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ABSTRACT

This project presents the partial discharge detection by conventional
methods with HFCT sensors and non-conventional methods with TEV sensors in
distribution transformers located in mall 1, 2 and 3. The HFCT sensors were installed
around the ground conductors of each phase, then the coaxial cable was connected
to the PD-analyzer instrument, after that the waveform of the HFCT was recorded and
the Phase Resolved Partial Discharge (PRPD) was analyzed to Indicate the PD type. The
TEV sensors were installed to metal-enclosure of high voltage switchgear and the
transformer, then the coaxial cable was connected to the PD-analyzer instrument, after
that the waveform of the HFCT was recorded and the Phase Resolved Partial Discharge
(PRPD) was analyzed to Indicate the PD type. Furthermore, the propagation of the
antenna waves were studied. The simulation of the transmitting and receiving signals
with antennas at the UHF band, 2.5-3 GHz was selected. Partial discharge source
produces the propagation of electromagnetic waves. To study the propagation,
reflection and attenuation of signals in the empty transformer tank, the Transformer
with Iron Core and the Transformer with Coil. From the test, it was found that the
HFCT sensor detected floating discharge in distribution transformer TR-2 mall 1 at
Phase B and Phase C, TR-B mall 2 at Phase A, TR-2 mall 3 and TR-3 mall 3 on all
Phases. Corona discharge was also detected in transformers TR-2 mall 1 at Phase A.
The TEV sensor detected Corona discharge in transformers TR-2 mall 1 at Phase A. For

other transformers, the TEV sensor was unable to detect partial discharge. Moreover,



the distortion of ultra-high frequency (UHF) signal in transformer tank with iron core
and winding was studied. The vector network analyzer was used to be a UHF signal
source, 2.5 GHz to 3 GHz, and microstrip antenna was used to send and receive the
signal. The UHF channel corresponding transfer function magnitude was from two
different receiving antenna positions. Then, the graphs of magnitude were plotted. In
case of having core and coil in transformer tank, the signal magnitude was smaller than
having iron core in the tank. For different position of receiving antenna, the magnitude

of having core and coil were different.
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2.1 dqudsenauniguanvawmsianlag

dulsznevvemiisluasianinagy 2.1
1. Magnetic (Lnuwan)
2. Low Voltage Winding (VAIALIIA)
3. High Voltage Winding (Una2nt33g4)
4. Corrugated Tank (f264 LazAIUTTUIY
AUFIU)
5. Transformer Base (§1uniialUag)
6. Oil Level Gauge (snafasduristy)
7. Lifting Eye (veonviiauuag)

8. Pressure Relief Device (ManuszLUn)

9. Low Voltage Terminal (fasoaneusasi)

10. High Voltage Terminal (T3s9a718u.59g4)

11. Low Voltage Bushing (Qﬂﬁ’JEJLLiW?’l)

12. High Voltage Bushing (ana3gus3g)

JUN 2.1 drulszneuremiioudas

13. Arcing Horn (a%) i - https://core.ac.uk/download/
14. Off-Load Tap Changer (WAUUIULTINW) pdf/30045448.pdf

15. Upper Steel Clamp (ianniuwnutsdnanuusy)

2.1.1 dawdiauuas (Tank)

Savsoudas wifingn Ao ussguniy viedudnUsznounsiauUasniely
i Unadn wnuwan Wudy uwarseasugUnIaislanng q 1w Yot wazdniuay tnedsses
yuussuiAntuananuiaundunsvhaulild feun uageumudenssfuiuiung
28NLUY

2.1.2 mmmmga-uiﬁﬂ (High voltage - Low Voltage Winding)

Humanesunsnau/wuu indeutineniounszavaniuiusauLNuIMan

[y 1% 17 1 [ ~ o o o v a &
‘Uﬂﬁ’)ﬂi‘ULLiﬂQﬂﬂﬁNLaULLiQLLNLﬁaﬂLﬁUS’JU’] ‘U(ﬂﬁ')(ﬂLL?W]'WH%UWV]LUN'N‘{]?IWW’]

2.1.3 sedurigiu (Oil Level Gauge)

v v !
IS v o w =

I a v [~ i I~ 1 & @ % £
WUnaTLERTe AUTNN UG D190 aN Wz Uus 09 W uve wIauntntdn nie

Dy

= I

wasvilaUnaviignasstuennisilegveatgiy

Y



2.1.4 gunsalszuneanufuvsarianuseida (Pressure-Relief Device)

I a d' [y} ¥ a [y}
LﬂuﬂaiﬂaﬂﬁqLmamwmﬂwmaLLUaaqwuﬂmzLLﬁaniﬂmmmu%szmaaaﬂ

2.1.5 9I0DEN8U5IG-U5A (HV-LV Terminal)

Juiiseaneszwinunugniendeudasivansusgaduazusweanluly

2.1.6 gNEIBLIIGI-LI9AT (HV-LV Bushing)
yntnfiduauiunusenInetad i iudids loun yrBausegs yrdanseen
wazyrBatinsea lassasavesysieaslssnaulumewiurlosd wasnszay Jasesdnlutu

AUSEAULTIRUINTN Tnetias Uz saIsuwsanuluiinunIseanLuUYa sy

2.1.7 dainu3e1$ATeaasY (Arcing Horn)

< ¢ 9 o a8 ¥ o =~ U a aa |
Jugunsallesiuvilowdasiilvinsademeainusaiuiuiiinainiie

2.1.8 unUUsuLseAU (Tap Changer)
Jugnaindildemiin/an 1uau90a70u39g0 i 0U5U wsaiulnidiudie

PIDLIINN LN AU AUAIT LTI

2.1.9 a@alniazuauns (Cable and Busbar)
I o 4 a 1 Y] =3 =~ [
LUU&’]EJIWLL@%U&UW%VI@QLLWL‘UE]@JG]EJLGUWU ﬁﬂLL%UsﬂﬂaﬁﬂLLiﬁqqL%@u@aﬂa’]ﬂ

YFIALTIFEATTNIUNaLasURIgIRMIni UL gnade Waewsassuulniiaeuen

2.1.10 fiasnefu (Earthing Terminal)

I3 A v v 1a = [ Y] Y] 1
LU‘L!R]‘C"I‘I/W]@E‘IWEJ?U'Wﬂ(F]'Jﬂ\‘iaﬂgi(ﬂuw\l@ﬂ??ﬂﬂﬁ@ﬂﬂﬂ%’]ﬂl‘ﬂi’) 872933 N0

2.1.11 778281e11%u (Oil Drain Valve)
2 & = | g o % o =~ = I & a & W |
W18 A8 UN18ULUDDNINNUINUNTBLLUAISBLUUINRUUNLAUANIBENY

Ylunaaau
2.2 dqudsenaunigluvesniionlas

2.2.1 unwdn (Cores)

LAUWEN HEARINURLIMANEUNTIALEY IadeuauIu LileanmNgyENNg
T ilesarnnszualuaru (Eddy Current Loss) Tnswnuindndasiiansueutosnin 0.1%
ynuTnanueusnnazdwaliiAneugadeileanindaineida (Hysteresis Loss) uag
p1enslenduas unumdniiviiunandaaesfudaneulasdaneutisifiunudiuniuly
wnuwmdnihlreamgymlwinidesnnnssudlnainanasudnisfinuunddaeunin

Al deralivnumdniuszdagnaauauliliay 3%



n13fnyy 45 a3r i evibinisluavesdunsuaminasaindu annis

gousdelunnuman wazaneInsuaaswivan

§\

U 2.2 unuwiandindia 45 aaen
fian - https://core.ac.uk/download/pdf/30045448.pdf

UunUseneuldulnunanuuu Conventional Joint 38 Step-Lap Joint
iieliiAndosiiteniasgninslsumanuinusessetesaganeliiAansivienihuinan
uazmslvaveaduussimanegiissavsnmasan lidsliAsnmamiloniusivanauie
msaus Wunsaanszuavarliifivan aanisgdevnslsiilnan uaranszdunudaves

VHeesunIuvesriaLUadluwn

@%t//¢
/ S ===

JUN 2.3 N15U52N0ULNUMEAN

i - https://core.ac.uk/download/pdf/30045448.pdf

=

wnuwidnudowlasdinufinidnduinay Weianszudlvaguussluvaain
uiinwsInszyhvaanwiiunnsurislasunainlidems widndundewlasouinand
Tdlurasdidnvsednd viondoudasuunaaniidnisldluilaiunn wunuwdnanafiiunnddn

WuAwasy HIB9ANUSIANIINNITANNITAINATINUTNA1IT9AUTIANLalaasn

2.2.2 upanddaunuwian (Core Clamping)
weaanUBaunundn Inthaigienawnumaniielallifigailuidudady dwmwavin
AN sgadendsu wasinnisensa Bnvsdsrisdesiunisidemeainnislasunsmig

na



U 2.4 upandBaunumdn (Core Clamping)
i ; https://www.indiamart.com/proddetail/power-transformer-core-18121204197.
htmt

2.2.3 99890 (Windings)

v A

nanluvieawlas NdAgl 2 vlia Ao YAAINLTIAT WABINIALTIEN Tunile

o

a

wlasurasniinisesnuuulvivnalnnfonil wazanalniuasuniusie Insunainunsasiazne

U

eCe_

a a

iuluge daunduvnainnsegs waanfed warvaaindeuniy suady

Y

a

anaansaihi deldlunieudas Ao sihmsanasy o osanldiuiled
UstAvsnngegn uilundfeutasimineiifinislifimasnanfaenisinliisaesfuded
AulATBEINI1UNG Lagdnwarn1sRUYnaInagltdIuIusoUTRsIRaInuasnseia 1Uu
FmmuednuazYsInIsiuYRaIn Jeiindn 9 4 ¥in il

1. Layer Windings s1unuseulunsiudesedesiuivaudduuniould
Tunfeudasuindn nans uazlunlouvamunafouldiuunainuasuudiv

2. Helical Windings luusiagseuazdl Spacer Au Pauszu1smuson way
Fesuusamnana deuldtureanfifinszualuawes wagdeinisaruudusadana

3. Disc Windings nMsWuusiazsevazsoaynsuiuly desldivunainid
AYINFBINTSIUINTOUSILIINN winszuas Tneanuudausadadinnalndifesiu Helical
Windings lag Disc Windings iin1siullunaanuid@eswsin Ao Conventional wag Interleaved
TBkuULIn Conventional #e nMswuanaadefudueynsufuluudasdu drunuuiiaes

Interleaved gaausauvnalInbilidnfniy



4. Foil Winding ldnesuns wieegiidenvdaunulunisiuduveain &
AUNI0AALTIINALUIALLA wazaaaTlunsiuvealn desltluveainussmvesnionlas

MUY

n) Layer Winding

=~

A) Disc Winding 3) Foil Winding
E‘U‘ﬁ 2.5 anwuLNINUUAAIN
i ; https://core.ac.uk/download/pdf/30045448.pdf

2.2.4 Yhsiundioutas
wiautaslniln Wugunsaidmsudenszualnihainisasnssuaadulugdn
2995%is Iaelddnsasuuataud densyualuilwaniuvaainasyiliminanudou
Anty Wioenainauinundmaniinnislunioutas Fssndudosiauiuluii waznis
szviemnufeu auruwandnudsdhfyvomiloudas Fedesiinauantidngn 9 et
- fimanupamuvesauIumaliiiigs enumnuassansniiluszrindildanules
- fleanamian awnsavyuisuneluniouvasliedndasy szursnrmdeuldd

'
Qs a o

- finuanURgumgiaivagan wielindeudasanunsasuvinuluinilgamgiinm

4 ] Y

D

- fianuaanusiensiinuiseneendnduy welergnisidaugiuiuiu



TagtuiinsldauineganieviniasrainnanevinlundowUasutinnnsly
Taztduntowladliininds (Power Transformers) nsianuaassanszualnii (Traction
Transformers) il anUadlii1szuua e (Distribution Transformers) hag Nl awUAY

W39307A (Instrument Transformers)

AN5199 2.1 YRAYRIRUILLAN M Ul akUadas BaLUaATRl R

Y o Y o Y o ¢ Undluity
113y 1197 ULULeEDI )
, o . . (LREWMBITITU
us Falau duAs1ea R
YH)
P RIRIGNN I RGREN A X B B
elolUadses
A A A X
Asewalnin
yiakUasluissuy
o A A A A
191e
Melonlade3aailain A X X X

nunewie: A = dnisldauegiaunsvane B = Inisldeu wates wag X = Lifinsldau

2.2.5 1isiuus (Mineral Oil)

PfunsUsznaumgaIssenaulalasAsuauNNaRINNITNAWINTUAU TN1S

TdUselerlodininawsng Sauaudinmunzay s1lidung Mlviinnslounfussuinianlu

=

gaavnIy vilauUas Wiiuusiburesnanlusela lufid fdiudsznaulassassluanaves

[
v

lalasAsuaumualAeail

JUN 2.6 msiluwuuanld §UR 2.7 wsailuluuna

7~ N 7N N~ N

N 7N S N N A

sUf 2.8 wundiy sUi 2.9 exlsundnlelnsasuou
i https://core.ac.uk/download/pdf/30045448.pdf
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Tngonusnuszinyvenhfuniowamunszuiunsnduld 2 wia fod
1. thifunnsi
AaaniduAuivsznouds n-paraffins luusuasn Tnsfigalnamgs
LayspansansuuAaiiovhlrqelamiag
2. dnsfuuumdiu
\AnntnsuAufiusgnausie n-paraffins TuSanasdesunn tnefiyalvaw

f1 war lafsnsansiinwssdmsugalramiinuan v vesnunidanfuasiongnisldau

wiunlamenislivenaniddauaudfigarinanininduni sy

2.3 AaY159UN9dIU (Partial Discharge)

N13.AARAYIFIUNEIU (Partial discharge ;PD) Aon1siinn1sideanInaIy
Hu auruiieausdauwssauiutug lildidenlossenined dnlnsauardidninse nsiia
famnda vidlpeunasAnluuinuaunslihliaiiauegs fetrutu euuiliduie
Fearunie fdasetu auruiifanuliasdiane Fadeauuliiinuinududdigani
aulwiings eziAnnsRaTITIUNEIY

AavnsaunsaruiUseenidu 3 Uszinn laun Talsunfawnsa faeisaniuiia

way AavnsausaIuniglu

2.3.1 lalsunfawnsa

a a a o & dld a

RS nadianinsavavanrseUamewnauniauesgnauulnings lne
AsNAaaInIsiAalalsufassalueinialdsianinsalatsunaunuszuiu aurnlniqla
aaueiinaIndianinsauatsunan nsallalsuinuesugs Welouussiuisrmilans
[y = v n‘d' 1 d' QI U [y =3 v n‘d' =
dunauiuiadniyu 270 93 ey WotNULIUazdnauiadany 90 aam uaznsallals

'
[y o

wIPNULsIAUA Wadoulssduisimilasdnnadiuiadiyy 90 samnou Waliuuwsanue

v 6

Funadiuiadfuy 270 o9

3

2.3.2 Ad¥159AUR?

LﬁmﬁuuuﬁaamuwﬁqﬁﬁmmLﬂ%amqa LaZLAAMINLUITOYFDUDIAUIUAT
yinfu WedanueisaauulnfinunulsessevesauiuuinniinuLassaauulid
Ange Wi Yasnawiwihaewada iliinsessesidemeuuiitauiy wagiilugnisiun

AUNay Tl

2.3.3 fayrsaunsdaunelu

AnduneluiloTan auiuwds vsoauiuvandnsmsonateinavs ods

s a °

Yl aunie Electrical tree A USHARIANININ UL DRUIUVEN YINLAAINULAS UA
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auulrinlulnsmsenasemaiauasonauiuliingandtauiuseu 9 dilddnisiusn

AUNENyYsalla

o e s

]
P!
it
1y -
AR

(n) (¥)
Ul 2.10 2995amyaduaInsiindanisauisau (n) Talsunfawnse (@) Aavnsanui
s - https://digital.lib.kmutt.ac.th/journal/loadfile.php?A ID=632

2.3.4 2995auyan siaRavsanely
Wedanuunnssanigluleawruniglaauinlnialuiadwanegs e1avilv
auu ian1sAavsanieluld Gsnasiiefarisaniglulioauiuaiunsaldaeasiagun 2.11

aSuangAnssUNsAnRarsauNdumeluilieauiulansl

k(t)

5UN 2.11 2asauyadvasiannillnssiguasiinfainsauduniely

i - https://digital.lib.kmutt.ac.th/journal/loadfile.php?A ID=632
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2.3.5 Nann1SASIIUNISNAREYISIUNeEIUY
2.3.5.1 Conventional

n13935393ALUY Conventional Az dun1snsiaduszgluifiinainnis

a

Aagnsa Melulnssoniavesauiuiy 9 lnedasiugIunsnsRdufayFaudIungy

212

Ug|—— G

\Z ECDM MI

UM 2.12 199siugudmiunisngiadu PD

7l + https://digitallib.kmutt.ac.th/journal/loadfile.php?A_ID=632

'awsﬁyugwua°wm"’umimwf&’u PD 3¢ NAIMUARINYT B AN UANY
WWSFIUEING 1EC 60270 Usznaumueunasingluiusegs finsosdygraannunasdnedan
NAZDU éhLﬁwiz@ﬂaﬂﬁqqﬂﬂmﬁ%’uﬁmm mmmﬁaﬁwé’wjyﬂmuazLﬂ‘%‘laﬂﬁa"i’m wifinas
yhauaeanaTRddyvesgUnsaifldlunsamaaeududsd

1. wradglvluseas (U 19lun1s91eussnuliieasnaaeuuazdina
mddlifiomenisdnelnanld nevoutamnasunsduniioulamaaaufivasn PD
Liutunsasataransaunsdiuasiniouls

2. #ansesdyaruaiudadiu ( Z:) Tdlunisnsesdyyiusuniuain
waedne Wludnsaswarludnifonds Alddestunsinfavisounsd fienveglnaasnsnd
MU wnasseusatuld Tnemnldnsieutasiivsimann PD aalusududesddiinses
AwAfEY vz ivsieutandusnsosmuddrinulusiesegudn

3. fuffuuszaduuas ( ¢ ) Wiluimidoudenseduasdnyaanuigeli
ASU 299338 Tagmadey dunuUszarulduargunsalfudyain Tnediiulszgdulas
mstAInANIIAANgYeIgUnsaiagoy 5 89 10 wh e wgndedumsindyaainns

WRRAYISIUAIUY
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[y

4. gunsalsudyna (CD) waziAsasliadn (M) aunsalivassdiuilasyinguy

[ Ag>]

SUAURBYNUTNNTIUNTEWENAAN AL UIIATNAABDULLDINNNSRR AT SAUeaI UL Al ane

i dyaranduaeideunsssningunsalsudyauiunsediaingunsalsudygraazii

a 6 1

winfidAydnUsznsuilspeiduiansesnseiannuden 50 69 400 Hz uavgsueilndmng

v A

MNWNAI185I9 UNAFa UL LU AT D90 07T A d1ULAS 89N 9 TRALYINMUNTidADn 3

o

Usgnsaeilu 199sveedygransasnsesdygiavdaniunau (band pass filter) tiioan

'
o a (%

HYYINTUNIUAIIUD AINNINUNEITNYU TR UNAGDUAUFYYIUTUNIUAIUDEINUIAN

e

'
A a v

AduInguargunsailansia nsiAnRavisausdn uasiiddnfegunsalnielulsasinnis
AnRafausdrunniuaedosli \fin PD fussiunnaey
‘mé’ﬂﬂ'ﬁﬁwmsuamwiﬁugmﬁm%mimaﬂ%’umﬂﬁmaa?ﬂ%ﬁmwd’mﬁu
nres 1 deuuswiulituTagmaaey Tanmeaeuduinfasiiaunsdiu wiliAnussduand
{2909 punsaivaaoy ildduAvlseafulasshansasyaluiigunsainnaeuiiiovaie
wseunni wassnanvinldinnszuaadlnaiunsuims ﬁaqﬂmaﬁ%’ué’fgfgmt,asm%ﬂﬁ@

[ (Y]

nazausgglniiiarewmszninseunsainaaeuiasfinnuUszgAuUas Ineduiitnsanssud

[

Wadwaziily wananalaenisin PD wuu Conventional 19infmesiwesaiuiiaeanuidu
adad aa ELQJ

microvolt (uV) , pico-coutomb (pC) 19l uAazNTIVLNEIIUIAVEY PD tidu 57 Tdanld

wananadn PD lutagiupe nsuannauusneeadaladglal ¥se1auandld 2 wuu Ae Tigy

¢ =

Wadved PD U51NYUUgIuIaIudavd eiilasoanuieuansdiiyiigenuingenay waz

=1

G‘\’WLmﬁqquﬂﬁuaquLLiqé’uwﬂaauuazﬁﬂi%‘wmﬁa NIUARINALUU PRPD (phase resolve PD
pattern) iunisuanananisifa PO fiAnduluudazyudin1siisdynazdaeiinseii
favsavsdniiatuduiamsassinnla Wnedenfiddysnagawes PRPD Aeven
$nuasilunisiia PD Fsazanunsadnlumdasilunisiin PD S Feazidluldlunts
AU e D1
2.3.5.2 Non-Conventional

N159AUY Non-conventional axLdun15a5193UNSIARREYSAUNEIUNIY

wAnSngidaAesildidedin PD Ing by product filsiilewin PD axdl 3 vila léun uas ndu

IGEAGEN

2.4 #1891n16 (antenna)
899NN SERETILRAANNNNTAABNISIVNAINTNSIUABURUAIANLIAN Vil
A udmAn WA LN aNLIAINUS UL AANISAATIS AUIEIU FelatAanuAnlunITUN
dl' [ d' 1 @ d’ 1 o dl' 1 I3 4' [ v
A1891NALLNERATITUARULIAN I LNeanU taztrauwlvdnluinsa3ulaun

AASIENANWAUSVDIAAUNAATU LNDLENYRAVDINITAAVISIVNEIUY
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@1891070 Ao @99 LNNITI1EN3aTUAA WINg w5 e 1ugUnsaluas

(transducer) sgrinwietmauvseaneihdyaaiazend Jeanusaldeuduisasianed

2.4.1 YsnnvuasaeaInIe

2.4.1.1 @g1n1ALUUAINAILN (wire antenna)

' | N

(3) Ialwn (b) quuansusdeiinien

(€) nplmfis

sUN 2.13 sUsrmanguuuresagenaviinaindi
M1 : S98596 2WAATIA, UUNEUBNITUTEYBIUAUANISY09 PTEC, @nu1iviaingsy
Insauwian unTinendewalulagasus. http://www.nbtc.go.th/getattachment/News/

Information

2.4.1.2 @1891MALULYDY (aperture antenna)

(a) nesvenpiinila

(b) mrzuanpinre

JUN 2.14 SUTIMANgLUUTRIEEBINARUUYeY
a o 14 ¢ 14 a a wa a a
U ¢ SETIA WAATIA, MUUNAUDNITUIEYTUNUANITYDY PTEC, 8101MANIAINTI
Insauuwan uninendemaluladasus. http://www.nbtc.go.th/getattachment/News/

Information
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2.4.1.3 @w9IN1ALUUBI5LSY (array antenna)

N N\ \ N ~ N\
N\ N \ N N\, N
N N N
N N N
N\ N\ N N N N\
N N\ N N N\ N
N N N

TFudnnimed
1mnumed

oiind vlnszineived (489)

) \ﬂ AYAYWAN

P
iied slndeniniu

)

iriela ed

JUN 2.15 SUTIMANELUUTBIEIHRINIARUUDIELSE
1 : $9@596 WAATIA, UL NAUBNTUTEYRLTIUHTANIV09 PTEC, @nu1ivifingsy
InsanuAy I Inendemalulagasuns. http://www.nbtc.go.th/setattachment/News/

Information

2.4.1.4 @agoInFkUUdLauAaU (reflector antenna)

TR
e s
N2

s 4 o
w drufmfunh

3
-

rumvnuaiurlag,

5UT 2.16 SUTIanglUUYeIEgaINAYilnas iouAay
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2.4.1.5 @881NALUULAUE (lens antenna)

uruyumMuin wuuyuRBIA wuuyu-i

fmdaiinminiy 8>

svudduRes Tt T Er ot suwdh-yu

rdlimainm nay

SUN 2.17 JUTImaneRuUvesEgeInAaud

2.4.2 W'ﬁ']ﬁl,ﬂa%%ag'm%lmmEJ?J’m’lﬂ
2.4.2.1 wuusUNSUHAAY (Radiation Pattern/Antenna Pattern)

LUUFUAR UL ATAITUNTI USIMau NS seglna (Far-Field Region) wag

Yaualuiantureniagaianis (Directional Coordinates)

[r sin @ g
§ rdé

Fabil B
G

/_J:%;\\\ dA = r sin dlad ¢

Ay
-
Elevation pL’mc// \\ \
WY

-~ |
/ Major 1§ \
\

/- Lobes* -~ ‘\ \ \
g \ \ \
Ml%u Lobes =<, e e e}
N\ i /
/ r \
{ / X N ‘l \
P A
= L\t
1 Azimuth plane d¢

=

JUMN 2.18 wuugunsukinge
fan - patani ngnsi waz 2538 3re3, “nseenuuuagenrdvwsumealulad LoRa
Antenna Design For LoRa Technology,” Usayeyriinusimnssumanstgia, 1A

Fenssuluidn, pugdrnssueans, UNINEGEYIN, 2560. http://digital_collect.lib.buu

.ac.th/project/b00254398.pdf

Wun1snavasiasnunsulanduniesaiaiiazgnisend wuuguias

37U (Field Pattern) 1519¢138n71 wuugUuenUagavesauiy (Amplitude Field Pattermn)

% v =X

TumedJURtu wuugUuniswimanuwuuauda szgniauwasduiinlusuveswuuiandin

EY)

Tngnmsndeauuusumuitaiduresyu 0 uway @ Wduiusuazdellosiu
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1. LLUUEULLUUIQIWiaTJﬂ (Isotropic) LuUi7iANIS (Direction) WAZLUUTOU
firnsluszunuiien (Omnidirection) fausdidsuwuulelenseln (Isotropic Radiator) fie
“angornafignaunAtunitlinsgyidenisludieauas insukmdsoonuuindun
finne” Saudmudmdsnuuuuiazlifesdumaion witduselenlunsy anlddu
fhnsdailomauaniRvesannianz asdfiamsvesaeeinaitegass dmiuamesiniauy
fifiein9 (Directional Antenna) A “ageinaiflnuauTAlunsuHf&unsofundu
aurnalwdnlililuiienidafianamidannniafiandy 97 dearidnazdunldiu
a9 INATITAN ML 9TAN9g3an (Maximumn Directivity) 1nnninazldfuanmiaizas
firnevasansonidlalnaninueAieray (Half-wave Dipole) @uiiagnsvasatsonieafiil
wuugUMsuRAsunuuiifas Ifuandlifgun 2.18 aziulddniouin lussuiuguniig
(Azimuth Plane) 5‘14LLUUE‘Umil,l,siﬁﬁé’qmu%laiﬁﬁﬂw uiduAfian1sas ogluszuusy
on (Elevation Plane) Tusni3onuuugunisusmdanusiaiindusuusoufiemsuseun
17 (Omnidirectional Pattern) Tagfideudn “idunvugunmsudidanuitlifdanidy

£

szuuifmualy lunidfeyuning (Azimuth) uagszuruiegfeainiuagllFuLuunsuEANGS

(%
aad

a a S ”
uuuuiifiamalunsdiiieyuiee (Elevation)

Aptenna

Radiation
patten

gﬂ‘i’?‘i 2.19 LLU‘UE‘LJmiLwifi”]é’wmmmauﬁﬁmﬂuizmuLﬁaa
fan - matand nen1sh way 2158 I9e13, “AMTeenLUvATeINAESUWALLLAE LoRa
Antenna Design For LoRa Technology,” USeyey iinusiminssuenansUudio, n1aaen
Fenssulil, augdeanssueans, inInendeysnn, 2560. http://digital_collect.lib.buu
.ac.th/project/b00254398.pdf

2.) wuuguniswdnsgemaanuaziluimuansdiansnszaeiasiueanty
Al s Turesianisesdyyruidwenluaingiseinia FeuansisseAuaILEUN LS Y09

fAdsnundseanludaduienduresiimanig Saiisazldmin “nMsuinszanendsnu” Au
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wuugUildiuangeinieds winnwassesdugududeaduiuuuugy “nmssuadu” Tunsdin
Wuaeainiasuaie aungudoundu (Reciprocity Theorem) fauai 314 uugUNITUN
o w = ¢ I 5o aa Ky 1% v aa & o =
nszemasutanysalasuilenduuuy 3 48 wimlvagldauduies 2 47 Aieaneiag
vanAnanwzasaeeInanlianislalunaufianuusunisurnsememasnulussuiu
wily 9 aunsadaldlaenisnuaieoinialuszuiuiy o vasseiuresmasunsuldezidu
HanfUYDINITNYUVBIALDINTA LND LA LARUUTUNITUHNTEANEANT1UNYNADIAITILTA
ANMNLINReNT 8g TAUAIERINIAN AEYIIN1TIRliUTIMIINTRgla 9 NienavsviliiAnnag

4 % 1

avvioudyg auazdinduludiangeniaiviinisined

2.4.2.2 dan1NkAN$eANIe (Directivity)
Aranmianzasfianisazvenfiansimgazaylunisindsareainie g
ANTNANZNTIAN AO 5@1575’3‘14%8@1@’31%L“i’inJmiLLN'WéJNTuS[,uﬁﬁVINﬁ?u‘] WgUAUAIAIM
LyﬂJmiLLN'WéJN’mﬁILaéﬂa@ﬂiﬂﬂﬂﬁmfﬁﬂ Tnevhlvaziinissmunanmiangasfieniduiiamig
fflnsusndanugeamae
2.4.2.3 99519818 (Gain)

ansveneduysal (Absolute Gain) ¥BIdNE@INTA AD BRIIHIUVBIAIAIY

Wun1suiags UG, @) Audeanluluiianisnfimuali euivaiaiuduvesiids P, 9

(2
Yo A

JouliiuaganATIaINIsalR suanNIsaeall

uee,
G = 47‘[M 2.1)
Pin

[

BMIINITVLILEUNNS (Relative Gain) B804 BRT1AIUVDIDATIVENENIE

o
v

uUlUREN AU R UA USRS 1TE g NMaINUTBddI g N AR US s Ui uluiAnia iy

Tnsriasnuntdeuliiusunnvesanvainieagdeyiniu

(Y]

2.4.2.4 A1UNINEIAEUATINAY (Half-Power Beamwidth)
luszurunils q NUsEnaumMefimlaraugean wazllyudogseniing
doafiAn19lunFeauduveIn1suEN ST AMawUiAIMaNINanaAT IvilaINAgega

Usg@visnnvesdnmau (Beam Efficiency) gnianldlunisiiansanauninvesangeinia

2.4.2.5 ANUNI9waU (Bandwidth)
ANUNTRAURITeNN ruvesaudndeg neluanienangeiniands
auld annigdananfiansanannauanyarueivesaeenakaslilulusuuinsgu

Arvue Fauelaldu 2 nsal Ae
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1. a1881N1AKAUNTIN (Broadband Antenna) Auninawaudnvzuanslugy
YDITNTEIUTEIINANUDFIEATUANUAIgATANERINAENTavInIula
2. agonAkauLAy (Narrowband Antenna) A31unIeuauinazansly

JUvee Wosdudvainan1inud Wesuiuanuinaisvesnnnuninway

2.4.2.6 Msiwanlsd/msuenduanau (Polarization)

a d' 1 1

d' 1 < P o [ a (B I
ﬂaULLlIL‘Mﬁﬂli/\lﬁ’]%i@ﬂﬁﬂ’l‘l/lqwQﬂﬁﬂ@@ﬂ‘\]’mLL‘M@\‘Iﬂ’]LU@lﬂJ’J’W%L‘Ulﬁ%‘U‘U

wouzdenusafInea Wndesnstiaigeinianiasuamsasudygraldniian asfesli

Inanlsdvesansainianiasueglufiamadednulnailsduesaiunioanunainuiasniidia

2.4.2.7 Bufiwaugduns (Input Impedance)

'
a

2.4.2.8 ANUEMIUTEANSNALTLINIMBT har N U ANy aveeaga1INA

(Antenna Vector Effective Length and Equivalent Areas)

2.5 dngandlulasan3y (Microstrip antenna)
angenlulasansUiduaiseinmandeuldiuegrsunsnatslasianizeu
AudAaUINgaunsaliuldlunatsnud Tusg dumatakazn1seaniuuasaluwsas

Y

FUIU

2.5.1 laseadreanganialulasansy

anwenAlulasansy (Microstrip antenna) Usgneulumediunduusumnse

D.

31 13endwannd (Patch) @ luunuiani Inealuasiisusaduivdesyuainvisenay

Y

'
=

FINNUENBBBNIINAUAIBLRUSEUIUNT 1IN NTAIILUS (LfJuLwehusummmmm?m) wazdl

Y

SnwaziutunseMsenin Fuansy (Substrate) 199a15bABLANAIN

AN

ANRGIUTDY

\

|  nInd

SUft 2.20 lasaadaiiugiuvesansoinielulasansy
fan - patani ngnsi wag 2538 3rens, “niseenuuuagenravwsumelulad LoRa
Antenna Design For LoRa Technology,” USgyeyniinusiminssueansvmdio, npaen
Jeanssuluin, eugdrnssueans, UNTINBINBYINA, 2560. http://digital_collect.lib.buu
.ac.th/project/b00254398.pdf
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dwsuaneenmelulasansutiuliegmeiuvaisyiin Tuudaziinasdsuiuy
wazAuandALansaaiueanly asdulunisesniuunseidenldaisainiaviiale asdas
Ailadsanusnzadlunisiluldenu fmegnameaimalulasansuluguiuudig o wansds

U7l 2.21

TERATIIA

(m)

JUN 2.21 Meganwenalulasansulugdiuudng q (n) agenialulasansuiuuwiy

i1 (@) awanialulasansuwuuteats (A) angeinielulasansuluu feed line

2.5.2 WHUAIUI

WHUEIUNEN91NA [ULNUTANSLUUUN Yt Ui N9 Laziian

i 24
a v oa Y

ANAIUNIUGET NUADENIZWING Y dausadafniulivestuiangiusedldidueened

Tnenaluhannneuns nesdvsesgiiiiey WHuAIU1919ETUTI6N o U AmduuRuln

o A

dwneudna wnay 2193 T Tagmhanldiuluiaigeiniall daseussdnsnimues

q

AN88INA LLazﬂf;msz"fuﬁauiumswamuaﬂmﬂﬁué’wumLLazgﬂi’NﬂumLwiuéffsﬁﬂmammﬁé’a

I

Jutadesanisnivuannudldany sukuunsuindsnukasduiuaudund1dagtumdy

v o

sahangenienlddulngluwiudiigudvaeuwazanan 1{ewinn15eenkuukaynIs

NAnANN50YIbadNe
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2.5.3 YuUIHNFIUTOY

szﬁmLLammmaﬁui’aagmimLﬂu{jﬁaﬁﬂﬁiyiumﬁaaﬂLmeammmLag
I~ I3 o al' ) wa a [l [
Juasdusznaudidgnnmuenuaudinieliihvesmeeinialulasansy nswangeuees
aanIrazananlonInimladidna3nduinsvesiangiusesiuaniy lnefinuunves
FUTANFIUTRAIAITINITUHNENTUVDIENEBINIAILNLTUY LiBANUNUIVBITUTANFIUTOI
VLT ULAZNITLENA I UL EIUSUNUARAT L DAL NUIRBANNENIAAULAIUSELIM 0.05

mm nsdenianieldiduiangiusesuenaindesdndedsauifiniena andiniued anu

Y]

AINUADANTIBLINGDY WU AINTY Baunininisideundas anuansalun1sdafniu

(%
a

Rlaneglad AanuSsuresiidunuUszansanlunistadnfniulany wazanunsandaidudu

[

angusesdmnsuaneandlduenandaniivislwihdadududsddglunisdenian lay

1) Anasaladifinasndusivg (e,) Ao Yanildmaluidaioadu el
anmeensuvesladidnsinilriasi easialadidnninusuennuaivesmaiduasledidn
a3n Inewfieuiugesindase (Free space) Fernsialadidnasnduinsaisias esan
A ladianssnduivsaviliasenaiseansnmiinuasiilvinisnaasianuianain
oy

2.) A1 Loss tangent Aa Amstnszuaresansiadiansin wethansladidn

a Y] 1 1 | s = o v A g Y < = 1 dy YY1 a &
wsn Wennassenhsurulaveauilsgwimihnduiiiulsey Samiuanddiiinansladidn

a3nduiinisgadeiiiesannnsiinszuannieeiiiedda lngariasddiaioanndea
nsggydeiiesninnsgaidevealedidnesnrilivssdnsnnuesaesiniegy

3.) AnAeiiveIn1TdIAI1UTou (Thermal conductivity) wandlvisinanslng

I a a

wnasnuudinuanuisolunisszvieanuieuldfuinieeiiodln FaAnioegedd

2.5.4 S3UIUNT1IN
[ [~4 ] 1 d’ a Y] 1 Y] ]
32UUNT179 (Ground plane) lUutNulanguuIalre il o1 UAULH LA
awena Fedrulngvinanlansrilafeiduivaigeinia lagruinueeseuIunIIatag

AIHANTENUABRUUTUNITUNTNTEINEAFY LTI INARULAILUUTTUTLIUYDUVDITEUIY

o
v 1 |

N317U8 UenINLGAdmafan1TIATIETRMENURTDE180INABNAIE LTUBIAINNIST IATIEY

v

avonadulnglivoanyAiukuIEuIUATIIALULIA e A LEUANE BRI AN 1N U

v q

aunsaUszunadladusiiug YUIANIIAAUDITEUIUNTINAALTINARDEIARUNENLDIUIN LH

Y IIAASIARUAUNEIBIRUUTUNITNSNTEIUARY

2.5.5 ¥8fv89 Microstrip antenna

- AT
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- YUIRLAN

- gnsadindakdasgusilviaunala

- 59A190
U
- NMSHANGY

- anunsavinlyungle
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- ENINTENYAAU LAV ILUULAUNTILAZ IINAL

- @ansaTaINAuANRUe LA

2.5.6 Yaidava9 Microstrip antenna

- hUUMIASWAU (Narrow bandwidth)

- finsgaydsun@sdaalilasnsivens (Gain) i

- angenalulasansvdiulngasiinsuin sz AduLNE ST UNY

[

- 4

2.6 Transient Earth Voltage: TEV

m3eeEaeEn (maximum gain) laliu 20 dB

Wota PD Tuauiuvesadiadines rauniwanliflinszaieannunasanei

ANSAATIS ANIUYDITNIUURIAIUUUBN NI5AA PD Teenaludszaziandeslinunluiund

WwuLes Capacitive Coupling UNRIATUUBNAILNS AN RO SdIuNAdNs Al laenls

ULERIRIUN 2.21

switchgear

discharge

source

o

:
PN

.
’
'

mr‘

TEV sensor

L~

momtor

gﬂﬁ 2.22 lapglnsuvaIviann1snageu TEV

STUUNTIAUTENOUAIY WUlwes TEV AsuleanaaaudnuIuiaases

[

Wa9918 PC hazowandnas T9aunsoaralwazuin PD ¥9aindines w309n5193u TEV &
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19asveneianTeslum way9asnlaun vliulas PD luiludnaiaduunn TEV Tuniae

mV

2.6.1 Partial Discharge Pattern of TEV sensor

-346 dBm

d8m

50

51

-59

67

4

]

{

k>
L)

-208 dém

210

180 360

) Floating defect

y 1-362 é8m

S~

2
g“—- e

70 360

4) Surface discharge to high voltage
electrode defect

3
1

I T ATRY A

-66 -

=+ -618 dBm

/

N/
7% — S

/

) no Partial Discharge (noise)
5UN 2.23 #1881 PD Pattern v@4 TEV sensor
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2.7 HFCT Sensor

Sensor HFCT 19 A uag 19uns na1ed@11suIsn19m5339U PD WUV non-
conventional ¥r&esrustseasiu WenssuaPDlwarusitiaziiansiudetws ey
Fufivnainves HFCT ﬂ"}LLiqﬁuﬁlé’ﬂfﬂsgﬂdﬂﬂﬁLﬂ‘%'aaﬁa'?ﬂ (nesialufiArmnud1uniu
nelu 50 Q) HFCT ‘Llizﬂa‘uéf’sa‘ummmmﬁmﬁﬂﬁuiammum?ﬁﬂ YimFerromagnetic Core

Wnzdnsunsindyau Transient signals ALAnaN PD %39 dygy1adsuniu

31117; 2.24 HFCT sensors
i - https://spectrumscientific.com.ph/product/hieh-frequency-current-transformer-

hfct/

Aa9g19 N3 HFCT Tldfuaunsallviussgaigu
1. Transformers
2. Rotating machines
3. Switchgear

4. Underground cables

Output: induced voltage /\/\/\ﬂ Measuring

Instrument
Input: PD current

Ground conductor

HECT sensor

gih“/'i 2.25 #anASINIUYBY HFCT

i3 + https://www.mdpi.com/1424-8220/15/4/7360

Wonszwa PD Taruditasfuaziinniswmientinsesudulumuanniseed

do do dH
e=—-n E—_nAE__MOnAE (2.2)
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e=—u0-ur-n-A-‘;—f (2.3)
e=M-Z (2.0)
dt

Mumian1sAdesaneiinangamIngeYae Band width vasdyanas PD Aialdidesann fad
AnsandFIu Filter Bandosanslndussiuila PD 921 Band widthaznins mnvesanglnaann
waanLla PD %29 Band width aziavy
5% PD lughumud HF Tneld HECT sensors Sidomistatl

- il lalléFuegfususaiadiduwieniuls Conventional

- signal to noise ratio (SNR) ansnsamuUiulsele lnensinsievideya
Tuguarudiany

- fimnudeshigade sensors aglndiuuvds PD source wiogslsfnny
faudinezingslnasnnuas PD source wulusyuvansds fanunsansaasudayaias PD
5@LLﬁﬂ’m§wdauazgﬂmmLLazam%auLﬁmmnmmmwaaéﬁﬁw awsasidulalnads 1
km

- AINITAMRIUIINTeY Defect AivhlMAadyaas PD Talaeld HFCT
sensors 2 fnsauINNIEIlUIAS 189 Time-of-flight analysis

- annsnvufinguaduwad PD e ingUsrasAlunisUszaiananiends
Feyeyrad PD Aiuiinaninse

Fuunldmmdnunzvesgusioiadlasdgnusvasdifiousnues PD ude
TyaasUNIUTiLAneiy nassuunUssanilmangauvesiadiduiinliuasnsiinse
e (PRPD) Mg idastneifinaiiaazanlunisasadudounnsesuazsiuiennuazainiy
nsiladeiusdugdety

2.7.1 Partial Discharge Pattern High Frequency Current

Transformer (HFCT)

X 7 X \.

f) Internal defect %) Floating defect
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N LA .
= X 2 o A 2 4
¥ " o w9 ——— kT S 0 .
e N 2
A) Corona defect 4) Surface discharge to high voltage
electrode defect
~ .v,,_v' < : N ':'. ’/‘.‘v"
3 - e - ‘\.\ : “
ey /o |
) \
q) Surface discharge to grounding 2) no Partial Discharge (noise)

electrode defect
5UN 2.26 #ee13 PD Pattern 483 HFCT sensor

2.8 aauwtmanluii (Electromagnetic wave)
dlaifin PD wlpsainannuunwsadiuaunsailuiliussgs wWad PD azas1emdu
1 [ A N v acs v o 1 [ a
wiwdnlwiidanudvatefesiunsiasa watnuaauudmanliinszangynitanisnegly

Mndiies iWesananulddaifioswas shielding wasnuaduusiwanlniiauisansyangld

6

FuUBNEIURIAInTIAeS Laznszateluainiels rdundivanluiiazinieinssuauuia

a (% v ¢

AULBN AN RS UNAALTIAUNI LTI LA AUARILALIANG o)

]

Aduwdmanlnn (EM) gnsieanuanas1eainlalsuiniean short gap
Aawsluaneliiiuseas wazaunsalluiusegeorain1ssuniunsdeasniading wui

AUD ALUNASUADUTIININAVEELAUNTY GHZz wuAalun1sAsIanT PD lagldmau EM

v o
a = (%

AnTuasausniugunsaliviuawiufingluguuuuvesdueesntenin “UHF” wadalddmu

lugszaunagldlunisnsiaaevesulatvesgunsalaniuuia nsldedu EM lun1sngiadu

Y

PD 9ngunsaldu 1 delasunisiaue anganidlalnawazgy tnsunisnaaeuanudlunis

M3I99UAINTT 300 MHz (19U 939 VHF) Uymnn155UnIufIgussaan Public broadcast wae

[ 1
= =

WEDY 9 faudsEAUdBIanainNdgy Juduaeoinianiiaaulags uieuldedis

Undedelutae UHF (0.3-3 GHz) Wudideanis
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2.9 Ultrahigh frequency: UHF

MsusfadveanauuLmanlnives PD Turiseudgsfivay (UHF) naneidu
vilslueiansiaildlulanegianiieunns Bmsnsiadu UHF PD iewuzdeldevesnisia
PD uuuAatadale lag UHF Asouaqunsui$sdidaiiuenindusendne 0.1 891 m
awnm3Angogdas 300 MHz-3 GHz \ilesannsziuidesiivinndn ewivuiugiueudenily

AouNtNY angemadulwues UHF dmsunsiadu PD eaulatuaylusyuu

2.10 Mswsnszangaduwaimanindn (radiation)

denszuainsdsunvamiuinm M’%@Uﬁsqlw%mﬁauﬁé’wmmL%ﬂ,zj
sVl iinausivioa i MlFAsnswEndauanunasiide Tneadu
wimdnlnihazdaudiferfuanuiveunasiuie

pAuusimanliiinedeuiiluenasenuiias WeannsemuuuRives
Tog Aduwsiwanlninoafinisiom azviou nieideavu Tuvnginauwsimdnliinmas
WUNe nduuedInenagnasiuly (transmission) vsdIngnaanadu (absorption) kaw
Unduegnaziaundu (reflection) uenaniinduusindnlifhorandeuiidraniesan

AauauURveinginduLman Wil ipdeuinu



uni 3
ANS29NLUUNISNAADY

3.1 aunsad

1.) Vector Network Analyzer

. 2 :
35U 3.1 Vector Network Analyzer

2.) Micro strip Antenna

3‘1]17'; 3.2 Micro strip Antenna

3.) Cable

5UN 3.3 Cable
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4.) Connector

3.4 Connector

=
3Un

5.) Calibrator

gﬂ‘ﬁ 3.5 Calibrator

6.) TEV sensor

gﬂﬁ 3.6 TEV sensor
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7.) HFCT sensor

gﬂﬁ 3.7 HFCT sensor

8.) Switchgear 6.9 kV 1 Unit

48 =

!’-;v =1t

9]

gﬂﬁ 3.8 Switchgear room and Switchgear

9.) Distribution Transformer 24 kV mm%‘ﬁ 1

3‘1J17i 3.9 Distribution Transformer 24 KV 81a15% 1



10.) Distribution Transformer 24 kV mmsﬁ 2

g‘lJ‘ﬁ 3.10 Distribution Transformer 24 KV 81a75% 2

11.) Distribution Transformer 24 kV mmiﬁ 3

g‘lJ‘ﬁ 3.11 Distribution Transformer 24 kV 81a15%1 3

31
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14

3.2 MSANWINGANTIUVRIAAUNINAIBEBDINA

3.2.1 719NNEU

Network Analyzer

83 cm

JUT 3.12 vuneavesiadoudadlnihuaganfinfiangeiniAanindanasn1ay

3.2.2 FuRBUNSNAGDU
1. w3euguUnIninIunn
2. FONITNITNABDINIUNIN
3, \Uniedad VNA U%’Ué’?@ﬁ'}@iw’] AUADINTT
4. Joudymnaiivsusenl’ waztufinnanismaaes

5.9101579804lUN TN LN ULAANLAZUAAA
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3.3 N15ATIIUAAUISAUSEIUALE TEV sensor

3.3.1 79NNEU

[
v A

TEV sensors agAnsaniniilansvasgunsalnsvagey

scnsor

g‘dﬁ 3.13 2993A15M 99U Partial Dischargenas TEV sensors
i - https://www.semanticscholar.org/paper/Grounding-effect-on-transient-earth-

voltage-signal-Yoshizumi-Koga/3e420aa243a9cf2b3f697657c1063c63ec7346e9

Wmn shell of

t

fO.Smm p——a TEV sensor
Metal Surface of switchgear

gﬂﬁ 3.14 TEV sensors Npnfaninalane

7i1 + https://www.mdpi.com/1424-8220/18/2/551/htm

3.3.2 YUABUNISNAFDU

g‘dﬁ 3.15 N15AAAY TEV sensors

[V
v

1. 11 TEV sensors Ansannuslansyaansianiad
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| o

soaneundyyad Coaxial Cable AULATDILDTA PD -Analyzer

v =

Juinsuaauileain TEV sensors

U

AAT12% Phase Resolved Partial Discharge (PRPD) L‘ﬁai%q‘ﬁﬁﬂ PD

A

d3unan1InAdey
3.4 N15M529IUAFYISAUNNEIUAY HFCT sensor
3.4.1 2995NAdaU

N1SARFIHFCT agvinisasasgunsaindniasiuusiaza vewmdanlas

High voltage
insulator = ¥4

Ground wire

@ldi Coaxial cable
821”7

Oscilloscope

31]17; 3.16 293311575399 Partial Discharge #1178 HFCT sensors

3.4.2  YUABUNISNAFAU

sUT 3.17 n3finsia HFCT sensors

1. 11 HFCT sensors Aaasiusunasnu vasuwsazina

sioaneundyyad Coaxial Cable AULATDILDTA PD -Analyzer

v =2

Juiinsumpduiileann HECT

Y

AA31¥9 Phase Resolved Partial Discharge (PRPD) Lﬁaizq‘uﬁﬂ PD

ook e

a3unan1InAdeY
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NAN1INA&EdU

NANISNAEIUNTIASIIU PD taeldwuias HFCT way TEV % Distribution

Transformer ﬁagﬂummiﬁl 1 2 way 3 9ua1AU (On-Line Partial Discharge Test Results)

wansvuInkazyinves PD Tulsavia sauvisseauauguusalumsnei 4.1 uazni1sdnaes

g rudiuazTuaAuaIeINIANEWAND 2.5-3 GHz Tundaudaalan nileuvasdunu

WA wazusisulasiivnadn

A151991 4.1 NANISNAEDUTINRUA

Electrical Charge

Electromagnetic

Voltage
No. Equipment Detection (HFCT Detection (TEV Result
K sensor) sensor)
Mall 1
Distribution Transformer
Corona discharge
Phase A
Amplitude: 1.016 nC
pulses 1195
pulses/sec
Type: Floating PD signal
discharge Type: Corona
1. TR-2 24 High level
Phase B discharge

Amplitude: 0.107 nC
pulses 818
pulses/sec

Phase C

Amplitude: 0.097 nC

pulses 327

pulses/sec

Amplitude: 29.9 mV




l!. :j 1
M19199 4.1 HANITVIAADUYNILA (71D)

36

No.

Equipment

Voltage
(kv)

Electrical Charge Electromagnetic
Detection (HFCT Detection (TEV

sensor) sensor)

Result

Mall 2

Distribution Transformer

TR-B

24

PD signal Type:
Floating discharge
Phase A Amplitude: No PD signal
2.015 nC pulses 1016

pulses/sec

High level

Ring Main Unit

QOutgoing?2
(TR-B)

24

N/A No PD signal

Normal

Mall 3

Distribution Transformer

TR-2

24

PD signal
Type: Floating discharge
Phase A
Amplitude: 0.266 nC
pulses 445 pulses/sec
Phase B No PD signal
Amplitude: 0.504 nC
pulses 898 pulses/sec
Phase C
Amplitude: 0.343 nC

pulses 505 pulses/sec

Medium

level




d. :j 1
A1519 4.1 HANISNAADUYNKUA (71D)

37

No.

Equipment

Voltage
(kVv)

Electrical Charge
Detection (HFCT

sensor)

Electromagnetic
Detection (TEV

sensor)

Result

TR-3

24

PD signal
Type: Floating

discharge

Phase A
Amplitude: 0.161 nC
pulses 456 pulses/sec

Phase B
Amplitude: 0.298 nC
pulses 798 pulses/sec

Phase C
Amplitude: 0.246 nC

pulses 558 pulses/sec

No PD signal

Low level

4.1 Distribution Transformer (TR-2 mall 1)

sUl 4.1 M3n5193U PD feiwuieed HFCT 41 Distribution trans

4.1.1 3501595999V

U

Distribution transformer (TR-2 mall 1) #5333V

4.1.2 HANSNAEBULAZATIATIZH

4.1.2.1 M3nF93ulszgluin

feyyreu PD Laeltiguiwes HFCT

® 1575299V PD seLuLs HFCTﬁ?‘i Distribution transformer (TR-2 mall 1) L@
Tugui 4.1

former (TR-2 mall 1)



® &aayeu PD i Distribution

38

transformer (TR-2 mall 1) Usgnausie

- gunlug A: 1.016 nC pulse 1195 pluses/sec.

- guanluia B: 0.107 nC pulse 818 pluses/sec.

- gualuia C: 0.097 nC pulse 327 pulse/sec.
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gﬂﬁ 4.2 EULLUUE‘UﬂﬁIu PD 7 Distribution transformer (TR-2 mall 1)

4.1.2.2 M13A5293UAAULIMAN TN

® N157529%U PD §asuLos TEV 7 Distribution transformer (TR-2 mall 1) uansly
gﬂﬁ 4.3

Ul 4.3 mansraduseisuiees TEV 1 Distribution transformer (TR-2 mall 1)

® ol PD i Distribution transformer (TR-2 mall 1) fivua 29.9 MV

® sUuuu PD \Ju corona discharge i Distribution transformer (TR-2 mall 1) han3
Tuguil 4.4
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31117; 4.4 ‘gULLUUEﬂﬂ?}iu PD 4 Distribution transformer (TR-2 mall 1)

4.2 Distribution Transformer (TR-B mall 2)

4.2.1 33013013399V
Distribution transformer (TR-B mall 2) s5193udeyaau PD lngluiguiges HFCT

4.2.2 HANSNNADULAZNITIATIZH

4.2.2.1 M3n3399usegli
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Tuguil 4.5

9.9 119/

31]17; 4.5 N1575399U PD fgwueas HFCTﬁ Distribution transformer (TR-B mall 2)
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® ool PD e A fawim 2.015 nC pulses 1016 pulses/sec

® suUuuu PD \Ju floating discharge LLamﬂu'gUﬁ 4.6
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® doygyau PD i Distribution transformer (TR-2 mall 3) Uszneusie
- gualua A: 0.266 nC pulse 445 pluses/sec.
- gunlug B: 0.504 nC pulse 898 pluses/sec.
- gualuia C: 0.343 nC pulse 505 pulse/sec.
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g‘dﬁ 4.8 E‘ULLUUEUﬂﬁ'u PD 71 Distribution transformer (TR-2 mall 3)
4.4 Distribution Transformer (TR-3 mall 3)

4.4.1 5NNV

Distribution transformer (TR-3 mall 3) asradudeyayies PD lnglwiwuiwes HFCT

4.4.2 RAMINAFIULAZNITIATIEN
4.4.2.1 n395393UUsElin

N3R5 PD ghewuad HECT 4 Distribution transformer (TR=3 mall 3) LLamﬂugﬂﬁ
4.9

UM 4.9 115953930 PD selwulges HFCT 7 Distribution transformer (TR-3 mall 3)



® doygyau PD i Distribution transformer (TR-3 mall 3) Uszneusie

- gualua A: 0.161 nC pulse 456 pluses/sec.
- gunluia B: 0.298 nC pulse 798 pluses/sec.
- gualuig C: 0.246 nC pulse 558 pulse/sec.
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gﬂﬁ 4.10 EULLUUEUﬂﬁu PD 4 Distribution transformer (TR-3 mall 3)
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Thz% UHF channel corresponding transfer function magnitude at T-R1
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5.1 @3Unagdau On-Line Partial Discharge
Mnnsadeunisaarauanluntoutadeeldisuuuladady 1aun
11375295 URANI IV IUNUsE Il a1 us N1 laeld High Frequency
Current Transformer #3e HFCT nsasiaduadusdmaniniifuiesnunainfawsauisdau
A28 Transient Earth Voltage %38 TEV Lagn15n5293uAau1saudulagldaisainie
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5.1.1 Transient Earth Voltage Sensor (TEV Sensor)

R399V Corona discharge Tunsfoutas TR-2 81a15 1 ula A tiesanudle
wlas TR-2 2119 1 flanglrlveasuisesniiaingamniifiia A vanoensnain terminal
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5.1.2 High Frequency Current Transformer (HFCT)
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5.1.3 UHF microstrip path antenna
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Thiz paper represents the distortion of ultra-high frequency
(UHE) signal in tranzformer tank with iron core and winding. The
vector metwork analyzer was used to be 2 UHF =Zgnal source, 2.5
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‘w

259 - >
".,’a v

“Ntrip 4, i 2 o

LAV

Description Features

The increasing use of microwaves, in applications ranging from satellite and = W Latest microwave
terrestrial comrnunications to high-speed computing and data transmission, technology

has resulted in a short-fall 'of appropriately trained engineers and technicians.

Over three-quarters of all microwave circuits are now non-waveguide. m 2.4-3.7GHz VCO

The swing towards microstrip technology must be reflected in the courses

provided at engineering education establishments. m 2-4GHz PIN diode
Feedback Instruments, in conjunction with UNL Microwaves, recognising the modulator

urgent need for suitable training equipment, have developed a microstrip

trainer which will provide the means to investigate the technology and m No costly test equipment

techniques used in this important subject area.

MST532 Microstrip Trainer comprises 18 passive circuit components,

3 active circuits and all the leads and connectors required to construct a
variety of commonly used configurations, many of which incorporate
microwave integrated circuits (MICs).

The instruction manual supplied with MST532 provides a comprehensive
introduction to the subject in a manner which avoids unnecessary
mathematical analysis and provides a series of structured practical
assignments.

The only items of test equipment required are a digital multimeter and a
0-30V d.c dual power supply.

MST532 is complementary to the Feedback MWT530 Microwave Trainer,
which uses type WG16 Waveguide, and the two equipments together cover
the teaching requirements for most courses in microwave engineering.

required
m Safe low power output

m Conveniently packed for
inventory control

Printed in England by FI Ltd, Crowborough 1096 Telecommunications - D532
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S
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Technology Training for tomorrow's world




The Assignments

The manual provides a series of structured, stand-
alone assignments; using mostly the passive
components; which give an introduction to microstrip
and microwave integrated circuit (MIC) technology and
microwave measurement techniques. Further
assignments-encourage the student to build up
complete systems incorporating the active circtiits.

The only prerequisite information is a knowledge of
basic electronics, which may be acquired by using the
Feedback Electrical & Electronics Constructor
EEC470.

The individual units of both active and passive
components are designed for compatibility and easy
interconnection, thus ensuring that circuits such as a
Line-of-Sight Link or simple Frequency Modulated
Continuous Wave (FMCW) can be built and tested with
minimum fuss.

The basic principles and techniques of microwave
signal processing using microstrip are simply and
comprehensively presented, so that the trainer is ideal
for use by engineers and technicians working in a
variety of different areas of application, including:

@ Satellite communication

® Radar

® Surveillance-Security systems
® Instrumentation

® Medical electronics

@ Data transmission

The practical work is presented under the following
general headings:

® Power Source and detector action

@ Action of a 3-port circulator,
® Insertion loss measurement on a low-pass filter.
®

Measurement of return loss, reflection
coefficient and VSWR of a filter, microstrip and
commercial matched loads.

@® Matching investigations: reflection coefficient of
unknown resistive load and its matching by
'1,,g transformer and shunt stub.

@ Properties of a power divider and rat-race
coupler,

® Measurement of effective dielectric constant
and line loss using a ring resonator.

® DC biasing and MMIC amplifier investigations.
® PIN diode modulator investigations.

® Microwave radio link and antenna
investigations.

MST532-1 Microstrip Trainer
Complete Experimental Workstation
A complete workstation is also available comprising

the Microstrip Trainer together with a dual d.c power
supply and a digital multimeter.

D532 1096
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Specification

Patch antennas
Two microstrip patch antennas are supplied.

Voltage controlled oscillator
The VCO is supplied with its own calibration curve and amplifier.

Centre frequency: 3.0 £0.05GHz Frequency range: 2.4-3.7GHz
Gain: 8dBi (typical) Power output: 12dBm (typical into 5082)
Return loss: ~17dB (typical at 3GHz) Tuning voltage range: 2-30V
Impedance: 5012 (typical at centre frequency) Modulated output frequency: 1kHz (variable 900-1100Hz)
Modulation waveform: Square wave
Bias network ) o Modulator indicator: 2Hz flashing LED
This components consists of three types of 5042 bias lines, two a.c and DC supply voltage: 15 - 30V (fully protected)
one d.c, all utilising the quarter wavelength transformer: DC supply current: 50mA (maximum)
Bias line type | Insertion loss (dB) Supply connectors: 4mm sockets
3GHz Full band (2-4GHz) S-band MMIC amplifier
Gain: +15dB (typical)
g::erﬂy g'g: g':f Compression point: +12dBm (typical)
9 > * Frequency range: 1.5 - 4GHz
Direct d.c short 0.02 0.08 Input impedance: 500
Output impedance: 500
Thise-port clreuisor. Supply voltage: 15 - 30V (fully protected)
Insen!on loss: 0.4dB (max at 3GHz) 5 curTane 30mA (typical)
Insertion loss: 0.5dB (max 2 - 4GHz) Suuwlyw p 7 - 2mm sockets
Isolation: 16+24dB (full band 2 - 4GHz) pply corimmigs
PIN ul
Hybrid ring (rat-race) filter i m:mﬁ;:gg atel o
This is a standard 10° hybrid-ring (or 'rat-race') coupler. Iiseffionidss (ON): ~1dB (typical)
Centre frequency: ! 3.0+0.1GHz Insertion loss (OFF): —6dB (typical)
Insertion loss (at centre frequency): - -3.2dB Bias current (ON): 28mA (typical)
Bandwidth: 400MHZz andh: g 500
Isolation: 2508 (typical) yedancy;
Impedance: 500 Ancillary equipment
P Si ] Dualoul 30V de
Ring resonator i A T - 0 - 30V dc variable
A loose-coupled resonant ring designed to resonate at a fundamental 2.6A
frequency of approximately 3GHz in its n = 2 mode. This component is ;
used to measure the dielectric constant of tha printed circuit board. g ybcoudn s
Low-pass filter Multimeter: Feedback Benchtop Digital
A 5-section, L-C type microstrip low-pass filter. Multimeter 1810-00985 is
Pass band (nominal): de - 3GHz recommended.
Stop band: 3dB point at 3GHz (approx}
rising to'20dB at 20% above gmz:g:’smmm 20V de2.5A
Impedance: 50Q VCO input: 0-30Vdc25A
Dimensions & Weight (in protective case,
Matghe 1ot o e TvIant Soman T 03 Bapa: 125mm (4.8i)

A quartar wavelength long stub terminated in a standard, 50€, thick
film, chip resistance.

Centre frequency: 8GHz

Retumn loss: ~30dB (minimum)
Input impadance: 50Q
Unmatched load

Three 508 input lines terminated in unknown resistive loadé‘ One
incorporates a '/,A transformer with a centre frequency + 3GHz, and

one uses an open-circuited shunt stub element.

Wilkinson power divider
A standard Wilkinson power divider using a standard 100£2 chip
resistance as the isolating element.

Centre frequency: 3GHz

Operating band: 2 - 4GHz

Insertion loss: 3.5 £+0.25dB

Isolation: 20dB (typical)

Tracking: 0.15dB (typical over full band)
Impedance: 500

Weight: 5kg (11 1b)

Tender Specification

A Microwave Integrated Circuit trainer using microstrip components
and operating in the 2 - 4GHz band. To contain 18 passive
components, 3 active components and all necessary connectors and
leads. Complete with instruction manual providing at least 10

assignments!
Ordering Information
Order: 'Microstrip Trainer MST532'
Qrder: 'Microstrip Trainer Complete Experimental
Workstation (532, 1810-00665, 1810-00985) MST532-1"

For further information on these & other equipments in the Telecommunications range contact..............

B Feedback

Feedback Instruments Limited
Park Road, Crowborough,

East Sussex, TN6 2QR, England.
Telephone: +44 (0) 1892 653322.
Fax: +44 (0) 1892 663719.

E mail: feedback @ fdbk.demon.co.uk
Homepage: http://www fbk.com

€3

Feedback reserves the right to change these specifications without notice

Registered in England number 990620

A subsidiary of Feedback pic.
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www.hvpd.co.uk AHVP D

HVPD Transient Earth Voltage (TEV) Sensor

JHVPD _TEV ‘ The HVPD TEV sensor is a small-size; electromagnetic sensor
V===  Sensor

U which can detect the high frequency radiation that is coupled onto
Pty 110 earthed metal surfaces from ‘local’ partial discharge (PD) within
www.hvpd.co.uk switchgear, bushings and other plant.

The TEV sensor can be either magnetically attached or bolted to the outer surface of metal-clad
switchgear, typically on cable boxes or next to cable terminations.

The sensor has a wideband frequency response to detect ‘local’ PD pulses in the range of 1 MHz to
100 MHz. When local PD occurs within plant, high frequency RF energy is emitted from the PD site.
When the PD is within metal-clad switchgear or cable boxes the RF radiation is induced onto the inner
metal surfaces of the swiichgear housing, this energy will emerge onto the outer of the metal-clad
housing where there are gaps (e.g. joints, seams, gaskets, vents etc.). These generally oscillatory
signals are known as transient earth voltages and are a good indicator of ‘local' PD.

Detection of these pulses can also be used for localisation of the PD site using Time-of-Flight (TOF)
measurements when 2 or more sensors are used in conjunction. This principle is employed by the
HVPD Kronos™ Monitor to generate long-term precedence measurements of ‘local’ PD signals,
helping fo locate PD within plant. The HVPD Longshot™ Diagnostic PD Spot Tester also uses this
principle to identify the source of PD.

IC NC N VA5 2\ 5P
(¢ - C () ) ) )]

[ -'-&‘--I

Metallic switchgear
housing

Vent / gaskst TEV Sensor

For more information contact HVPD : Tel: +44 161 8776142, email: info@hvpd.co.uk



www.hvpd.co.uk

Key Features

«  Widebhand frequency detection range from
1 MHz to 100 MHz.

« Suitable for PD detection in MV and HV
switchgear, bushings and other plant.

» No outage required for installation, simply
attach to the earthed surface of in-service
plant.*

« For use with either portable PD test units or
permanent PD monitoring systems.

" Permanent instalations Insikle HV enciosures may raguire outages

62

Frequency Response 1MHz — 100 MHz D:64 mm
3 s Dimensions W:60 mm
Typical Risetime Response >5ns
H: 30 mm
Equivalent Capacitance ~ 150 pF B
Weight 0.12kg
Conductor Material Brass
Material/Finish HDPE Red Finish [ i
Sensor Head Dimensions 60 x 64 x 30 mm \, \ ¥ ’ T Fol i
Output Connector BNC Female Ny y
2 '
Mountin Pemmanent Magnets
9 and/or Bracket

Each TEV sensor supplied by HVPD is tested and
calibrated before delivery to the customer.

The plot opposite shows a typical local PD waveform. It
can be noted that the sensoris required to be very
responsive to detect the high frequency pulse. (1 MHz to
100 MHz). This is essential for the measurement of PD in
a wide range of switchgear, bushings and other plant.

Calibrated TEV sensors can be used to make on-line
measurements of PD in decibels (dB) with HVPD's range
of PD test and monitoring systems including the HVPD
Longshot™ PD Diagnostic Spot-Tester.

Local PD Magnitude Measurement

Segrost Virotom

Vots (m\

PD 4 = 20l0g V.,

248l 23

Typical TEV Waveform

o

HVPD, 128 Metroplex Business Park, Broadway, MediaCityUK, Manchester, M50 2UW, UK

@ www.hvpd.co.uk 4 info@hvpd.co.uk

¢ +44 (0)161 877 6142

2 +44 (0)161 877 6139




UseIRgLUeu

%a—umaqa waINYen lagua

Anfudl 12 nIngau 2541
dusansAnusesulseufnuinaulatean 1saseunnenes
[in@nwil agdmnssumans antumaluladnsyasanndiin
mmsanansz U Tulnsdnw 2560

Hneit medviemnssulnih aasdmnssumans aandumnelulad
NILIDUNA NI

Mnsananssde TEninsneu dquigu 89 NINYIAN W.A.2563

Fo-urmana wwansislwdu vsaiida

Aafuil 28 nsngnes 2540
dnsansfnuiseaulisendAnwnaulatsin lsaseudunmany
gy Fagn

H@nwnil angdmnssumand antumaluladnsyaesindninnm
winsaransy s Tunisfinw) 2560

Ansmuineisimnssulwih eagdmnssuemans aonumelulad
NILIBUNANIAALY

nnIannseld serdiasiey lguigy 9 NINYIAN N.A.2563

Fo-urmana wsunma venLey

Andudt 22 fiquigu 2541
dnsansfnerssauliseudnwinaulalsnn 1saseuginnsasy
Medy anys

[idnund auzimnssumand anrtumaluladnszaesndiiiga
mnsannseds ludnisfnw 2560

Anaui meduiimnssuladi angdmnssumans aantumalulad
WILIBUNAUIIAR

wnIaanszds serdiusieu dguiey 83 NINYIAN W.A.2563

63





