintenance information see the safety warning.

2.4 CE notice

The PicoScope 5000 A and B Series Oscilloscopes meet the intent of the EMC
directive 89/336/EEC and have been tested to EN61326-1:2006 Class A
Emissions and Immunity standard.

The product also meets the intent of the Low Voltage Directive and has been
designed to meet BS EN 61010-1:2010 Safety requirements for electrical
equipment for measurement, control, and laboratory use standard.

Copyright © 2013-2015 Pico Technology Limited. All rights reserved. ps5000ab.en r3
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2.5

License conditions

The software supplied with this product is licensed, not sold. Pico Technology Limited
grants a license to the person who installs this software, subject to the conditions
listed below:

Access. The licensee agrees to allow access to this software only to persons who have
been informed of these conditions and agree to abide by them.

Usage. The software in this release is for use only with Pico Technology products or
with data collected using Pico Technology products.

Copyright. Pico Technology Limited claims the copyright of, and retains the rights to,
all material (software, documents etc.) contained in this release. You may copy and
distribute the entire release in its original state, but must not copy individual items
within the release other than for backup purposes.

Liability. Pico Technology and its agents shall not be liable for any loss, damage or
injury, howsoever caused, related to the use of Pico Technology equipment or
software, unless excluded by statute.

Fitness for purpose. Because no two applications are the same, Pico Technology
cannot guarantee that its equipment or software is suitable for a given application. It
is your responsibility, therefore, to ensure that the product is suitable for your
application.

Mission-critical applications. This software is intended for use on a computer that
may be running other software products. For this reason, one of the conditions of the
license is that it excludes usage in mission-critical applications; for example, life-
support systems.

Viruses. This software was continuously monitored for viruses during production, but
you are responsible for virus-checking the software once it is installed.

Support. If you are dissatisfied with the performance of this software, please contact

our technical support staff, who will try to fix the problem within a reasonable time. If
you are still dissatisfied, please return the product and software to your supplier within
14 days of purchase for a full refund.

Upgrades. We provide upgrades, free of charge, from our website at
www.picotech.com. We reserve the right to charge for updates or replacements sent
out on physical media.

ps5000ab.en r3 Copyright © 2013-2015 Pico Technology Limited. All rights reserved.
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2.6

2.7

2.8

Trademarks

Windows is a registered trademark of Microsoft Corporation in the USA and other
countries.

Pico Technology Limited and PicoScope are trademarks of Pico Technology Limited
registered in the United Kingdom and other countries.

Warranty

Pico Technology warrants upon delivery, and for a period of 5 years unless otherwise
stated from the date of delivery, that the Goods will be free from defects in material
and workmanship.

Pico Technology shall not be liable for a breach of the warranty if the defect has been
caused by fair wear and tear, willful damage, negligence, abnormal working conditions
or failure to follow Pico Technology's spoken or written advice on the storage,
installation, commissioning, use or maintenance of the Goods or (if no advice has been
given) good trade practice; or if the Customer alters or repairs such Goods without the
written consent of Pico Technology.

Company details

Address:

Pico Technology

James House

Colmworth Business Park
St Neots

Cambridgeshire PE19 8YP
United Kingdom

Phone: +44 (0) 1480 396 395
Fax: +44 (0) 1480 396 296

Email:

Technical Support: support@picotech.com
Sales: sales@picotech.com

Web site: WWW.picotech.com

Copyright © 2013-2015 Pico Technology Limited. All rights reserved. ps5000ab.en r3
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6 Introduction
2.9 Minimum system requirements
To ensure that your PicoScope 5000 Series Oscilloscope operates correctly, you must
have a computer with at least the minimum system requirements as shown in the
following table. The performance of the oscilloscope will be better with a more
powerful PC, and will benefit from a multi-core processor.
Item Specification
Windows 7, Windows 8 (not Windows RT), Windows 10*. 32
o i t bit and 64 bit versions.
perating system Beta software is also available for Linux and OS X operating
systems.
Processor :
Memory - As required by the operating system
Free disk space
Ports USB 3.0 or USB 2.0 port(s)
PicoScope version 6.11 and SDKs are compatible with Windows XP SP3 and
Vista SP2 in addition to the Windows versions listed above. For best
performance we recommend Windows 7 or later.
2.10  Cleaning

Clean the oscilloscope using a soft cloth dampened with a solution of mild soap or
detergent in water.

CAUTION: Do not allow water to enter the oscilloscope casing, as this could damage
the sensitive electronic components inside.

ps5000ab.en r3 Copyright © 2013-2015 Pico Technology Limited. All rights reserved.
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3 Pack contents

A PicoScope 5000 A or B Series Oscilloscope is supplied with the following items:

Standard USB cable (4-channel scopes only)

Double-headed USB cable

AC adaptor (4-channel scopes only)

Software and Reference CD

Installation Guide

2 or 4 x Probes (see Model Comparison table for probe details)

666666
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8 Installation

4  Installation

Please note the various power supply options below. Consult the appropriate section
relating to the intended use of the oscilloscope and the instructions in the Installation
Guide and the leaflet included with your product package.

Powering 2-channel scopes

Connect your 5000 Series 2-channel oscilloscope to two free, powered USB ports on
the PC or USB hub using the double-headed USB cable supplied (see image 1 below).

Powering 4-channel scopes

When using one or two channels of the 4-channel 5000 Series oscilloscopes, you have
two options for power.

1. If your computer or USB hub does not have two free, powered USB ports, connect
your 5000 Series oscilloscope to the PC or hub using the single-headed USB cable
supplied. Plug the power adaptor into the mains and connect the DC cable to the DC
power socket on the rear of the oscilloscope (see image 2 below).

2. If your computer or USB hub has two free, powered USB ports, connect your 5000
Series oscilloscope to two ports on the PC or hub using the double-headed USB
cable supplied (see image 1 below).

When using three or four channels on the 4-channel 5000 Series oscilloscopes,
connect your oscilloscope to the PC or hub using the single-headed USB cable
supplied. Plug the power adaptor into the mains and connect the DC cable to the DC
power socket on the rear of the oscilloscope (see image 2 below).

- 1 20\ 2 N

Note: If you connect or disconnect the AC adaptor while the oscilloscope is in
operation it will restart automatically and any unsaved data will be lost.

Checking the installation

Once you have installed the software and connected the oscilloscope to the PC, start
the PicoScope software. The software should now display any signal connected to the
scope inputs. If you have a probe connected to your oscilloscope, you should see a
small 50 or 60 hertz signal in the oscilloscope window when you touch the probe tip
with your finger.

ps5000ab.en r3 Copyright © 2013-2015 Pico Technology Limited. All rights reserved.
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Standard oscilloscope connectors

The PicoScope 5000 Series Flexible Resolution Oscilloscopes have input channels with
standard BNC connectors and standard input impedance. They are therefore
compatible with most oscilloscope probes including x10 and switched x1/x10 types.

The probes supplied with the PicoScope 5000 A and B Series oscilloscopes have been
trimmed specifically for use with the scopes they are supplied with. For optimum
performance, please use the probes supplied. Although other oscilloscope probes can
be used, the specified performance cannot be guaranteed. Replacement probes
matched to your PicoScope 5000 can be ordered from Pico Technology.

Signal generator (Gen) output

The Gen connector is the output of the oscilloscope's built-in signal generator, which
can generate a number of built-in waveforms as well as user-defined arbitrary
waveforms (B Models only).

@ If you are using the PicoScope 6 program, refer to the PicoScope 6 User's Guide for
information on how to configure the signal generator.

@ If you are writing your own software, refer to the PicoScope 5000 Series (A API)
Programmer's Guide.

External trigger (Ext) input

The Ext input can be used as a trigger source. It is selected using the trigger drop-
down menu in the PicoScope software, or using a function call if you are writing your
own software.

The Ext input uses dedicated circuitry with a software-configurable threshold to detect
a trigger signal. This has the advantage of freeing the analog channels for viewing
signals. The Ext input has the same characteristics as a scope channel so that a
supplied probe can be trimmed on one of the channels and then used with the Ext
input to give best vertical accuracy. If trigger timing accuracy is critical, we
recommend using one of the main input channels as the trigger source. These
channels use digital triggering (accurate to one sample period) and have a vertical
resolution of 1 LSB.

Copyright © 2013-2015 Pico Technology Limited. All rights reserved. ps5000ab.en r3
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5.1 Model comparison table

For full specifications, refer to the 5000 Series data sheets on your Software and
Reference CD or to the 5000 Series page on www.picotech.com.

PicoScope 2-channel models overview

i Memor
Model l;:\ an):vn:;::' S-bit > : 2-bit Waveform Output SI::::Iiees d
5242A 60 MHz 16 MS 8 MS Func. Gen. 2 x 60 MHz
5242B 60 MHz 32 MS 16 MS Func. Gen. and AWG 2 x 60 MHz
5243A | 100 MHz 64 MS 32 MS Func. Gen. 2 x 150 MHz
5243B 100 MHz 128 MS 64 MS Func. Gen. and AWG 2 x 150 MHz
5244A | 200 MHz | 256 MS 128 MS Func. Gen. 2 x 250 MHz
5244B 200 MHz 512MS | 256 MS |  Func. Gen. and AWG 2 x 250 MHz
PicoScope 4-channel models overview N

Model Maximum Memory | Waveform Output Probes

Bandwidth g-pit = 12-bit Supplied
5442A | 60MHz | 16MS | 8MS | Func. Gen. | 4x60MHz
5442B | 60 MHz N 32 MS L 16 MS | Func. Gen. and AWG 4 x60 MHz
5443A | 100MHz | 64MS | 32MS |  Func.Gen. 4 x150 MHz
5443B | 100 MHz | 128 MS | 64 MS | Func. Gen. and AWG 4 x 150 MHz
54_14flA_r_ 200MHz | 256 MS | 128MS |  Func.Gen. | 4x250 MHz
5444B | 200 MHz | 512MS | 256 MS |  Func. Gen. and AWG __:" 4 x 250 MHz

Resolution vs samplingrate .
~Sampling rate vs. number of channels in use
Any 1 channel | Any 2 channels Any 3 channels  All channels

Resolution i—

8-bit 1 GS/s | 500 MS/s | 250 MS/s | 250 MS/s
12-bit 500 MS/s 250 MS/s 125 MS/s 125 MS/s
14-bit ' 125 MS/s 125MS/s | 125MS/s 125 MS/s
15-bit 125 MS/s 125 MS/s - -
16-bit 62.5MS/s | 4 - | -

For further information see the specifications tables in the PicoScope 5000 Series data
sheets available on our website.

ps5000ab.en r3 Copyright © 2013-2015 Pico Technology Limited. All rights reserved.
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5.2 Connector diagrams
PicoScope 5000 A and B Series oscilloscopes

. Input channel A

. Input channel B
. Input channel C
. Input channel D
. Probe compensation output

. LED: red when scope is connected but not operating. Flashes green when the

oscilloscope is capturing data.

. External trigger input
. Signal generator output
. DC power socket: for use with the AC adaptor supplied. See Installation for details.

. USB 2.0 port: connects to your PC using the Hi-Speed USB cable supplied. See

Installation for powering options.

. Earth terminal: Some laptop power supplies can produce electrical noise which may

interfere with your measurements. If this occurs, the earth terminal can be
connected to an external ground point (for example, on the system you are testing)
to provide a ground reference for the scope. This can help to avoid external noise
interfering with your measurements. Alternatively you can run the laptop using
battery power.

Copyright © 2013-2015 Pico Technology Limited. All rights reserved. ps5000ab.en r3
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5.3 Moving to another USB port

The process is automatic. When you move the device from one port to another,
Windows displays an "Installing device driver software" message and then a
"PicoScope 5000 Series PC Oscilloscope" message. The oscilloscope is then ready for
use.

5.4  Compensating probes

We recommend that you compensate each oscilloscope probe before using it with your
PicoScope. Compensation instructions specific to the probe are included in the leaflet
supplied with the probe.

Connecting a probe for compensation

1.
2.
3.

6.

Plug the probe's BNC connector into the appropriate input channel on the scope.

Fit the spring hook (supplied with the probe) on the probe tip.

Attach the spring hook to the probe compensation output located on the front panel.

. Attach the ground lead (supplied) to the probe and connect the crocodile clip to the

ground shell of one of the scope's BNC inputs.

. Run the PicoScope software. Set the input coupling to AC and then click Auto Setup,

which ensures that the correct range and timebase are selected.

Follow the compensation (or 'trimming') instructions in the probe leaflet.

Note: if the probe is moved to a different scope channel, the compensation procedure
must be repeated.

ps5000ab.en r3
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Glossary

API. Application Programming Interface. A set of function calls that give
programmers access to the PicoScope 5000 A/B Series driver.

Bandwidth. The range of input frequencies over which the measured signal amplitude
is no more than 3 decibels below its true value.

Buffer size. The size of the oscilloscope buffer memory, measured in samples. In
block mode, the buffer memory is used by the oscilloscope to store data temporarily.
This allows the oscilloscope to sample data independently of the speed at which it can
transfer data to the computer.

Driver. A program that controls a piece of hardware. The driver for the PicoScope
5000 A and B Series Oscilloscopes is supplied in the form of a 32-bit Windows DLL,
ps5000a.dll. This is used by the PicoScope software, and by user-designed
applications, to control the oscilloscopes.

External trigger. This is the BNC connector marked Ext on the PicoScope 5000 A and
B Series oscilloscopes. It can be used as a trigger source but not as a waveform input.

Flexible Resolution Oscilloscope. The instrument formed by connecting a PicoScope
5000 A and B Series Oscilloscope to a computer running the PicoScope software
application.

Maximum sampling rate. A figure indicating the maximum number of samples the
oscilloscope can acquire per second. Maximum sample rates are usually given in MS/s
(megasamples per second) or GS/s (gigasamples per second.) The higher the
sampling rate of the oscilloscope, the more accurate the representation of the high-
frequency details in a fast signal.

MS/s. Megasamples per second. Used to quantify the sampling rate of an
oscilloscope.

PicoScope software. This is a software product that accompanies all our
oscilloscopes. It turns your PC into an oscilloscope, spectrum analyzer, and meter
display.

Signal generator. A built-in circuit that generates signals suitable for driving an
external device under test. Its output is on the BNC connector marked Gen on the
oscilloscope. If you connect a BNC cable between this and one of the channel inputs,
you can send a signal into the channel.

Timebase. A timer that controls the speed at which the scope device captures data.
At slow timebases this process is visible as PicoScope draws the trace across the scope
view from left to right, but at fast timebases PicoScope draws the whole trace in a
single operation. The timebase is measured in units of time (such as seconds) per
division. There are ten divisions across the scope view, so the total time across the
width of the view is ten times the "per division" setting.

USB 1.1. USB (Universal Serial Bus) is a standard port that enables you to connect
external devices to PCs. A typical USB 1.1 port supports a data transfer rate of 12
Mbps (12 megabits per second), much faster than an RS232 port.

USB 2.0. A typical USB 2.0 port supports a data transfer rate that is 40 times faster
than USB 1.1. USB 2.0 is backwards-compatible with USB 1.1.

USB 3.0. A USB 3.0 port uses signaling speeds of up to 5 gigabits per second and is
backwards-compatible with USB 2.0 and USB 1.1.

Vertical resolution. A value, in bits, indicating the precision with which the
oscilloscope converts input voltages to digital values. The resolution enhancement
function in PicoScope can improve the effective vertical resolution.

Voltage range.The range of input voltages that the oscilloscope can measure. For
example, a voltage range of £20 V means that the oscilloscope can measure voltages
between —20 V and +20 V. Input voltages outside this range will not be measured
correctly, but will not damage the instrument as long as they remain within the
protection limits stated in the specifications.

Copyright © 2013-2015 Pico Technology Limited. All rights reserved. ps5000ab.en r3
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7 Appendix A: Declaration of Conformity

-
B Pico Technology
p ]_ C O James House, Marlborough Road.
3 // Colmworth Business Park.
- Eaton Socon, St Neots, Cambridgeshire.
Technology PE19 8YP United Kingdom.
Tel: +44 1480 396395. Fax: +44 1480 396296

EC Declaration of Conformity

Pico Technology declares that the following products comply with the requirements of the specified
Directives and Standards as listed below. Technical documentation required to demonstrate compliance
to the standards is available for inspection by the relevant enforcement authorities. Products carry the CE
mark.

Products covered by this declaration:

PicoScope 5242 A & B 2 channel USB oscilloscopes.
PicoScope 5243 A & B 2 channel USB oscilloscopes.
PicoScope 5244 A & B 2 channel USB oscilloscopes.
PicoScope 5442 A & B 4 channel USB oscilloscopes.
PicoScope 5443 A & B 4 channel USB oscilloscopes.
PicoScope 5444 A & B 4 channel USB oscilloscopes.

EU Directives covered by this declaration:

2004/108/EC - Electromagnetic Compatibility Directive.

2006/95/EC - Low Voltage Equipment Directive.

2012/19/EU - Waste Electrical and Electronic Equipment

2011/65/EC - Restriction of the use of certain Hazardous Substances Directive.

The basis on which conformity is being declared:

EN61010-1:2010 Safety requirements for electrical equipment for measurement, control and

laboratory use, general equipment requirements.

EN61010-2-030:2010  Particular requirements for testing and measuring circuits.

EN61326-1:2006 Electrical equipment for measurement, control and laboratory use — EMC
requirements. Group 1, Class A equipment — (emissions section only)
EN61326-1:2006 Electrical equipment for measurement, control and laboratory use — EMC

requirements. Basic Immunity — (immunity section only)

EN61326-2-1:2006 Electrical equipment for measurement, control and laboratory use — EMC
requirements — Particular requirements

CFR 47:2009 Code of Federal Regulations FCC: part 15 Subpart B — Frequency devices —
unintentional Radiators. Radiated emissions standard. Class A emissions.

All component parts are supplied to Pico Technology under a valid EC Declaration of Conformity declaring
their RoHS compliance. Additional analysis may be performed and recorded by Pico Technology Ltd or its
subcontractors of the materials used in the manufacture of the above products as required by the Pico
quality standards.

Alan Tong Signed
Managing Director
October 2015

Pico Technology Limited is an internationally registered trade mark
Registered in England and Wales No. 2626181
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Design and Construction of a Quad-pole Coupling
Device for Partial Discharge Tests
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Abstract— This paper presents design and construction of a
quad-pole coupling device which is used for measurement of PD
signal and AC voltage as the conventional partial discharge
testing according to IEC 60270[1]. The developed coupling device
is capable to measure AC voltage at frequencies of 50 Hz and 200
Hz. Lower limit and Upper limit frequencies of the developed
coupling device are 30 kHz and 20 MHz, respectively. The
remarkable feature of the developed coupling device has the
accuracy in PD signal measuring and the ability in eliminating
noise signal such as unwanted AC signal at PD measuring point
and interference signal. Therefore, in the design procedure based
on OrCAD computer program, two main parts being the AC
signal measuring part and the PD signal measuring part are
considered. In the AC signal measuring part, the proper
impedance was chosen to achieve appropriate voltage divide ratio
and accuracy in PD signal measuring. In the coupling device,
voltage surge protective device was installed to protect the PD
measuring part. In PD signal measuring part, the value of the
components in PD signal measuring circuit must be chosen
properly to achieve the determined upper and lower limit
frequencies and consider the value of the matching resistance. In
this part, noise signal elimination must be considered to gain less
effect to PD signal, otherwise the PD signal waveform will distort.
From this intensive study, the coupling device circuits were
designed and constructed and then, they were tested at 50 Hz and
200 Hz AC Voltage supply. The results of the developed coupling
device are compared to that of the reference coupling device in
the high voltage laboratory of King Mongkut's Institute of
Technology Ladkrabang. The developed coupling device can be
used in conventional PD testing according to IEC 60270. The
comparisons of the simulated and experimental results show that
the performance of the developed coupling devices as same as the
reference coupling device.

Keywords-Coupling device, IEC 60270, Partial discharge
detection

L

The prevention of electrical fault relies on precision
diagnosis. Especially, the insulation diagnosis before were
install. If the insulation of electrical equipment have
contamination or air gap it lead to occur Partial discharge

INTRODUCTION
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activity in insulation material. And if left for a long time, it
will cause a breakdown between the electrodes. This will
cause damage to the electrical system equipment. So then the
electrical high voltage equipment must be tested a partial
discharge testing to analyze the condition of the insulation
before installation in electrical systems. Partial discharge
testing is compulsory in most of high voltage equipment. Most
of the instruments for the partial discharge test are imported
from abroad and high price. Therefore, in order to reduce the
imported from abroad, it is necessary to developed. From this
development, it is also a new knowledge for High Voltage
laboratory KMITL. Theory

A. What is Partial Discharge

A Partial Discharge is an electrical discharge or spark that
bridges a small portion of the insulation between two
conducting electrodes. Partial Discharge can occur at any point
in the insulation system, where the electric field strength
exceeds the breakdown strength of that portion of the
insulating material. The partial discharge is classified in three
types. The first type is a corona discharge which occurs at
sharp rod conductor. The second type is a surface discharge
which is occurred on skin of insulation. The last one is internal
discharge which is occurred at adulterated thing in Insulation
material as shown in Figure 1.

AN 4%
T 1

HV

Il

Figure 1. The Three types of Partial discharge 1.corona discharge 2.surface
discharge 3.internal discharge [2].

1 2
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B. Partial Discharge Measurement [3]

Partial discharge test circuit according to IEC 60270 is
shown in Figure 2. The discharge activity can be measured in
pC or pV. The PD level and PD patterns are very important
information to evaluate the insulation characteristics of high
voltage equipment. Then, some measures may be conducted in
the early stage of preventive maintenance when the defective
insulation is found.

measuring
instrument

.

=

Figure 2. Partial discharge measuring circuit [4].

C. Coupling device [5]

Coupling device or measuring impedance (Z,,) is the main
part which converts the input PD current pulses into equivalent
output voltage pulses to be routed via a measuring cable to the
PD measuring instrument. Additionally the coupling device is
composed with supplementary elements for signal filtering in
order to eliminate disturbing signals caused by the AC test
voltage supply. Moreover, a fast over-voltage protection unit is
required for suppressing over-voltages which may result from
unexpected breakdowns of the test object. To ensure an
optimum PD signal transmission, the coupling device should
be located physically as close as possible to the coupling
capacitor Cy and, for safety reasons, always inside the high
voltage test area. The series connection of the coupling
capacitor Cy with the measuring impedance Z,, forms a high-
pass filter. The conventional measuring impedance circuit is
shown in Figure 3. However, this equivalent circuit of the
coupling device still has a weak point that when a failure
occurred in a part and make the circuit open, the high voltage
will be across the measuring instrument and it lead the
instrument failure due to the unintentional over voltage.

éw

o

AC

GND

Figure 3. Equivalent circuit of the PD coupling unit.
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II.  DESIGN AND CONSTRUCTION OF THE COUPLING DEVICE

A. Design of the coupling device

Determination of the electrical components of the coupling
device can be simulated by a circuit based computer program.
With the selected circuit parameters, the coupling device has
lower limit and upper limit frequency of the developed device
are 30 kHz and 20 MHz, respectively. The equivalent circuit of
the coupling device is shown in Figure 4. The circuit
parameters of the circuit are given in Table 1.

IN from Cy
ouT
C L
1 PD 1 ouT
Test
voltage
L Ry

T°

Figure 4. The simulation equivalent circuit of the designed coupling device.

Table 1. The circuit parameter of Figure 4

Circuit component Circuit parameter
Ci 75 nF
G, 44 uF
L, 400 uH
L, 470 uH
R, 50 Q

831

The frequency response of the designed coupling device at
the PD port is shown in Figure 5. It is noticed on Figure 5 that
the designed coupling impedance has the bandwidth according
to the standard requirement. The signals with the frequency of
below 30 kHz and of above 20 MHz are attenuated.
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o THTTIT T

-100
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Figure 5. Frequency response of the designed coupling device.

The frequency response of the designed coupling device at
the Test voltage port is shown in Figure 6. It is noticed that the
unwanted signal with high frequency of above 2 kHz is
attenuated.
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Figure 6. Frequency response of the designed coupling device at the Test
voltage port.

B. Construction of the coupling device

From design of the coupling device topic, the developed
coupling device is depicted in Figure 6.

Figure 7. The developed coupling device, 1.IN From C, 2.0ut PD, 3.Out test
voltage, 4.Ground terminal.

III.  EXPERIMENT

A. The testing of the developed coupling device compared
with Omicorn coupling device without test object

From design and construction of the coupling device. This
experiment for the performance of developed coupling device
is comparable with that from Omicorn coupling device without
test object at 10 kVrms 50 Hz. The comparison result between
developed coupling device and Omicorn coupling device is
depict in Fig. 7 and Fig. 8, respectively.

2006
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Quec
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Figure 8. The experimental result of the developed coupling device at
10 kVms SO Hz. without test object.
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Figure 9. The experimental result of Omicorn coupling device at 10 kV s 50
Hz. without test objects.

B. The testing of the developed coupling device compared
with Omicorn coupling device with test object

This topic is present the testing of the developed coupling
device compared with Omicorn coupling device with three test
objects. The first is the test object for corona discharge
simulation. The second is the test object for surface discharge
simulation. The last is the test object for internal discharge
simulation. Fig. 9 shows the test circuit in the PD measurement
used in all test cases.

Figure 10. PD detection test circuit, 1.HV test Supply, 2.Coupling capacitor
(Cy), 3. Test object for corona discharge simulation, 4. Developed coupling
device, 5.PD measuring instrument.

The comparison results in the PD measurement from the
developed coupling device and Omicorn coupling device (the
reference one) with test objects are depict in Fig. 10 tol5.
Corona discharge cases are shown in Figs. 10 and 11, Figs. 12
and 13 for surface discharge cases, and Figs. 14 and 15 for
corona discharge cases. From the test results, it is found that
the developed coupling device provides the same test results
as provided by the reference one.
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Figure 11. The experimental result of developed coupling device with test
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Figure 12. The experimental result of Omicorn coupling device with test
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Figure 13. The experimental result of the developed coupling device with test
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Figure 14. The experimental result of Omicorn coupling device with test

object for surface discharge simulation.
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Figure 15. The experimental result of the developed coupling device with test

object for internal discharge simulation.

zonc
100

4001 ms 5003 ms 1200 ms 1601 ms comu It i

MPD 600 1.13
@
-
2,930 pC
191
103 pc
. Freq. integration at
250 kHz £ 150 kHz
106 from: 00 kb
tor 400 kHz
oPos
s 078 inos
H0pe 0.58 Gated Percentage
. m
static partial: 0%
043 e
TEC 60270 status
032 onforing, Calbrted
( tday 2t (30113
10pc Al 024
- MPD 600 1.3
. V2
‘-q 6.384 kv
omicronl
01
ok AT Yigas
6.487 kv
fy
50.01 Hz

Figure 16. The experimental result of Omicorn coupling device with test

object for internal discharge simulation.

VI. CONCLUSION

From the test results, the performance of developed

coupling device is comparable that of the omicron coupling
device (the commercial and well-known one) in terms of very
low background noise and of performance in PD detection. It
can be concluded that the developed coupling device can be
used in testing of partial discharge detection according to IEC
60270.
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