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ABSTRACT

This dissertation proposes the study and analysis of cross-linked polyolefin
cable (XLPO cable) for electric vehicles application. The research consists of 3 parts.
First, studying the physical properties, dielectric response, and partial discharge of
XLPO cables. Second, studying the changing of surfaces, chemicals, and molecular
anatomy of XLPO cables by using Scanning Electron Microscope-SEM, Fourier-transform
Infrared  Spectroscopy-FTIR and Wavelength Dispersive X-ray Fluorescence-WDXRF.
These will be compared with the electrical breakdown voltage of aging XLPO cables
under an electric field and heat flux. Third, for application, XLPO cable with and
without a shield in an electric car. In the case study of physical properties, dielectric
response and partial discharge, researchers have tested as follows. Insulation resistance
testing, tensile and elongation measurement, polarization and depolarization
measurement under an electric field and temperature variation, partial discharge of
XLPO cable in different types of bending radii under temperature variations and heat
flux. In the case study of changing surfaces, chemicals, and molecular anatomy of
XLPO cables by using SEM, FT-IR and WD-XRF methods for comparison with the
electrical breakdown voltage of aging XLPO cables under temperature variation and
heat flux. Testing the surface anatomy of an XLPO with 8% catalyst insulator by using
SEM at the condition as follows. Aging the insulator at 100 °C, 110 °C, 125 °C for 120hrs,
240hrs, 360hrs and 480hrs respectively. Chemical changing measurement of 8%
catalyst XLPO cable by using FT-IR and WD-XRF method in the same conditions.

In case of an application, Experiment results show that an XLPO insulation cable with
8% catalyst have the best physical properties. Dielectric response’s results show that

higher electric field and temperatures can cause the conductivity current and



polarization current to increase. Partial discharge inception voltage and magnitude are
related to temperature and the bending radii. The results of FT-IR and WD-XRF have
no significant difference. A long aging timing and high temperature decreased
breakdown voltage 3.54-8.58%. The application results from installation of the XLPO
cable between a high-power train system and inverter. The results indicate that the
cable operates properly in the frequency above 200 Hz, transfer impedance decreasing
between 11.5% to 15.25%, induces the SE and reduces the current ripple in the higher
frequency range with unshielded cable compared. This dissertation reveals that the
techniques used in the analysis of insulators that have been presented previously, can
be used to analyze, and evaluate the actual insulating material condition. It can also
be applied to electric vehicles for further industrialization in the future. Researchers
have suggestions for further research by modification the composition of chemical
elements and chemical compounds in chemical catalysts. To be able to produce
Electrical cables containing catalysts at a ratio higher than 8%. Moreover, Increasing
the thickness of Tin-coated annealed copper conductor for better environment

resistance and reduce the effect of noise.
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1.1 anandunuazadnudiagyvaslyimn

[ [y

Tagiunmsdsanendanulnihianudfyuazduidesnisiiuunniy enauauss

o
[

HOAUA DI SNE 1T RN T UDE9sBL DS NN uas1sUlne, ATUEAAIMNTTURAL A
mMsauuIan MIdeiundsnuliidiuaglinduisnisiaussieaudesnisingn
é’aﬂ?uammwmaamalﬂﬁwﬁﬁﬂaud@waﬁﬁiaizwﬁadwawé’amu, LEDESAINUDITLTUULAEAIY
Fostudirveauilaa fuvsfianunsousvenldfsganimesaelninlddusesife auou
yoaangliiln auuasliliilagialy laun Indlhdanaslsd (PVC), Asoadsdindleiau
(XLPE) uazenaiofidunsowndy (EPR) fusu auauvesanelniiuma i ffaanuannsouas
nslduiiamzusnssiusenty ulutigiuSusinsiauvaneliisdnaseaddinale
aflu (XLPO) wrldfuagiaunsviatesnnd \wu lUgIUY0INIARAAINNTTUNITHER, TEUY
SnwimuUaannusrAny, ww*‘qmmwfwﬁu Laglumensnmg weseinauauliiwie
XLPO finnuasiiuufenusogangiias, vusonsfnndeulutuussennimiasiasganiilale
an (UV) Bnitsiinpuantinisusessandueitanuiididofnnsaninduasdauautifiniis
lflaindndsy meideiadendnwaususia XLPO Wuihdelunuide
uanandeunnuedlfiedsssuddumuiuulduanatuasg nunuiideeusus
i1 ang i lussuveueudlning danuddyuwagsndusg b dunisdeiundsau
I lildeghafuuszansnwannuumnes lugszuumunuuarludsszuuduind eulaed

dyrusunuidsiuannneluasaieusnssuutesiige laevalviavesaisluinlyly

= o wa

sogudlii loun Wndhitlanaslsd (PVC) Jallauaudfinnudangy uwinusogamgiinisly

yuiuarlifinuadimhlwilefndadde

FatunadenldTanaurunislusasudldesdosdndsdsaulaondouas
AantAvesauILif dauililiheda XLPO WuBndndonuilsdmiunsthunldluszuy
enugUA b

FEnsneaeuanaudivesaInasliiasanaaeulavainvaleds loun n1s
NAFDUYNINNIBAIN 18U Scanning Electron Microscope (FE-SEM), Tensile Testing Machine
NIINAFDUABUNIAL 18U Fourier-Transform Infrared Spectroscopy (FT-IR), Wavelength
Dispersive X-ray Fluorescence (WD-XRF) AsnagauN1ab i1y Insulation Resistance,

Highvoltage Testing, Insulation and Voltage Tester (IR), PDC Analyzer, Partial Discharge



Testing wagtiiotdun1sandyarasuniunalniiazdnisnaasuiii eunAn Shielding
Effectiveness ﬁaﬁqmﬁuﬁu

=

MuAdeiFajuiudeAnulinseitasfuusassanianlasnisusuidsn
Catalyst uagnaniduaIanosunIougouguAynuuIn 0.15u0. dnuaeliiuiioannaves
Fyanusunuluszuulieyssgndlflusosudlnin Tnefinwnavesnmsvaaevanslin
auau XLPO luan1igsingg 1wy an1ieund, an1iefiinnisidsuanimainainuden dae
FBnseudouauiuiigumgiisigg niouiaisnsvaaeudieieies Insulation and Voltage
Tester (IR), Tensile Testing Machine, PDC Analyzer, Partial Discharge Testing, Scanning
Electron Microscope (FE-SEM), Fourier-Transform Infrared Spectroscopy (FT-IR),

Wavelength Dispersive X-ray Fluorescence (WD-XRF)

1.2 ArusfaviuneuaingUseaeAvaInsAne

1. iousuvssnaatAnienienm wasanaAavslyihuesans i

2. Lﬁaﬁﬂmmngmﬂwaﬂssﬁlﬂi%’u, MIREISIUNEIY, Snwalmaitin, Tsadns
wazaadusenaunlans dwsuldlunsivseinavesawuaaliihviinases
asAlnalotafiu tilelyiausmhlulszndldliase

3. wuwnensUulsaasalsEAnsamuesangliiinioUssyndldlusnoud
Tl

4. Tasnistaiulfuiasu Catalyst LazHAMALAIANDILAIBUSBUYUAYNULIA

0.15uu. dnvinanelniieannavesdyimsunulussuusosualiii

1.3 YBULUAYDINIFTINY

ATl nsAns sl sauuanglifinedinasoad s Inalewadiu (XLPO)
Lﬁaﬁﬂwﬂﬂmauﬁ’ﬁmamamw, AasautEnalil, Auantinisaivesauiuaislni uag
Anwanglafinfiiunszuruntsissengdevaaieauiu #1e3533129 Insulation and
Voltage Tester (IR), Tensile Testing Machine, PDC Analyzer, Partial Discharge Testing,
Scanning Electron Microscope (FE-SEM), Fourier-Transform Infrared Spectroscopy (FT-
IR), Wavelength Dispersive X-ray Fluorescence (WD-XRF) Wemauduiussznindsnis
nadoUTi nadsd Ul suiisus uAIALAMURBLIITUIUSNA1IT UL XLPO 184

aelnilh uwImansUsulsasiiuysgdnsamvesangliinieyssendlilusasud

Tl
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lasnsyaiuSuasuy Catalyst waznanldUaINDLAIOUTDUYUAUNTUIN 0.15

Ll 9
¥

3. f\’ﬂﬁum811/\1171'1Lﬁaa@masuaaé’zgzgnmiumﬂmzuusaaum‘iﬂﬂw uideliutsesnidu 3
nsdiAnwde 1. Anwiguasifnanouaussonioauiuaseaiudinalowiiunaynisfanda
Vvedu 2. Annisiasunamisnennuaziaiive i sauiunseadfinaloafiudae
TEANISNAADU Scanning Electron Microscope-SEM, Fourier-transform Infrared
Spectroscopy (FT-IR) ke g Wavelength Dispersive X-ray Fluorescence (WD-XRF) Liie
Wisuifisuiunanisnageunssduiusnamivesas lihfifimsdesaninainaudou fe
nssuAsnseusouauiuiigumniinngg 3. mauszyndldaslnivdnauiuasoadsdlndly
SoeuAlHn

1.4 %U%?U?iimﬂiiﬂlﬁlﬁlﬂ’)‘a’a\‘i

Y w.e. 2559 Fnasuinauenausee “Effects of the Structure and Insulation
Material of a Cable on the Ability of a Location Method by FDR” 1@ Yoshimichi Ohki
and Naoshi Hirai 11 IEEE Transactions on Dielectrics and Electrical Insulation Vol. 23,
No. 1; February 2016. Tnglduiauenanssnuiitindunelulaseadrsvendaauaulniily
angluiatianedlilanaslsnlazaseadsnlndloailunaedd FDR

U w.a. 2563 finsinauenanuies “Condition Assessment of XLPO Insulated
Photovoltaic Cables Based on Polarisation/Depolarisation Current” lagi Ramy S. A. Afia,
Ehtasham Mustafa, Zoltan Adam Tamusl ¥ 2020 International Conference on
Diagnostics in Electrical Engineering (Diagnostika), 1-4 September 2020. Inala Wiaue
Aenfunafiint uresnszudlnanlsiedusasnszuanlnatlsieduluas inieidnnseadsln
slowiludlefnnddnuiignmgliangg

YA 2563 dmstiauenasuias “Effect of Thickness on the Space Charge
Behavior and DC Breakdown Strength of Cross-Linked Polyethylene Insulation” 1a®
ZHIPENG MA, LIJUN YANG, MUHAMMAD SHOAIB BHUTTA, HAORAN BIAN, MUHAMMAD
ZEESHAN KHAN Tu IEEE Access, Volume 8, 27 April 2020 Taglaunausnavasauiuluii,
Uszglwiiasine uaznmaivsnanvesansliiisinaseadedwodefidudeiieauiunig
T fanumuiiwansadiu

Y e, 2564 finsinauenanudes “The Preliminary Study of Partial Discharge
Behavior of Cross-linked Polyolefin (XLPO) Unshielded Cable Insulation Under
Temperature Variations" 1ng Jakawan Singhasivanon, Nirudh Jirasuwankul Tu 2021 18th

International  Conference on  Electrical  Engineering/Electronics, Computer,



Telecommunications and Information Technology (ECTI-CON), 18 June 2021 Tagla
Uauen1sAnwinisnavisaudluaslisianseaden ndloaiusialuiddasd aela
ANEYUNNTAIG

T w.d. 2564 Tn15UaUeNaIIULS 89 “An Experimental Study on Dielectric
Response of the Cross-linked Polyolefin (XLPO) Insulation of the Unshielded Cable
Under Electric Field and Heat Flux" Ing Jakawan Singhasivanon, Nirudh Jirasuwankul Tu
2021 18th International Conference on Electrical Engineering/Electronics, Computer,
Telecommunications and Information Technology (ECTI-CON), 18 June 2021 TaguEuD
nsAnwinansuausslndidnesnvesargliiizdeauiulninsead s Indloafunigly
auulniuaswandausou

D .. 2556 GnasvnauonauLs o “Investigation and Analysis of Electrical
Aging of XLPE Insulation for Medium Voltage Covered Conductors Manufactured in
Brazil” 1n & Alan Melo Nobrega, Manuel Luis Barreira Martinez Alvaro Antonio Alencar
de Queiroz T IEEE Transactions on Dielectrics and Electrical Insulation, Volume: 20,
Issue: 2, April 2013 Taglpuiausnisdnwiuaziiasigs arwliivlinauiuaseadsanedie
faufidnsdenaninainanuden #838n156199 Wy FOURIER TRANSFORM INFRARED
SPECTROSCOPY (FTIR), THERMOGRAVIMETRIC ANALYSIS (TGA), DIFFERENTIAL SCANNING
CALORIMETRY = (DSC), ELECTRON  SPIN  RESONANCE  (ESR), CONTACT ANGLE
MEASUREMENT, SCANNING ELECTRON MICROSCOPY (SEM)

J w.d. 2564 §n151LAUBNAIIULS 9 “Effects of Demand Fluctuation and
Mitieation Strategy in Low Voltage EV Charging Station by Battery Energy Storage
System” 1@ e Nirudh Jirasuwankul, Sakon Klongboonjit, Chalermchat Manop T u
International Review of Electrical Engineering (L.R.E.E.), Vol. 16, N. 5, September —
October 2021. Tngldinauanansgnuiiintulussuumsmssveseueudlniiige Battery
Energy Storage System

U wei. 2563 fnstiauenauides “Efficient Analytical Model for the Transfer
Impedance and Admittance of Noncoaxial/Twinax Braided-Shielded Cables” 1@ ¢
Oussama Gassab, Sara Bouguerra, Liang Zhou, Wen-Yan Yin Ty IEEE TRANSACTIONS ON
ELECTROMAGNETIC COMPATIBILITY, April 2020. lasw1iaueLs esnavod Transfer
Impedance ez Admittance 983 Noncoaxial/Twinax Braided-Shielded Cables

T w.a. 2564 Tn15UauanasIuLs o “Investigation on Current Ripple and
Electromagnetic Interference in High Voltage Powertrain Systems for Electric Vehicles

by Using Cross-linked Polyolefin Insulation Shielded Cable” 1 @ & Jakawan



Singhasivanon, Nirudh Jirasuwankul, Kunagone Kiddee 1w International Review of

Electrical Engineering (IREE), Vol.17, No.3
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1. fieinewenszuiunsAndinngibeniezilazdunsiznesdnius auiilaly
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2. \AATiNEENITUINNISAMILATISRENLEELATANATIZI LUV B UBINISANRAYIST
Uy, nMsEesuanmaesauiuliin, navesnszualnanlsidu-Alnanlsiedu
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aunuliinluaeluilivdnaseadenlndloafusilnidesd/UiTad anwuenis
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4. arw13a3i1e9A AT L9103 A A FeunUseynaldlie3elusguuany
NINYAAWMNTIY LYY STUVEIUBUALINTN, SEUundeIumaden LasyuUAeans
NsANUNAL
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2.1 aglniiln
anelniln WJugunsalfidrdgyegreddlunisdeitundsnuliiranuvanidsludain
wiasnilslaonszualiiiaziadounlvadiudahlumuanslniaudsussusilninige lae

Y

anglnihdlassassfidfey 3 drundn sl

2.1.1 TaseadrsiNugiurasangludi
1. fuh (Conducton) \luiaquialangduiviminiidehunszualiin fannsg
ldlun1snamanndnitlainde IEC 60228: Conductor of Insulated Cables Ingazafute
yurauazUszianyesiandathlniy miteildde mm? American Wire Gauge (AWG) wag
kemil
1.1 M3meay
1.1:1 Metal-Coated Aamstadauiufindtinsefan wu fyn (Tinned) nie
gaa08 (Tinned-Alloy)
1.1.2 Nominal Cross-Sectional Area &5 wuinuasiufiniinginanagsilf
1.2 msPuunUsznvveanglniin (Classification) aamalnianansagnauunla

(%

giall Class 1, Class 2, Class 5, Class 6 I9g Class 1 wag Class 2 198195 Usnwaeva9au
Uﬁzmmaﬂﬁ%agjﬁ’uﬁ (Fixed Installation), Classes 5, 6 l4dmSudnuazosnuussLnniisings
\deudne (Movable)

1.2.1 Class 1 : Solid Conductors

1.2.2 Class 2 : Stranded Conductors

1.2.3 Class 5 : Flexible Conductors

1.2.4 Class 6 : Flexible Conductors ﬁﬁmm%mjumm’h Class 5

1.3 ¥@0 (Materials)

1.3.1 193u94 %138 NBIUABUBBUYUAYN (Plain or Metal-Coated Annealed

Copper)

a A %

1.3.2 saililon w3e agiileudansy (Aluminium or Aluminium alloy)

Y

1.3.3 dahlnfelinegiitleududsy (Solid Aluminium Condoctors) audl

ANAULAULTIAININITIN 1



A15199 1 danaiunntnsasunlndn

wazAIANNAULS IRt e ineglidoadune)

Nuitvedasnilin (mm?) ATANHLAULTIAY (N/mm?)
10 waz 16 110 94 165
25 tag 35 60 849 130
50 60 04 110
Faus 70 ulU 60 9 90

1.3.4 shlihwiinegiifdesiuuiinges (Circular and Stranded
Conductors) aslANAMuA UL IFeRInIT197 2

1.3.5 ArAnuAun Ut i (Resistance of Conductor) AMAINAIUNIU
vosusazdafihlilin fgnmgl 20°C fnsaed 3-7,

1.3.6 Arpudmumumi ihnseuanss aunsarwalaainaunisi 1
1
Ry0= Rt*kt*% (1)

Wk, A fiausznaulsuuwnamngil, m13em 7
A 1 U U o ‘NI
Ry AB ArANAT LY UA NN SElEnss 7 20°C, Q/km
R, Aip mAnudmumuiitilniinszuanssiinla, Q

L A8 AugvaIsatn i, m

1.3.7  NMSAMWINMFIUSENIUUSULNYDIFIUNNDILAIDUD DULALNDILAIDU

gouyulae, fegiidey A11150AUIULAINANNISA 2, 3 MU

_ 2545 1 2)
tCUT 234541 1+0.00393(t-20)

248 1
T -
LA 998+t 1+0.00403 (t-20) (3)




A15199 2 Lananunntnsasun i

wazAIANNAULS IRt e lneglideuwuusnged

o

Nufndagas iy (mm?2) ANPNULAULTIAY (N/mm?)
10 £9 200
Faud 16 Ul 125 4 205

AN5199 3 waRINUNUTNAR LN, ArAusun U NI IRnREI N e wAaLEL,

A vewneussu wazealiileularegiiiiluudaasy Class 1

Y

fufiviigingath AAnugeanueasauilii 7 20°C
Tl fivnewaddy, dnhneunteudeu negiiiey wag
Tdgulane yulany epillleudanay

mm? Q/km Q/km Q/km
0.5 36.0 36.7 -
0.75 24.5 24.8 -
1.0 18.1 18.2 -
15 127 12.2 3
25 7.41 7.56 1
4 4.61 4.70 ]
6 3.08 = ) -
10 1.83 1.84 3.08
16 1.15 1.16 1.91
25 0.727 - 1.20
35 0.524 - 0.868
50 0.387 - 0.641
70 0.268 : 0.443
95 0.193 - 0.320
120 0.153 - 0.253
150 0.124 - 0.206
185 0.101 - 0.164
240 0.0775 - 0.125
300 0.0620 - 0.100
400 0.0465 - 0.0778
500 - - 0.0605




A9 4 LARINUNNTNARF NN, TAssasne, AAnuAIunIuestin Wi a

NoAIeUsal, agililluuuaregilileudansy Class 2

fufintingin Srunuduinhlwihdesiian ATAIUATUNIUGIEAVDIFIN
Al Iytiil 20°C
uiAen EICe sUnse | fidmesuaseu 1
e gou agililey
Cu | AL | Cu | AL | Cu | AL | ldwu | v 38
lave | lane | egilileuda
GhE
mm? Q/km | Q/km | Q/km
0.5 g - - \ / - 36 36.7 -
0.75 7 - - - 3 - 24.5 24.8 -
1.0 o - - = g 18.1 18.2 -
15 7 - 6 . A v 12.1 12.2 -
2.5 7 4 6 A 2 - 7.41 7.56 -
4 i g 6 A \ / 4.61 4.70 -
6 7 - 6 - . 3.08 3.11 -
10 7 i 6 6 5 - 1.83 1.84 3.08
16 7 ! 6 6 2 - 1.15 1.16 1.91
25 7 7 6 6 6 6 0.727 | 0.734 1.2
35 7 7 6 6 6 6 0.524 | 0.529 0.868
50 19 19 6 6 6 6 0.387 | 0.391 0.641
70 1] 19 12 12 12 12| 0.268 | 0.270 0.443
95 19 19 15 15 15 15 1 0.193 | 0.195 0.320
120 37 37 18 15 18 15 | 0.153 | 0.154 0.253
150 37 37 18 15 18 15 | 0.124 | 0.126 0.206
185 37 37 30 30 30 30 | 0.0991 | 0.100 0.164
240 37 37 34 30 34 | 30 |0.0754 | 0.0762 0.125
300 61 61 34 30 34 30 | 0.0601 | 0.0607 0.100
400 61 61 53 53 53 | 53 [0.0470 | 0.0475 0.0778
500 61 61 53 53 53 53 10.0366 | 0.0369 0.0605
630 91 91 53 53 53 53 1 0.0283 | 0.0286 0.0469
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M19199 5 wansiiuivihdedtlii, wWuruaugnatsiailiihgege wagAausuni

geanvaasathluiig 20°C Class 5

o

v

HuImAnAI Wurhugudnans | Aeusumugegauesiailiiing 20°C
g Atiliigean Taiyulany yulane
mm? mm Q/km Q/km

0.5 0.21 39.0 40.1
0.75 0.21 26.0 26.7
1.0 0.21 19.5 20.0
15 0.26 133 13.7
2.5 0.26 7.98 8.21
4 0.31 4.95 5.09
6 0.31 3.30 3.39
10 0.41 191 1.95
16 0.41 1.9 1.24
25 0.41 0.780 0.795
35 0.41 0.554 0.565
50 0.41 0.386 0.393
70 0.51 0.272 0.277
95 0.51 0.206 0.210
120 0.51 0.161 0.164
150 0.51 0.129 0.132
185 0.51 0.106 0.108
240 0.51 0.0801 0.0817
300 0.51 0.0641 0.0654
400 0.51 0.0486 0.0495
500 0.61 0.0384 0.0391
630 0.61 0.0287 0.0292
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M13199 6 Uansuuaunnthandai i, Wushugudnadnhlniheasn, dany

Aunugegauesinlii 71 20°C Class 6

o

v

HuImAnAI Wurhugudnans | Aeusumugegauesiailiiing 20°C
g Atiliigean Tadyulave yulane
mm? mm Q/km Q/km

0.5 0.16 39.0 40.1
0.75 0.16 26.0 26.7
1.0 0.16 19.5 20.0
15 0.16 133 13.7
2.5 0.16 7.98 8.21
4 0.16 4.95 5.09
6 0.21 3.30 3.39
10 0.21 191 1.95
16 0.21 1.9 1.24
25 0.21 0.780 0.795
35 0.21 0.554 0.565
50 0.31 0.386 0.393
70 0.31 0.272 0.277
95 0.31 0.206 0.210
120 0.31 0.161 0.164
150 0.31 0.129 0.132
185 0.41 0.106 0.108
240 0.41 0.0801 0.0817
300 0.41 0.0641 0.0654




M1519% 7 uansiuseneuuTuuiyniadin k,

a

dmuenAnumuMuNSERan I 20°C

12

gaumnidtilnih | dadseneudunivn | aaumgiidatiliih | duseneudsuwinn

& naniiin AR o nanitin AN
t(°0) ki t(°0) ky
0 1.087 21 0.996
1 1.082 22 0.992
2 1.078 23 0.988
3 1.073 24 0.984
4 1.068 25 0.980
5 1.064 26 0.977
6 1.059 27 0.973
7 1.055 28 0.969
8 1.050 29 0.965
9 1.046 30 0.962
10 1.042 31 0.958
11 1.037 32 0.954
12 1.033 33 0.951
13 1.029 34 0.947
14 1.025 35 0.943
15 1.020 36 0.940
16 1.016 A\ 0.946
17 1.012 38 0.933
18 1.008 39 0.929
19 1.004 40 0.926
20 1.000
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A13197 8 wanvuIaLd Ul uAugnauni aavesd i bl vlanesuauduiies,

st i neswnglifindsl wazdlnin Flexible

fufithdasa | Fahliluagiihdmsunsadeogiud fngeu
Tyl e (Class 1) | ftnden (Class 2) (Class 5 and 6)
mm? mm mm mm
0.5 0.9 1.1 1.1
0.75 1.0 1.2 13
1.0 1.2 1.4 15
1.5 15 1.7 1.8
2.5 1.9 2.2 24
4 2.4 2.7 3.0
6 2.9 3.3 39
10 37 4.2 51
16 4.6 SR 6.3
35 9. A 6.6 7.8
35 6.7 7.9 9.2
50 7.8 ot 11.0
70 9.4 11.0 13.1
) 11.0 i 151
120 12.4 14.5 17.0
150 13.8 16.2 19.0
185 15.4 18.0 21.0
240 17.6 20.6 24.0
300 19.8 291 271.0
400 222 26.1 31
500 - 29.2 0
630 - 33.2 35.0
800 - 37.6 39.0




M19199 9 KARNYUIALFUNIUALINAANAkAL I

Y 9

vossnielianesunsiindedrsawiy, sgiifisuuazegiilleudansy

Y

14

NuFinthaasai i flnihAinaeoauuu (Class 2)
WuruguEnanIingn U UAUENAN9EIER
mm? mm mm
10 3.6 4.0
16 4.6 5.2
25 5.6 6.5
35 6.6 7.5
50 7.7 8.6
70 9.3 10.2
95 11.0 12.0
120 12.3 13.5
150 13.7 15.0
185 15.3 16.8
240 17.6 19.2
300 19.7 21.6
400 2 2530) 24.6
500 253 27.6
630 28.7 32.5
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M13199 10 wansvwniduruAudnatsanalargegavesin lnihyianeswauduines,

salilluuuazegiiiludaasy

17

Nuivthsast g friliiduden (Class 1)
WuruguEnanIingn WuUAUENA19gaEn

mm?2 mm mm
10 3.4 3.7
16 4.1 4.6
25 52 5.7
35 6.1 6.7
50 1.2 7.8
70 8.7 9.4
95 10.3 11.0
120 11.6 12.4
150 12.9 13.8
185 14.5 15.4
240 16.7 17.6
300 18.8 19.8
400 A 22.2
500 24.0 25.1
630 27.3 28.4
800 30.9 32.1
1000 34.8 36.0
1200 37.8 39.0
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2. auau (Insulator) Yivthitvieviusauin i iedesiulalyisaunlwindudatu (u
nsdduanelniimansuny) veiiansduiavesinhiugunsalisioasnsnud veanamie
aswaiiflannsaneuizortudanhlninly netagivnnlfifievieruagluin awnsouus
og1908li0u 3 Ussiandsnsnedl 11 Yaquiazvinaziinuantinudegumniidiliii
wavonuiianimwindeulaas Inaandinisaiemanuioulds uaganunsanusowsIiauas
wsedngbavn

Tngeuisei ldidenldauiusin Cross-Linked Polyolefin (XLPO) lun1sfAnw
AnsansAvonioauiu wanduluauminsgiu IEC 60092-360 : Electrical installation in
ships- Part 360 Insulating and sheating materials for shipboard and offshore units,

power, control, instrumentation and telecommunication cables

A1519% 11 uanslsstandanuasylinvetansuseney

Useunnian winasusenau
Cross-Linked insulation Compounds EPR, HEPR, XLPE, S95, HF90
Cross-Linked sheating Compounds SE, SH, SHF2
Thermoplastic sheating Compounds SHF1, ST2

2.1 wiavsgnsusynevluiioaui

2.1.1 EPR - Ethylene-Propylene Rubber
i Ethylene-Propylene LﬁumiﬂszﬂauLLUULLUUL%@MUN,
EPDM wSedaralaeddansizidid unuuiieadu ause
Wisuwinlanu EPR

2.1.2 HEPR —~ Hard Ethylene-Propylene Rubber
i Ethylene-Propylene Juansusznounuuid euvinewuy
W49, EPDM nSoBanalmuesdnasizuiidunuuiieafu
anunsaisuinlanu EPR

2.1.3 XLPE - Cross-Linked Polyethylene
i1 Polyrthylene 1Juansusenaunadwes wuuid euwang
AUMUILU U, WOA Lo daAs129T LT uuuuLA iy
annsaieuinlaidu XLPE

2.1.4 HF 90 - Cross-linked Polyolefin Halogen-Free
i Polyolefin ifuasusznouniaiesuuud ounin, a1s
Fupgivienediuesifinuautd Halogen-Free a1113a
Wiguwinlanu HF 90
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2.1.5 S 95 - Cross-Linked Silicone Rubber
i1 Polysiloxane Elastomer iduasusenaudanalauasiuu
Wouwans, Sanalawesduassiiidunuuienfuaiuise
Wiguwinladu Cross-Linked Silicone Rubber

3. 1WAenuen (Sheath/ Jacket) Waonuanvasagluii v A unnuns evfu
anelwihduuenan asdosdianaudirulusudestuimilifininaniswndeulassou
Wy anmAuineInia nusienisinnsaudeasiedles UfAsemaeiilueinie lelou way
nuaudeuldas, demanuiouldd Sniimuussiawaznisdagldae wiealidesds
Waenvesaelninernned 1 ude 2 Fufldiiietosiunudemenisnis suiionainiy
Tuvaugmsindanieldan nisidenlduiinvenudenaelufitaztuegfuaninuandesluns
Anstadundn Fanffoavindudenuenvesaglilihunniigafe wealilanaolsd uayned
i dunsaivesasliiidesnsauandifiasiensldianvindunmusanuimnzan
i luled e’ uaveseadieAlnalalaiiu

TanuAdeildlauuein Cross-Linked Polyolefin Tunsiinw Ssanauifivesile
auru tduluaiuuinsgau 1EC 60092-360 :Electrical installation in ships- Part 360
Insulating and sheating materials for shipboard and offshore units, power, control,

instrumentation and telecommunication cables

3.1 wiaveEnsUsyneutuldenuen

3.1.1 SE - Polychloroprene Rubber
i1 Polychloroprene (CPQ) 1Juansusenavdanalameswuy
Feuwans, Banalawesduaszviidusuuiientuiu (CPO)
ansaiguwinleidu SE

3.1.2 SH - Chlorosulphonated Polyethylene Rubber, Chlorinated

Polyethylene Rubber
31 Synthetic Chlorinated uansusznau Rubber wuuidon
9319, Chlorosulphonated Polyethylene (CSP),
Chlorinated Polyethylene (CPE) @snsaisuinlailu SE

3.1.3 SHF 2 — Halogen-Free Rubber
fi polyolefin 1uansusznounediesuuuidauning, ais
dunsgivienedieiifinuautd Halogen-Free @1150
Wiguwinlanu SHF 2
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3.1.4 SHF 1 — Halogen-Free Thermoplastic
il Thermoplastic Polyolefin 1uansusznounediwes, a1s
Fupsgivievediwedifinuautd Halogen-Free @150
Wiguwinlanu SHF 1
3.1.5 ST 2 - Polyvinyl Chloride Thermoplastic
1 Polyvynyl Chloride Juansuszneunediesiuunanain
3.2 Halogen-Free
asUsznouTidulununsned 4, 6 wie 8
3.3 Cross-Linked Insulating Compound
¥1invesE15UTENBY Cross-Linked Insulating, aauviginislidauuag

[

9N HAN1935VRTTIAANTUTENBUAUIU UaRIFIRITIN 12

M13197 12 uansviinvesaisusenau Cross-Linked Insulating, gaunginsldauund
LAz 9N Ian2990 T AATUTENOUAUIY

anungiigeaianvesdailii wllnvesian oy
ansusznau 3

Teuung An9aT
EPR 90 250 Ethylene Propylene Rubber
HEPR 90 250 Hard Grade Ethylene Propylene Rubber
XLPE 90 250 Cross-Linked Polyethylene
HF 90 90 250 Cross-Linked Polyolefin Halogen-Free
S 95 95 350 Cross-Linked Silicone Rubber

3.4 Ganmustunisnageuauaudanilviiavenuueingneg fannsen 13



M19199 13 JadmualunisnaaeunuautanislninveuIuyling

ansUsznausiinauiu EPR HEPR XLPE HF 90 595
AIAITIAIANATUNIURUIY Ki (MQ.km)
- 20°C, shilaw 3670 3670 3670 550 1850
- guvnlinsligeiian 3.67 3.67 3.67 0.55 1.85
anduyulvil p(Q.cm)
- 20°C, fhilam 1.0x10'° 1.0x10'° 1.0x10'° 1.5x10' 5.0x10%2
- gauvndinsldaugsiian 1.0x10* 1.0x10*2 1.0x10" 1.5x10" 5.0x10%°
e Il sanusirfigumgil 50°C
- dgefiansemingduiud 1 uay 14™ (%) 15 15 - 15 15
- Agefigaszminaduiud 7 uay 14" (96) 5 5 — 5 5
3.5 dermuslunsvedeuanaTinIsnavesRLILTIaoNYe AP 14
GI']’S'N‘ﬁ 14 LLﬂﬂ\?‘ﬁ@ﬁ?WUﬂiUﬂ’ﬁ%ﬂﬁ@Uﬂmﬁﬂﬁaﬂﬂﬂﬂa%@QQUQusﬁﬁﬂL%@N?J’J']\‘i
S188LLBYANITNAFDU L) WTAdeU %aﬂﬁqﬁﬂigﬂaULﬁI@QU’Ju
UINTFIU Wita | EPR | HEPR | XLPE | HF90 | S95
AnsauTRn1anafioensuls IEC 60811-501
Afivenfulaves
- ussResnTign N/ mm? 4.2 85 | 125 | 90 7.0
- audafigeuindiiian % 200 200 200 120 150




M13199 14 (s10) wansdaimualunisnageuAMaLTRNINAYDRUINY AN

20

S1UaDYANITNAGDU AU WAINAEU Yinasuseneuilonunu
WIS vade | EPR | HEPR | XLPE | HF90 | 595
AnaudRnsnavesauLliihendenssengdeluneu IEC 60811-401
Seulalumsissenedeitlonuiu:

- gamgll /Mmnuaaedeuy B 135+-3 | 135+-3 | 135+-3 | 135+-3 | 200+-3
3¥YLLIAINTOU h 168 168 168 168 240
AusaRaTieausuld
ﬁi’]&?’]ﬁqm N/mm2 1 . - - 5.5
ﬁhmm%ﬁﬁ;mm

- fniian N/mm2 . . . 100 | 120
mmmmmm‘ﬁauqaﬁqm % +-30 +-30 +-25 +-30 -
AasanURnIInavesauInlninendnsseetelumnay IEC 60811-401
Tagldiihdiilnieen
nsi3segdeiiloauaulih

- Pungil /AAINLAILAG DL s 1354-3 | 150+-3

- 3%YELIAINTBY h 168 168

. Ausaieiseusule
ﬁhmwmamm?{auqqﬁqm % +-30 +-30 - -




M13199 14 (s10) wansdaimualunisnageuaMaLTRnINAYeRUINY AN

21

S1UaLIBEANITVIAEBUY e Bnnaaau yinasuseneauilonunu
1nsg | e EPR HEPR XLPE HF90 595
NIINAABUAILAIUNIULD LY IEC 60811-
(35 A 30 B) 403
Roulvnsnaaaudeds A
- gauugll °C 25+-2 25+-2 - 25+-2 -
- Sy h 30 30 - 30 -
- damenutntulelyu | ppm 250-300 250-300 . 250-300 -
HansneaeuTseusUls luiinn1susniin lailinn1sumniin e laiiinn1suanin -
Roulunsnaaaudes B
- gauqdl °C 40+-2 40+-2 - 40+-2 -
- 9%yTLIAN h 72 2 72
- AAULTNTUTDY % [(200+-50) [(200+-50) [(200+-50)
Tolay, (InguSunes) x10°®] x10°°] x10°]
C AAnuTudusing % 55+-10 55+-10 55+-10
- anuFiaunndign a | mm/s 500 500 500
AT UNUNAEDU
nansnadeufiseusule lailian1suanIin laiinnisumniin lailinnisumaniin




M13199 14 (s10) wansdaimualunisnageuaMaLTRnINAYeRUINY AN

22

IUALLDYANITNADU iy Wnsupgey ¥inansUszneullonuiu
WINIFIU Wate EPR HEPR | XLPE | HF90 | S95
nsUsziliuglalau
Arpudunsn-na uS.mm’* IEC 60754-2 >=43 | >=43 | >=43 | >=43 | >=43
A L <=10 <=10 | <=10 | <=10 | <=10
Fruaunsafinalalasiauianue:;
- n3nlelnsrasin uay nnlelnslusiin (Angsiigm) % IEC 60754-1 0.5 0.5 0.5 0.5 0.5
- olawun (dgedign) % IEC60684-2:2011 | 45 0.1 0.1 0.1 0.1 0.1
3.6 yiaveaUdenuonyladourwanisnnsei 15
asneil 15 wanwdavesudenuensiadeourinuarsiavasasusenay
yiinvosTaniiloauiu a13Usenau
SE Polychloroprene rubber
SH Chlorosulphonated polyethylene or chlorinated polyethylene rubber
SHF 2 Halogen-free rubber

3.7 Gefmualunismageuaan AN 1Nave e uan A NYINLARNIAINITINY 16



M19197 16 uanstaimualunisnageuraautinimnavesUdenuenviniionying

23

EaLBEANITNAFDU iveld W|neaey ilpansuszneuiiloauiu
1INIFIY ielih) SH SE SHF2

AnsantAenafivensuld IEC 60811-501
Afgensuldvos

- ussReiign N/mm? 10 10 9

- anudafigeuinsiiia % 250 300 120
AasaudRnenavesauLliihmendnseanedelumeu IEC 60811-401
nsi3sengdeitioauiulyiin:

- gawigdl / AAnumaLAdeY °C 100+-2 100+-2 120+-3

- swsmmmssegluiieaunn h 168 168 168
AmgousuliveusIis

- fniian N/mm2 - - -

- ﬁﬂﬂawuﬂwﬂLﬂﬁauuﬂﬂﬁqm % +-40 +-40 +-40
AmgousuldvesmmEnifigaun

- fniian N/mm2 - - -

- ﬁhmmmmﬂ?ﬂiauqqﬁq@ % +-40 +-40 +-40
mMsnaaeuauBadvesauulifiiloldsuaueu IEC 60811-507




M19197 16 (s0) wansdarimunlunisnaaeunuautaininavesUdenuensiiniionying

24

S1UaELdEANISNAEBU N WMINAEDU Yipasusznauiionunu
1INIFIU etk SH SE SHF2
Feulvlunisnaaeu:

- ol / AALAIALAG DY °C 200+-3 200+-3 200+-3

- nandlelifinisgnena Min 15 15 15
ANANHLAUTIIING N/cm? 20 20 20
Arnsnaaauiivausuls:

- mwingagaledanszynana % 175 175 175
mm%gaqmLﬁaﬂaammssmma % 15 15 15
nsnadauANAIUMUleley (35 A %50 B) IEC 60811-403
Foulunsvaaeudieds A

- oungi °C 25+-2 25+-2 .

- T h 30 30 -
gns1anudNduleleu ppm 250-300 250-300
Arnsnaaauiiveusuly laiAnnasuaniin lalAanIsuaniin -
Feulunsvaaeudies B -
9Nl °C 40+-2 40+-2 -
ILYTLIAN h 72 72 -
ArALNTuYeslelay, (lneusuins) % (200+-50)x10° (200+-50)x10° -
AU LTNS % 55+-10 55+-10 -




M19197 16 (s0) wansdarimunlunisnaaeunuautainimnaresUdenuensiinitonying

25

IUALLDYANITNADU e Wnrsuadeu ¥inansUszneullonuiu
1NTFIY /o810 SH SE SHF2
AnuEiaugeiian o fuidusuvnaey mm/s 500 500 -
Ansnaaeuisauduls ladenisuandin | ldiAanisusniin
nsUsziduslalau
- manudunsa-ana uS.mm'! IEC 60754-2 >=4.3
AL T <=10
Fruunsafielalasiauiane:
- n3nlelnsras’n uay nanlelaslusiin (Angsdiam) % IEC 60754-1 0.5
- #laluns (ﬂ"]ﬁﬁﬂ‘ﬁéjﬂ) % IEC60684-2:2011 45 0.1
3.8 gilavesUdonuentilameslunaiafnuwanssanised 17
aseil 17 wansilavesudenuenmeslunaianin
viinvosianiiioau vilad1susznou
ST 2 Polyvinyl chloride thermoplastic, is permitted even though it releases harmful fumes under fire conditions
SHF 1 Halogen-free thermoplastic for use over all types of insulation

3.9 Yarvualunisnaaeuaaudan1anavesUdenuensiamesiunanasin Landfanns1an 18



M19197 18 uanstaimunlunisneaeuauantaninaresUdenuenviamesiunaiasin
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UALBEANITNAFDY e BNINAADY iinvoiioauiu
UINTFIU etk ST 2 SHF 1
AnsantAenafivensuld IEC 60811-501
Afgensuldvos
- ussReiign N/mm? 12.5 9.0
- anudafigeuinsiiia % 150 120
Aavantanenavesauuliinnenanseydeluaiey IEC 60811-401
i3y deiiloauaulyiih:
- gawigdl / AAnumaLAdey e 100+-2 100+-2
- swsmmmssegluiieaunn h 168 168
AmgousuliveusIis
- fniian N/mm2 12.5 7.0
- ﬁhmmmmﬂ?{auumﬁqm % +-25 +-30
AmgousuldvesmmEnifigaun
- fniian N/mm2 150 110
- ﬁﬂﬂﬁ?ﬂﬂ?@Lﬂ?ﬂiQUQQ‘ﬁqw % +-25 +-30
mMsnaaeuauBadvesauulifiiloldsuaueu IEC 60811-508
Seulumsneaeu:
- gavindl / AAnumaLAGeY °C 80+-2 80+-2




27
ANPNUNUIVDITURUIUINAN F9m15199 19

A58 19 LansnImuvesRLIUliinAIIIATEIY IEC 60092-353:2016

Nuiivthin 0.6/1 kV 1.8/3 kV
il EPR HEPR EPR HEPR
S 95 HF 90 XLPE
XLPE
mm? mm mm mm mm
1 1.0 0.7 - -
1.5 1.0 0.7 - -
2.5 1.0 0.7 - -
4 1.0 0.7 - -
6 1.0 0.7 - -
10 1.0 0.7 2.2 2.0
16 1.0 0.7 2.2 2.0
25 N2 0.9 2.2 2.0
35 1.2 0.9 2.2 2.0
50 1.4 1.0 2.2 2.0
70 1.4 ) = 2.0
95 1.6 Il 2.4 2.0
120 1.6 1.2 2.4 2.0
150 1.8 1.4 2.4 2.0
185 2.0 1.6 2.4 2.0
240 2.2 1.7 2.4 2.0
300 2.4 1.8 2.4 2.0
400 2.6 2.0 2.6 2.0
500 2.8 2.2 2.8 2.2
630 2.8 2.4 2.8 2.4

A1UNI0ANINAIANNNUIVBITUUGRNUON 19U, 29U wazaneliiungzla
INANNIT N 4, 5, 6 HIUSIHY

t,=0.04D+0.8 mm (anuwuniesga e 1.0 mm) (4)
t,=0.025D+0.9 mm (aywnuniouga fe 1.0 mm) (5)
t,=0.025D+0.6 mm (a1umuniesga Ao 0.8 mm) (6)
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laed t, A9 ANURUIVRITULURDNUEN
D A vwmdurugudnananeludenuenvesanslnih

3.10 Jerfmuavasuuadidbiiilunisdnviuinsizvesanglih

3.10.1 dahliivualiiu 0.2mm Wdnuaglini dounadusku
AugnalesnivIawiniu 10mm

3.10.2 dahlivuraliiu 0.3mm Wdnuaglini dounadusnu
AuENANRIUA 10mm 3 30mm

3.10.3 #h i wunalaiiAy 0.4mm T9dnsiuane i dounndusity
ALONARIUA 31mm

ANINMINAIVLIL LTI SR HuLA A2 ua el LA an
aunsil 7 uay 8 mwdRy

NPd

Fe—o (7)

sin o

Taofi F fio wrinimainisiiy
o Ao yuseriesnuesangliihiudilidmsudaniy
d Ao Wwiuaudnaasiati inihdmudnim
N fio Srwiuvassiaunluiadmsudniu
P A 91U2U picks Ao Haawng

G=3 F.100 8)
lngd G Al ANUNUILLUYBINITINUUL IR IauIuae LY

2.1.2 wadasluianauluaglnii
Fanitusldluauiulazidonuenvesagliiinineg laun nedldanaslssd (PVO)
WofleNau (PE) ATeafAnedLafiau (XLPE) e1alonaunsefiay (EPR) e1alulnsd (NBR)
uazaseaierinalawafiud (XLPO) Tnsdnuwasmilasainsvemediuoszgniuundwioluil
1. nodwedwuuLdu (Linear Polymen) anelunisnissnediesuuuiduariinig
Feusefuremanemiiegosuausiues uravanslevammediuesazgninanideusioseiusy
wmesnansetusylalasian lenedwesiadeshdntumnnninlasasiauuudus vilvne
desuwuuiduiinuaRnioBaveu fanumuiuiuiasganasumaniigs fMegrswomed

was ¥iiadl town wedlitamaslsa (PVC) wazwedeiiau (PE) Wudy
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a v

2. woAluesuuui ey (Branched Polymer) Dunedwediinainnisidoud oy
vosisfuaslenedwesnionsuanisinuressuamesfiiafnsunteslunedwes Tng
Snwazvedltvashaiuiiidunarsnuanssiueenly vldlenedwedliaunsadniaites
Fanafuldedamuiudy fedremedwessing laun wedtefaurdannumunudus
(LDPE), wedtefiduainunuiiuuyUiunals (MDPE) kagnofieiaundnuvukiugs (HDPE)
Hudu

3. WoAlaSUUULT N1 (Cross-linked Polymer) fidnwaiznsideusofuveasasly
wedlesdundniudusudidetu deiustlanaud Tnensiianedweidnvasdozin
NnMshmsdaameginiefnannsiiauifseuaivuulideundu dideuvneinagiin
Nneznouvidelulanaveansissuiseidudnlulunszuiuniuan eviliAnusslan
auseninsldwoales gy fegrweiediwedadad taud AsoadsAnedionauy
(XLPE) mseddsnlnaloalu (XLPO) wavenaefiauwsafiay (EPR) udu

4. wedueslaTad1auuun1vie (Network Polymer) flanwuznisiieusoidunine

' ¥
a2

WUU 3 87 saeiusglaiaud vilillnaautinimnawasanautfiniennusaunavy fegs
a € a é’ ¥ 1 a = I ¥
voswediuesyind laun dnend (Epoxy) Wumu
a I3 1 a A v ve % & &
wadkloTanusauUiulssinnvamnAnssuilolasuanuseu 1y 2 Ussiande
1. wmaslunaiain wedues (Thermoplastic Polymer) filassas1adunuuidunse
wuuAsdu aunsaviinisaugUlnadle wedwesvlinidenldiamunialionuenves
aelilih ldun wedliliamaelse (PVQ) wavwediofiau (PE) Uudy
2. woslulwnis wadias (Thermosetting Polymer) dilassas1adunuuniane lu
ansavinsugUlnaddnle weldsuanuieuanmgiigs ssvhlvnefiwetaaieiiuayiin
= a ¢ a da ) a P a ¢ a
Anudems wedwesvlandeuldhauiukasiUdenuenvesanalii loun aseadrnedie

AU (XLPE) aspadsrlnalataiiud (XLPO) wazeaanaunsafiau (EPR) 1udy

2.2 né’mqamsﬁﬁ%Lénmammudaanim (Scanning Electron Microscope, SEM)

ndeaganssmididnnseunuudesnsin (SEM) IdgnAnduuasussfustuilod w.e,
2481 lag Manfred von Ardenne 1n338 Wnildnd wazunussivguieesdu lnandes
9aNIIAUBLANATOULUUABINTIA (SEM) anunsaunandbiiiufissneazidunvesianlafnid
NABIPANTIAULUULAY - Light Microscope (LM) Tusgauunluwms (nm) G?fqé’ﬂwmwaagﬂﬁ
#anndesganssmidiinasounuudainsin (SEM) andunm 3 ffemelassaieiuin
meuenvhiiy

drulsznoureIndoganssAudianasauluudoinsn (SEM) Usznaulusie 1.0u

818nn50u (Electron Gun) NSOLMAINWLABENATOUN WAIVA (T7aU) 2. tauduumanindi
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(Electromagnetic Lens) vuiifianuuinuaslnfadwasdidnaseuiivnan Yudidnaseuly
agluseau uiluwns (nm) aauuﬁyuﬁ';i’aﬂmaau 3anedannaaey (Object Stage) i
vanvatevLaLarzuse lasyannsiagnaaeuaninsaideuiinuuuinnulivaiuuuaiiie
Sufinamiaamageu 4. yans19dudidnasey (Detector) vmthiinaaduduasdiannseud
ﬂszL‘?ﬁqmﬂmimﬂﬂiwuﬁﬁuﬁwaﬁa@maauLLamaﬂﬁumu‘ﬂumw
MANN1TYIIIUYDING 039 aNTIAU LA NATOULUUABINTIA (Scanning Electron
Microscope, SEM) tisussdnglalii (5 - 20 kv) iiel#Bidnnseugniseanainiauala
U sgaaududmdnlii Wemunuduadludiiuivesiagfivhnsmaaey ndandy

didnmsounIzdanauandnsuuasgnudanaiiuninauis

;5‘1]17; 1 Zeiss Auriga Scanning Electron Microscope (FE-SEM)

2.3 wallaniFesnsaudWasudunsnsaaunlasalal (Fourier Transform

Infrared Spectroscopy, (FT-IR))
&) a A =2 14 1 1 I
Juwmellanldlunsfinwilasairmaduananigluaisussiandien wu veauds
vaaunad i Neuldluasdunidnianuuignige lnelassadansluanavesiannagey
PAANAUNGIUYDILAITUNTNIALUYNANUENIATUAIY) FITLATIVAEAUNTNTIES
(Fourier Equation) Tnsutanasenundu aunnsu (Spectrum) feansuravainavlvanuoy

YasanasuNLanA1eiueanty
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gﬂ‘ﬁ 2 \w30silodasevi Fourier Transform Spectroscopy (FT-IR)

2.4 13848 NYLIT WY BBLTALGUN WUUNTZIIBAIINBIIAE UWavelength

dispersive X-ray Fluorescence (WD-XRF)

WD-XRF Tdudnnisionesdngesisasud Idnvanisinnuduiuy Wavelength
Dispersive LiipTiAT1gsivusanms i Sinnlussiveanududugadsun sz wosidud
(percent) audsivsuaosinn syfvanluduasu (ppm) WBuias esfianunsodinsien
fhathalnweuiuaraanan

WdNN139N9LYBY LAS 9L el alTalI U LUUNTEIIIAIINEIIAAY
Wavelength dispersive X-ray Fluorescence (WD-XRF) fi9 yanifinssd X-Ray dzUapesad
\ievhdunsisedutagueaoy silAnns3esuateens (Fluorescence) Inguasilizoauas
ganinvzluannsznuiu awninsiives (Spectrometer) Wiasguunys@fiaauenindusigg

uazaaludssasu (Detectors) IBLAAIA USRI ULAZWUANANTVARDUY

Supermini200

gﬂﬁ 3 |a3eailevinaeu Wavelength Dispersive X-ray Fluorescence-WDXRF
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2.5 AN5AFYIIIVI9EIU (Partial Discharge)
nsRasavIsdi Aensiamsaissunsdruyidulaefidnhsdlddenlosdetu
violunsdivonieauruaslnih Ao Wenudilignihanevieidesanwogenns nvie
YoIn1sharIFIUIEILLUeRn Y 3 dnuy Ao
lalsunAiawn$e (Corona Discharge) Wmmnauwilylihitliasiianoged
AnuzenauNliAuAIngn E, lnanaainnisiialalsiifasisa fs
AnmsgaydsvemdanulusUresnnuiou uas @esdads way 05 lao

anunsadwiniadlniihagydelieninialsiilaanaunis 9

k—“—l(ms) \[ (U-U)2.10™ kW/Km 9)

1987 & A9 AMUNUILUFURNGVBIDINA, £ AD AANUD (H2), r Aa SAd
#1n (em), d AB SzeyserIawd (cm)

a s

2. Aav3anuia (Surface Discharge) tinanawulwiidusessoain
A A oo Y | ~ Aa

ASNAANUBSTARIANLANANNY  hagAIANILASERAUUL WA NIV
awuliAauiuAings Ex> E, wulatevasaelniiuseiugs

3. faynsanelu (Intemnal Discharge) Linanntussenniaviagluauiuuia

W Iwssaniansluioauiuvesaglnidy  1esannnszuIunISHER

Tamvevunogluioauauliily Weeninnszuiuntsuanangliiiililed

t-il’ = 1 = o 1 A

1IN B99zinAIALATERALILINTN o flvuaTadlnsIeINIAnSe

Tanevueg MIANANNTAEU159N18 I ULALNANISIUSNANIUDEN

auysalsialy

¥
(4 I . 0 . . .
2.6 mslwanlsiwduluiileaudu (Polarization in Dielectric)
nstnanlswduluilonuiu Asnsnluananigluiioauiuinnisiniseeiiiudy
Tnineldauulniniunnseyi saeivinnistousssnulnihnszuansadnludailonuiulag

MileauiuaadlufnnIsi@aNaN D890 NSEUIUNISTIENI Nstwanlbsiadu

nszvunslnalsduiiiatunigluauiugnduunesnidu 5 Ussuan fe
1. Siannseiindlwailsiwdy (Electronic Polarization) 81 nAsouv oy laaseou

JIPRYAVDIDEMDUVBIRUIUL VLTINS L9iMLRLLLEUN WA ALNTEin Vi lesnauves

o
dud

awuinlalna (Dipole) Wsoinn1slTIUU
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2. leeedinTwanlsiedu (lonic Polarization) iawieawulniinnieusnuinseviie
deawu vlilessuuinuarlossuauresiusylossinadeud Tnsillossutinzndeui
anufiensauulniuaslossuavaspdeuiinseiuduiiamsauylih

3. posudulnanlsiedu Orientation Polarization) laiananeluiieaunuagv
waznsvdnnszaeesidasy ilvaualwihdnsneluladdeauuiiduwindugud

4. gouTslnanlsiwdu (Hopping Polarization) 8idnaseu wag lga (Hole) @1m150
nselanannduvimile lugadnduvdmileld vlmannginssunisinanlswduneluauiy
Antu

5. dwgrnsalnanlssdu (Space Charge Polarization) 3e dulmeasivitiva Twailsus
#u (Interfacial Polarization) il oaunulyifinuinsgyheeideauiu Uszauinualsegavas
WA euTNazauRunSISeesavetaLIl 2 UstandidanUosinian (Permittivity) wansnariu

yilsinnsnszarevesauulniineluauiuRameulyanndy

nszualnanlsidulummgefanunsadeulanaunisi 10

ipol (=Co Ve [:—Z +806(t)+f(t)] (10)
Co Aom1ANgbiliamasnetinvetingeaeu (Geometric capacitance)
Ve Aoussdunsenansiiidlunisuageu
50 FoArmuliinnsyuanssua’ (Pure de conductivity)
€ ﬁ@mwa%ﬁmﬁ%a’%mqﬁgmmﬂ (Permittivity of vacuum)
€0 Aorudesinainauins (Relative permittivity) inanSudu
5(1) Aeilandunad (Delta function) ﬁLﬁ@%umﬂﬂﬁﬁhEJLLN(?fug‘LJGﬁzu wuu

v a

vuiiulaliduingneseuniiaisusiu

f(t) Aetlsdunanauausswesladiannan (Dielectric response function)

2.7 w15 diwaslun1saudulwia (Parametor in Dielectric)
1. Wesln@indedou (Permittivity, &) AownsinesfiuansnaauiRiugvosian

au lnefdiuaswendasin@inddou e (o) wansnruaimisatunisiiunasaulugy

fa a a 4

auulnin wazdiudunnmuealesiniAindedou g (o) wansmugadsluianauiuain

[ a

< [ = = v v v ! ¢ o a & a
nmsiiundsilugvaudlnihgadenuduiusiuaunamesidegaydeladianasn

& (0)=¢,(0)-j&; (w) (11)
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' CSOHZ
= 12
S (12)

a &

2. wiawesindsgaduladidnesn (Dissipation Factor, tan O )

a <

ol
wiameddsgadeladidnnin tans WumsiimesAdenldlunisussifiuanin
awugUnsalliihusags Feamunsaldidusdinegmslinureateauld Tasutseondy
3 dufe 1. avwaapdeidosninszualrariuioauiu wnedeauilivians 2. ana
agdsidosannginssunisidn eluanaveudeauiueg neldauuluivilsie
nszuunslalsdiedy 3. iansiarfaneludoanuwiliAneugydeluguuuures

AMUSDULANTUY

tano=

(A)S(]SIr (13)

3. annadnaiiluia (Conductivity)

awunenihnfadesdidanusumungwazaninn sl ewinagih

Trnsenalninlaauisasluarunmiadiaawiule @uisauiulanainaunis 14

(14)

=N Bl
Il
Q

4. punanudeusstulniiusnail (Breakdown Voltage, Ey)
ATAINAINURBLTIAWLUTNAIU NI IHa LT BAUIUAINITANUABAIUATEA
awnuliihgeld aansarwalaainaunisy 15
Bp

S (15)

Eb:
In:

i+ 1)

2.8 mMsuana1glnin (Cable Production)
Funounswdaagliiin useenidu 6 dumeudsd 1. Enanvunaindrimonng
(Wire Drawing) 2. fin&e353unq Ui meaund (Bunching) 3. iuauiuaslniln (Extruding
— Insulation) 4. gnviuanelniin (Braiding) 5. iudenuenangluil ( Extruding - Jacket) 6.
fumidoangliin (Printing) LLamﬁ’agﬂﬁ 5-12

Tnemsudnansluiilunuided Ifjaiuludnuuria aseadedinalowiudidu
van dsauulnliirvinaseaddlnalotaiiu (Cross-linked Polyolefin - XLPO) leigniiun

Uszgnaldivegraunsnanslagamzegedsdmsuldiluauiuvesaslnii 8nvisdainig
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[

Fufuegraunnlunswdanaznmeaouangliin el dulunuanesgrumadiulnih ua
Sudnnsednd wavidulumudonivuaues International Electro technical Commission
(IEQ) Fadumirsnuangnisininsseninussmaindeunasgiuaudidnnsomaing,
I[EC60270

asoadsAlnaletailu (Cross-linked Polyolefin) 38 XLPO LHuguhuua89auiuna
IntfifignuantualnenssuiBussiunazanuiougs (High pressure, Heat) Andnuaisiisiu
Tuauiulwi1eiin (Cross-linked Polyolefin - XLPO) A g1lataun3 (Halogen free) wagd
AnuBamuiige (Flexible) Inssadransluianavesaurulsiingdn XLPO mnuddnues
glaLauns (Halogen free) fio axlififefidufivsedddindoinnswlugd

glaau (Halogen) Aosalumsissinmyil 7 wuiduansuszney esnlaladusiush
Aulalasiuluermeazegluaniueilunsnun e1laull 5 Ussiamde

Wgeesu (Fluorine, F) fanuzilufivdmaedou ﬁmmh@iaﬂﬁﬁ%mmﬁqm LU
a13mslsngealsaniven(CrO) lugnainnssuusueime anamnssulusasuduazasddn
Wuans

Aaa3u (Chlorine, CU) danuzidudwadideloau Tanwmensldarusgnanineing
WU 1381 E 09 AuNsE - wuadiFseiud udwarluunasu, naslunisnaaesly
o uan1sad, lugpaivinssunisude u Indhidaeaslsa (PVC), greuuas uazdnay
91T

Tusiiu (Bromine, B fiagustuvennarduinianns arusaldsslovdls
vanyaIegULUY Ly gRannnssunsdounondid e wagniadnd, granmnssunaunde
faudh, gpavnssuNaawaann, anaunssunanansiuln 1usiu

lolodu (lodine, 1) Hantugiduvewdduae Yselowtveslolofu awnsanmun
spUUUsEaMaEaNas, NIxfunUeRBLYesi e, fusyyadastuarlfifusnaielsn

WOANINY (Astatine, At) Lﬁuamﬁ’mﬁum%’ﬁﬁﬁﬂ%mmﬁaa:mfﬂ,uﬁsimwﬁ wazidu
Sunsedodsliin Mustlevifluniediused wu nsa1e593 X-Ray, faenssunidn was
Radiation Therapy

Halogen-Free Aemsliwusiglunguanlaou 5 Usstnndinarasndrasulundnsiosi
1199970 Halogen ﬁmﬂmﬂuﬁw'aﬁ'aﬁ%’imqq nAnS e 10U Halogen-Free Sefiany

Uaandelunsldaulugeamnssundnans i



N
04?

ISR
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—

Y ]
-

CORROSIVE NO
ACIDS ACIDS
- =

Ui 4 aneltihvdinauiu XLPO Aliinmsvanddesfalungs Halogen

lﬂl a 4 %
HatAnnsianing (MIUVI)

i‘l.l‘VI 5 mii@sawmuﬂw%mhﬂuwaaimm %ﬂaﬂiﬂ
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JUN 7 nstdtlnfimeseunssudmun1siindeITiungy
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JUN 9 msthdiinimesunsiumeauiuliieiia XLPO
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Y w 'k o =

5UN 10 msdnviuanglnimesanilnihvewns, nasuniguaynvuniuIviingn

JUN 11 msviudenuenvesangliin



40

B

s

sUN 12 msiunseazideaazviinvesanali

2.9 M3nsradauAuN Wa1glUH1 (Quality Control Process)
1. Routine Test High Voltage aua1n331U IEC-60092-350:2014 \Wunisvageu
anelifinsheusediugs tiledaesmslduuaznnvaelssansnwveaileauulunisnuse

auulndriuinseyi

A15197 20 LansszAuNnaLssauaelwililun1snageu

syAURnausesuaslnila USIAUNAABU 5 U]
Uy/U LIIPUNTZULEFAY (a.c.) LIIPUNTZHENTI (d.C.)
kV kv kV
0.15/0.25 1.5 3.6
0.6/1 3.5 8.4
1.8/3 6.5 15.6
3.6/6 12.5 -
6/10 21 -
8.7/15 30.5 -
12/20 42 -
18/30 63 -
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_(:" | ——

5‘1.]1/! 13 M¥n@aU Routine Test High Voltage aunnsgiu IEC-60092-350:2014

2. Spark Test AuMe51U [EC-60092-350:2014
Wunsmegevaslnfiadiaussdiuas iensisgeumaununseediloawiunas
Wisnuanvesanglwilsenitanssuiuniskde Wy nsanenzquasiieauil N1sla1eNeg

yostuUdenuenaaliil vieanuvuvesiuleauubilulunumasgiu

AN3NT0 ALIBLIIFUN SNAEUIINANNST 16-17
a.c. (50Hz)=3.0 kV+(5 X AWM eR Y u.u.) kV (16)

d.E=V, X 1.5 (17)

TuE ) IR

5UN 14 LanaaTasilan1maaay Spark Test 5eMINNTLUIUNINGS
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3. Conductor Resistance Test anuu1nsg1U IEC 60228:2004

Junsnageuamuiumunsskanswosiahlniimesuasmusuaiuiinise
9 Lﬁ@IﬁLﬁ@ﬁawmqmLﬁ&JLﬁaqmmﬂmm%umﬂéhﬁwlﬂ/\lﬁﬁﬂaaﬁq@ TaganInnI5in
I fatimedwas = 5.85x10° mho/cm wag anmnsdabilin dadegilillen = 3.50x10°
mho/cm aansasmnamauiumuliihnszuanswasnseuaaduldanaunisi 18, 19

ANUAINU
Rr=Ryo{1+ 09(T-20)} Q (18)

lng#l Ryy ADANUAUMUNRNYH 20°C (Q)
tyo POAUUIEANSANAUNIUVBITARNT 20°C (1/Celsius)

'
a =

T Flegaungiivewiai lnsunfisvAnanaamagligiaaiawiunule (Celsius)

Y

Rac=Ract Rt Rp Q (19)

1089 Ry ADAIAINAIUNIUATELERNTS
R, ABRAIAUANUVILAULBIIINYIINYN150IN19R) (Skin Effect)
R, ABA1A1UA 1uMIUs LT pau13nUsIngn1salnail 091nanulngides

(Proximity Effect)

Us1ngnnsadnaia (Skin Effect) nisiindiuvesidunsaniinan viliinanumienh

v

Tuufigagudnanvesiahasiiidunsudmaniieindewniian Araumnieadiaed
A1E9ANNYAAUINA1984N YIIIIAAUENAILANDUNUAUTE IR UazazanaITeuEnia
NYaFudnateenty

o a 1 v

NNIAAINE linssuanaagudnavesiniietesign uavaosiiuduly
mukTAl uaziilasanduiiuauddunuanud mnaeiitldluiesniinuigs Ardud
LAUBTIAAYUILUINT UMY vIlNTEualvaaglan1gN ATy NTRNITUINAVES
U5 n3aidams Tidenuaudnuesdafiign awnsadiwialaainaunisi 20

1

6 = m (20)

(% s

lag# fAeANUd (Hz), 1, ADANUTUTIUVBIGYYINA, 4 ADANUTUYIUFITNG, o

o U o 1
Avan A lnivewiii o= : (=)
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Usingmsalnaiiosainaiulndides (Proximity Effect) azuanfiansanidu 2 nydl
Ao 1. fhasssiinszualuafianiafentu Wuksalivannieusnsuinasidaediting
AP UILINAINUNUS UV UV UNLNATANY 2. D1ddtNeaesiinsewalraaiunig

M EULTIMIMANUS R UMzasuiy Halsanilstuiniu vinlinseualvausinm

¥ ¥ g
VNAIUYWNUINTVU
I oy
-, - ‘,—‘_ e~ \\\
. - B
- - -
i I AN
AR
v, p ’ o "\ \F\\\
S ’ ‘ . Increased current AN
’ ’ ’ . = A RN
J density \

' , N
4 - By conductor 1

B-field generating” : ,r’

N s influgnced current
\ ¥4 ¢ current - ‘ o
QN - - | 4 4 %
BN . - f :
8N P y 4 Jg
\‘.“:j_-‘——__ N f - ,’, 1,
T T R st & r o
Y ol A 'AAS } 3

31]1'7; 16 NMnegaeau D.C. Conductor Resistance
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4. Cable Dimension Test

Hunnsasratannununvestuiisauiuwastudenuonvesansliii iieliduly
AU BAIMUANIUUINTFIY IEC 60092-353:2016 viTn1snadaulauni1sinA 1 Round
Thickness, RT Wanun 6 fuiaiienAned suesaumunduawiuuarduUdsnuenvos
aeltii Tnganglih Adulunanassuagianuvunadedulunaminsgiu IEC 60092-

353:2016 NAFRILNL

5U# 18 freegen1snageu Cable Dimension
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5. Tensile & Elongation Before and After aging Test
JumsnnadeununImasusiisuasn1siafvemuutazldsnuonvasaig i
ulumuannsgiu IEC 60092-360:2014

e 10 T
P -cuunnCosEis

[ |

gll‘ﬁ 19 w3asilenisnaaeu Tensile & Elongation Before and After aging
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5UN 20 gougaumgiguneyiing Aging anglnih
6. Insulation Resistance Test
Wunisnegeumanuduauuvesanslnib Tnaduluniuuingiu IEC-60092-

360:2014

Ul 21 mavaasuAmuituauvesagllin Tasdulunumegiu
IEC-60092-360:2014
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7. Vertical Flame Test

Junsnageunmsanulvvesanglih lneanuenvesnsaulmdulymumiasgiu
IEC 60332-1-2

N

gﬂﬁ 22 mnaasunsandln nedulumudeivunves IEC 60332-1-2

2.10 @glnivdaiidy (Special Cables)

Huanelnihildlulszunnresui ddnsasanizdnu wu angliimul Fire
Resistant) l4luaugdaya (Data Center), svuuanidutasseuuidmsnasind (Emergency
and Fire Alarm Systems) AT BUR BT NINITEUY (Electrical Wiring Interconnection
System, EWIS) Tasaeluisdanulwilassasrsnanas muludn (Mica Tape) lawanise
yugamgiils 750°C demsininy 1 $u aurunasiuFenuenvesangluindidiunanveans
miluarelaaun’ (Flame Retardant) anglwithenldin (submersible) I ludiiniuuy
Ju11 (Submersible Pump), 1aima$ w1 (Electric motors) ang w19 aeuldund
Tnsaatrandn Aedaumeuasyuiyndmiunisdn (Tinned Copper Wire Braid) it oan
ﬁmzy}wmumuﬁLﬁmﬁﬁyumﬂﬁuna% (Invertor) wosludwsinasiufia (Electric motors) way

Undasaelninainnisnaiiu auiusazadonuenvesaisliife o1987auwas e1sluled
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A1UAAU (Ethylene Propylene Rubber — EPR, Nitrile-butadiene rubber, NBR) @1¢/lu#1
nulwmiioaws (Mining) Tlumdasusuazmilesymany aglnidaldaulumioswsd
Tasaadandn Ae tnseiduainegiitien (Aluminium Wire Armor) ttedasfuusanasiuain
Auseninansyiunilos awuuazildonusnvesagliirnulumiiows As veluled
(Nitrile-butadiene rubber, NBR) @ sfinaand@nusanisianseusinaisinduaznisdag
(Excellent Abrasion Resistance) anglihnudewazeeils (Marine Offshore) lodmsusnu

o

Wuseaunsiazyeianga angliivlinnuseuavyieiailasasiman Ae daimeoduns

(%
aaa [ o

YUAYNFIMTUNISAN (Tinned Copper Wire Braid) LitaUasiuni1siinnisvinugisendud

[

neLa (Oxidation) LLazaQﬁLﬁwmﬁLummU (Aluminium laminate tape) tatasiudaynyia

iumm/lNLL:M'LMﬁﬂlWﬁﬂ(Electromagnetic Interference, EMI) AUIULAZLUADNUBUVDY
awlniuiuseuasseils fio Asoadsdlnaloaiiy (Cross-linked polyolefin, XLPO) Ex
fdarudang u (Flexible), #1uniunisaruln (Flame Retardant), nun auMd'y (Ol

Resistance), numalaail (Mud Resistance) wazanlaauns (Halogen-free)

gﬂﬁ 23 anglniatianula (Fire Resistant Cable)



L b Ak A‘ C_;V
nyadenstaauYasaslwilinulyl (Fire Resistant Cable)

|

J3dIvs3d 00 80314 L

dWd

STt 25 melaiiheiineniléi (Submersible Cable)
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Ui 27 aelyifhwdinanulumiions (Mining Cable)
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\

dgua el

P-Vaynhi

13

d300d

;nh?'i 29 anluifhainnudouazmils (Marine and Offshore Cable)

51



52

JUN 30 dnhwarnisldnuresangliiviinnuizewagieils (Marine and Offshore Cable)

2.11 dygrasunaumsaimaniniuaznislosiu Electromagnetic

Interference (EMI) and Protection

2.11.1 dyrassunaumausivaniaii w3e Electromagnetic Interference (EMI)
ueunuusivdn (Magnetic Field) wagauslil (Electric Field) Mifaannmananie 1wy
Tusssuvd 1inanSsdneainvesnisariing, Wuay, W3, e, auuwdudnlannse
Annnuvasiuinfiuyudadnetu o1f mnaedslaiiidmdoutadiiifa, adulnsdns

A a o Y4 - a s & w
AAUINE, ﬂﬁ‘lﬂ“ﬂi“l/lﬂu, ANNLAIDIADUNUAADI LUUAU

Non-ionizing radiation lonizing radiation

» Pl A0
Visible light

R

Infrared

Micro Waves

Ul 31 awnm3uusimanllin
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dmsvanmeziindonlumsvinwingly wu Tsanugeamnssy, erensdiinay,
Srudoufiedonds Hudnuinamidsillamnsonindesiymuesaunuusingnlaihls i
awudwaniniihanudsng  (Low  Frequency) ananeadind,  wifeuvadluiiwie
aunusimdnlifiianudiged (High Frequency) 1niasedldlifiuazgunsaldidnnsetind
wzsdesendeluusnasinadunadeidewiug wiserwmaendin auwuudwdnliih
an] vndanuusaAusgAUAnasgILanaiivue 019liHanTENUARAUN I LagaETUNIL
MM999UTITTUUERAN TR WU SruuRsNawes senelwed sruudeasingldanasa
(Wire communication) warszuUdeasiians (Wireless communication) 161

Sogunsaiduianvauuusimdniniiiend gunseinartursnareduiiu oradu
Tnensefe dyprusunruwimanliimsanssign (Conducted EMI) #3an19seu k)
dygrasumusimdnlaivigenie  (Radiated EMI) ImaﬁiymwmiUﬂauﬁgﬂdWIWmﬂ
wvaarlialgsisuiumaduniwinegasgnisendn dyaiusuniulaenss (Conducted
EMD) wdumsiidygnasuniuriiuld e1fi aneliiih, gaideusioansliiiusegs umdsiuda
Conducted EMI Wy  wawesludl, adndunaiasdnnats, DC/AC mounesines,
lulAsAaULNSLa0s, SEUULATU18IIATDUNDS I

Fyanasuniuaimanlnfiinisetnie (Radiated EMI) dnyanauiililfesnisnisduda
N tngasadeuiiniudinaisenialnensd 2 UssinnAe Near Field uag Far Field
AR T RNAISUMMINAIN SYUUERA,  wewesludh, | adndaneddnmens,
DC/DC Peunvines, dyanaiing AMFM, ssuuanudsliinmigs, gunsalnnsieans

nsdesiularannadyiasunwnadmaniaih fvoue 3 3% Ae 1. n1snses

o

Anudlagltfames 2. MIUIERPINTUNMUNILEINTINY 3. NMsTaatasiudyausuniu

o

Tnensldfandosiu wu wdnndipisuew, vewwas, egiivilew, Tnifa (Jusu
nudelldfauiiousulssssandamangliidundnuazUssynaldlusoud

I ieannaandygiasuniumsiimianliiiniensavylissuusasudnifanis

v L4 = ¥

Intodnazideela

'
a Ya o )

anglwihyledigadngidetundnw dneglugUnsalszian Conducted EMI uag

Y

Near Field Radiated EMI wginaves Conducted EMI a1ndeyey1ad Drive 910 Inverter L“th
& N = a = =
URNAINUDLN DT %8L‘Vill@ugﬂEWWl@uﬁi@ﬂi@\‘iaﬂiﬂﬂﬁiiu‘m@ Luaqmﬂmmmmamaﬂw%ﬂa
Low Pass Filter
[ 3 1 d' = | [ = Gl fa & a 6 1
Aelly dunvslinanassuudyaalnii n1sdeans wseaunsaldidanselindsinenlu
solnih Fedilonnaldsunansenuain Radiated EMI 110031 {3983908nUUKAZTRN

Usgansnanglwihiedidan suunsihnsmegeuneuluussendldauass
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dusunisuszilianszansamnistesiudygiasuniu aunsauszidalaain
Use@nSnmn13%ad (Shielding Effectiveness)

2.11.2 Usgdnsnmn1stas (Shielding Effectiveness)
AREMIIEAIUVDITUINTENI1AUIL LU 1MANTENU (Incident electric field) AoaUINVBY

aunulnliinfidany (Transmitted electric field) anunsafuiadldainaunsi 21
Ej
SE=20e IOgloa dB (21)

2.11.3 um3g1U FCC (FCC Standards)
Tul wa. 2470 UssimnaansgelusniladneisAns Federal Communications Commission
i o oy A o Y a 1 [ a aa
wialdlunsauaunsvinnuresgUnsaldaan sy iAnn swHNsE N1 uNANNTINE
(Radio-frequency energy) tuguamud 9kHz 4 3000GHz Faumsgrumanailagnesniuy
Iia3093UNTYINUveIUNSAARUNEefIlnkaEINIeINIA LieAIUANEUAI NI

1 aa Y a o 1 < ! o A
ilughuenudive  LiliAndyansunusdvdnindilunsenusensvininuvesssuuay

[ ! ::’4" ! [ ! 1 = 14 o !

7 Ileguinsgiussnandgnudiseniduy 3 dwlugieluasoumaulumsinnuvesusas
gunIal wu gUnsalAnuding (Radio-Frequency Devices) aunsalfildenuluisgnavnysy
Angenans wazaunsainenswme (SM) iudu

2.11.4 wnsgu CISPR (CISPR standards)
Tud w.a. 2477 Wilednnwnsgu CISPR Juatdudiunilavesnauznssunsn1ssening
UszmAnmeunsgudiannsomadng (nternational Electrotechnical Commission #3®
IEC) teomIsmsinuazdndiintunissuniuvesgunsailuguannuiivg dwmane 9 Usene
aldunsgiu CISPR ddusuuuuy wargnih widaudaniesslidumnsgiundeduldluus

avUszina dwmsulszmalnenlasimsiinesguiunysuldiemuiu . [80]

gﬂﬁ 32 dyanwal FCC Standards wag IEC Standards
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2.12 grugudlwin (Electric Vehicles)
TutligugaamnssumaiuegiugudvedlanmaaimuguguANTuLAGo UM I8 TEUY

v = A

Tnifluazazandruunsudneueudduindeusiainseseuddununiely fidedadidimung

=

dlefnunTududdyossneusidslii Taegaiiulufmedamdsnulusosudidundn i
AnvuarifenuaniBvesmeliinifauadinmnzailusosudlnih lngaglifihfgise
ladnndnausuasnageudeaigliiirvinawiuliiinseaddlnidlowailu (Cross-linked
Polyolefin - XLPO) ifiasnnniinuautifivnanauazauauifmaluiiniivmnzaslunisfads
aelusaeudliih wu auliihdauaudfenuduniuvesawiugs, nsiaaugydelu
ioauaus, flanuseusn-ansnsavneladne ImammmﬁmﬁgﬂuﬁuﬁLLﬂULLazﬁguﬁmalﬁ
ffor 1y TauummeFsnsudlii, wewesluih Snvtadladamailiaiaiiu wu Bamadlud
aelihsinawiuliiinseadenlnalowilu (Cross-linked Polyolefin - XLPO) axdlaiutioy

wagluiinatufiy vse (Halogen Free)

grueudliin SdnUseneundnvesszuuduind outazdsidavoseusud i fddayldun
1. wawwesliihdnsuunuiinieseudiduniunigly (Traction Motor) 2. ssutiiesdsringads
frnulndidssiusasuddualutiaati (Transmittion) 3. sEUUMUANMITUIRRBULBIADS
(Traction Motor Invertor) iuszutdiaansedind ilemuansouLaghsiDavosaLnes 4.
sTUULUAWEILAE NS INNTUUAWoS dvumuaunislindssnilviiusyansniwgean o

uazUaensiy (Battery Management System/ BMS)
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Normal charging connector
(100V~200V)

Quick charging connector

Charging-to-driving process

# Normal . ), On-board ﬁ’)

chafting charger
Power Drive p Inverter p Motor ) Transmission ) Driving
supply DATENS
) Quick charging B

Charkirg X 4\ 8 4R Tansrinn @ { G (M Taare

guﬁ 33 syuuEMEUAlIAN (Fun - Mitsubishi)

U 31 wansnislvafoundsnulaila (Power Flow) Tusagus i (Electric
Vehicles) kagn15vitaiuvesgunsalsiigqlag Power supply v ivaogUszaluli T
srUuAUAUNSEa9Y (Battery) @ansauentaidunisyisauuuund (Normal charging) wén
U On-board charger lUfs Traction Battery WATASTNSAUUULS (Quick charging) A9
Tuiiulilususaes e wewasdurda (Traction Motor) fasniswdaruluiliieldlunis
Tuiad ou sUUAUANNITTULAG BU (Inverter) azviumdriudasnszualniliainlui
nszanse (Direct Current) ﬁﬁﬂLﬁU@ﬂlﬂﬂEJI‘L!LLUMLW@%LﬂUIWﬁWﬂi”LLﬁﬁﬁ’U (Alternating
Current) lunsdifivewmasdurdsdoinisininszuaady wasusudsuseauusaiulng
wagaudvesnszualiiiuiiorugumsiiureseneiduiids Insueinesdumadsgyi
wihilasundsuliindundanuna dsangmdssimgaies (Transmission) tiellunns
Fuind ousaudliin Tunsdiisosudiinnisiusnndownd oudiasi uilaiadu aziia
AS¥UIUATS Regenerative braking 3 u Tasuewneoslui1azvindduiauiusisines

(Generator) Wasunasnunandutdundsului udrh v fadviilulunmnes
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1Y o

el dugunsalliinfudamdanulwindundenunena dmdunns
vhunldluszuutuindeusasudliin weinedduind ouiviirindndonisadusedoiiie
Fuindeusasudluin wazdsundsnunafundsnulwitluvasiisausn

sowosliidvarnvareyszon luiidasihausamzuowesiuihiignihaldiy
uawmostuindoulusasud i fig3duldvinnsdnu Tasanssaudadungalvg« léau

{ 4

AnwarnsewalinNuamesSunialgni1u Tawn uawmasnsewanss (DC Motor) kay

[

1010 NTELAAdY (AC Motor) laen534e1 §37uld1denld Permanent Magnet
Synchronous Motors luns3de iflesaniiussansamingauazaiiausedalig

waLnos I 1nszuaady (AC Motor 7 dauiiunldidu Traction motor 1éud
Induction motor (IM) Fudusoweslniinluussnm Asynchronous motor ke Permanent
magnet AC motor (PMAC) %QLﬁumaLmaﬂWﬁﬂumjm Synchronous motor

TumewmosUszinnuatmesivienyi (Induction Motor-IM) wasauazgnleuludals
wodlaeniswideatudwmdnluil wileunisnseivewmsiowdasiniin wawmesmieatid
dnwaadnefundeuvasindmyu Tesiawmimesiiusnaintgugiuaclnnosiduvaain
nAgnd watnes Wil mdnn11s (Permanent Magnet AC Motor) Lilddnsas9
AUILWIMANNUARINUNAIAAES uige R AL WANTIARINwimENa IS Tunns
Ufduiusivaunulindnvedlawesifeasisuside uamefinieniuazuainedli
ulwdnansiiasaseiusnilndidesiu

nefnfuNgau (Battery) dusuntiennidundsenlusasudludrnuy Pure
electric vehicle azaglusunuuvaaumae’ (Battery) Lummesviutd dnifundanuly
aglusaguduazimiiigsiundanulituuemeslui (Traction Motor) Tusuiuuves
nszualifin JeusznnvesunmeIAldlunisidufe wuamedaeuleaoy (Lithium-ion-
batteries) \Juwuninos ilansdmonidudanumnes ddaaulszneuiiadyie 42au 3
osfdsznoundnifumduouiifnsu (du wnslud) indevuutsumaiuns dauanduiifien
wiineanlysmdauvuunuszgiifisu lnelasazaeBianinslad Ussnaumeinievesdiiiey
U LiPF, %50 LiBF, Tusavinavatawy tonaun1suaiun (Ethylene carbonate) latadia
asuaiun (Diethyl carbonate) waz/mislawfiansuaiun (Dimethyl carbonate) waziliie
Bensu (Separator) fuseminedavedes Feviannealnsfiau (Polypropylene, PP) uay/

visenedLeiau (Polyethylene, PE)
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@ General Motors Induction Motor General Motors
Permanent Magnet Electric Motor

aROTOR HUB

©BEARING SUPPORT ASSEMBLY

© BEARING SUPPORT ASSEEMBLY
O LAMINATED STEEL ROTOR CORE SECTIONS

9 BAR WOUND WIRE

END RING @

LAMINATED STEEL ROTOR CORE o

ALUMINUM BARS o

LAMINATED STEEL STATOR CORE o
LAMINATED STEEL STATOR CORE o

31]‘17; 34 Traction motor, Construction of Induction Motor and

Permanent Magnet AC Motor Flélusaeuduesuseon GM (w1 : GM Media)

5UN 35 LARILUUITasURlNALa T AU RAA L UALA DS

(3D model of Electric Vehicles and high voltage battery pack)

Anmaneglusasudliii (Electric Vehicles)



uni 3

N13INAaU

waqwuﬁﬁﬂaﬁuﬁﬁwLauamiﬁﬂmLLaﬁmeﬁ@mamﬁ’maqmEJIWﬂwﬁmmuﬂiaa
AsflnalownfluifieUszgndldlusnsudlud Tnssuidedudseaniiu 3 nsdidnw do 1.
Fnwnnauduaranouauestenioaniunseadedinalowiiuasnsnamsauisdiu 2,
Anwmavdsuudamenenmuaziedvenieauunsoaiedindloaiiufeisnmaaey
Scanning Electron Microscope-SEM, Fourier-transform Infrared Spectroscopy-FTIR L& &
Wavelength Dispersive X-ray Fluorescence-WDXRF tiaiU3eusfisufunanisnaaouwsasiu
wsnnvesangliihAfinisidosanimainaiudeu menssiniseuieuauiuiigunai

i197 3.Uszgnetldangliiiwinauiuaseadsdlndlolauyinliidaduazivadlusasud
i

3.1 AnviguaulAnansvaussvauileauiunserdsdlnaloiaiuuaznig
AaynsaunsdlIu

3.1.1 pfsnegauAnaduaulu (Insulation Resistance Test)

msneaetl Wunsiaamiuduauiuwssauiuasedadlndleaiiug (XLPO) fifa
Lsasdldann 60071000V vunaiuAvTdafth 2.5, 25, 35, 50 A1919TIABMAST TAUNALGILSS
ﬂﬁﬁ%mmaLﬂﬁl,ﬁamsﬂiaaﬁﬂﬁ (Catalyst) 7 3%, 5%, 8% YR oauIu XLPO Tag

NARAINEIIDYNEL 20 LUAT

5UN 37 n. wag . fAnhlnihveswasdudeseugeu
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SUN 38 A. hay 4. s lndmewsaduagausauRngen

Y

wagdannanauuagliihnuadu

Pl

4 4 P : . 3
UM 39 1. uay 2. Wuneunisdasiuaelniuavanglnihdisaguaudiau

1. gunsaifldlunsvadey

ma"LWﬁmaméhLﬁ'wﬁﬁ%mmqLﬂﬁLﬁamimaaaﬂﬁ (CataLyst)ﬁ 3%, 5%, 8% QN
SofnanuiduauIusieiAieg Metrel MI 2077 TeraOhm 5 kV. tanasiagud 35 tileniuny
nsnaaedliuaninaansdigndosdudt ednnslduhnduuignslslooou (Deionized
Water) iigliliAnmsdnidostmedlessuiiaouueglutiuagsumunanismaans 4303

maaaﬁlﬂulﬂmmmmgm IEC 60092-350:2014, IEC 60092-360:2016
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sUN 40 naneaeuiadAaluauiu

2. /NIVNAEDY
nsnaasuAtruLduauInIziinisaaeui gungives Tagldusatuluii
nszuansslunsimedeu 7 8V B 500V
Aousuvhnisnaaeufewinig Calibrate LﬂéaQﬁaﬂwswﬂaaudaunﬂﬂ% Nt
anglliiipnuealsidingt 15 was wiluihnauldlesswdune 1 Hluseuiunisvagey
LazynITaaeURiLsIdu 500V, . Wuszeziaan 5 uiit lnsuvadu 3 nsdlfinen wazdudin
NANISNARBU INNISNAROURT 3 Kad
1) maaeuiaranuuauiuvesansliiiauiu XLPO finaudissufAzem
wiiilansnsodden 3%
2) mdeuinArmuduauiuvesaglwiinauiu XLPO finauiiss iAo mng
wiliflonisasoadn 5%
3) msnaaeuinAiaduauuvesaelWiinauwau XLPO finaud s iAo mng

LWATLINENISASOERIA 8%

3.1.2 NMINASBUALIIANLAZNI5EAA29892UIU (Tensile and Elongation Test)
Msvaasil WunInAusIRsaznsBndvesauiuasoadd naleafiud (XLPO)
Ffouserulf i 600/1000V vunaRuiivthdngii 2.5, 25, 35, 50 ms1edaduns Inowew
ﬁ"hLiaﬂﬁﬁ%mmLﬂﬁLﬁamimaaaﬂﬁ (Catalyst)ﬁ 3%, 5%, 8% YoamTinieauIu XLPO

wafeg1aageudulunuumng Iy IEC 60811-501:2018
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20
P - 1
4
AN ‘ [
4 o
1 25 12,5
75 "

Ul 41 mnamegnamaaousiin Dumb-bell dmunaaey $1985910 IEC 60811-501:2018

5UN 43 N15NAADULIIRAYNISEAARIYeIRUIL XLPO
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1. gunsalitldlumsmaaey

anglihwanss s fisomaniiiionisasoadd (Catalyst) 1 3%, 5%, 8% awgn
JARIWSIRMAZNITEARIVDRUIUGIBLASBY Hung TA Instrument Tensile Strength Tester
Model HT-9112, S/N 1687 (2007), w/ Model HT-9635S Force Displacement Indicator,
Digital Readout, Load Cell Type HT-8336-S, S/N 20479, 100 Kg Capacity LLamﬁquﬁ 40
nsnaaeei 1 ulumuaNAsgIU EC 60092-350:2014, IEC 60092-360:2016, IEC 60811-
501:2018

g‘ll‘ﬁ 44 Hung TA Instrument Tensile Strength Tester Model HT-9112, S/N 1687 (2007),
with Model HT-9635S Force Displacement Indicator, Digital Readout, Load Cell Type
HT-8336-S, S/N 20479, 100 Kg Capacity
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2. M neaey

W3BuR19819 Dumb-bell Wi ulunuunnsgiu IEC60811-501:2018 Lt 911113
NAFOULIIAIALNTDAA viinsnaaeufigumgiivies Tasldiadeile Tensile Strength
Tester

Wshegmageulinigamalivendusyeziian 12 Hiluanewsuvinimegeu el

) o

AUIULAANNS Cross-linked #7893 et 1maaey Curing Tu Hot bath ﬁqquﬁ 90°C
Juszeziaan 30 wit uazidn Oven Aigaunad 90°C 1 Falua Urdeg19maasulid
gmgiviondu a1 1 lusiewsunmsmaaoy Tnsutadu 3 n3d@nw wagtuiinnanis
VIPdEU NAMINAFOUI 3 Faid
1. mManaaeuina1Lsafisuaznsdavadivesaslniinauiu XLPO finausiaLie
UiAsemaeiliilon1snseadsd 3%
2. mInaaeuinAlTIRenaznsEanafavesatelilinauin XLPO AinaudaLss
Uiz maeilitonisnseadad 5%
3. mMavageuinAILsIfwarn1sdanadivesasliiitauiu XLPO Aimaualss

U8 ImMALIlNENISASOEEIR 8%

3.1.3 nsnAdauAINIzaANuaznseualna L st TuALNan L sgigdun
gauniiuazArauulniginge
- [y 1 o 4 o s o A
n13nnaedll WumsinAinseuaninuiikagnssualnailsdiedunlnanlsdigdun
gaumgiinazarautuliiisingg vatsauiuaseadsalndlawmiud (XLPO) Adnuseiuldau
600/1000V Yu1aNufviIansaatl 25 msedadung lngraudnsuisemandiiie

nsAseEasA (Catalyst) 91 8% wasiminiiioauiu XLPO ldsiednslunisnageu 2 was

8.34 mm

5.64 mm i A g
’ I

XLPO High voltage electrode Measurement electrode Guard ring
insulation  (conductor) (artificial ground shield) electrode

sUN 45 wuvanassang il fleslunisneasu

u



JUN 46 fegasliilvaseuiusigeglileumdiievimihndunsiivesssuy

1. gunsailglunimeaey

arglailnaudsaufisemaniliiienisaseaded (Catalyst) A 8% wgnin

Anssuanuiasnszialnalsdidusinanlsdiwdungamgiuasmauinlniieige de

A3 PDC-Analyser with supply source phantom-1000XE

Oven

Test object

> S r

cable

L

R Current—
cable

- Voltage

U 1A

Applied voltage and measuring

current

ipol,

Uy, Ep

2 X1
PDC analyzer

B e

Tp
Period of

polarization

idep,

UM 47 2sasmsianssuannuiiuaznseualnanlsdiedunlnanlsdsdu
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- P

a

alsdduslnanlsdudungumgd

Y

sUil 48 msinenssuanIsuaznsEualn
wazAPDIEUNINH 1699

2. FBN1IVedey

Aousuhmsianssualwanlsdisduinanlsdiedu deshnshansauszqasing
Tuanglwih (losanenvdumansenudossfunszualnarlsistunazilnailsieduuasyi
Tinan1smaassiinsaaiadeuld Tnevihnisiamnsauszamsiaduszesinan 300 Jui

ihéehaneliiihadaiteauunserdsdinaloniiuai naudiswiisemand
ilomsnsoaisd 8% [umouiigamnil 25°C, 50°C, 70°C wagisudeuusssuluiinszua
n3efl 250V, 500V, 1000V gy liusgeziian 800 Juit udsantiufawfauszgag
failedneinssuarlnatlsddudussoring 8003 wagdufinuanisvaaes Tneuus
nsMeaetTIvIn 3 Fdennaeul

1. nsvageuianssualnanlsssdunlnanlsdiadunseiu 250V, ﬁqmmﬁ

25°C, 50°C, 70°C, AuaAU

a

2. manegeuinnszualnanlsdiudunlna lsdiatunsiy 500V, Mgl

Y

25°C, 50°C, 70°C, mua19u

3. msnaasuinnseialnaibsdiatualnanlsdisdunsanuy 1000V, Noungd

25°C, 50°C, 70°C, mua19u

3.1.4 MnagaudAavIsavsdIunamgiuazAaulAwavasaglniiciigg
n1sveaeall unisnsmadeufarisaunadiuigungiiuvazainulfweves

angliiingnee vesauiunseadeflndlomilud (XLPO) dawssauldeiu 600/1000V vun
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[ '
I~ I

wuAntdagn 2.5 ms1eladiuns tngnaudssufisenmaaiienisaseaisd (Catalyst)

7 8% v ntniloauin XLPO Tuiiag19lunisnaaay 30 WwuRLUnS

Copper conductor
XLPO insulation

3UN 49 wuudnaesanelniiglinawiu XLPO vwniiuiiviidadiul 2.5mm?

5UN 50 Medrsagliiianldlunisedeudianulfssen 50 dadung

[ i

Y

5UN 51 degaalilihilglunisvaaeudanulased 5 Taduns

1. gunsaimlglunimegey
aglilwaudsalisomaaiiion1saseadsd (Catalyst) N1 8% Iwgnnaday
Aawsavndiuniganniiuazaanulisevesaslniinieg Agiased PD Measurement

Instrument Omicon MPD600, HV test transformer 22kV, 30kVA, Coupling capacitor (CK)
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1,0 nF, PD calibrator 100 pF (IEC 60270:2000), Center frequency 250 kKz, Bandwidth

300 kHZ
HV test Control Temp. PD
transformer 25— 100 °C calibrator
100kV/10kVA  (ambient pressure = 1 bar)  (only calibration)
7 ) .
I Oven : Coupling
- YLPO capacitor
cable =
-“ MPD600
C : g
ground Pozm 4(@
:Z:. electrode v | 1
=
Fiber optic
Test specimens Computer CARR
f 'p - MCU 504
:-‘ 7~ ::*‘-"'&‘\'\':H i Y
————— v Ead

AN ——=-=

sUil 53 wifeutameasuaslifihvuedifaldanu 30kvA
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JUN 54 nMsveaeudaysavrduaelniviaauiu XLPO

2. J/Nsnndey
ADWLSNIMNISNAEIUNISAETISIUEIU VIanng Calibrate 13 aiiadn wazin
Background noise @ sisnmsgIL IEC 60270:2000 yinnsifisseaunssiuluilinseuaadud
200V/s aunsERLARNISRAYISIUNEILNENTA YinsansysuLsasulniuazsuiin
NaNNTNAADY TABLUINTARDIIMLS 8 Tdonaae UL
1. msvadeudarisauduasanslniniisailase 50 dadwwns 7
gaunnil 25°C
2. mInedoURarsausdIuYesand Wi T SailA e 50 fadwns 9
gaumngil 50°C
3. AsnedoURdYSausdIuYesane Wi T SAilA e 50 fadwns 9
gaumngll 70°C
4. mInedeuRarsauIsEILYeae Wi T SailA e 50 fadwns 9
gaunnil 100°C
5. msnedeuRawsausdrnvesagliinifsaildwe 5 dadwns
el 25°C
6. MInedeURawSauIsdInvesae Wi AisaTlAse 5 fadluns 7
gaunnil 50°C
7. asnedeuRawsausdiunesas Wi fiisaildse 5 fadwns

gaunnil 70°C
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8. N1sNAdaURav1sausduTesa1g i dsATlAY9e 5 Tadwuns 7

gaungil 100°C

3.2 Anwnswigunlammenenmuasiniivesiieauiunsesasdlnalawaiiy
A2835N15MAEBY Scanning Electron Microscope-SEM, Fourier-transform
Infrared Spectroscopy-FTIR iag Wavelength Dispersive X-ray
Fluorescence-WDXRF iiaw3auifisufiunanisvagaussaiuiusnanatuas
aglwihiisinnsidenanimainanudou denssuisnnseuieuauduiigamal

f199)

321  msAnmsWasunlamnanmenmysaiisauiunseasedinaloaily
A Scanning Electron Microscope-SEM
AsneassddunisAnwiuiivenioauiu XLPO suafl uindada 2.5 1519
wuAlns Atpuseduldary 600/1000V Anauiisiufizemnaaiiiienisnsoadsd 8% lng
N7 Aging Lﬁaamuﬁqmgﬁﬁmq Wuszeznan 24 Falus, 120 Falu9, 240 $21u9360
#1luq way 480 HlasieaseilassadmnsmenmmeiuRadeawiu XLPO 19setha

WeawiuaelWinsue 5 Taduums

5UN 55 v1n15 Aging LilewwSeufiegamagey



7

JUN 56 Nstaseuiieg19MeriIns Aging Migaumall 100°C Wlussaziaan
24, 120, 240, 360, way 480 Falusmuardiu

gﬂ‘ﬁ 57 MIesguiegaieiing Aging ﬁqmmﬁ 110°C wWusseeiian 24, 120, 240, 360,

WL 480 TAlUIRINAIAU
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JUN 58 Msleisaudieg1uieintns Aging Naaumgil 125°C

Husveziian 24, 120, 280, 360, kaz 480 Fal39AENT

1. gunsalmsvegey
arelihadiaiioauau XLPO nansissuisemuniiinenisasoddsn 8% Aging 4
gauniluazszerliainiee ngniiumegeuiiie3es JEOL JSM-6010LV Scanning Electron

o w

Microscope (W-SEM) fnasveng 8x — 300,000 111

g‘l.lﬁ 59 Zeiss Auriga Scanning Electron Microscope (FE-SEM)
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2. W/n1svadou

Suvinsneaeulaenisiidegiaieauiu XLPO fik1unis Aging Agamniinas
5¥881a10199 fnasuuadin Inensldimuasveulunisiaindiegisivadin lnamiaisuou
wflanandFlunniliin wagqailefltlunisinsedwasidugienlii uils esainay
dawasonansnaasdld nisiiusaedrnenl3lundes wazvhnisaiuiiuiafiedadae
noern Wosandeteilduaulniivililiinsh Silnnsewindu nmsaiuiuiage
nasiisiliAnnsaziiouresdiinaseunas sUfluanteaninazdaauiedu anidurns
ﬁw%umumaauL%”lLﬂ%qﬁugwwmﬂLﬁaﬁwmﬂ’maaﬂué’ﬁqﬁmﬁ Bearn on tieliinnns

UseeBidnnsouiniu vin1siniaguindesns s Joystick wagduiinguiianuazidensng

Y

[
v

Toenuseanidu 15 Yol

1. yihmsfnminmeniniuiileauiu XLPO lag Aging Niaauminil 100°C sveziian 24

e #§838n15 Scanning Electron Microscope (SEM)

a

2. imsfnwintgnmiuiiiileaniu XLPO lng Aging leaumgil 100°C syeziian 120

Y

#1319 ¢838n15 Scanning Electron Microscope (SEM)

3. yhnsAnwmenmituiaiieauiu XLPo Tng Aging ﬁqmmqﬁ 100°C Syoeian 240
04 fe38M3 Scanning Electron Microscope (SEM)

4. vmsenenmenmituiaioausu XLPO Tag Aging ﬁqmmﬁ 100°C 58821981 360
e §e35nIs Scanning Electron Microscope (SEM)

6. ‘vTWmiﬁﬂmmamwﬁuﬁaﬁaamu XLPO lny Aging ﬁqmwgﬁ 100°C szgzIan 480

7l F2e738n13 Scanning Electron Microscope (SEM)

a

6. yINsAnyINeAmNEELLEeawIU XLPO Iay Aging figaungil 110°C szuziian 24

Y

313 f835N13 Scanning Electron Microscope (SEM)
7. ynsAnwIngnIniNuRLdeauIl XLPO lay Aging Maaungil 110°C syeziian 120

Flug Faedsnng Scanning Electron Microscope (SEM)

a

8. vimsfnwinieniuiilieawIu XLPO Ing Aging 9aungil 110°C sveeiian 240

Y

#1314 $2638113 Scanning Electron Microscope (SEM)

a

9. vhMsAnwINMenmiuiieauIu XLPO tag Aging Nigaumqil 110°C szeziian 360

Y

#l39 #2638113 Scanning Electron Microscope (SEM)

a

10. ynsAnwnen niuRwieauiu XLPO lay Aging Migauminil 110°C szegiian 480

Y

#7lu9 $26738115 Scanning Electron Microscope (SEM)

a

11. ynsAnwnennivuiaieauiu XLPO ey Aging Maaminil 125°C seewlian 24

Y

#l39 #2638113 Scanning Electron Microscope (SEM)
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a

12, ¥msdnnmeniRauieauiu XLPO Tne Aging ﬁqmmm 125°C 32821781 120
#7109 $2673815 Scanning Electron Microscope (SEM)

13 fmsenneamiiuiadoauiu XLPO Tne Aging ﬁqmmﬁ 125°C syaziian 240
#7104 $26738113 Scanning Electron Microscope (SEM)

a

14. yinsAnwineniniuiiideauiu XLPO lay Aging Migaumigil 125°C szegiian 360

Y

e dhe3Enis Scanning Electron Microscope (SEM)

a

15. yinsAnwineniniuiiileauiu XLPO lny Aging Migauigil 125°C szegiian 480

Y

#7104 $2e738115 Scanning Electron Microscope (SEM)

322 msAnensWisuudamaaiiveaieauiuaseaddinalaailudae
Fourier-transform Infrared Spectroscopy-FTIR
nsnaaesddunsAnwanisiuasunlamaniive i oauay XLPO finaudaLs
‘Uﬁﬁ‘%mmamﬁLﬁamsﬂsaaﬁaﬁ 8% lawvinn1s Aging Lﬁaamuﬁqmqﬁmm Wusrezinan
24, 120, 240, 360 uaza80 F1lud Wiedaseinsasuudawnuaiivesiioauiu XLPO 14

o X 1 a
W’JEJEJ’NLHBQUQUﬁWSIWﬁWV]QWJJG] 1 LYUALUAT

1. gUnsainanedey

e lhdiaieaun XLPO wa:uéhLs'ulgjﬁ'%mmamﬁLﬁamimaaﬁaﬁ 8% Aging i
PUNNHLAL TZYLIIAN lﬁgﬂﬁm’mwaauﬁm%d Fourier Transform Spectroscopy (FT-
IR)

.

gﬂﬁ 60 \3asileNinsz9 Fourier Transform Spectroscopy (FT-IR) Bruker $u Tensor 27
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2. 3/N5NAEU

Uieg19ileandu XLPO NIHIUNNT Aging Naamn)iuazTesliasieg Ay

Are1aieg1auarINiIeg WasUukINegilllendmiueiiege wartuiinnan1smaaesd

YY)

Toenuseanidu 15 wideddusadl

1.

10.

11.

12.

13.

14.

nsfinudnumuzmaaiidoauau XLPO ae Aging flgamnil 100°C svawinan 24
49 ¢e38n15 Fourier Transform Infrared Spectroscopy (FT-IR)
nsfnudnuurmaaiidoauiu XLPO Tae Aging figamgfl 100°C svBziaa" 120
e ¢e38n15 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnwanuarmaaiideauiu XLPo Tag Aging ﬁqquﬁ 100°C s¥8ztian 240
413 $e33n75 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnwdnvazmaaiiiieaniu XLPO Tag Aging ﬁqmmﬁ 100°C S88%L381 360
e 838015 Fourier Transform Infrared Spectroscopy (FT-IR)
msAnwdnsarmaaiiieauau XLPO Iny Ading ﬁqquﬁ 100°C Sgeziaan 480
#1319 ¢e38n15 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnedneasaaiiieauiu XLPO Tng Aging ﬁqquﬁ 110°C s¥8ziIan 24
lu9 ¢e38n15 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnudnuwasmaaiideauau XLPO Tng Aging ﬁqmmﬁ 110°C s¥8%L3a1 120
¥4 #ae38115 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnwdnvalzmuaiiiieauiu XLPO Tng Aging ﬁqquﬁ 110°C S¥eeL3a1 240
s $e38n75 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnwdnuarmaaiideauiu XLPO Tng Aging ﬁqquﬁ 110°C s¥8ztIan 360
1 #1e33n15 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnwdnvaigmaaiiiiieausu XLPO Tay Aging ﬁqmmﬁ 110°C s¥8£lIan 480
¥4 $ei38nns Fourier Transform Infrared Spectroscopy (FT-IR)
AsAnwdnvazaAiiisauiu XLPO Tng Aging ﬁqquﬁ 125°C sz8g1781 24
4119 6838015 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnwdnsarmaaiiiieauiu XLPO Tay Aging ﬁqquﬁ 125°C szawi1an 120
419 6838015 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnmdnvazmaaiiiiieauiu XLPO Tay Aging ﬁqquﬁ 125°C s¥8giian 240
e ¢e38n15 Fourier Transform Infrared Spectroscopy (FT-IR)
nsAnmdnvazmaaiiiiieauiu XLPO Tay Aging ﬁqquﬁ 125°C 2881781 360

1139 §e38n15 Fourier Transform Infrared Spectroscopy (FT-IR)
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15. msAnwidnuazmaailiioauiu XLPO oy Aging Maanqil 125°C szegiian 480

e ¢e38n15 Fourier Transform Infrared Spectroscopy (FT-IR)

323  nasanemsWisunlammaniivesileauiunseasdlnaleaiiudie
Wavelength Dispersive X-ray Fluorescence (WD-XRF)
nsneaesiiiunsAneinisasunlamaniivendeauiu XLPO inaudias
Uﬁﬁ%mmamﬁLﬁamiﬂiaaaaﬁ 8% lawvinn1s Aging Lﬁaauauﬁqmqﬁﬁwqq Wusrezinan
24, 120, 240, 360 waza80 2l WieTAgrnsasuLamuAivesiioauiu XLPO 14

o & & a
segnalleauiuaalivinioiun 1 wuRuas

1. gunsalmmegey
anelnihytiaiieauiu XLPO Nausissuisemiuaiiiiienisasoadsn 8% Aging 4
g luarsreziiarni1eg lagnuiuinaaeaudiias 03 Wavelength Dispersive X-ray

Fluorescence (WD-XRF) Rigaku-Supermini 200

»Z\".Q 2 S = %
gﬂﬁ 61 NMsiwseNAmIBgNAUIL XLPO [evinn1svagau Wavelength Dispersive X-ray

Fluorescence (WD-XRF)
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Supermini200

i

3‘1]17; 62 \sesilonnaay Wavelength Dispersive X-ray Fluorescence (WD-XRF)

2. WAAEDU
vrdedufieauau XLPO fir1unns Aging ﬁqmmﬁuazszmnmmﬁm AU
avoamegasAnd o vasuuwivegiifendniuneiiesns uazdufinuanisnaes
Tneutssendu 15 fdeddestd
1. msAnndnuaznaaiivioauiu XLPO lag Acing ﬁqm‘mqﬁ 100°C s28z1081 24
e se3Enis Wavelength Dispersive X-ray Fluorescence (WD-XRF)
2. msfnvdnvasaaiiieauiu XLPO Tag Aging ﬁqquﬁ 100°C SgegL3a1 120
e §e33n15 Wavelength Dispersive X-ray Fluorescence (WD-XRF)
3. msAnwdnwarmaaiiiieauiu XLPO Taw Acing ﬁqquﬁ 100°C szaziIan 240
Falua fedsnns Wavelength Dispersive X-ray Fluorescence (WD-XRF)
4. nsAnednvarmaaiideauiu XLPO Tag Aging ﬁqmuqﬁ 100°C S¥88L381 360
e ¢he33n1s Wavelength Dispersive X-ray Fluorescence (WD-XRF)
5. msAnwdnvarmaeiiieauiu XLPO Tag Aging ﬁqquﬁ 100°C s¥81£La1 480

s ¢he3snis Wavelength Dispersive X-ray Fluorescence (WD-XRF)
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6. nsAnmdnwagninafiioauiu XLPO Tny Aging lgamail 110°C szeiaan 24
s ¢he3snis Wavelength Dispersive X-ray Fluorescence (WD-XRF)

7. nsAnwdnvarmaaiiifeauiu XLPO Tag Aging ﬁqquﬁ 110°C sgztian 120
s ¢he3snis Wavelength Dispersive X-ray Fluorescence (WD-XRF)

8. nsAnvidnuaemaeiidenuiu XLPO Tay Aging igamgfi 110°C swugiaan 240
alaa fe3snas Wavelength Dispersive X-ray Fluorescence (WD-XRF)

9. msAnwdnumzniaaiideauiu XLPO 1ny Aging figamadl 110°C szowiaan 360
e ¢he3snis Wavelength Dispersive X-ray Fluorescence (WD-XRF)

10. MsAnudnvazmaaiidoauiu XLPO Tag Aging ﬁqquﬁ 110°C s¥8ztIan 480
Flua feisnng Wavelength Dispersive X-ray Fluorescence (WD-XRF)

11. Mmsfnwdnvazmaaiidoauau XLPO lag Aging ﬁqmﬁqﬁ 125°C syeziian 24
Flan fe3snas Wavelength Dispersive X-ray Fluorescence (WD-XRF)

12. msAnwdnvaemaeiiidoauau XLPO Tng Aging ﬁqmmﬁ 125°C sgee13a1 120
la Faedsnis Wavelength Dispersive X-ray Fluorescence (WD-XRF)

13, MsAnudneazvnuaiifoawiu XLPO Tag Aging ﬁqm%qﬁ 125°C sg8ztIan 240
e she3snIs Wavelength Dispersive X-ray Fluorescence (WD-XRF)

16. psAnndnvazmaiiideauiu XLPO Tng Aging ﬁqmmﬁ 125°C 58821381 360
e §e35nIs Wavelength Dispersive X-ray Fluorescence (WD-XRF)

15. nMsAnn§nvazmuailideauiu XLPO Tny Aging ﬁqquﬁ 125°C SyegLa1 480

i Fedsnas Wavelength Dispersive X-ray Fluorescence (WD-XRF)

324 asAnEusUUsNANTUvealisauluaseaasAlnalaaily

nsnaaetiunsAnwsyauLssduLUsnn1Ive Ll pauau XLPO finausas
‘U@ﬁ%m‘mamﬁtﬁamﬁmaaﬁqﬁ 8% lnayinn1s Aging Lﬁaamuﬁqmqﬁﬁhm Wuszeziaan
24, 120, 240, 360 kazd80 Falue vilelnsnedsysunswutusnaniasuuladluveade
AU XLPO M9sethsanglnsiianun 150 wns

anelnih Al lunsnageumusssulusnaMvesawIud avldanglniinauiu XLPE

AAALSIFU 0.6/1KV YUNMNUNVUIFAAIUT 1.5 A15190AALUAT AN 15 LUAT 91UIU

AR 10 ba



JUN 63 aelvlihuiinauiu XLPO dmsunageunssauusnaniil

1. 3suazgUnsalnldlumsvadey

79

NISNAABULN ONIAILIIRUUIAAUIBIINITNaaeuluieIljuanis
Trifusags musnsgIu IEC 60270:2000

Regulating
transformer

HV test HV resonance  Filter Blocking

transformer  reactor Capacitor Impedance

Voltage
Divider

1
-

Test Object
(Cable)

Measuring cable

Control unit

JUN 64 19ITNAROUTEAULTIAUUINANILYBIAUIY

XLPO
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2. 3/N5NAEU

anglvliviin1snaaeuargnINeusIeiucIg Exciter transformer 3NAUEIUNTENY

AUIUAANITIUTNAANIUMEERIT 1kV/s Taenuady 15 nsalfnwl wazdufinnanisvageau

10.

11.

12.

13.

14.

15.

a

NsANwILTIRULIUTNIAYileauIu XLPO lag Aging Migaumndl 100°C szesiian 24

Y

CRIET

a

NsANYILTIRULUINAILEEAWIN XLPO lag Aging Mlaaumgil 100°C s¥eziaan 120

Y

IR

a

NSANEILTIAUUINAIUTEBAUIY XLPO lag Aging Niaaungil 100°C seezian 240

Y

CRIET

a

NSANYILIIFUUINAILEBANIN XLPO g Aging aaungil 100°C szeziia 360

U

CRIET

a

NsANYILSIRULUIAATINLEBAWIL XLPO Lag Aging o)l 100°C sveziaal 480

Y

CRIET

a

N13ANYILITIAUUTNANIUTBAWIN XLPO lag Aging Mol 110°C syesiian 24

U

LRIET

a

N15ANEILIIAUUINATIUTEBAUIUN XLPO g Aging Naaungil 110°C szeziian 120

U

BIET

a

N3ANYILTINULUIAATILEBRWIN XLPO 18 Aging Maaumgil 110°C svezi3a1 240

Y

CRIET

a

N3ANEILIIFTUUSAAILEEANIN XLPO tng Aging figaumnil 110°C szaziian 360

U

314

a

N1SANEIRIIAUUINANIUEBAUIYN XLPO Tnag Aging Niaaumgil 110°C szeziian 480

U

CRIET

a

NsAnYILsIRUUINAILEaUIN XLPO Tay Aging Nigaumail 125°C seegiian 24

Y

CRIET

a

NsAnYILTIRULUTNAILLTRAWIN XLPO g Aging Mlaamngil 125°C sveei3an 120

Y

a1

a

NsAnYILTIRULUTNAILLTEAWIN XLPO g Aging Mlaamngil 125°C s¥eei3an 240

Y

CRIET

a

N13ANYILTIRULUINAILLTRRWIN XLPO Lag Aging Maaumgil 125°C 5821381 360

Y

CRIET

a

NsANYILTIRULUTAAILLTRAWIN XLPO g Aging Mlaamgil 125°C seei3a1 480

Y

SRIEN



3.3 nsuszanaldanelniviinauiunseadenlnaloanulusasudlnii

TutlagUuansluiildlusosudlwilnduaelniinvdenedladanaslsd (PVO)

A va o

NuIdsddddaeindrviinauiu XLPO NEadulavinniswaudy Aeaisluiivinauiu

Y

XLPO Haufusaufisenaiivivenisaseadan 8% wavvwinditibninlunisdnyu 0.15u4

' I
a (Y

wiednsdlusagudliiidewiniigaaudinianignin, nuadl wagnisliihimanzay
Nandanislda Feaelniiawiu XLPO gninfaseninesiumissuudumasaysyuy

duneimes e ndyarailaanmsiasiuewmesiauauasisnsuelindUuineie

= LY

Jadndudedddanglniuuuiizad iefnwnuauifvazUszdnsnmuesanelniidegn

[
Y

Andaaz I rauasa

Normal charging connector
(100V~200V)

1’ 1 | et (e

Quick charging connector

JUN 65 uwuuaeinsinasaglnihelinauiu XLPO waudissujisenadiitenisases

a ¢

A9A 8% LazvuIns lWiHIN1sen 0.15 wy.

81



High volt
battery pack
(345 volt)

High volt £

w power cable

(50 mm?)

’i‘tJ‘VI 66 Lithium-ion Battery pack from ADVISOR 456.5 Volt 130Ah 16 packs in
series, PMSM, 37 kW by 3 in 1 BYD series

I T q l!r"_'-j
F’T—W“wrm—::x‘;ﬁgm—.‘_)

—

B

UM 67 insaallaifiofnwnuauiiussansamyesanglih

Digital Storage Oscilloscope GDS-1074B Jaran1snaaauisiums sumiassuudu

[

AMAIbALSEUUDUNBSLADS 98 EMI Near Field Probe

82



UM 6

8 sausbilfnfnseelifiisiiaauiu XLPO Lasveauysel
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uni 4

NaN1INAEiau

4.1 HANITNATIULAZILATIZAUENUR, HANDUAUDIVDLUDAUIUATOARIALNE

ToaWuLaznshgvIsauIedIu

Tumsnagautedi 4.1 lEvinsmegeuaranusiumuawiuliih Taefaaannuiy
auaulnlih vesanelwiihauau XLPO fifn 0.6/1kV waufsafAzonilonisaseadsdil 3%
5% 8% neldinduusansdlilosau (Deionized Waten) LioliliAnnsinGesvasleasy
‘17{Lf\]aﬂuagfiuﬁmaziumumamwmam WEINT UNAABUAILS IR LA NSERf YD ALY
nagouAnszuanIniuazaszualnalsfisduilnanlsdiuduiigugiivagaaulii
199 ‘wmaa*uﬁam%wNa'auﬁqmmgﬁuaxﬁwmwﬂﬁwammm81‘1/\1‘1711@1'1@6]

nan1svageuAAtBuatIvliih Fimsaeil 21 nenIsnadoUR IS ILAEASER
FvesauIU Ri1a51991 22 wanisnaaeuainszialnatlsdiedualnanlsdiedy, A
Ty, AesanAan, wnninesasgadaladianssn, anaugli ﬁﬁwamﬂﬂﬁmasqm
Qﬁsmqﬁqmwgﬁuazmamﬂw%mqG] é’agﬂ‘ﬁ' 65-75 FPmYlHiT 50Hz, Amdaanums
N3EAU waRsRanITedl 23-24 HanInAdsuAaTI LA IuTgaMaTiuarAIA LT AsieYes

anelinng daguit 76-79

d. 1 2V U 1 U 1 aaa d‘
M99 21 LLﬁ@\‘iNaﬂ’ﬁ‘ﬂ@ﬁ@‘Uﬂ’]ﬂ’J’]lIG]’]um’]ﬂﬂﬂ'ﬂﬂlﬂﬂ?@@ﬁ’laﬁumﬁllﬁ]')Li\‘i‘U{]ﬂiEJ’]L‘WEJ

N1SASDEAIA 3% 5% 8%

AAUAIUNIURUAUINRAY (MQ/km)

ASIUHATUNONIIATOARIA (%)

RTIEIUNAL 3% DRTIEIUNAL 5% SRTIAIUNAL 8%
4524 SZ? 7123
4117 5468 7749
4464 4991 1582
4222 5134 7658
3978 5090 7874
4198 5112 7591
4578 5551 7529
4487 5142 7243




A1519% 21 (5i9) UARINANIINAADUAIAIUAUMURUININTI SRS d uNaudTIUfATeN

WBNISASDEAAIR 3% 5% 8%

ARMNATUNILRUAUINAY (MQ/km)
fussuFAzeniensnseadsd (%)
RTIAIUNAL 3% SRTIAIUNAN 5% SRTIAIUNAL 8%
4489 5241 7611
4543 5859 7776
4567 5733 7991
4218 5594 7716
3999 5762 1282
4021 5918 7294
4273 5471 7401
4535 5168 7469
4491 5991 7706
4532 5363 1333
4558 5425 1876
4006 5643 7966
4191 5384 1262
4487 5549 7964
4493 5912 7819
4782 5254 7851
4645 5875 1662
4539 5703 7591
4655 5578 7563
4232 5 2L 7678
4210 5591 1733
4670 5234 7121
3907 5236 7972
4392 5575 7407
4497 5327 7644
4694 5503 7469
4551 5376 7385

85



A1519% 21 (5i9) UARINANIINAADUAIAIUAUMURUININTI SRS d uNaudTIUfATeN

WBNISASDEAAIR 3% 5% 8%

AAMUAUNIUAUAUINRT (MQ/km)

FLseuseionisnseain (%)

DNINATUNEY 3%

DNINAIUNEN 5%

DNINAIUNEN 8%

4559

5094

7159

4658

5137

7289

A519% 22 LARINANISNAFDUAILTIAILALNISEANAFITDLLDAUIL DRTIAIUNANF LT

U3 Lion13A0aa9A 3% 5% 8%

86

ANLLSINILAZNITEAVARIVBLUBAUIU (N/mm2, %)

ALsaufiseiionsaseaian (%)

IR TNEAIUNEL 3% OMT1AIUNAL 5% SRTIAIUNAL 8%
W3R N3UAF TeNR N15UAF7 WT9A NSUAF7
(N/mm?) % (N/mm?) % (N/mm?) %
11.4 163 13.1 185 16.6 209
12.0 165 12.8 186 16.7 184
11.4 159 13.2 170 19.3 233
12.6 158 13.4 181 19.1 239
11.8 155 13.1 180 18.9 223
11.8 159 1 %l 181 18.5 218
11.4 165 13.0 179 19.3 208
11.2 155 13.4 175 18.9 195
12.0 163 LA 179 20.2 199
11.4 164 12.9 175 19.3 206
11.6 155 13.6 176 16.6 198
11.2 157 13.4 184 16.6 214
12.0 166 13.0 183 18.7 202
12.0 167 13.0 178 19.5 218
11.8 155 12.8 186 20.2 220
11.4 163 13.1 185 18.5 214
11.8 165 13.4 186 18.9 201
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A5197 22 (519) WAASNANISNAADUANLSIAILALNITIANARIVDWUDAUIY DNTIEIUNAUAILTS

UfAseien13ATeaaer 3% 5% 8%

AL IINAZNITEANARIVBUUDRUIN (N/mm?, %)

fseufiseniionsaseadsh (%)

IRTIEIUNAL 3% PRTIAIUNAL 5% SRTIAIUNAL 8%
IEAER NSUAR7 IENER NSUAR7 WTIA NSUAF7
(N/mm?) % (N/mm?) % (N/mm?) %
11.2 158 13.2 176 19.2 210
12.0 161 13.2 188 18.9 200
11.8 155 12.9 190 16.8 212
11.7 166 13.2 171 19.3 223
11.4 156 12.8 181 19.4 213
11.4 164 13.0 179 18.7 201
12.0 155 13.4 188 19.2 213
11.4 165 13.0 184 18.9 223
11.2 164 13.1 175 18.9 210
11.8 156 12.8 180 19.1 196
12.0 164 13.0 189 16.7 197
11.4 159 13.4 174 20.2 216
11.7 165 13.4 173 16.6 222
11.4 157 13.4 188 20.1 214
12.0 156 ol 177 20.3 202
11.6 159 13.6 176 19.3 197
11.4 165 9.1 180 20.2 222
11.2 163 13.0 172 18.9 208
11.7 167 13.1 181 19.3 202
11.6 159 12.9 178 19.5 207
11.8 161 13.6 177 16.6 212
12.0 156 13.4 181 18.9 216
11.7 161 13.2 180 18.7 210
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Tan &

Ln (o)

Permittivity of XLPO

m25C m50C =70C

4.0
c
-% 23 24 24 23 23 23 23 24 23
£
0.0
0.25kV/mm 0.50kV/mm 1.0kV/mm
Ul 75 Anesiinfifauiu XLPO fidraunilrifiuazgmgiisag
8 E.05 #ZA L\ m25C m50C BFQCN_
6.E-056
4E-05
2.E-05
0.E+00

0.25kwmm 0. 50kV!mm ~1.0kV/mm |

Arrhenlus plot of conductlwty

0 ol LSO v 2

: [ —— e T
"-.\-\A - Y | 1 —.—E 0. 5kV/mm
e et E = 1kV/mm

AR
\

-4 N\ W = 97Z4.2x + 27.256
B y2 =-8829.4x +24.44 __ .

o | Y3 =B904x.+ 24973 \ ' A

0.0028  0.0029 0.003 0.(1)/01_31 0.0032 0.0033 0.0034

3UN 77 Aranudbiihsaeniswaesvesauniseniisilleavesauiu XLPO

'mmulvxlﬁmasamﬂumm

9
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0.25

—— 25C
3 P 50C
= 0.1 70C
o o = =
>
=
73’ 0.01 = —)
© 8= C RT values calculated
8 from 50 and 70 °C (Arrhenius)

0.001

0.45 0.65 0.85 1.05 1.25
Eelectric Field [kV/mm]

JUN 78 Armnutlihvesauiu XLPO Tuiladduvesawulniuazaamginieg

1.E-05

4. E-06

Tan, 6 of XERPO at RT

2.E-06

0.E+00

8.E-06-1

6.ET6 |

Y

The second and third bar
calculated from 50 and 70
? C (Arrhenius)

| 5.4E-07 7.6E-07 8.6E-07

\64E-07 | 6.5E-07 SAEDT Tgag.o7 — 12E06 [ BAEDT

- (] __lwalemt===  Immi
0.25kV/mm 0.50kV/mm 1.0kV/mm

[

JUN 79 unnwesiasadeladifinasnuatauiu XLPO fiaamall 25°C, 50°C, 70°C

M13199 23 AAuRlniniaud 50Hz AauslnTihuazaumginieg

Capacitance at 50Hz (pF)

EO [kV/mm] 25¢c 50c 70c
0.25 662 671 670
0.50 661 658 668
1.00 654 672 663

M19197 24 AMNENIUNITNTEAUVEIRWIU XLPO MaunuluiAsng

Activation Energy

EO [kV/mm] Ea [kJ/mol] Ea [eV]
0.25 81.271 0.843
0.50 73.413 0.762

1.00

74.037 0.768




Replay overview

Qiec §
Test voltage profile

€.000 K

PDIV-

100pC
7

LS 1645 L sadse J | EET v 1 min 21 }, /¥ min4gs

(a) the test voltage profile and QIEC of test speciment R1 at 25 °C

Replay overview

Qiec .
Test voltage profile

3.000 kv 1.2 nc|

PDIV -
| | 1

- l100pc! | | e,
L] e el i, RN |V '} Py e R A IR

(b) the test voltage profile and QIEC of test speciment R2 at 25 °C

5UN 80 NANSVAABULIIAULSUNNREYISIUIEIUUDIRIDEN Ry, R,

Y

NPANTA998 50, 5 LY. SNEINU

Partial discharge inception voltage results
Temp.
No. e C]p (kV)
Prelim PDIV PDIV1 PDIV2 PDIV3
25 4.1 39 3.9 3.9
1 50 1.7 1.8 2.1 1.8
~~ 75 25 2.5 27 1.8
-] 100 2.5 21 2.1 2.4
5] 25 75 26 25 24
B . 50 1.3 1.3 1.3 1.2
@ -
|7
g 75 2.1 19 1.9 1.8
- 100 1.9 14 1.1 1.6
E 25 25 23 23 24
2 50 2.8 22 2.1 23
A 75 24 23 27 2.5
100 2.5 25 27 25
25 23 2.1 2.1 2
| 50 1.1 11 1.1 L1
S 75 1.1 097 1.1 1.1
100 1.1 03 1 1
E 25 24 25 24 25
2, 50 2 2 23
g 75 32 3 28
3 100 3.5 29 29 3.1
[L“ﬂ 25 23 24 23 23
3 50 1.9 1.9 2
75 2.6 27 2.6 2.7
100 27 28 2.8 2.7
45 Test speciment R1 4 Test speciment R2
1108 35 e
0 3 = -
3
I~ I~ '
Zo5. M o 2 e = 22 ... 4
> v S BEEe e SIS SEsemil ITTTTTITL At
5 2 ... ! ........ . % -
€, < & 15
) -~
1 ‘ 1 v
0.5 05
0 0 .
20 40 60 80 100 20 40 60 80 100
Temperature (°C) Temperature (°C)

UM 81 HANTNARDULIWUSUANAAYFIVEILLAENABANTINYDIAIBE Ry, R,

NA1AULAE 50, 5 1y, audiu aeldaamgiinigeg



20 m

Fiay veriies Oec
) R1 Test voltage profile
Adforam ‘M L e —

i
N@ ©1@) v
P A0y A I R B |
"25 5075100 75 50 25 5075100 75 Temp.°C

QIEC asa funct|on of time and ambient temperature for speC|men Rl

() PRPD at 75 °C
iﬂ‘Vl 82 Naﬂ'ﬁﬂﬂa@‘U“Uu’]ﬂLLa”s‘ULLUUmaﬂﬂqﬁﬂﬁsﬁqﬁﬂUq\?aqu ﬁ ﬁLWiﬂUQ 'W]'Ng]

SN REAN R: Vlﬂ']ﬂ’ﬂlliﬂﬂﬂ@ 50 uy.

O :
R2 Test voltage proflle A

o~ e

iy AT g,

| | ‘ |
Smin2s Smines | 15min 11 | 21 miniss 27 min 124
\ ' A

i T T i T
25 5075100 75 30 25 8075100 75 Temp.°C

QIEC as a function of time and ambient temperature for specimen R2

(a) PRPD at 25 °C

(c) PRPD at 75 °C (d) PRPD at 100 °C

UM 83 HANINAABUTLALAYFULUUYBINSRAYITAUNEI Nigunniianm1a9
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4.2 wansvadauMaiUAsuuUamsmenwuaziafivesiioauiunsasddlng
TotaN uR 2895 n15NAdBYU Scanning Electron Microscope-SEM, Fourier-
transform Infrared Spectroscopy-FTIR k¢ Wavelength Dispersive X-ray
Fluorescence-WDXRF tiaLUSsuliisufunan1smagaunsafuiusnatves
aelvifriifinisidenanmainaruieu drenssuisnnseuieuauiuiigumgll
f199)

Tunisneaeuded 4.2 ldvinismegeunisiudsuntamianisnimuasiail 1o
anglylihawau XLPO fifn 0.6/1kV saususafizonilensasoadsdn 8% lngyinisdnw
nen i uAvesauiud1e3snsldndesganssmisifnasounuudesninn naaounis
Wasuuasmaefvenionuudieds FT-R uag WD-XRF vidaaniduneaeumssduusediu
wsnnnvesaneliiiiidinsiFesaninnmiuieu fonssuisniseuieusuiuiigumgl
FIN9)

uansveasUnIEnwiuiaTesauaulwihiende qansImisdnaseunuudesnan
éﬁ’qgﬂﬁ 80-144 wansvageUnAdaunsUAsuLUasaAiveuileauudiels FT-IR éﬁ’qgﬂﬁ
145-157 wansyaaeumsisuilamnsinuaiivendoauiudanis WD-XRF figuil 158-

196 HANITNAABUITTAULTIAUUIAANIY A93UN 197-200

JUN 84 dnwausnnanenmiuRIvesiloawiu XLPO ndslilalssenydeauiu

FEYaNIIAUBIANATOULUUABINTIA MAMEIE 50 L9



10 pum SUT FESEM / 300 X WD = 55mm 23
— 2

nuaugnIINeA wiiuivealieauiu XLPO 7dslilaisioneduauiu

Can
(=l
=<
©
o
De

MERaNIIAUBIANATOULUUARINTIA AMEWEY 300 i
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JU# 87 anwasnanenmiuRvesiloauiu XLPO ngslilalsenydeauiu

B9V IALBLANATEULUUEBINT A f83818 500 L1

10 um SUT FESEM / 00 K 2
U7 88 dnwaugnaNenmMURIvesleawiu XLPO ndalilalssenydeauiu

FEYaNIIAUBIANATOULUUABINTIA MAMWEIY 1000 i
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3UN 89 dnwaiznianenIniiuiiveuioauiu XLPO fssenydeauiuiiguunil 100°C

52820387 120 FIl39 fReganssAuBEnaseuRuLdaINT1A MAee 50 i

35U 90 dnwaugnanenniiuiiivesioauiu XLPO fissongduauiuiigumail 100°C

Y] v fa & ! o '
SyezlIan 120 Falus AIYYANIIAUBLANATDULUUFDINIIN NAIVLTY 100 W
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Mag =300 X

100°C S¥egiaan 120 41w

AERaNIIAUBIANATOULUUARINTIN ATAIUE1E 300 1N

4 :

f

10 m M SUTFESEM / X WD=58mm 2
—

SUN

Y

92 FNYUENIMEAMIURIVBMLTEANIN XLPO Tisienydeauiuiigumnail 100°C

Y] ¥ fa & ! o v '
SyezlIan 120 Falus AIYYANIIAUBLANATDULUUFDINIIN NAIVLTY 500



100 pm ég SUT FESEM EHT = 3.00 kV Mag= 50X WD = 5.9 mm Signal A = SE2
— ) s

35U 94 dnwaugnanenniiuiiiveieauiu XLPO fissengduauiuiigumnil 100°C

zeEiIaT 240 TN FREganIIAIBaNATEULUUEINTIA MAaMeIY 50 i
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100

10 pm 58 mm
—

3UN 96 dnwauznnanenniiuiiiveioauiu XLPO fissengduauiuiigumail 100°C

JzEziIan 240 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 300 Wi
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10 um ’& SUTF EHT / 500
LE— S

gﬂ‘ﬁ 9

7 dnwalgn e ITURIveleauIu XLPO issengdeauiuiigungi 100°C

52821981 240 TN FBRaNIIAUBIANASOULUVARINTIN MAMWEIY 500 Wi

10 um SUT FESEM / 00 K 2
| —

SUN

Y

98 FnuYUENIMEAMINURIVBLTeAWIN XLPO Tissenydeauiuiigumail 100°C

JzEziIan 240 T4 eganIsAUBIaNATELLUUERINTIA MAMey 1000 Wi
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3UN 99 dnwaiznianenniiuiiiveuioauiu XLPO fissengduauiuiiguunil 100°C

52821387 360 TN FREYanIIAUBENATELRULARINTIA MAEY 50 i

100 pm \ SUT FESEM / 00 X WD = 6.0 mm 7)
| —

SUN

U

100 dnwagnIMENNiLRIvedleawIu XLPO Missegduauiunigumngil 100°C

J2EziIa1 360 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 100 Wi
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10 um
—

5U# 101 dnwugnenienwituiavediieauiu XLPO Mssengdeauiuiigumgil 100°C

32821981 360 TN FBRaNIIAUBIANATOULUYARINTIN MAMEY 300 Wi

10 pm SUT FESEM / X  WD=5 2
—

SUN

U

102 dnyagnneniuRIvediloauiu XLPO Missegduauiunigumgil 100°C

J2EziIa1 360 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 500 Wi
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SUT FESEM / 50 X WD = 6.0mm 2

SUN

U

104 dnyagnNeniuRIvediloauIu XLPO Missegduauiunigumngil 100°C

JzeEiIaT 480 TILNY FEganIIAIBaNATEULULAINTIA MAaeIY 50 i



105

10 pm
—

6.0 mm

5UN 106 anwaignanenmiiuiivesiieauiu XLPO issengdeauiuiigumail 100°C

U

JzEziIan 480 FILU4 FeganIsAUBIaNATOULUUARINTIA MAMWEIY 300 Wi



106

10 umn SUT FESEM / 00 K 6.0 mm 2
| —

SUN

U

108 dnwagnINENNNLRIvedleawIu XLPO Missegduauiunigumngil 100°C

JzEziIan 480 T4 FeganIsAUBIaNATEULUUARINTIA MAMeY 1000 Wi
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5U# 109 dnwgnenienwituiavediieauiu XLPO Missengdeauiuigumgil 110°C

52820387 120 Fal9 fReganssAuBnaseukuLdaINT1A MAaee 50 i

5UN 110 dnwaugnanenwituiiveditieauiu XLPO Missengdeauiufigumgil 110°C

Y] v fa & ! o '
SyezlIan 120 Falus AIYYANIIAUBLANATDULUUFDINIIN NAIVLTY 100 W
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10 m SUT FESEM / X W m 2
—

SUN

U

112 dnyagninenniiuRivediloauiu XLPO Missegduauiunigumngil 110°C

Y] ¥ fa & ! o v '
SyezlIan 120 Falus AIYYANIIAUBLANATDULUUFDINIIN NAIVLTY 500
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Mag= 1.00K

100 pm ‘@ SUT FESEM EHT = 3.00 kV Mag= 50X WD = 6.1mm Signal A = SE2
L— 2 >

5UN 114 dnwugneaniennituiiveditieauiu XLPO Mssengdeauiufigumgil 110°C

zeEiIaT 240 TN FREganIIAIBaNATEULUUEINTIA MAaMeIY 50 i



110

5UN 115 dnyugnenienminuiivedtieauiu XLPO Missengdeauiuiigamgil 110°C

32881981 240 TN FeRaNIIAUBIANATOULUVERINTIN MAME1Y 100 Wi

10 pm SUT FESEM
— K

5UN 116 dnwaugnanenwituiiveditieauiu XLPO Missengdeauiufigumgil 110°C

JzEziIan 240 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 300 Wi
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10 um
—

5UN 117 dnyugnenienwinuiivedidtieauiu XLPO Mssengdeauiuiigamgil 110°C

52821981 240 TN FBRaNIIAUBIANASOULUVARINTIN MAMWEIY 500 Wi

SUN

U

118 dnwagneNeAmiiuiIvetilioauiu XLPO fissongduauiuitguunil 110°C

JzEziIan 240 T4 eganIsAUBIaNATELLUUERINTIA MAMey 1000 Wi
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5UN 120 dnwaugnanenwituiivediiieauiu XLPO Missengdeauiufigumgil 110°C

J2EziIa1 360 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 100 Wi
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10 um
—

JUN 122 dnwugneaniennitiuiiveditieauiu XLPO Missengdeauiufigumgil 110°C

J2EziIa1 360 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 500 Wi
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Mag= 1.00K
5UN 123 dnyugnenienwinuiivedtieauiu XLPO Mssengdeauiuiigamgil 110°C

J2gELIa1 360 T FIEYaNISALBIANATOLULABINTIA MAsve1e 1000 i

SUT FESEM EHT = 3.00 kV Mag= 50X WD = 6.2mm Signal A = SE2

JUN 124 dnwugneanenwituiivediiieauiu XLPO Mssengdeauiufigumgil 110°C

JzeEiIaT 480 TILNY FEganIIAIBaNATEULULAINTIA MAaeIY 50 i
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10 pm
—

Mag= 300 X WD = 6.1mm Signal A = SE2

5UN 126 Anwaignanenmiiuiivesiieauiu XLPO issengdeauiuiigumail 110°C

U

JzEziIan 480 FILU4 FeganIsAUBIaNATOULUUARINTIA MAMWEIY 300 Wi
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JzEziIan 480 T4 FeganIsAUBIaNATEULUUARINTIA MAMeY 1000 Wi
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100 pm Eg SUT FESEM
L D

5UN 130 dnwaugnanienwituiiveditieauiu XLPO Missengdeauiufigumgil 125°C

Y] v fa & ! o '
SyezlIan 120 Falus AIYYANIIAUBLANATDULUUFDINIIN NAIVLTY 100 W
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10 um
—

10 pum W o Mag= 500 X WD = 6.2 mm Signal A = SE2
| — %

SUN

U

132 dnyagninenniiuRivediloauiu XLPO Missengduauiunigumngil 125°C

Y] ¥ fa & ! o v '
SyezlIan 120 Falus AIYYANIIAUBLANATDULUUFDINIIN NAIVLTY 500
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zeEiIaT 240 TN FREganIIAIBaNATEULUUEINTIA MAaMeIY 50 i



120

\'Jag = 100 X

i {0 B ] ‘) SUT FESEM
5UN 136 dnwugnanenwituiiveditieauiu XLPO Missengdeauiufigumgil 125°C

JzEziIan 240 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 300 Wi
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Mag = 500 X

5UN 137 dnygnenienwinuiiveddtieauiu XLPO Mssengdeauiuigumgil 125°C

52821981 240 TN FBRaNIIAUBIANASOULUVARINTIN MAMWEIY 500 Wi

SUT FESEM

5UN 138 dnwaugnanienwituiiveditieauiu XLPO Mssengdeauiufigumgil 125°C

JzEziIan 240 T4 eganIsAUBIaNATELLUUERINTIA MAMey 1000 Wi
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100 um
—

5UN 139 dnwugnenienminuiivediieauiu XLPO Missengdeauiuigaumgil 125°C

52821387 360 TN FREYanIIAUBENATELRULARINTIA MAEY 50 i

100 pm

5UN 140 dnwaugnanenwituiiveditieauiu XLPO Missengdeauiufigumgil 125°C

J2EziIa1 360 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 100 Wi
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10 pm SUT FESEM
JUN 142 dnwugneanienwituiiveditieauiu XLPO Mssengdeauiufigumgil 125°C

J2EziIa1 360 T4 eganIsAUBIaNATOULUUARINTIA MAMWEIY 500 Wi
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Mag= 1.00K

5UN 144 dnyugnanienwituiiveditieauiu XLPO Missengdeauiufigumgil 125°C

JzeEiIaT 480 TILNY FEganIIAIBaNATEULULAINTIA MAaeIY 50 i
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100 um

5UN 145 dnyugnenienwituiivedtieauiu XLPO Mssengdeauiuigumgil 125°C

32821981 480 TN FHBRaNIIAUBIANATOULUYERINTIN MAMWETY 100 Wi

ﬂ”’ﬂ EHT = 3.00kV Mag= 300X WD = 6.3 mm Signal A = SE2

SUN 146 ANYAUZNINIEANNURIVBILLBRWIU XLPO N59918

u q

JzEziIan 480 FILU4 FeganIsAUBIaNATOULUUARINTIA MAMWEIY 300 Wi

Toauiungumll 125°C
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2 =V R EE e TN B W
5UN 147 dnygnenienwituiaveddieauiu XLPO Mssengdeauiuigumgil 125°C

32821981 480 TN FHBRANIIAUBIANATOULUVEARINTIN MAMEIY 500 Wi

10 pm \ SUT FESEM / 00 K ) 2
| —

SUN

U

148 dnyagnnenniiuRivediloauiu XLPO Missegduauiunigumngil 125°C

JzEziIan 480 T4 FeganIsAUBIaNATEULUUARINTIA MAMeY 1000 Wi
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U 149 nanisnadeunngAirasiloauu XLPO ngsliisseneduainy

mgiAToInTziuisenatianlnsalatuuu FT-R
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5UN 150 nanismadeumaaiivedileauiu XLPO 15aengdeauiuigumgil 100°C

seEIa 120 Tilus mewnsedinszilfisealiaiunlasalaluuy FT-IR
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100

100c 10day
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60
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20

T T T T T
4000 3800 3600 3400 3200

T T T
3000 2800 2600 2400

T T T T T T
2200 2000 1800 1600 1400
S Wavenumber cm-1

3UN 151 man1snadeumaaiivesiloauiu XLPO Lssengduauiufiaamgil 100°C

T T T
1200 1000 800 600

szezan 240 Tl sgAseiAIziugiseatiannlasalatiuuu FT-R

o
(=1
—
100c 15day
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5UN 152 nanmsaaeumaniivediileauiu XLPO 15aengdeauiuigumgil 100°C
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2022- 5- 6 12:06

SQX Calculation Result

Sample : Aging 100oC, 1Day
Application : F-U_Solid N_001

Date analyzed : 2022- 5- 6 11:46

Sample type : Polymer

Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 100C, 1_1
No. Component Result Unit Det. limit EL line Intensity w/o normal
1 CH2 873 mass% 87.3397
2 Mg 10.8 mass% 0.01363 Mg-KA 17.3310 10.7971
3 Br 0.712 mass% 0.00092 Br-KA 135.2997 0.7125
4 Ca 0.353 mass% 0.00293 Ca-KA 5.9703 0.3531
5 Si 0.282 mass% 0.00255 Si-KA 1.5640 0.2820
6 Al 0.145 mass% 0.00811 Al-KA 0.9145 0.1450
7 Cu 0.122 mass% 0.00089 Cu-KA 8.6358 0.1221
8 Na 0.0510 mass% 0.01843 Na-KA 0.0251 0.0510
9 Sb 0.0423 mass% 0.00386 Sb-KA 0.2503 0.0423
10 P 0.0423 mass% 0.00112 P-KA 0.3339 0.0423
11 Sn 0.0306 mass% 0.00324 Sn-KA 0.1840 0.0306
12 Cl 0.0270 mass% 0.00065 CI-KA 0.5652 0.0270
13 K 0.0186 mass% 0.00285 K-KA 0.1799 0.0186
14 S 0.0185 mass% 0.00058 S-KA 0.2660 0.0185
15 Sr 0.0107 mass% 0.00075 Sr-KA 2.1412 0.0107
16 Fe 0.0046 mass% 0.00101 Fe-KA 0.1307 0.0046
17 Zn 0.0017 mass% 0.00078 Zn-KA 0.1598 0.0017
18 Zr 0.0014 mass% 0.00073 Zr-KA 0.6780 0.0014
Ri galkwu
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2022- 5- 6 12:06

Peak Identification Result
Sample : Aging 100cC, 1Day Measured date : 2022-5-611:46
Application : F-U_Solid_N_001 File : Aging 100oC, 1_1
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.464 1.792 1491 Sb-KA
2 14.014 1.208 1.553 SnKA
3 15.798 2.180 1.410 Pd-KB1-Compton
- 16.754 3.324 2.741 Pd-KA
5 17.714 9.574 1410  Pd-KA-Compton
6 22.468 0.678 1.270  Sr-KBI1 Zr-KA
7 25.136 2.141 1.037 Sr-KA
8 26.782 25.420 1.049  BrKBI
9 29.960 135.300 1427  BrKA
10 40.445 3.148 0.282 CuKBI
11 41.653 0.160 0261  Zn-KA
12 41.863 0.143 0249 ZnKA
13 45.008 8.636 0.187 CuKA
14 57.525 0.131 0.037 Fe-KA
15 62.263 0.219 0.025 Br-KA-2nd
Heavy(1) 1 13.436 0.250 0.039  Sb-KA
2 14.017 0.184 0.029  Sn-KA
Ca-KA 1 43.223 0.188 0314
2 45.178 5.970 0226 CaKA
K-KA 1 50.585 0.180 0.088 K-KA Pd-LG1
Cd-LB1
Z 53.044 0.115 0.144 Pd-LB2 Ag-LB1
ClLKA 1 65.435 0.565 0.022 ClKA
S-KA 1 75.701 0.266 0.008 S-KA
P -KA 1 89.309 0.334 0.009 P-KA
Si-KA 1 108.939 1.564 0.023  Si-KA
Al-KA 1 144.685 0.915 0.134  AlKA
2 146.096 2.152 0.136  BrlA
Mg-KA 1 37.759 17.331 0.143 Mg-KA
Na-KA 1 45.751 0.025 0.023  Na-KA
Rigalkws
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2022- 5- 6 12:27
SQX Calculation Result
Sample : Aging 100oC, 5Day Date analyzed : 2022- 5- 6 12:06
Application : F-U_Solid_N_002 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 1000C, 5Da
No. Component Result Unit Det. limit El line Intensity w/o normal
1 CH2 88.0 mass% 87.9634
2 Mg 10.1 mass% 0.01425 Mg-KA 16.1921 10.0968
3 Br 0.673 mass% 0.00081 Br-KA 129.4372 0.6729
4 Ca 0.333 mass% 0.00284 Ca-KA 5.7533 0.3329
3 Si 0.332 mass% 0.00253 Si-KA 1.8887 0.3322
6 Al 0.190 mass% 0.00797 Al-KA 1.1797 0.1902
7 Cu 0.157 mass% 0.00084 Cu-KA 11.3677 0.1573
8 Cl 0.0459 mass% 0.00057 CI-KA 0.9842 0.0459
9 Sb 0.0421 mass% 0.00332 Sb-KA 0.2527 0.0421
10 Na 0.0406 mass% 0.01732 Na-KA 0.0198 0.0406
11 0.0375 mass% 0.00106 P-KA 0.3031 0.0375
12 Sn 0.0240 mass% 0.00273 Sn-KA 0.1470 0.0240
13 K 0.0200 mass% 0.00268 K-KA 0.1936 0.0200
14 S 0.0178 mass% 0.00061 S-KA 0.2616 0.0178
15 Sr 0.0106 mass% 0.00071 Sr-KA 2.1556 0.0106
16 Ti 0.0085 mass% 0.00219 Ti-KA 0.0428 0.0085
17 Fe 0.0059 mass% 0.00081 Fe-KA 0.1721 0.0059
18 Zr 0.0014 mass% 0.00070 Zr-KA 0.6891 0.0014
Ri galcuw
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Peak Identification Result
Sample : Aging 100oC, 5Day Measured date : 2022-5- 6 12:06
Application : F-U_Solid_N_002 File : Aging 100oC, 5Da
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.464 1.736 1295 Sb-KA
2 14.040 1.279 1.409 SnKA
3 15.768 2.011 1.421 Pd-KB1-Compton
4 16.754 3.088 2.590 Pd-KA
5 17.704 9.052 1421  Pd-KA-Compton
6 22.467 0.689 1.192  Sr-KBI Zr-KA
7 25.143 2.156 0.964 Sr-KA
8 26.781 24.182 1.021 BrKBI
9 29.962 129.437 1.092  BrKA
10 40.452 3.744 0270 CuKBI
11 45.008 11.368 0.175 ~ CuKA
12 57.470 0.172 0.027 FeKA
13 62217 0.209 0.027  Br-KA-2nd
14 86.128 0.043 0.005 Ti-KA
Heavy(1) 1 13.497 0.253 0.032 Sb-KA
2 14.022 0.147 0.022  Sn-KA
Ca-KA 1 43.114 0.161 0.301
2 45.184 5.753 0228 CaKA
K-KA 1 50.599 0.194 0.082 K-KA Pd-LG1
Cd-LB1
2 52.998 0.077 0.118  Pd-LB2 Sb-LL
CI-KA 1 65.412 0.984 0.017 CIKA
S-KA 1 75.661 0.262 0.009 S-KA
P-KA 1 89.362 0.303 0.008 P-KA
Si-KA 1 108.940 1.889 0.023  Si-KA
Al-KA 1 144.657 1.180 0.139  Al-KA
2 146.095 2.104 0.136  BrLA
Mg-KA 1 37.760 16.192 0.152  MgKA
Na-KA 1 45.784 0.020 0.021 Na-KA
Ri galkwuw

g'ﬂﬁ 166 NANISNAADUALIUG Peak mauwiazamﬂmwiasam

138

Y83auIU XLPO 159engdauiuniaamnil 100°c seeziian 120 Frlas mMelAsesinsensig

Ingldndnnisienaisdvigeaisaisudanlnsiuns WD-XRF



139

8 'g, 8 L & 8o |¥
N ) IS L [ 2 5]
o o g L2 - ¥ |
| | S [ =X VIILA+ g &
©v I(I\ ] _NI-H —g(s'q
g g N ; E
(=] [=] I
o [§\] L -
[ B
8| vore [~ 3 -2
f=3 w8
® <2z -
[0
- _l\
%vx—ﬁ -%% L
L0
o
vuz-vx«la-JZ
o
¥ o
£ i
z. Z [
« ; VIS - viod
E g 7 g [
S |y [ -4
(2] 9 - =
2 |8 5 C
L o B
ERE R ReT P\ @ §
é &l oo A4 Fom
< e L
s |g !:
= g I = )
~ <
S = e~ =
T |2 3| s o §
& 15 7 Pt ¥ B
L 130D .=
Lo
_(ﬂ
VIR = j -2
=T — B
VI-I8 Laq
VIIZ 1818 L
h i
a -]
wn
J C
S i
= -2
w2 | .
‘%
> |.g C
s - C
é < T T T =
2 = S S S S
L] - -+ o =3
E E (sdox) Aysuarag (sdox) Lrsuaguy

=

5UN 167 Han1IMARuNemMANULTLTUYIDUAAYET9)

e

Y932 XLPO 159engdeauiufiaamnil 100°C sveeiian 120 F3lus el asinsIzyisn

lngldvdnnisiensisdvigeaisawudanlngiuns WD-XRF



140

2022- 5- 6 12:47
SQX Calculation Result
Sample : Aging 1000C, 10Day Date analyzed : 2022- 5- 6 12:27
Application : F-U_Solid_N_003 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 100C, 10D
No. Component Result Unit Det. limit EL line Intensity w/o normal
1 CH2 86.2 mass% 86.2223
2 Mg 11.6 mass% 0.01405 Mg-KA 18.6773 11.6447
3 Br 0.760 mass% 0.00086 Br-KA 137.4740 0.7602
4 Ca 0.384 mass% 0.00326 Ca-KA 6.1907 0.3840
5 Si 0.359 mass% 0.00294 Si-KA 19177 0.3590
6 Al 0.253 mass% 0.00885 Al-KA 1.4587 0.2529
7 Cu 0.105 mass% 0.00097 Cu-KA 7.0357 0.1053
8 Sb 0.0549 mass% 0.00409 Sb-KA 0.3130 0.0549
9 P 0.0464 mass% 0.00133 P-KA 0.3511 0.0464
10 Sn 0.0325 mass% 0.00351 Sn-KA 0.1885 0.0325
11 Na 0.0322 mass% 0.01803 Na-KA 0.0158 0.0322
12 Cl 0.0306 mass% 0.00060 CI-KA 0.6126 0.0306
13 K 0.0254 mass% 0.00311 K -KA 02312 0.0254
14 S 0.0179 mass% 0.00061 S-KA 0.2460 0.0179
15 Sr 0.0120 mass% 0.00080 Sr-KA 2.2834 0.0120
16 Ti 0.0084 mass% 0.00207 Ti-KA 0.0391 0.0084
17 Fe 0.0066 mass% 0.00092 Fe-KA 0.1765 0.0066
18 Mn 0.0040 mass% 0.00115 Mn-KA 0.0671 0.0040
19 Zr 0.0010 mass% 0.00078 Zr-KA 0.7192 0.0010
Ri galkwuw
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Peak Identification Result
Sample: Aging 100oC, 10Day Measured date : 2022-5-6 12:27
Application : F-U_Solid_N_003 File : Aging 100oC, 10D
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.475 1.803 1.559  Sb-KA
2 14.037 1.401 1.629  SnKA
3 15.816 2.049 1.596  Pd-KBI1-Compton
4 16.769 3.310 2915 Pd-KA
5 17.716 9.767 1.596 Pd-KA-Compton
6 22.444 0.719 1292  Sr-KBI Zr-KA
7 25.142 2.283 1.058 Sr-KA
8 26.783 26.006 1.052 BrKBI
9 29.962 137.474 1.118 Br-KA
10 40.457 2.719 0.295 Cu-KB1
11 45.027 7.036 0.193 Cu-KA
12 57.463 0.176 0.028  Fe-KA
13 62.217 0.248 0.017  Br-KA-2nd
14 62.447 0.114 0.017
15 62.860 0.067 0.018 Mn-KA
16 86.183 0.039 0.003  Ti-KA
Heavy(1) 1 13.460 0.313 0.041 Sb-KA
2 14.039 0.188 0.031  Sn-KA
Ca-KA 1 43.217 0.173 0.345
2 45.182 6.191 0256 Ca-KA
K-KA 1 50.541 0.231 0097 K-KA Pd-LG1
Cd-LB1
2 52.969 0.094 0.163  Pd-LB2 Sb-LL
CI-KA 1 65.407 0.613 0.018 CIKA
S-KA 1 75.712 0.246 0.007 S-KA
P-KA 1 89.365 0.351 0.011 P-KA
Si-KA 1 108.944 1.918 0.027  Si-KA
Al-KKA 1 144.633 1.459 0.158 Al-KA
2 146.114 2.192 0.153 Br-LA
Mg-KA 1 37.764 18.677 0.150  MgKA
Na-KA 1 45.525 0.016 0.022 NaKA
Rigalcws
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2022- 5- 6 13:09
SQX Calculation Result
Sample : Aging 100oC, 15Day Date analyzed : 2022- 5- 6 12:48
Application : F-U_Solid_N_004 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 100oC, 15D
No. Component Result Unit Det. limit EL line Intensity w/o normal
1 CH2 856 mass% 85.5583
2 Mg 12.1 mass% 0.01475 Mg-KA 19.4717 12.1483
3 Br 0.845 mass% 0.00106 Br-KA 148.3698 0.8452
4 Ca 0.432 mass% 0.00344 Ca-KA 6.7546 0.4319
3 Si 0.405 mass% 0.00318 Si-KA 2.1215 0.4050
6 Al 0.181 mass% 0.00891 Al-KA 1.0775 0.1807
7 Cl 0.102 mass% 0.00078 CI-KA 1.9947 0.1021
8 Cu 0.0629 mass% 0.00101 Cu-KA 4.0560 0.0629
9 Sb 0.0544 mass% 0.00452 Sb-KA 0.2990 0.0544
10 P 0.0526 mass% 0.00110 P-KA 0.3893 0.0526
11 Sn 0.0418 mass% 0.00374 Sn-KA 0.2334 0.0418
12 Na 0.0338 mass% 0.01939 Na-KA 0.0165 0.0338
13 K 0.0258 mass% 0.00346 K-KA 0.2299 0.0258
14 S 0.0210 mass% 0.00074 S-KA 0.2820 0.0210
15 Sr 0.0136 mass% 0.00088 Sr-KA 2.4570 0.0136
16 Ti 0.0134 mass% 0.00199 Ti-KA 0.0602 0.0134
17 Fe 0.0076 mass% 0.00129 Fe-KA 0.1952 0.0076
18 Zr 0.0018 mass% 0.00086 Zr-KA 09178 0.0018
Ri galkwu
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Peak Identification Result
Sample: Aging 100oC, 15Day Measured date : 2022-5-6 12:48
Application : F-U_Solid_N_004 File : Aging 1000C, 15D
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.468 2.013 1.844  Sb-KA
2 14.035 1.526 1956 Sn-KA
3 15.776 2.762 1.677 Pd-KB1-Compton
4 16.764 4.027 3374 Pd-KA
5 17.728 11.572 1.677  Pd-KA-Compton
6 22.459 0.918 1430 SrKBl Zr-KA
7 25.137 2.457 1.180 Sr-KA
8 26.780 27.920 1518 BrKBI
9 29.961 148370 1.619  BrKA
10 40.446 2.029 0311 CuKBI
11 45,014 4.056 0.198  Cu-KA
12 57.517 0.195 0.052 Fe-KA
13 62.232 0.233 0.037  Br-KA-2nd
14 86.120 0.060 0.002 Ti-KA
Heavy(1) 1 13.460 0.299 0.048  Sb-KA
2 14.027 0.233 0.034  Sn-KA
Ca-KA 1 43.166 0.221 0.343
2 45.171 6.755 0.259 Ca-KA
K-KA 1 50.582 0.230 0.112 K-KA Pd-LG1
Cd-LB1
v 53.013 0.127 0.185  Pd-LB2 Ag-LB1
CI-KA 1 65.406 1.995 0.027 CI-KA
S-KA 1 75.699 0.282 0.011 S-KA
P-KA 1 89.284 0.389 0.008 P-KA
Si-KA 1 108.940 2.121 0.032 Si-KA
Al-KA 1 144.760 1.078 0.141  Al-KA
2 146.113 2.287 0.142 Br-LA
Mg-KA 1 37.763 19.472 0.164  MgKA
Na-KA 1 45.784 0.017 0.027 Na-KA
Ri galw

SUN 172 WANISNAEDUALNALY Peak U99uAaZ DA I ULAAZ SR

u

q

144

V932U XLPO 159engdeauiufiaamnil 100°C sveeiian 360 F3lus eLAsasiAsI21isN

Ingldnannisienaisdnigesisawuialnlnsiuns WD-XRF



145

45 47

Na-KA

T

T T @l T T T

142 145

=+

108 110

P T L b |

x0.4

>
\]\
U UL |

1.0

w‘goo
2l o8 | ¥
2 2 |9 .
o ol <
v G %
N a
N o
[ =] (=
o o
3
| vareN
]
b=, 3
2 VIS
R

QQV)I'IS
1
= 44
Y 4F »)

a |8
e
T (g 3w
< |2
(3]
.Eg
Ry
s |5
gl P
=
o
S
R
hi]
R

= I

A %

)

|

&)

S
WSN
n |la <
> |8 ¥
g |2
< |3
E‘E%:|

(sdoy) Ansuajuy

72 74

36 38

77 88 91
P-KA

74

F-KA (deg)

Mg-KA

Al-KA

Si-KA

S-KA

x1.0

Vi

T€31D

VLA

puz-vy-IE

VA4 <

L L L L L O L W
70 75 85

| L L
60

50

Heavy

L L L L L L L AL L L L L I
25 30 40

20

(sdox) Ayrsuayuy

0.0

90

80

65

55

45

35

15

10

2-theta(deg)

Rigalws

=

u

SUN 173 HaN1TMARBUNeMANITNTUYDIULAAYET9)

V932U XLPO 159engdeauiufiaamnil 100°C sveeiian 360 F3lus eLAsasiAsI21isN

lngldvdnnisiensisdvigeaisawudanlngiuns WD-XRF



2022-5-712:13

SQX Calculation Result

Sample : Aging 100oC, 20Day
Application : F-U_Solid N_004

Date analyzed : 2022- 5-7 11:53

Sample type : Polymer

JUN 174 Han1snaaeulUesigudinaasvaessuras i

Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 100C, 2 1
No. Component Result Unit Det. limit EL line Intensity w/o normal
1 CH2 86.6 mass% 86.6362
2 Mg 113 mass% 0.01464 Mg-KA 18.0880 11.2744
3 Br 0.756 mass% 0.00087 Br-KA 139.8733 0.7563
4 Ca 0.390 mass% 0.00318 Ca-KA 6.3928 0.3900
5 Si 0.381 mass?% 0.002%96 Si-KA 2.0676 0.3810
6 Al 0.189  mass% 0.00873 Al-KA 1.1417 0.1895
7 Cu 0.0882 mass% 0.00093 Cu-KA 6.0126 0.0882
8 Na 0.0615 mass% 0.01759 Na-KA 0.0300 0.0615
9 P 0.0452 mass%o 0.00099 P -KA 0.3474 0.0452
10 Sb 0.0448 mass% 0.00419 Sb-KA 0.2591 0.0448
11 Sn 0.0345 mass% 0.00349 So-KA 0.2027 0.0345
12 Cl 0.0303 mass% 0.00066 CI-KA 0.6163 0.0303
13 K 0.0247  mass% 0.00293 K-KA 0.2243 0.0247
14 S 0.0175  mass% 0.00076  S-KA 0.2445 0.0175
15 Sr 0.0123  mass% 0.00079  Sr-KA 2.3752 0.0123
16 Fe 0.0080 mass% 0.00128 Fe-KA 02189 0.0080
1Z Mn 0.0043 mass% 0.00138 Mn-KA 0.0739 0.0043
18 Zr 0.0015 mass% 0.00077 Zr-KA 0.8641 0.0015
Rigalku
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2022-5-712:12
Peak Identification Result
Sample : Aging 100oC, 20Day Measured date : 2022-5-711:53
Application : F-U_Solid_N_004 File : Aging 100C, 2_1
Spectrum No. Peakposition  Netint. BG int. Element line
(deg) (kcps) (keps)
Heavy 1 13.453 1.884 1.572  Sb-KA
2 14.027 1.376 1.709  SnKA
3 15.819 2.218 1.556 Pd-KB1-Compton
4 16.755 3.535 3.036 Pd-KA
5 17.718 10.277 1.556  Pd-KA-Compton
6 22435 0.864 1288  Sr-KBI1 Zr-KA
7 25.136 2.375 1.071  SrKA
8 26.778 26.056 1298  BrKBl
9 29.958 139.873 1.193 ~ BrKA
10 40.437 2.503 0304 Cu-KBI1
11 45.003 6.013 0.187  CuKA
12 55.135 0.068 0.044  Br-KBl-2nd
13 57.500 0.219 0.055  FeKA
14 62.184 0.180 0.028 Br-KA-2nd
15 62,966 0.074 0.026 Mn-KA
Heavy(1) 1 13.444 0.259 0.044  Sh-KA
2 14.023 0.203 0032 SnKA
Ca-KA 1 43.283 0.181 0.328
2 45.179 6.393 0253  CaKA
K-KA 1 50.497 0.224 0.087 K-KA Pd-LG1
Cd-LB1
2 53.020 0.092 0.146  Pd-LB2 Sb-LL
CLKA 1 65.414 0.616 0.022 CIKA
S KA 1 75.754 0.245 0.012 S-KA
P-KA 1 89.329 0.347 0.007 P-KA
Si-KA 1 108.940 2.068 0.028  Si-KA
Al-KA 1 144.642 1.142 0.156  Al-KA
2 146.103 2.086 0.148  BrLA
Mg-KA 1 37.758 18.088 0.163  Mg-KA
Na-KA 1 45.759 0.030 0.021  NaKA
Rigalu
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2022- 5- 6 15:33

SQX Calculation Result
Sample : Aging 1100C, 5Day Date analyzed : 2022- 5- 6 15:13
Application : F-U_Solid_N_007 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 110oC, 5Da
No. Component Result Unit Det. limit El line Intensity w/o normal
1 CH2 885 mass% 88.4535
2 Mg 9.48 mass% 0.01345 Mg-KA 15.1513 9.4777
3 Br 0.834 mass% 0.00096 Br-KA 156.6795 0.8338
4 Ca 0.296 mass% 0.00321 Ca-KA 5.2194 0.2960
5 Si 0.248 mass% 0.00267 Si-KA 1.4258 0.2482
6 Al 0.248 mass% 0.00892 Al-KKA 1.5616 0.2482
7 Cu 0.180 mass% 0.00089 Cu-KA 13.2020 0.1802
8 Sb 0.0845 mass% 0.00385 Sb-KA 0.4764 0.0845
9 P 0.0683 mass% 0.00122 P-KA 0.5589 0.0683
10 Sn 0.0309 mass% 0.00313 Sn-KA 0.1776 0.0309
11 Cl 0.0205 mass% 0.00058 CI-KA 0.4444 0.0205
12 S 0.0172 mass%o 0.00060 S -KA 0.2559 0.0172
13 K 0.0146 mass% 0.00255 K-KA 0.1469 0.0146
14 Zn 0.0119 mass% 0.00077 Zn-KA 1.2007 0.0119
15 Sr 0.0085 mass% 0.00076 Sr-KA 1.6154 0.0085
16 Fe 0.0048 mass% 0.00096 Fe-KA 0.1423 0.0048
17 Zr 0.0012 mass% 0.00073 Zr-KA 0.5720 0.0012
R galcuw
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2022- 5- 6 15:33
Peak Identification Result
Sample: Aging 110cC, 5Day Measured date : 2022-5-615:13
Application : F-U_Solid_N_007 File : Aging 1100C, 5Da
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.449 3.238 1367 Sb-KA
2 14.033 1.115 1.418 SnKA
3 15.768 1.888 1.306 Pd-KB1-Compton
4 16.761 3.022 2.512 Pd-KA
5 17.721 8.397 1306  Pd-KA-Compton
6 22.438 0.572 1.158  Sr-KBl Zr-KA
7 25.144 1.615 0.964 Sr-KA
8 26.784 28.980 1209 BrKBI
9 29.961 156.680 1.505  BrKA
10 37.487 0.226 0357 ZnKBI1
11 40.452 4274 0314  CuKBl
12 41.777 1.201 0.269 Zn-KA
13 45.009 13.202 0200 CuKA
14 57.494 0.142 0.038 Fe-KA
15 57.739 0.072 0.038
16 62.221 0.223 0.023  Br-KA-2nd
Heavy(1) 1 13.446 0.476 0.036  Sb-KA
2 14.021 0.178 0.025  Sn-KA
Ca-KA 1 43.176 0.471 0.447
2 45.183 5.219 0304 CaKA
K-KA 1 50.499 0.147 0.076 K-KA Pd-LG1
Cd-LB1
2 53.063 0.092 0.108 Pd-LB2 Ag-LB1
CIKA 1 65.419 0.444 0.017 CIKA
S -KA 1 75.690 0.256 0.009 S-KA
P-KA 1 89.370 0.559 0011 P-KA
Si-KA 1 108.942 1.426 0.025 Si-KA
Al-KKA 1 144.544 1.562 0.181  Al-KA
2 146.083 2433 0.165 Br-LA
Mg-KA 1 37.760 15.151 0.136 MgKA
Rigalkw
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2022- 5- 6 15:53
SQX Calculation Result
Sample : Aging 110oC, 10Day Date analyzed : 2022- 5- 6 15:33
Application : F-U_Solid N_008 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 110oC, 10D
No. Component Result Unit Det. limit El line Intensity w/o normal
1 CH2 885 mass% 88.4952
2 Mg 949 mass% 0.01362 Mg-KA 15.2021 9.4928
3 Br 0.836 mass% 0.00084 Br-KA 159.1774 0.8364
4 Ca 0.290 mass% 0.00331 Ca-KA 5.1305 0.2901
] Al 0.247 mass% 0.00866 Al-KA 1.5560 0.2469
6 Si 0.225 mass% 0.00240 Si-KA 1.2941 0.2251
7 Cu 0.152 mass% 0.00089 Cu-KA 11.1884 0.1518
8 Sb 0.0844 mass% 0.00341 Sb-KA 0.4783 0.0844
9 P 0.05%90 mass% 0.00112 P-KA 0.4834 0.0590
10 Sn 0.0324 mass% 0.00296 Sn-KA 0.1871 0.0324
11 Cl 0.0285 mass% 0.00072 CI-KA 0.6196 0.0285
12 S 0.0197 mass% 0.00067 S -KA 0.2937 0.0197
13 Zn 0.0118 mass% 0.00075 Zn-KA 1.1922 0.0118
14 K 0.0118 mass% 0.00270 K-KA 0.1172 0.0118
15 Sr 0.0089 mass% 0.00072 Sr-KA 1.7181 0.0089
16 Fe 0.0038 mass% 0.00107 Fe-KA 0.1126 0.0038
17 Zr 0.0014 mass% 0.00071 Zr-KA 0.5989 0.0014
Ri galkwu
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2022-5- 6 15:53

Peak Identification Result
Sample: Aging 110oC, 10Day Measured date : 2022-5-6 15:33
Application : F-U_Solid_N_008 File : Aging 110C, 10D
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.460 3.360 1444  Sb-KA
2 14.019 1.266 1.515 SnKA
3 15.809 1.822 1.335 Pd-KB1-Compton
4 16.760 2.830 2.736 Pd-KA
5 17.730 8.794 1335  Pd-KA-Compton
6 22.459 0.599 1.103  Sr-KBI1 Zr-KA
7 25.139 1.718 0.899 Sr-KA
8 26.783 29.564 1290 BrKBI1
9 29.961 159.177 1.168  BrKA
10 37.537 0.281 0381 ZnKBI1
11 40.444 3.842 0298  Cu-KBI
12 41.782 1.192 0254 Zn-KA
13 45.012 11.188 0200 CuKA
14 57.504 0.113 0.048 Fe-KA
15 62.208 0.234 0.029 Br-KA-2nd
Heavy(1) 1 13.453 0.478 0.028  Sb-KA
2 13.941 0.187 0.022  Sn-KA
Ca-KA 1 43.173 0.431 0.473
2 45,189 5.130 0325 CaKA
K-KA 1 50.500 0.117 0.08 K-KA Pd-LG1
Cd-LB1
Z 52.865 0.071 0.117 Sb-LL Pd-LB2
ClKA 1 65.405 0.620 0.027 CIKA
S-KA 1 75.720 0.294 0011 S-KA
P-KA 1 89.346 0.483 0.009 P-KA
Si-KA 1 108.944 1.294 0.021  Si-KA
Al-KA 1 144.561 1.556 0.170 Al-KKA
2 146.094 2.526 0.169  BrlA
Mg-KA 1 37.761 15.202 0.139 Mg-KA
Ri galkw
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2022-5- 6 16:13

SQX Calculation Result
Sample : Aging 1100C, 15Day Date analyzed : 2022- 5- 6 15:54
Application : F-U_Solid_N_009 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 110oC, 15D
No. Component Result Unit Det. limit El line Intensity w/o normal
1 CH2 88.0 mass% 88.0380
2 Mg 9.81 mass% 0.01370 Mg-KA 15.7034 9.8051
3 Br 0.887 mass% 0.00087 Br-KA 165.7034 0.8866
4 Ca 0.324 mass% 0.00324 Ca-KA 5.5809 0.3236
5 Al 0294 mass% 0.00905 Al-KKA 1.8120 0.2944
6 Si 0.277 mass% 0.00253 Si-KA 1.5660 0.2769
7 Cu 0.123 mass% 0.00086 Cu-KA 8.8609 0.1231
8 Sb 0.0962 mass% 0.00393 Sb-KA 0.5337 0.0962
9 P 0.0518 mass% 0.00122 P -KA 0.4161 0.0518
10 Sn 0.0259 mass% 0.00339 Sn-KA 0.1467 0.0259
11 S 0.0219 mass% 0.00059 S-KA 0.3195 0.0219
12 Cl 0.0153 mass% 0.00064 CI-KA 0.3253 0.0153
13 K 0.0128 mass% 0.00273 K -KA 0.1283 0.0128
14 Zn 0.0118 mass% 0.00072 Zn-KA 1.1693 0.0118
15 Sr 0.0096 mass% 0.00077 Sr-KA 1.7870 0.0096
16 Fe 0.0057 mass% 0.00102 Fe-KA 0.1651 0.0057
17 Zr 0.0013 mass% 0.00076 Zr-KA 0.6076 0.0013
Rigalkw
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2022-5- 6 16:13
Peak Identification Result
Sample : Aging 110cC, 15Day Measured date : 2022-5-6 15:54
Application : F-U_Solid_N_009 File : Aging 110oC, 15D
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.459 3.549 1436 Sb-KA
2 14.033 1.249 1518  SnKA
3 15.646 1.135 2.003 Pd-KB1-Compton
4 16.762 3.210 2.752 Pd-KA
5 17.719 9.060 1385  Pd-KA-Compton
6 22.502 0.608 1.191  Sr-KBI Zr-KA
7 25.140 1.787 0952  SrKA
8 26.785 30.479 1297 BrKBI
9 29.963 165.703 1228  BrKA
10 37.488 0.196 0416 ZnKBI1
11 40.459 3.178 0263  Cu-KBI
12 41.777 1.169 0225 ZnKA
13 45.017 8.861 0.177  CuKA
14 57.514 0.165 0.040 Fe-KA
15 62.192 0.224 0.029 Br-KA-2nd
16 62.404 0.140 0.027
Heavy(1) 1 13.459 0.534 0.037  Sb-KA
2 14.049 0.147 0.028 Sn-KA
Ca-KA 1 43.172 0.488 0.468
2 45.201 5.581 0307 CaKA
K-KA 1 50.567 0.128 0.083 K-KA Pd-LG1
Cd-LB1
2 52.858 0.062 0.117  Sb-LL Pd-LB2
CI-KA 1 65.405 0.325 0.021 CIKA
S-KA 1 75.709 0319 0.008 S-KA
P-KA 1 89.368 0416 0.010 P-KA
Si-KA 1 108.938 1.566 0.024  Si-KA
Al-KA 1 144.594 1.812 0.181 Al-KKA
2 146.087 2.496 0.166  Br-LA
Mg-KA 1 37.764 15.703 0.143  MgKA
Ri galkuw
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2022-5-6 16:34
SQX Calculation Result
Sample : Aging 110oC, 20Day Date analyzed : 2022- 5- 6 16:14
Application : F-U_Solid N_010 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 110oC, 20D
No. Component Result Unit Det. limit EL line Intensity w/o normal
1 CH2 884 mass% 88.3559
2 Mg 9.57 mass% 0.01348 Mg-KA 15.3275 9.5739
3 Br 0.856 mass% 0.00082 Br-KA 163.0536 0.8564
4 Ca 0.306 mass% 0.00322 Ca-KA 5.3691 0.3063
5 Al 0.261 mass% 0.00872 Al-KKA 1.6366 0.2615
6 Si 0.236 mass% 0.00229 Si-KA 1.3474 0.2355
7 Cu 0.120 mass% 0.00088 Cu-KA 8.7440 0.1195
8 Sb 0.0988 mass% 0.00371 Sb-KA 0.5564 0.0988
9 0.0503 mass% 0.00109 P-KA 0.4101 0.0503
10 Na 0.0299 mass% 0.01742 Na-KA 0.0160 0.0299
11 Sn 0.0277 mass% 0.00315 Sn-KA 0.1595 0.0277
12 Cl 0.0231 mass% 0.00052 CI-KA 0.4991 0.0231
13 S 0.0196 mass% 0.00056 S-KA 0.2901 0.0196
14 K 0.0157 mass% 0.00269 K-KA 0.1584 0.0157
15 Zn 0.0122 mass% 0.00074 Zn-KA 1.2207 0.0122
16 Sr 0.0094 mass% 0.00075 Sr-KA 1.8023 0.00%4
17 Fe 0.0030 mass% 0.00105 Fe-KA 0.0869 0.0030
18 Zr 0.0013 mass% 0.00073 Zr-KA 0.5958 0.0013
Ri galkwu
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2022-5- 6 16:33
Peak Identification Result
Sample : Aging 110cC, 20Day Measured date : 2022-5-6 16:14
Application : F-U_Solid N_010 File: Aging 1100C, 20D
Spectrum No. Peakposition  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.458 3.437 1.448 Sb-KA
2 13.999 1.294 1.499  Sn-KA
3 15.768 1.973 1.324 Pd-KB1-Compton
4 16.759 2.961 2,784 Pd-KA
5 17.714 8.845 1324  Pd-KA-Compton
6 22.461 0.596 1.140  Sr-KBl Zr-KA
7 25.129 1.802 0938  SrKA
8 26.780 30.197 1288 Br-KBl
9 29.960 163.054 1.136  Br-KA
10 37.540 0321 0360 ZnKBI
11 40.442 3.149 0.259  Cu-KBI
12 41.792 1.221 0241 Zn-KA
13 45.004 8.744 0.194 CuKA
14 55.185 0.070 0.055 Br-KB1-2nd
15 57.478 0.087 0.045  Fe-KA
16 62.203 0.242 0.030  Br-KA-2nd
Heavy(1) 1 13.448 0.556 0.033 Sb-KA
2 13.998 0.159 0.025  Sn-KA
Ca-KA 1 43.187 0.496 0.453
22 45202 5.369 0315  CaKA
K-KA 1 50.548 0.158 0.082 K-KA Pd-LG1
Cd-LB1
2 52.948 0.091 0.122  Sb-LL Pd-LB2
CLKA 1 65.401 0.499 0.014 CIKA
S-KA 1 75.632 0.290 0.008 S-KA
P-KA 1 89.341 0.410 0.009 P-KA
Si-KA 1 108.928 1.347 0.019  Si-KA
Al-KA 1 144.580 1.637 0.165 Al-KA
2 146.109 2453 0.156 Br-LA
Mg-KA 1 37.761 15.328 0.138  MgKA
Na-KA 1 45.672 0.016 0.020  Na-KA
Rigaku
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2022- 5- 7 10:51

SQX Calculation Result
Sample : Aging 1250C, 5Day Date analyzed : 2022- 5- 7 10:32
Application : F-U_Solid N_000 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 1250C, 5Da
No. Component Result Unit Det. limit EL line Intensity w/0 normal
1 CH2 87.7 mass% 87.7194
2 Mg 10.4 mass% 0.01391 Mg-KA 16.6648 10.3840
3 Br 0.612 mass% 0.00078 Br-KA 118.2620 0.6122
4 Si 0.374 mass% 0.00272 Si-KA 2.1122 0.3739
5 Ca 0.338 mass%o 0.00289 Ca-KA 5.8091 0.3384
6 Al 0.170  mass% 0.00735  Al-KA 1.0454 0.1699
7 Cu 0.148  mass% 0.00088  Cu-KA 10.5822 0.1478
8 Na 0.0514 mass%o 0.01864 Na-KA 0.0251 0.0514
9 Sb 0.0418 mass%o 0.00335 Sb-KA 0.2562 0.0418
10 P 0.0399 mass% 0.00100 P-KA 0.3196 0.0399
11 Sn 0.0278 mass% 0.00288 Sn-KA 0.1738 0.0278
12 S 0.0278 mass% 0.00061 S-KA 0.4052 0.0278
13 K 0.0246 mass% 0.00249 K-KA 0.2497 0.0246
14 d 0.0231  mass% 0.00059  CIKA 0.4901 0.0231
15 Sr 0.0106  mass% 0.00069  Sr-KA 2.2070 0.0106
16 Fe 0.0043 mass% 0.00103 Fe-KA 0.1248 0.0043
17 Mn 0.0022 mass% 0.00091 Mn-KA 0.0402 0.0022
18 Zr 0.0009 mass% 0.00068 Zr-KA 0.6986 0.0009
Rigaku
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2022- 5-7 10:51

Peak Identification Result
Sample: Aging 1250C, 5Day Measured date : 2022-5-710:32
Application : F-U_Solid_N_000 File : Aging 1250C, 5Da
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.457 1.615 1374 Sb-KA
2 14.035 1.166 1.457 SnKA
3 15.775 1.954 1.322 Pd-KB1-Compton
4 16.755 3.047 2.596 Pd-KA
5 17.719 8.838 1322  Pd-KA-Compton
6 22.443 0.699 1.177  SrKBl Zr-KA
7 25.146 2.207 0.988 Sr-KA
8 26.783 21.659 1.171  BrKBl
9 29.963 118.262 1.054  BrKA
10 40.455 3.559 0282  CuKBI1
11 45,013 10.582 0.181  CuKA
12 57.460 0.125 0.044 Fe-KA
13 62.258 0.186 0.017  Br-KA-2nd
14 63.071 0.040 0.013 Mn-KA
Heavy(1) 1 13.454 0.256 0.034 Sb-KA
2 14.002 0.174 0.025  Sn-KA
Ca-KA 1 43.178 0.195 0.294
2 45,183 5.809 0.229 Ca-KA
K-KA 1 50.612 0.250 0.070 K-KA Pd-LG1
Cd-LB1
2 53.012 0.066 0.118  Pd-LB2 Sb-LL
ClKA | 65.411 0.490 0.018 CI-KA
S-KA 1 75.726 0.405 0.010 S-KA
P-KA 1 89.374 0.320 0.008 P-KA
Si-KA 1 108.931 2.112 0.025 Si-KA
Al-KA 1 144.610 1.045 0.109  Al-KA
2 146.087 1.576 0.097 Br-LA
Mg-KA 1 37.762 16.665 0.147 MgKA
Na-KA 1 45.785 0.025 0.022  Na-KA
Ri galkwuw
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2022-5-711:12
SQX Calculation Result
Sample : Aging 1250C, 10Day Date analyzed : 2022- 5- 7 10:52
Application : F-U_Solid N_001 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 1250C, 10D
No. Component Result Unit Det. limit EL line Intensity 'w/o normal
1 CH2 85.1 mass% 85.0686
2 Mg 12.7 mass% 0.01499 Mg-KA 20.4290 12.7270
3 Br 0.820 mass% 0.00107 Br-KA 142.3003 0.8202
4 Ca 0.422 mass% 0.00362 Ca-KA 6.5015 0.4224
5 Si 0.399 mass% 0.00309 Si-KA 2.0544 0.3989
6 Al 0.179  mass% 0.00893  Al-KA 1.0432 0.1787
W #C1 0.0847  mass% 0.00079  CLKA 1.6261 0.0847
8 Cu 0.0781 mass% 0.00105 Cu-KA 4.9662 0.0781
9 Sb 0.0554 mass% 0.00481 Sb-KA 0.3056 0.0554
10 P 0.0496 mass% 0.00127 P-KA 0.3607 0.0496
11 Sn 0.0407 mass% 0.00401 Sno-KA 0.2276 0.0407
12 K 0.0279 mass% 0.00358 K-KA 0.2445 0.0279
13 S 0.0222 mass% 0.00076 S-KA 0.2937 0.0222
14 Sr 0.0142 mass% 0.00087 Sr-KA 2.5644 0.0142
15 Ti 0.0061 mass% 0.00253 Ti-KA 0.0271 0.0061
16 Fe 0.0037 mass% 0.00117 Fe-KA 0.0945 0.0037
17 Zr 0.0016 mass% 0.00088 Zr-KA 0.8297 0.0016
Rigaku
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2022-5-711:12
Peak Identification Result
Sample : Aging 1250C, 10Day Measured date : 2022-5-7 10:52
Application : F-U_Solid N_001 File : Aging 1250C, 10D
Spectrum No. Peakposition  Netint. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.450 1.839 1909 Sb-KA
2 14.033 1.625 1973 SnKA
3 15.859 2.721 1.592 Pd-KB1-Compton
4 16.767 3.930 3.590 Pd-KA
5 17.721 11.657 1592  Pd-KA-Compton
6 22.448 0.830 1475  Sr-KBl1 Zr-KA
7 25.134 2.564 1.160  Sr-KA
8 26.784 27.032 1415  BrKBI
9 29.962 142.300 1.585  BrKA
10 40.450 2219 0292 CuKBl
11 45.017 4.966 0208  Cu-KA
12 51.721 0.079 0.072  Fe-KBl
13 57.496 0.095 0.041  FeKA
14 62,181 0.178 0.027 Br-KA-2nd
15 86,080 0.027 0.004  Ti-KA
Heavy(1) 1 13.472 0.306 0.053  Sb-KA
2 14.013 0228 0.038  SnKA
Ca-KA 1 43.155 0.221 0.354
2 45.184 6.501 0289 CaKA
K-KA 1 50.545 0.244 0.116 K-KA Pd-LG1
Cd-LB1
2 53.059 0.160 0.189  Pd-LB2 Ag-LB1
ClKA 1 65.406 1.626 0.027 CIKA
SKA 1 75.656 0.294 0012 S-KA
P-KA 1 89.367 0.361 0.010 P-KA
Si-KA 1 108.930 2.054 0.027  Si-KA
Al-KA 1 144.646 1.043 0.139  AlKA
2 146.095 1.896 0.134  BrLA
Mg-KA 1 37.762 20.429 0.171  Mg-KA
Rigalcs
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2022-5-711:32
SQX Calculation Result
Sample : Aging 1250C, 15Day Date analyzed : 2022- 5-7 11:12
Application : F-U_Solid N_002 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr. : Impurity corr. :
File : Aging 1250C, 15D
No. Component Result Unit Det. limit EL line Intensity w/o normal
1 CH2 86.1 mass% 86.0735
2 Mg 11.6 mass% 0.01414 Mg-KA 18.5573 11.5773
3 Br 0.778 mass% 0.00101 Br-KA 139.5585 0.7780
4 Si 0.485 mass% 0.00350 Si-KA 2.5941 0.4846
5 Ca 0.434 mass%o 0.00343 Ca-KA 6.8942 0.4337
6 Al 0206  mass% 0.00845  Al-KKA 1.2193 0.2061
¥ £ 0.108  mass% 0.00075  CI-KA 2.1582 0.1084
8 Cu 0.0712 mass% 0.00107 Cu-KA 4.6799 0.0712
9 P 0.0532 mass%o 0.00119 P-KA 0.4009 0.0532
10 Sb 0.0518 mass% 0.00466 Sb-KA 0.2930 0.0518
11 Na 0.0446 mass% 0.01768 Na-KA 0.0220 0.0446
12 Sn 0.0352 mass% 0.00410 Sn-KA 0.2026 0.0352
13 K 0.0297 mass% 0.00351 K-KA 0.2676 0.0297
14 S 0.0263 mass% 0.00068 S-KA 0.3598 0.0263
15 Sr 0.0127 mass% 0.00086 Sr-KA 2.3867 0.0127
16 Fe 0.0074 mass% 0.00107 Fe-KA 0.1938 0.0074
17 Mn 0.0031 mass% 0.00117 Mn-KA 0.0513 0.0031
18 Zn 0.0020 mass% 0.00090 Zn-KA 0.1828 0.0020
19 Zr 0.0014 mass% 0.00083 Zr-KA 0.8742 0.0014
Rigaku
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2022-5-711:32

Peak Identification Result
Sample: Aging 1250C, 15Day Measured date : 2022-5-711:12
 Application : F-U_Solid_N_002 File : Aging 1250C, 15D
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (keps) (keps)
Heavy 1 13.469 2.060 1.795 Sb-KA
2 14.035 1.630 1.907 SnKA
3 15.781 2.699 1.740  Pd-KB1-Compton
4 16.760 4.027 3.528 PdKA
5 17.716 11.537 1.740  Pd-KA-Compton
6 22434 0.874 1428  Sr-KBI1 Zr-KA
7 25.139 2.387 1.198  Sr-KA
8 26.785 25.848 1455  BrKBl
9 29.961 139.559 1.522  BrKA
10 40.454 2.126 0322 CuKBI1
11 41.819 0.183 0297  ZnKA
12 45.011 4.680 0228 CuKA
13 57.493 0.194 0.038  FeKA
14 62.242 0.208 0.019  Br-KA-2nd
15 63.073 0.051 0.019 Mn-KA
Heavy(1) 1 13.450 0.293 0.053 Sb-KA
2 14.012 0.203 0.042  Sn-KA
Ca-KA 1 43.130 0.151 0.354
2 43.130 0.151 0.354
3 45.181 6.894 0278 CaKA
K-KA 1 50.545 0.268 0.118 K-KA Pd-LG1
Cd-LB1
2 53.015 0.137 0.199  Pd-LB2 Ag-LB1
CI- KA 1 65.434 2.158 0.024 CIKA
S-KA 1 75.713 0.360 0010 S-KA
P-KA 1 89.339 0.401 0.010 P-KA
Si-KA 1 108.947 2.594 0.039  Si-KA
Al-lKA 1 144.607 1.219 0.132  Al-KKA
2 146.099 1.730 0.125  Br-LA
Mg-KA 1 37.766 18.557 0.151  MgKA
Na-KA 1 45.705 0.022 0.023 NaKA
Rigakw
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2022- 5-711:52

SQX Calculation Result
Sample : Aging 1250C, 20Day Date analyzed : 2022- 5- 7 11:33
Application : F-U_Solid N_003 Sample type : Polymer
Balance : CH2
Matching library :
Sample film corr, : Impurity corr. :
File : Aging 1250C, 20D
No. Component Result Unit Det. limit El line Intensity w/o normal
1 CH2 87.5 mass% 87.5491
2 Mg 10.5 mass% 0.01347 Meg-KA 16.9371 10.5339
3 Br 0.617 mass% 0.00091 Br-KA 118.2234 0.6170
4 Si 0.423 mass% 0.00263 Si-KA 2.3753 0.4228
5 Ca 0.352 mass¥h 0.00290 Ca-KA 6.0028 0.3524
6 Al 0.190  mass% 000736  AFKA 1.1516 0.1901
7 Cu 0.146 mass% 0.00091 Cu-KA 10.3299 0.1457
8 Sb 0.0441  mass% 0.00364  Sb-KA 0.2690 0.0441
9 P 0.0388 mass%o 0.00118 P -KA 0.3083 0.0388
10 Sn 0.0277 mass% 0.00301 Sn-KA 0.1724 0.0277
11 S 0.0225 mass% 0.00069 S-KA 0.3251 0.0225
12 K 0.0194 mass% 0.00265 K-KA 0.1892 0.0194
13 Cl 0.0186 mass% 0.00058 CI-KA 0.3932 0.0186
14 Sr 0.0100 mass% 0.00071 Sr-KA 2.0791 0.0100
15 Fe 0.0067 mass% 0.00110 Fe-KA 0.1922 0.0067
16 Zr 0.0012 mass% 0.00069 Zr-KA 0.8168 0.0012
Rigalwu
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2022-5-711:52

Peak Identification Result
Sample : Aging 1250C, 20Day Measured date : 2022-5-711:33
Application : F-U_Solid_N_003 File : Aging 1250C, 20D
Spectrum No. Peak position  Net int. BG int. Element line
(deg) (kcps) (keps)
Heavy 1 13.474 1.707 1.404  Sb-KA
2 14.029 1.149 1.532  SnKA
3 15.793 1.968 1.374 Pd-KB1-Compton
4 16.766 3.084 2.703 Pd-KA
5 17.726 9.124 1374  Pd-KA-Compton
6 22.448 0.817 1.202  Sr-KBl1 Zr-KA
7 25.131 2.079 1.012  SrKA
8 26.780 22.145 1.143  BrKBl
9 29.961 118.223 1387  BrKA
10 40.446 3.378 0270 CuKBl
11 45.009 10.330 0.192  Cu-KA
12 57.506 0.192 0.045 Fe-KA
13 62.223 0.173 0.028  Br-KA-Znd
Heavy(1) 1 13.440 0.269 0.033  Sb-KA
2 14,006 0.172 0.027  Sn-KA
Ca-KA 1 43.170 0.183 0.309
2 45.184 6.003 0229 CaKA
K-KA 1 50.593 0.189 0.078 K-KA Pd-LG1
Cd-LB1
2 52.963 0.102 0.128  Pd-LB2 Ag-LB1
CIKA 1 65.416 0.393 0.017 CIKA
S-KA 1 75.703 0.325 0.011 S-KA
P-KA 1 89.332 0.308 0010 P-KA
Si-KA 1 108.935 2.375 0.025  SiKA
Al-KA 1 144.599 1.152 0.110  Al-KA
2 146.086 1.502 0.103  BrLA
Mg-KA 1 37.761 16.937 0.138  MgKA
Rigaku
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Investigation on Current Ripple and Electromagnetic Interference
in High Voltage Powertrain Systems for Electric Vehicles
by Using Crosslinked Polyolefin Insulation Shielded Cable

Jakawan Singhasivanon!, Nirudh Jirasuwankul', Kunagone Kiddee?

Abstract — At this moment, the powertrain system of Electric Vehicles (EVs) tends to use high
voltages and high currents when the EVs operate at High Power (HP) mode. The Electromagnetic
Interference (EMI) is caused by Electromagnetic Field (EF), high voltage, and current ripple. EMI
affects EVs, whereas the Shielding Effectiveness (SE), and the proportional inverse of the transfer
impedance prevent the effect of EMI. This research aims to investigate the current ripple the EMI
in high voltage powertrain systems for EVs by using the developed crosslinked polyolefin
insulation shielded cable, 50 mm’ single-core HP XLPO shielded cable with 0.15 mm annealed
tinned-copper wire braid material. The experiment consists of three parts. The first one
investigates the tendency of SE and current ripple. The second part shows the analysis of the effect
of HP mode to the cable. The third part is an additional study that compares and analyzes the
transfer impedance. The results indicate that the cable operates properly in the frequency above
200 Hz, transfer impedance decreasing between 11.5% to 15.25% induces the SE and reduces the
current ripple in the higher frequency range. The results obtained from this research represent a
preliminary investigation guideline in decreasing the effect of EMI in EVs by using 50mny’ single-
core HP XLPO shielded cable with 0.15 mm annealed tinned-copper wire braid material in a
high-power range. Copyright © 2022 Praise Worthy Prize S.r.l - All rights reserved.

Keywords: Crosslinked Polyolefin Insulation Shielded Cable, High Voltage Powertrain Systems,
Electric Vehicles (EVs), Shielding Effectiveness (SE), Current Ripple, Tinned-Copper
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Nomenclature Magnetic permeability
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XLPO Crosslinked Polyolefin vV Voltage on conductor
HPXLPO  Crosslinked Polyolefin operate at high G Wire's specific conductivity
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EMI Electromagnetic Interference 1 Total current
EMC Electromagnetic Compatibility v Distance
EF Electromagnetic Field 7 Transfer Impedance
SE Shielding Effectiveness R, Terminal Impedance
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alternative that can be applied to the transport sector.
They are more likely to be used in future due to all
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their advantages [2]. These cars are powered by electric
motors and energy from batteries or other types of
storage devices. Furthermore, the EVs have better torque
output that has ability to accelerate faster and smoother.

Maintenance of EVs is cheaper compared with the
internal combustion engine cars. The EVs driving system
mainly consists of a high voltage battery [3], [4], drive
circuit and high-powered motors. Such devices are
connected to cables in order to transmit energy. When
high voltage and high current transmit through cables, EF
occurs around the connected link between the load and
the supply resulting in the existing of EMI or even the
EMC. EMI is caused by several factor ie. EF, high
voltage, current ripple, etc. The ability to prevent the
effect of EMI of cable is determined by SE, the
proportional inverse of the transfer impedance.

Therefore, the quality of insulator, conductor, and
shield of the cables, used in the EVs system devices, is
directly linked to the level of electromagnetic emissions.

Connecting low-quality shielded cable can often lead
to high levels of electromagnetic emissions that could
exceed the emission standard. Therefore, the common
problem for most suppliers who produce cables and
vehicles is finding methods to effectively assess and
examine the shielded cable. Generally, EMI is considered
around O to 400 GHz In EVs, the electrical system will
operate at 0 to 800 Hz at the DC and AC link,
respectively [S], [6]. However, high power inverters
operate at high frequency currents, which result in high
harmonic spreading at the link. Therefore, frequency
ranges exceeding 0 to 800 Hz should be taken into
consideration. The EF can spread around the vicinity,
which may interfere with electric systems nearby. Such
EMI may cause car malfunctions or degeneration and
with this reason, EMI should be taken seriously for the
safety and trustworthiness of the EVs systems [7]. How
to effectively explain the EMI and improve the safety
and reliability of EVs is a substantial issue that hinders
the further development of EVs. In addition, when
switching  devices or power from the inverter or
electronic systems, currents ripple will be released at
high voltages of 15 Hz to 200 kHz [8], [9]. In this
situation, electric currents may exceed the capacity of the
cable resulting in damage, unwanted mistakes, and faster
system deterioration. Various researches have been
conducted to look and gauge the modeling of power
inverters in the automotive industry [10]. J. Qu et al.
have studied the electromagnetic compatibility and the
characteristics of a shielded system in EVs [11]. The
effect of ripple voltage and the improvement of the
passive devices such as the DC-linked HV storage
devices has been also conducted by the author of this
paper [12]. Several studies have been conducted about
the shielding properties, conducted interference voltage,
transfer impedance of braided cable [13], [14] and shield
currents found in HV's automotive systems including the
effect on Alternating Current (AC) and Direct Current
(DC) cables that run between the traction power inverter
and the electrical machines in 3-phase AC systems [15]-
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[17]. This research mainly focuses on HP XLPO shielded
cable with the developed 0.15 mm annealed tinned-
copper wire braid material that implemented in EVs. A
simulation and an experimental have been run using the
developed HP XLPO shielded cable and standard
shielded cable within a high voltage powertrain system of

EVs. Measurements of conductor, inductance,
harmonics, voltage and current ripple, shielding
effective, impedance, amplitude of resonant and

comparison efficiency of 50 mm? single-core HP XLPO
shielded cable with 0.15 mm annealed tinned-copper
wire braid material and other shielded cable by various
frequency. By using the data gathered from the
simulations and experimental, it has been concluded that
the developed HP XLPO shielded cable has been able to
be more effective, energy saving and safely transfer
power within EVs than other standard shielded cables.

II. High Voltage Powertrain
Systems of EVs

High Voltage Powertrain Systems in EVs are
demonstrated in Fig. 1. There is an arrangement of
components of high voltage systems that consists of a
high voltage battery “with high-performance long-life
cycle [18], Power Control Unit (PCU) and drive motor.

The battery in Fig. 2 is classified as a high voltage
battery to categorize it from the common 12 V battery
used in common vehicles. It is also known as a Traction
battery to indicate its high voltage. These components
should be carefully designed as well as a battery box and
the insulation part should protect itself from high voltage
and the connection of the battery by resilient ability.

Moreover, the battery box is designed to cool itself
using natural airflow as well. The PCU is an interface
that drives the direct current from the high voltage
battery and controls the output power to the electric drive
motor in AC [19]. The drive motor acts as the electric
motor, generator and transmits the output power through
differential gears. In order to illustrate clearly the
placement of high voltage systems in the EVs, Fig. 1
shows the layout of high voltage connections, illustrating
how the drive motor is connected to the battery through
an inverter that connects the AC of the motor, and the
DC from the battery. also known as the DC/AC
Converter. Inverters will not only convert the DC from
battery to drive vehicles, but in the regenerative braking
case, also smoothly convert AC to DC appropriately for
battery use. From Fig. 1, there are many devices
connected to high voltages via a high voltage-link circuit,
also known as high voltage bus. With this connection, the
main electricity will be connected from the high voltage
battery. Besides the main component, the electric drive
systems also need the additional part to encourage the
system such as other vehicle devices that normally work
under 12 V batteries such as lighting, vacuum pumps and
brake systems, will use power from a high voltage bus by
the AC/DC converter to lower the current to the level
appropriate for smaller devices. Other small devices that
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use high power may connect directly to the high voltage
bus, such as an air conditioner, heater, compressor,
cooling system, the system that used to recovery waste
heat from powertrain systems of EVs [20]-[22].

Therefore, the devices will work concurrently with a
safe management system that controls high voltage in
both hardware and software.

As described, the main components are held together
by a high voltage bus. In this bus, high voltages may
transmit a large amount of electric current. Therefore, the
busbar fastening process is important, especially when
operating vehicles with high vibrations. In cases where
the busbar is loose, heated or on high electrical
resistance, it may cause dangerous sparks. Therefore,
materials used for producing devices should have
clectrical and  mechanical properties that are
appropriately assembled for safety.

1.1.  Voltage Range in High Voltage System

In designing a high voltage system for the EVs, the
voltage range will differ according to each type of drive
motor and vehicle size under safety standards [7]. In DC,
more than 60 V are considered as high voltage and
should be designed with safety if the EVs have a high
power-rating exceeding 12 kW. Generally. the EVs run
using high voltage in order to maintain the current level
of 25 A. Plug-in Hybrid Electric Vehicle (pHEV) runs in
a voltage range around 400V [8].

Fig. 1. Diagram of High Voltage Powertrain
System for Electrie Vehicles

Fig. 2. 3D model of high voltage battery pack in EVs

Copyright © 2022 Praise Worthy Prize S.r.l. - All rights reserved

11.2.  Vehicle High Voltage Cables

The cables are very important components connected
to the generator and mainly used for transmitting high
voltage and electric currents in EVs. Proper insulator,
conductor, and shield should be considered because they
can reduce or prevent EMI in a high voltage application.

By the nature of insulator, working in high
temperature environment leads to the degradation of an
insulation, increasing of electrical conductivity, reduction
of breakdown voltage effects to high voltage application
performance [23]. If considered of conductor, Single-
core wire is used for high electric current transmission
whereas the multi-core wire is used for low electric
current transmissions such as in the air compressor. The
duty of shield is to prevent noise and other interference
by covering the conductor and the insulator. Examples of
HP XLPO shiclded cable are shown in Figs. 3-5.

III.  Analysis of Shielding Effectiveness and

Electromagnetic Interference
Mechanism of Electric Vehicles

In the EVs, DC links activate at 0 Hz and 0 to 35 kHz
in the DC and AC link, respectively. However, the power
inverter is functional at a higher frequency range and the
current is chopping.

It consequently causes high harmonic generation
effects in the links. Therefore, a frequency higher than 0
Hz needs to be ecvaluated. The surrounding
clectromagnetic fields can appear to interfere with
electronic devices and cause system deterioration.

Therefore, EMI needs to be on the examination list in
order to improve reliability and safcty of EVs. The EMI
emission can be separated into two sorts: common and
differential mode. Common currents arc the currents
drawn via the internal conductor to the HP XLPO
shielded cable. Common currents are the individual
currents of the internal conductors and fed back to
another internal conductor. In differential mode, the
emission is conducted on signal lines and back, via any
other phases.

Fig. 3. 1.5 mm? LSZH Steel Wire Multi core HP XLPO shielded cable

Fig. 4. 50 mm? LSZH Steel Wire Multi core HP XLPO shielded cable

Fig. 5. 50 mm? HP XLPO shielded cable
with anneal tinned-copper wire braid
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This mostly occurs repeatedly at lower frecquency
ranges because of the switching devices of a power
inverter [24]. The HP XLPO shielded cable
characteristics affect the common and differential
currents, which regulate the capacitive, resistivity and
inductive coupling in the internal conductor and the
surroundings surface [25]. The HP XLPO shielded cable
resistance will be considered through manual and other
definite parameters [26]. Conductor resistance in DC
current has been calculated as follows:

L
Bpe= L:Z (&)

When an AC cutrent propagates in the conductors, an
opposite direction current is generated in the conductor
core. Consequently, this surface depth effect decreases
the current transfers in the conductor core. A param eter
about the skin penetration depth effect is o, and it can be
seen from the surface depth where the current draws [27],
[28], as shown in the following equation:

2
o= W @

For a depth, the resistance can be designed as follows:

p

Rac = o —wl(r —a)?

€]

This formula is valid only for » Z «, since the surface
depth cannot be greater than the cable conductor radius
[29]. I higher frequency, it can be defined as:

L

R=2m‘|x

“

Furthermore, Figs. 6 illustrate the production process
of braiding cable according to IEC Standard [30]-[33].

Since the HP XLPO is shielded, cable has been
analyzed adding a metalized film layer to the outer
shielding layet, in comparison with the single-layer
shielding the diamond-shaped holes on the inside are
wrapped by metalized films that can effectively prevent
the magnetic field from leaking wia suall holes [34]. In
addition, the hole inductance effect is also importantly
reduced. The Shield Effectiveness (3E) equation is
shown below:

E)
SE = 20log, 7 ©)
3

In case the grounded plane conductors are without
magnetic materials, the inductance and capacitance

matrix has been calculated in the following
approxim ati on function:
J i N ey )
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r pm:es

Figs. 6. Production process of HP XLPO shielded cable with oar
developed 0.15nmm armealed tirmed-copper wire material

In order to calculate the inductance per length unit,
through surface magnetic integration is defined as:

1% -?- [ [:Wmdxdy )

IV. Cabhle Model

This section describes the cable model used in the
experiment and its properties. COMSOL Multiphysics®
version 5.6 has been used to create and simulate the HP
XLPO cable model. It consists of the HP XLFPO
insulation, cable core and the shield. Three different
specifications of cable are used in the experiment as
follows:

1) 50 mm® single-core HP XLPO shielded cable With
developed 0.15 mm annealed tinned copper wire
braid material as Fig 7,

2) 35 mm? single-core HP XLPO shielded cable with
developed 0.15 mm annealed tinnedcopper wire
braid material as Fig 8;

3) 35 mm? single-core HP XLPO unshielded cable as
Fig 9.

Fig 7 presents the cross section of the 50 mm? single-
cote HP XLPO shielded cable. This type of cable is
mostly assembled between the traction power inverter
and the high voltage battery pack. Since this is a typical
power HP XLPO shielded cable used in EVs
applications, most assessments have been studied and
have been the reference cable for the parameters.
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Fig. 7. Cross section of a 50 mm? single-core HP XLPO shielded cable

Fig. 9. Cross section of 35 mm? single-core HP XLPO unshielded cable

1V.1. Electromagnetic Fields

Approaches for reduction of the electromagnetic ficld
caused by an electric current surrounding the HP XLPO
shiclded cables have been perceived, estimated, and
found.  This  research  emphasizes how  the
clectromagnetic field and flux are affected by the current
that flows from one part to another. The specific
magnetic flux density for an area in space can be
expressed as:

ol

Fgn. ™ 8
¥ anq) ®

The transfer imped

i o

_Ri+Z

can be explained by:

x X 10~ (@means=aca1/20} ©)

c

IV.2. High Power (HP) Cross-Linked Polyolefin
(XLPO) Insulation Shielded Cable Measurements

High voltage systems of electric vehicles are powered
by a high-power DC system. This study assumes that it
uses a 350 Vsystem with a traction inverter of 40 kW.

The current ripple source comes from the power
inverter and high voltage battery pack. According to [35],
the power inverter should be calculated in this frequency
range with its Norton's theorem circuit, where the

Copyright © 2022 Praise Worthy Prize S.r.l. - All rights reserved

internal impedance of the source comprises of the DC-
link. This research has ignored the ripple spread of other
supplemental loads and it has mostly focused on the
power inverter's load. The 35 and 50 mm? single-core HP
XLPO shielded cable with 0.15 mm annealed tinned-
copper wire braid material has been tested in bench test
of virtual EVs. The test results of 35 and 50 mm? single-
core HP XLPO shielded cable for EVs usage in
frequency range 10 Hz—1 MHz are shown in Figs. 10.
The set-up of unit under test is shown in Figs. 11, 12.

V.  Experimental and Simulation Results

The research shows the simulations carried out on the
proposed High Voltage Powertrain System for EVs using
MATLAB/Simulink, given the drive-cycle distance of
6140.02m, the travel time of 670 s and the New York
City Drive Cycle (NYCC). The maximum speed and the
residence time in the deceleration mode per drive cycle
have been 71.01 km/h and 28.99%. Table I and Fig. 13
show the simulated and the experimental of high voltage
lithium-ion battery, high efficiency PMSM. measurement
instrument  specifications and  results.  Some
corresponding examples have been reported by [36].
[37]. For the simulated speed curves of the High Voltage
Powertrain System for EVs in a single drive cycle, the
EVs have accclerated to a constant speed of
approximately 45km/h for 90s before slowing down to a
stop. The second part has been taken after 60s at a
constant speed of 53km/h for 150s before deceleration.

The last cycle has been done after 48s up to 81.01km/h
constantly for 240 s. From the experiment of the motor at
4500 rpm. with a torque of 50 Nm, Fig. 14 indicates the
results of FFT of 35 mm? and 50 mm?> HP XLPO
shielded cables from the AC current. The observation is
that the first harmonic occurs at 1.5 kHz, where basic
components are below 200 Hz consistently with 3150
rpm. High frequency harmonics are caused by the
inverter using PWM with switching frequency points of
20 kHz. Tmportantly, the Rogowski coil should be
examined to make sure it covers both the conductors’
insides. as well as the shield and to measure the current
in both the inner conductor and the shicld.

TABLE I
THE SIMULATED AND EXPERIMENTAL OF HIGH V OLTAGE LITHIUM-ION
BATTERY, HIGH EFFICIENCY PMSM, MEASUREMENT INSTRUMENT
SPECIFICATIONS
Specifics Simulaty Experimental
Lithium-ion Battery  Lithium-ion Battery
High voltage Battery pack from ADVISOR pack from ADVISOR

pack 456.5 Volt 130Ah 16 - 456.5 Volt 130Ah 16
packs in series packs in series
High efficiency High efficiency
Motor PMSM, 37 kW from PMSM, 37 kW by 3 in
ADVISOR 1 BYD series
1.Conductor Resistance Resistivity series
QI36C
2 Digital Storage Oscilloscope GDS-1074B
i cafurenient 3.Surface book 2, 15 inches with Intel Quad-
Instrument

Core 17-8650u, 4.2GHz, 16GB Ram, 1TB
SSD, Nvidia GeForce GTX 1060, 6GB graphic
memory

International Review of Electrical Engineering, Vol. 17, N. 3

198



J. Singhasivanon et al.

35
== 50 m’
e 35 mm*
30
=25
g
g
=
§20
k]
2
g
&
15
1
0
10° 10 10° 10 10°
Frequency (Hz)
(a) Resistance
900
——
e
850

g

Inductance (nH)
-
g

700
650
600
10° 10° 10° 10 10°
Frequency (Hz)

(b) Inductance

Figs. 10. Test results of 35 and 50 mm? single-core HP XLPO shielded
cable for EVs usage in frequency range 10 Hz—1 MHz

Fig. 12. Bench test of virtual EVs
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Fig. 13. The experimental results of the High Voltage Powertrain
System for Electric Vehicles : the DC-link of voltage ripple and current
ripple waveforms in the battery-enabled normal mode
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Fig. 14. The results of FFT of 35mm* and 50mm? HP XL PO shielded
cable from the AC current

The same process 15 used for the DC cable. The FFT
of the AC current on the 50 mm? HP XLPO shielded
cable at positive side of the high voltage battery is
indicated in Fig. 15. Since the current is measured by the
Rogowski coil, the DC components are not shown in Fig.
15. The figure shows only the AC harmonic of the DC
cable. In this case, the DC cable will use a breakout box
to wrap the Rogowski coil around the inner conductor.

The same harmonic can be observed here from 20 kHz
up and the signal from the AC component at 200 Hz is
low. From this result, it is an example of a harmonic
current that can spread in AC and DC driving situations.

These harmonics may cause EMI to devices in the
EVs. The following section will present ways to reduce
the magnetic field for any frequency range from 1 Hz to
20 MHz. In order to prove the effectiveness of the shield,
the simulation of HP XLPO cable 35 and 50 mm?* with
shield and HP XLPO cable 35 mm? without shield is set
in forms of the frequency-domain in simulations.

For each simulation, two shield cables have been
placed side by side, and cach cable has the electric
current in the opposite direction. From the result of
simulations shown in Fig. 16, the effectiveness of the
shield increases in higher frequencies for the HP XLPO
cable with a shield, whereas the effectiveness of the
shield decreases in low frequencies because of the loss of
reflection and low-frequency absorption.
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Fig. 15. The FFT of the AC current on the 50mm? HP XLPO shielded
cable at positive side of the high voltage battery
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Fig. 16. The shield effectiveness of 50 mm? shielded (blue), 35 mm?
shielded (red) and 35 mm? unshielded (black) HP XLPO

In order to reduce low-frequency magnetic filds,
permeable materials  should be wused instead of
clectrically conductive materials. In order to test this
observation, shielding material in a standard cable is
replaced by the developed 0.15mm annealed tinned-
copper wire braid shielding. The graph will present the
behaviors of permeability in each frequency of highly
permeable materials. This information will be used to
review the result of highly permeable materials such as a
Magnetic shicld [38]. The measurement has required a
custom breakout box that enables the measurement of the
shield current and the cable core current, without
changing the cable length. geometry, and the system
parameters. From the result illustrated in Fig. 17, the
current around a cable core has a band pass filter in the
frequency range of 20 Hz to 250 kIz and the current
shicld is filtered with the same parameter. Morcover, the
figure shows the test measurement of short-period
acceleration and braking cycle of the actual vehicle. As
observed from the measurement, shicld currents observed
are in line with the shield expected in the acceleration of
the NYCC driving cycle. The test measurement has been
performed with the actual vehicle parameters. The test
result shows that in this specific frequency range, the
currents that come from the inductive coupling. between
the shield and the cable core have amplitude of more than
32% than that of the ripple cable core. In addition, the
measurement indicates that the electric current limit of
15A RMS can exceed the limit when actually driving.

The conclusion of the test measurement goes along
with the objectives to find the correct material.

Copyright © 2022 Praise Worthy Prize S.r.l. - All rights reserved

311

W Cavte core cument
[

) 1 2 3 4 5 6 7 8
Time (S)

Fig. 17. Measured shield and cable core current in the frequency range
0f 20 Hz to 250 kHz in the time domain on a 50mm? HP XLPO
shielded cable, assembled between the HV -distributor and the front
power inverter, over an acceleration cycle ranging from 0 to 9000 rpm

The measurements have been conducted using the
Digital Storage Oscilloscope GDS-1074B and a 1.25-
meter HP XLPO shielded cable with the same procedure
as for the impedance measurements. The shield
connections have been opened or grounded using
approximately 20 cm long HP XLPO cables. As seen
from Fig. 18, the separation curves of 0.5 cm and 12 cm
are significantly different at low frequencies. Then,
curves will appear at both with higher frequencies. The
curve of 12 cm has lower inductance than the curve of
0.5 em in the field of 1.5 Hz and 2.5 MHz. In order to
analyze further the behaviors of induction frequency.
monitoring  induction currents can be found in
simulations. using current surface combination on the
shield. The results are available in Fig. 19. From the
experiment and simulation, the calculated coupling factor
is set as 0.825 and 0.914 for 0.5 cm and 12 cm of testing
cable respectively. The impedance result using (4) is
demonstrated in Figs. 20, 21. Cable separation is shown
using (7) with the measured inductance for shielded
cables. The result of the simulation from Fig. 21 is
obtained from two simulations. The first one is the
contact between the ideal shiclds. The second simulation
is the resistance level at 0.02 Q and the inductance of
0.35uH added to mimic real measurements. From Fig.
22, the resonant frequency can be realized as 124 kHz
with 12 cm partition and as 192 kHz with 0.5 cm portion
when the shield is open. Once the shield is grounded. the
resonant frequency is substituted, 280 kHz for both 12
and 0.5 cm portion.

—a— 05 ¢m S0mm
e 12cm 35men

Induc\a_nce (uH!’m)
@ °

0 Pl 10* 10°
Froquency (Hz)

Fig. 18. Inductance of 0.5 and 12 em 50 mm? HP XLPO shielded cable
for frequencies between 1.5 Hz and 2.5 MHz in two parallel
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Fig. 19. The induction currents for 0.5 em 50 mm? HP XLPO shielded
cable separation for frequencies between 1.5 Hz and 20 MHz
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mode for 0.5 cm 50 mm?’ HP XLPO shielded cable separation

The shields capacitance of HP XLPO shielded cables
is measured by taking the exact same approach. The
voltage amplitude separated through the applied voltage
VeuVie is shown in  Fig. 23. The equivalent
measurements for the HP XLPO shielded cables are
essay.

For the measurement of the internal conductor to
shield, the cable of 2.57meters has been used. For the
shield’s evaluation, the HP XLPO shielded cable is
intersected to make the length of 1.25 m. The instrument
used in this measurement is the Vector Network
Analyzer Bode 100. The prototype EVs of this research
is shown in Fig. 25.

The transfer impedance comparison of 50mm?* HP
XLPO shielded cable with developed 0.15mm annealed
tinned-copper wire braid material and standard shielded
cable has been simulated and analyzed, as shown in Fig.
24.

From the perspective of the overall optimization
model, the transfer impedance of 50mm? HP XLPO
shiclded cable with developed 0.15mm annealed tinned-
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copper wire braid material HP XLPO shiclded cable at
high frequencies is significantly lower than the one of

other shielded cables.
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40 —e— non ideal contactor- Measured
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-60 | |
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Fig. 21. Simulation and Measurement of Fully-differential mode
impedance for the 12 em 50mm’ HP XLPO shielded cable
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Fig. 22. Resonant frequency measurement
for a 50mm? HP XLPO shielded cable
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Fig. 23. The applied voltage V,./V,
ofa 50mm? HP XLPO shielded cable
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—w-- SOmam’ HP XLPO shielded cable with developed 0.1 Smm annealed
tinned-copper wire

—e— Standard shit

Transfer Impedance (m€)
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Fig. 24. The transfer impedance comparison of 50 mm* HP. XLPO
shielded eable with developed 0.15 mm annealed tinned-copper wire
braid material and standard shielded cable

Fig. 25. The prototype EVs of this research

VI. Conclusion

This paper proposes the investigation on current ripple
and clectromagnetic interference in  high voltage
powertrain  systems for electric vehicles by using
crosslinked polyolefin insulation shiclded cable. In HP
operation mode of EVs powertrain systems. EMI is
caused by the switching process of the motor drive. The
shielding capability of the high-power cables that
connects the powertrain devices and high-voltage energy
storage systems of the EVs, is directly associated to its
EMI. This research proposes three main parts,

The first one investigates the tendency of the SE and
current ripple around the developed cable in various
frequency ranges in HP operation mode of EVs system.
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In the second part, cable models have been provided and
analysis has been integrated into an actual EVs
powertrain system, based on the predicted shield current
demand on separately HP XLPO shielded cables in EVs.

The final part is the additional study that compares
and analyzes the transfer impedance of the developed
cable in order to determine its shielding capability by
compared to standard shielded cable. In doing so, actual
HP XLPO shielded cables have been wired up in real
EVs to be used in the assessment. As obtained from the
test, the ripple noise is realized in the frequency range of
20 Hz to 250 kHz. The simulations and the
measurements indicate that shiclding with the developed
0.15 mm annealed tinned-copper wire braid material has
increased the SE and decreased ripple around the cables
in the higher frequency range, if it is suitably connected.

The simulation and measurements, by considering the
shield and the changes of inductance, have been
compared to real HP XLPO shiclded cables wired to the
EVs. The result is that the model properly operates in the
frequency range of 1.5 Hz to 2.5 MHz. Moreover,
various types of HP XLPO shielded cables have been
created for the test. According to the error rate in the
calculation from the test and simulation of transfer
impedance, each frequency band is less than 18.31% and
the error ratio of the HP XLPO shiclded cable decreases
approximately by 10.25% in the frequency point of
20MHz, which is close to the test. Therefore, the
modeling optimization is verified. In addition, the
engineering application value is approved. It is concluded
that at 20MHz and above. the transfer impedance of
developed cable (50mm* HP XLPO shielded cable with
developed 0.15mm annealed tinned-copper wire braid
material HP XLPO shielded cable) decreases between
11.5% to 15.25% and is lower than standard shiclded
cable, which means that the developed cable has higher
level of the SE when compared to standard shiclded
cable. These results allow realizing better the high-power
EVs powertrain system and to design EVs application,
which will improve the reliability, safety and more
economical energy saving of future EVs. Having cables
that are more reliable will not only make EVs safer, but
also more energy efficient. As they become cheaper to
manufacture and more energy efficient, more people will
opt for EVs commercially and within the industrial
sector. This could lead away from using fossil fuels to
create gas, and with the energy sector already focused on
cleaner ways to generate electricity, moving vehicles in
that direction is the next logical step.
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The Preliminary Study of Partial Discharge Behavior
of Crosslinked Polyolefin (XLPO) Unshielded Cable
Insulation Under Temperature Variations
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Abstract— An emerging of new material, XLPO, hasnow been  degradation at a weak-spot or high electric field regions in
widely used as power cable insulation and it is necessary and insulation systems in both low-voltage and high-voltage
compulsory to perform compliant standard test. According to the equipment. Generally, the partial discharge occurring at weak-
IEC 60270, partial discharge (PD) test is the promised and  gpots within insulation systems can be classified into three types,
nonintrusive method to determine quality of insulation. In this a5 depicted in Figure 2, i.e. corona discharge, surface discharge,
paper, XLPO insulation of the unshielded cable has been  anq jnternal discharge. The so-called, “conventional PD
preliminary tested by measuring its PD behavior under different 00 oyrement” js the most popular and effective test circuit for
temperature exposure. The experimental resulis illusirate that o pry meggurement according to IEC 60270 standards [3-6].
A 4 _ofpartlal discharge inception voltage (PDI_V)_furmss!s Such circuits detect the pulse currents caused by the charge
glarabnla with a convex igehd lmder_temperature i atfons. 1018 transfer in the defected site, when decoupled from the terminals

5o fonnd that XLPO is less susceptible to PDIV when compared A 4 N .. .
{6 PVC insulation under he same conditions. of the test object. The partial discharge activity taking place at
the weak spots on the insulation system is evaluated, i.e., PD on

Eeywords— crosstinked polyolefin, partial discharge fnception the surface insulation, PD in voids _within the insulation bulk,
volfage,  renewable  energy  systems, cable Insulation, ~ and PD at sharp edges and protrusions on the surface of HV

partial discharge measurement. electrodes. The PD quantities involved in interpreting the PD
activity, which are PD magnitude (Qgc), PD inception (PDIV),
L INTRODUCTION and PRPD patterns are analyzed to assess the condition of the

Cross-linked Polyolefin called “XLPO” is a form of  insulation system.
insulation that is created through both high pressure and heat. T ] 1B
The most important attribute of XL.PO is that it is halogen-free
and is more flexible. The structure of the XLPO molecules and

|

R,
typical cable cross-sections for the XLPO insulated cable is ; IH*CHM | Copper conductar
depicted in Figure 1. The importance of a halogen-free XILPO oM T | & " Yneutation
cable is that it will not emit toxic gases when exposed to fire. 'S s ]
Nowadays, XLPO insulated cables are widely used for i fadilal | L fo. B N
renewable energy and electrical vehicle systems [1]. @ )]
For renewable energy systems, the XLPO insulated cables are Fig 1. (a) Cross-linked Polyolefin (XXLPO) (b) Typical cable cross-sections
used as links between the main components of such systems, for XLPO insulated cable
while electrical vehicle systems with XLPO insulated cables are
used in electric motorcyeles for starting, charging, lighting and
panel circuits. Therefore, the reliability, efficiency, lifetime, and o
safety of such systems are affected greatly by the functionality r{i B C:
of these cables. 'z T Selin _y_ﬁ__

Most cable failures usually occur due to improper insulation, ‘ == Gy % | o

because they were operated under electrical, thermal,
mechanical, and environmental stress [2]. A cable with a high fa} corana discharge  (b) surface dischame  (c} intemai dischiarge

load current is at risk, because it sustains higher temp eratures - - - _
that may eventually lead to catastrophic failure of the whole unit. Fig 2 Slmp_llﬁed equgvalent circuit for describing the charge transferred in
The effective dielectric parameters used to assess the condition dielectrie,owing to'partial discharge

of the insulation of the system are partial discharge inception

voltage (PDIV) and partial discharge magnitude (QIEC).

These parameters represent the symptoms of insulation

973-1-6654-0382-5/21/331.00 ©2021 [EEE
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II. EXPLRIMENTATION AND DISCUSSION

The purpose of partial discharge measurements for this
research is to investigate the magnitude of a charge and a
minimum value of applicd test voltage that causes the ionization
of gas molecules of the surrounding XLPO cable (describing in
Higure 2.b above) under the variation of ambient temperature.
The dielectric parameters such as PDIV and PD magnitude as a
function of temperature were evaluated.

A. Preparation

For the experiment, 0.6/1 kV XLPO unshielded cables of
2.5 mm? cross-section area, with two bending radii were
prepared for experiments, i.c., test specimen R1 with a bending
radius of 50 mm and test specimen R2 with a bending radius of
Smm. A total of 2 experiments were conducted as described
below.

7°1 WA

(b) test spec;me

A;f,
2 &9 )

Tig. 3. Preparation of specimens for experiment | and 2

Experiment 1

To study the PDIV of unaged XLPO cables, experiment 1 was
conducted on two sets of test specimens (R1 and R2) in the
laboratory under a specific test condition, i.e., ambient
temperature varying from 25°C to 100°C.

Experiment 2

To study the PD magnitude of unaged XLPO cables, experiment
2 was conducted on two sets of test specimens (Rl and R2) in
the laboratory under a sustained fest voltage and ambicnt
temperature varying from 25°C to 100°C.

B. PD Test Set-up

The PD test circuit diagram and the test apparatus used to
investigate the PD behavior of the XLPO cable in experiments
| — 2 are shown in Fig. 4 and Fig. 5.

329

HY test
transformer
100kV/10kVA

Control Temp.
25-100°C
(ambient pressure = 1 bar)

PD
calibrator
{only calibation)

Oven

XLPO

el

? Coupling
i capacitor

Il

ol |

1 ° MPD800
ground zm i, h
electrode v
-
Fiber optic
Test specimens Computer cables
MCU 504

Sl

R1 R2

Fig. 4. Test circuil diagram [or PD measurement.
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b
Fig. 5. (a), (b} Test circuil apparatus for PD o[ XLPO |
cable.
TABLE L. TEST INSTRUMENT DETAILS
No. | Test Instrument Parameters
1 11V test transformer 22kV. 30 kVA
2 Coupling capacitor, Ck 1.0nF
) PD) calibrator 100 pF (1EC 60270)
4 PD Mcasuring Instrument Omicron MPD60(0
Center lrequency 250 kHx.
Bandwidth 300 kHz
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C. Test procedure of PDIV measurernent with tempercire TABLEIL FDIV REZULTS OF TEST SFECIMENS
variation Partial discharge inception voltage results
The measuring circuit was set up according to TEC No. THCI:P' &V)
60270 standards, measuring frequency ranges between 100 to ra Prelim PDIV | PLDIV1 | PDIVZ | PDIV3
400 kHz. = 71 ] 35 55
. . . . . 50 17 18 21 18
The measuring circuit was calibrated with a known standard |t T o5 o o7 Tz
charge (apparent charge) via the terminals of the test object and ’é 100 23 21 21 24
background noise was recorded. Voltage was then applied to £ ?; f; fg fj fi
the test specimen uniformly and increased the from zero at the gﬁ z 75 21 o o B
rate of 200V/s until PDIV is reached and sustained for 10 s. 2 10 19 14 L1 16
PDIV value in this .experiment is _deﬁned at Qree of 100 pC and i ?3 g; i ﬁ ig
then decreased until the voltage is zero. Carry out 1 PDIV for 3 [ 24 23 27 5
the preliminary test and 3 PDIV for the experiment with the ‘2“5” 5; if iz 125
same specific test temperatures, i.e., 25°C, 30°C, 75C,100C and . & T T T 1
PDIV and PD amplitude as a function of test voltage (Ut) and o 17050 ii UUDET ‘1-1 11-1
time (). g e 74 b 24 25
E 5 50 2 2 ] ]
- . i 75 32 3 28 32
D. Test procedure of PD magnitude measure ment with B [ 55 P P 33
temperature variation E 25 23 24 23 23
; ) ) ) 3 50 10 19 2 2
Calibrate the measuring circuit the same as the PDIV T 26 27 76 7
measurement. Then, apply voltage to the test specimen 1o - ES] ES] 27
uniformly and increase the voltage from zero at the rate of -
200V/s, until 120 percent of PDIV and sustain the test voltage. = Ted snacment RY 4 Test speriment 2
Next, increase the temperature in the oven from 25°C to 100°C 3: B kol
3
and then decrease the temperature to 25°C. After that, repeat the —~ W ® h W
. = 25 i 1 = & O
test again. o, Sl [z °
PN ] £as -
LI, TEST RESULTS “ o
A. Results of PDIV measurement with lemperature variation ‘a w w w00 S Ve w0 w0 i
Temperature (6] Temperature °0)

Figure 6 shows an example of PDIV measurement results o
determining the PDIV of a XLPO cable. Table IT and Figure 7 Fig 7. Plot of PDIV for the speciment R1 and R2 under temp erature variation
report the results of case studies performed to investigate the

temperature dependence of PDIV for 0.6/1kV XLPO cable.

B. Results of PD magnitude measurement with lemperatre

| varication

i Figures 8 and 9 illustrate the results of the PD magnitude
; | measurements and phase-resolved partial discharge (PRPD)
/ ]‘ pattern with temperature variations with sustained test voltages

for the 0.6/1kV XLPO cable under specific test conditions.

i Lise ks

(a) the testvmtag;préfjlle and QIEC Drftéstigpgc\_

ment R1 at 25 °C

QIEE

Testvoltage profile
T :
£ 1y

v e L
Ji¥i by “

= . iy LSS P

(b)‘theitestivor\tage pﬁ\\gamd CIEC of test speciment R2.at25°C

Fig. 6. An ezample of FDIV measurement results
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Fig. 8 The results of QIEC and PRPD pattems at different temperatures
for test speciment R1

Qicz.
Test voltage profile

25 5078100 75

QIEC as a function of time and ambi
z = =

i

") PRPD a1 100°C

[c) PRPD &t 751G

Fig 2.Theresults of QIEC and FRPD patterns at different temperatures
for test speciment B2
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Iv. CONCLUSION

The experiment results found that the PDI'V behavior of the
XLPO insulation at ambient temperatures is similar to a parabola
shape with a concave upward trend. PD magnitude is dependent
on the ambient temperature. However, it can be concluded that
the repetition rate of test specimen R1 and R2 under various
temperatures of 25°C, 50°C, 75°C, 100 C were the same.
The occurring of PRPD patterns tend to increase with a lower
bending radius and higher temperatures. The PD magnitude
waveforms of R1 is shorter than R2 while increasing the applied
voltage. Tt is also found that XLPO is less susceptible to PDIV
when compared to PVC insulation under the same conditions
[7]. Therefore, this research will be continually developed.

ACKNOWLEDGMENT

The authors wish to acknowledge Mr. Phethai Nimsanong
that provided valuable tips about PD measurement techniques,
and Mr. Sakda Maneerot from High-Voltage Laboratory
Dialectric Serve Lab Co., Ltd. for supporting the PD measuring
system

REFERENCES

Ramy 5. A Afia, Ehtasham Mustafa, and Zoltan Adém Tamus, “Thermal
Aging of Photoveltaic Cables Based Cross-Linked Polyolefin (XLPO)
Insulation,” Lecture Notes in Electrical Engineering, wol. 598, pp. 253-
259, Bpringer Mature Switzerland AG 2020

3. Elienhom, N. Boonsaner, P Nimsanong, P.Chancharcensock,
A Kunakern, and N. Pattanadech, “Dielectric Response Analysis for
Cable Jont Problems in Medum Voltage Underground Cable System,”
Lecture Notes in Electrical Engineering, vol 599, pp. 1056-1063,
Springer Nature Switzerland AG 2020.

IEC €0270: High-voltage test techniques
measurerrents, third edition (20007

IEC 60270:2000/AMD1:2015 Amendment 1
techniques - Partial discharge measurements
Andreas Kichler, High Voltage Engineering: Fundamentals
Technology — Applications, Springer B erlin Heidelberg, 2017, Chapter 6.
E EKuffel, W.8 Zaengl, and I Kuffel, High Voltage Engineering
Fundamentals, Butterworth-Heinemann, Second edition 2000, Chapter 7.
Richard Cselko, Istvan Kiss, “Estimation of the Partial Discharge
Inception Voltage of Low Voltage Cables®, 2019 Electrical Insulation
Conference (EIC), Calgary, Alberta, Canada, 15-19 June 2019,

(1]

Partial

discharge

- High-voltage test

Authorized licensed use limited to: King Mongkut s Institute of Technology Ladkrabang provided by UniNet, Downloaded on July 26,2021 at 1328:28 UTC from IEEE Xplore, Restrictions apply.



18th International Conference on Electrical Engineering/Electronics, Computer, Telecommunications and Information Technology (ECTI-CON) | 978-1-6654-0382-5/20/$31.00 ©2021 1EEE | DOL: 10.1109/ECT1-CON51831.2021.9454759

Iﬂithorized licensed use limited to: King Mongkuts Institute of Technology Ladkrabang provided by UniNet. Downloaded on July 29,2021 at 13:30:15 UTC from |IEEE Xplore. Restrictions apply.
S

209

@ - ECTI-CON 2021 — Smart Electrical Systems & Technology

An Experimental Study on Dielectric Response of the
Crosslinked Polyolefin (XLPO) Insulation of the
Unshielded Cable Under Electric Field and Heat Flux
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Abstract— Nowadays, crosslinked polyolefin cables (XI.PO
cables) arec more popular and more famous for clectrical
insulation. In order to study and analyze the characteristics of
insulation. The polarization and depolarization of current

ts (PDC ement) is one of the advance methods
that can compute and provide dielectric reaction parameters.
In this paper, aim to study diclectric response of the XLPO
insulation of unshielded cables under electric fields and heat
fluctuations by measuring permittivity (€' ), conductivity (¢) and
dissipation factors (Tan 8 ). The experi I results indi
permittivity is rather constant at different field strengths and
temperatures and are similarly to XLPE insulation. It is also found
that the activation energy of XLPQ insulation is 0.77 eV.
Future more, action energy in this research can excite electrons or
ions in valent band within insulations to change the state from
non-conductivity to conduetivity.

Keywords— crosslinked polyolefin, conductivity, permittivity,
Jfactor, acti energy.

74

L. INTRODUCTION

Recently, XLPO insulated cables have been widely used for
renewable energy- and wehicle electrical systems [1].
A major advantage of this typc of cable is that it is halogen-frce
(non-toxic) and has good flexible properties. The structure of the
XI.PO molecule and typical cable cross-sections for the XI.PO
insulated cable is depicted in Figure 1. Owing to a lack of
technical knowledge about the dielectric properties of XLPO
cables, this paper aims to study the characteristics of XLPO
insulation, especially under electric fields and heat fluctuations.
The most important parameter to be considered here is the
conductivity, permittivity, tan & and activation energy.
These parameters represent the intrinsic properties of the
insulation condition. The conductivity represents clectrons or
ions that migrate across the insulation bulk, between the copper
and the ground. The permittivity illustrates the ability of
accumulated clectric charges in a diclectric material and the Tan
& represents the dielectric loss that is the ratio between the real
and imaginary parts of the permittivity [2]. [3].

978-1-6654-0382-5/21/$31,00 ©2021 TEEE
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Copper conductor
XLPO insulation

@) (b)
Fig. 1. (a) Cross-linked Polyolefin (XLPO) (b) Typical cable cross-sections

for XLPO insulated cable
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|
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— U} — U

¢ A 00
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i wlarization of

electrical dipoles
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polarizatian of
charge carriers

(b) Permittivity

Fig. 2. Dielectric parameters describing insulation properties.

IT. EXPERIMENTATION

Ao Preparaiion

T'or the experiment, 0.6/1 kV XLPO unshiclded cables with
a 25 mm? cross-section area and length of 2 meters were
prepared for the experiments. The aluminum foil tape was
utilized as an artificial ground for the XLPO cable by insulating
it and guard ring electrodes were attached, to measure the
dielectric response under the electric field and heat flux as
shown in Figure 3.

564 mm 2m
“«—>
O *ﬁl_ I_ - l | I
XLPO High voltage el Guard ring
insulation  (conductor) (artificial ground shield) electrode
Fig. 3. Sch ic repr on of sg s for experiment
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Fig. 4. Preparation of specimens for experiment

To study the dielectric response ol unaged XLPO cables, the
specimen was placed in a controlled-temperature oven to
simulate heat flux. The temperature of the oven was sct to 25°C,
50°C, and 70°C whilst applying the electric field.

B. Dielectric Response (PDC) Test Set-up
The PDC test circuit diagram and the test apparatus used to

investigate the dielectric behavior of the XLPO cable in
experiments are shown in Fig. 5 and Fig. 6 [2], [4].

Oven
Test object

Applied voltage and measuning

t
‘ curren Uy, E,
Ui
< .

e e
To f t

Period of ‘"

PDC analyzer = == polanzation

Fig. 5. Test circuit diagram for dielectric response (PDC) measurement.

Fig. 6. Test circuit arrangement for dielectric response (PDC) measurement.
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TABLE 1. TEST INSTRUMENT DETAILS FOR EXPERIMENT
Test Instrument Parameters
PDC- Current range: —1 mA
ANALYSER- Resolution (current display when measuring): 1 pA
1MOD Resolution (recorded data): 0.1 pA

Accuracy: 0.5 % of the measured value -1 pA after
1 hour warming up
Voltage source: +30 ... +2000 V

C. Test procedure of PDC measurement under electric and
thermal frelds

The measuring circuit was set to be the same as depicted in
Figures 5 and 6. Then step voltage was applied to the test
specimen with an electric field strength of 0.25kV/mm under
thermal flux in the oven with three steps, i.e., 25°C, 50°C, and
70°C. At the same time, the polarization and depolarization
currents were recorded. Next, step two was repeated before
applying the electric field strength of 0.5, and 1.0 kV/mm

1II. TEST RESULTS

A. Results of PDC measurements

Figures 7 to 9 show the PDC measurement results of XLPO
cables under electric fields and heat fluctuations. The figures
below show the polarization current or charging current (solid
linc) and the depolarization current or discharging current (dot
line) of the XLPO insulation. The scale in X-axis is Time
(seconds), the scale in Y-axis is current (A). Table 11 reports the
capacitance at 50 Hz of XLPO cable under electric field and
heat flux.

Time (s) 100 1000

Fig. 7. Polarization and depolanization currents at Eo = 0.25 kV/imm and
different temperatures.

1E06 T &
1.E-07

— ipol25
— ipol50
|| —— ip0I70

100 1000

Time (s)

Fig. 8. Polarization and depolarization currents at Eo = 0.5 kV/mm and
different temperatures.



211

@ - ECTI-CON 2021 — Smart Electrical Systems & Technology

B. Apparent d.c. conductivity of XLPO insulation as a

1.E-06 Sfunction of field strengths and temperatures

1.E-07
1.E-08
1.E-09
1.E-10

In this section, equation (1) was applied to investigate the
clectrons or ions that migrate across the XLPO insulation under
diflerent [icld strengths and temperatures. The results of the DC
conductivity calculations are shown in Figures 10 and 12.

Current (A)

LM e 25 =====ldep25
1.E-12 ipol50
e (POI70 e idp70 8 25C b 50C  embpmm 70C
1.E13 1
1 10 Time (s) 100 1000 £
2 o4
Lig 9. Polarization and dcpolarization currents at Liy = 1.0 kV/mm and =
different temperatures. 2 o
£ 001
TABLE Il CSOHZ AL DIFFERENT FIHLD STRENGTHS AND TEMPERATURES g "‘v““*—
Capacitance at S0Hz (pF) ©
Ly [kV/mm] 25°C 50"C 70°C 0.001 =
025 002 71 %70 1 10 Time (s) 100 1000
05 661 658 668 Fig. 10. d.c. conductivity at Ey = 0.25 kV/mm and different temperatures.
1.0 654 672 663
1V, DISCUSSION 1 N, Wy =—05C —e—50C ——70C
A. Cafculation of Dielectric Parameters E
From the PDC test results, the dielectric parameters of XLPO = S
insulation such as the DC conductivity, permittivity, a2 J, and > !
activation energy can be calculated as the equations below. § 0.01-
2 e
5
D.C. conductivity: o
0.001 -
1 0. Time (). 100 1000

€o : \ /
o(t) = T [ipol + idep] )

oo Fig. 11.d.c. conductivity at Ey = 0.5 kV/mm and different temperatures.
where: gy is permittivity ol free space, €y is the vacuum

capacitance, Uy is step voltage, ipol(t) is polarization current, =825 —8mm50C_ = 70C

g . " 5 1 1=
idep(t) is depolarization current £ ]
7o
Permittivity: “4Y) =
2
X =
& = Csoz/Co (2) S 001/a
2
8
where: Csop, is the geometrical capacitance, Cy is the vacuum 0.001
1 10 Time (s) 100 1000

capacitance
Fig. 12. d.c. conductivity at Eq = 1.0 kV/mm and di{ferent temperatures.
Dissipation Factor tan :
" C. Permitivity of XLPO insulation at different strengths and
tan 8, = - 7 temperatures
@Eor 3 In this scction, equation (2) was applicd to investigalc the
orientation of polar molecule groups of XLPO insulation under

where: @ is the angular [requency of test voltage, €9 and €175 gifferent field strengths and temperatures. The results of
the relative pqrmnlngl_y of vacuum and the relative permittivity permittivity calculations are shown in Figures 13,
of the X1.PQ insulation

__'m25C =50C ®70C
Arrhenius’ exponential law:

4.0
b'ﬂ =
a(T) = opexp | ——= 4) £ 23 24 24 2383 23 23 2423
RT o .
i
e 1
where: ¢, is a pre-exponential factor, E, is the activation II’ II II
SRR : - i o - 0.0 -
cnergy [or conduction, R is the Boltmann’s constant, 7 is the > AP R P

absolute temperature.
Fig. 13, Permitivity of XLPO insulation at dillerent strengihs and temperatures
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D. Tan é of XLPO insulation at different strengths and
temperatures

In this section, equation (3) was applied to investigate the

diclectric loss, duc to clectrons or ions that migratc across the

XLPO insulation under dilferent ficld strengths  and

temperatures. The results of Tan & calculations are shown in

Figures 14.

_ m25C m50C W70C
6.0E-05
6.E-05 4.8E-05
o 4.0E-05
S 4E05
=
o sator > i 1.2E 10';505
4E- 8.4E-07 2E-
EG = | aind |
0.25kV/mm 0.50kV/mm 1.0kV/mm

Fig. 14. Tan § of XLPO insulation at different field strengths and temperatures.

E. Arrhenius plot of conductivity af XI.PO insulation

To investigate the chemical reaction of XL.PQ insulation,
cquation (4) was applied Lo cstimale the activation cnergy under
diflerent ficld strengths and temperaturcs. The results of the DC
conductivity calculations are shown in Figures 10 to 12. The
Arrhenius plot of conductivity of XLPO insulation and
activation energy of XLPO insulation are shown in Figure 15
and Table IIT respectively.

Arrhenius' plot of conductivity

0 —e—E =095KV/mm

-1 0.5kV/mm

ol S-=E= 1kV/imm
D
= -3

-4 y1=:9774.2x + 27.256

= Y2 =-8829.4x +24.44

y3 = -8904x +24.973
0.0028 0.0029 0.003 0.0032 /' 0.0033  0.0034

0.0031
1T

Fig. 15. Arrhenius plot of conduetivity of XLPO insulation with dillerent lield
strengths,

TABLL 1L ACTIVATION ENERGY OF XLPO INSULATION WILIL
DIFFERENT FILLD STRINGIILS
Activation Energy
Eq [kVimm] E, [kIimol] E. [eV]
0.25 81.271 0.843
0 50 73 413 0.762
1.00 74 037 0,768

In the research, as the results show in the previous sections,
increasing the temperature causes an increase in conduetivity
and dielectric loss for all experiments, while the permittivity is
quite constant at different field strengths and temperatures.
According to Arrhenius’ exponential equation, it was found that
the activation energy of XLPO insulation is about 0.77 eV.
Conductivity at 25°C, 50°C and 70°C are used to calculate
room temperature (RT) values (empty symbols) by Arrhenius®
law with proposed activation cnergy as shown in TFigures 16 and
17. A very good agreement with dircetly measurcd values

)

35

(filled symbols) is achieved in the
conductivity and Tan 8.

whole range of DC

—e—25C
= —e—50C
£ o1 o — 70C
O S
>
>
£ 0.01
g =
8 = % RT values calculated
S from 50 and 70 °C (Arthenius)
0.001
0.25 0.45 085 0.85 1.05 1.25

Eelectric Field [kV/mm]

Fig. 16.d.c. conductivity of XLPO as [unction ol [ield strengths and
temperatures, RT values (25°C) are additionally calculated from S0°C and 70°C
for verification of Arrhenius’ law (empty symbols).

1.E-05

| The second and third bar
8.E-08 i calculated from 50 and 70
© C (Arrhenius)

& 6.E-06
= 4E-06
= ol | 54E-07 7.6E-07 8.6E-07
i 206 o7 65607 | BAEO7 [54p07  12E:06 [B1EO7
oE¥o0 | W [ [ [
0.25kV/mm 0.50kW/mm 1.0kV/imm

Fig 17. Original Tan § at 25°C of XI.PO and additionally calculated from
50"C and 70°C for verification of Arrhenius’ law (empty bars).

V. CONCLUSION

The experiment results shown conductivity and dielectric
loss are all incrcased while temperatures increase.
The permittivity is constant at different field strengths and
temperatures, which is similarly crosslinked to polyethylene
(XLPE) insulation. The research also found the activation
energy of XL.PO insulation is (.77 eV according to Arrhenius’
exponential equation. Thus, it can be concluded that permittivity
of XLPO and XLPE are relatively the same. Moreover, .77 eV
of action energy can excite electrons or ions in valent band
within both insulations to change the state from non-
conductivity to conductivity.
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All kinds of insulation materials undergo degradation
processes or ageing effects, if stressed by electric fields,
partial discharges, temperature and mechanical forces.
These ageing effects change the dielectric properties (real
and imaginary part of the permittivity) which can be
identified either by the measurement of the “dielectric
response function” in the time domain (also called “time
domain spectroscopy”) or by measurements of the
capacitance and the losses in the frequency domain
(“frequency domain spectroscopy”). Application of these
methods to insulation systems of high-voltage equipment

is extremely valuable as the results provide answers about
the actual conditions and the status of the insulation. As the
results from each measurement method can be transformed
mathematically into equivalent results of the other method,
the PDC-ANALYSER-1MOD is based on “time domain
spectroscopy”, which can be made in less time and with
better precision than measurements in the very low
frequency domain. The PDC-ANALYSER-1MOD is thus a
most flexible diagnostic tool for insulation systems and
insulation materials.

Specifications: Electrical Insulation Diagnostic System PDC-ANALYSER-1MOD (ed 2012)

Current measurement

range

resolution (current display when measuring)
resolution (recorded data)

accuracy

impedance

protection

noise suppression

filtering (current display when measuring)
filtering (recorded data)

Voltage source

voltage range when switched on

maximum current sourcing when switched on
impedance when switched on

impedance when switched to zero

current limiting when switching cap. loads
Capacitance measurement

+1 mA

1pA

0.1 pA

0.5 % of the measured value +1 pA after 1 hour warming up

10 kQ

up to 100 mA respectively 1 kV for 50 ms

up to 10 pA eff at 50 / 60 Hz mains frequency

mean value in 1 s intervals

mean value in intervals increasing proportionally with the time from
the voltage source switching moment

+30 ... +2000 V.
<+5mA

<20 kQ

<02Q

< %100 mA for 20 ms

the load capacitance is indirectly measured by computing the ratio charge to voltage when the voltage source is switched off for measuring of
the depolarisation current. However, the current measurement is not impaired by a load capacitance depassing the range listed below.

load capacitance measuring range at 2 kV source voltage
accuracy at 2 kV source voltage

load capacitance measuring range at 1 kV source voltage
accuracy at 1 kV source voltage

load capacitance measuring range at 500-V source voltage
accuracy at 500 V source voltage

load capacitance measuring range at 100 V source voltage
aceuracy at 100 V source voltage

Computer

display

processor

memory

drives

standard interfaces

extras

Software

operating system

measuring and control program

standard evaluation software

advanced evaluation software

Miscellaneous

weight

power supply

size

temperature (use)

temperature (stock)

pressure

humidity

acceleration

length of standard measurement cables

25nF

+2 % 15 pF
50 nF

+2% +10 pF
100 nF

+2 % +20pF
500 nF

+2 % +100 pF

15" TFT, resolution 1024 x 786 pixels

Embedded Intel® Atom™ processor, dual-core D525 1.8G
1GB 800MHz DDR3 RAM

120 GB harddisk, DVD +/-RW

4x USB 2.0, 1x Ethernet

changeover contact synchronised to high-voltage output

Windows XP SP3

installed ready to use, outputs for @ach measurement one file with
polarisation data, one file with depolarisation data and one file with
general measurement descriptions

installed ready to use, easy to use, extensive possibilities to postprocess,
display, print and export the measured data, computation of the complex
capacitance in function of frequency, computation of a lumped equivalent
circuit of the measured insulation, computation of recovery voltages and the
derived “polarisation spectrum”, computation of polarisation indexes and
of insulation resistances according to all known standards and definitions
quality assessment of oil-paper insulation systems,

quantitative determination of moisture content in pressboard and

of oil conductivity for power transformers

14.3 kg, in rugged waterproof carrying case

90 ... 260 V, 47 ... 63 Hz, <160 VA

520 x 230 x 435 (width x depth x height in mm)
0...35°C

-10...50 °C

70 ... 106 kPa

5 ... 80 % non condensing

<2g

15 m

phone: +4144776677 6
fax: +41447766777
e-mail: info@alff-engineering.ch
web: www.alff-engineering.ch

specifications subject to change without notice

ALFF ENGINEERING

Gomweg 7 8915 Hausen am Albis Switzerland
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Accessory Device Making Possible The Measurement Of
Polarisation and Depolarisation Current On Grounded Objects

Voltage Source PDC-Phantom-1000XE

The PDC-Phantom-1000XE voltage source is an accessory to the PDC-Analyser-1MOD. It is a “flying voltage source”
for making possible measurements on grounded objects such as generators and cables.
The insulation level between the control electronics and the voltage source is extremely high such as not to

compromise the pA resolution of the PDC-Analyser-1MOD.

PDC-Analyser-1MOD

control cable
current sensing cable

Specifications PDC-Phantom-1000XE

voltage range

current

output to ground insulation
temperature (use)
temperature (store)

size

weight

power supply

cable

phone: +4144 77 66 77 6
fax: +41447766777
e-mail: info@alff-engineering.ch
web:  www.alff-engineering.ch

"Phantom"
source

single wire for
voltage application
and current sensing

—m— Jrounded
— test object

30 to 1000 volts
5 mA short circuit indefinetely
> 1000 TQ
0..40°C
-10...65°C
290 x 255 x 115 (width x depth x height in mm)

2.6 kg

remote supply by the PDC-Analyser-1MOD
15 m for connecting the PDC-Phantom-1000XE to the PDC-Analyser-1MOD

specifications subject to change without notice

ALFF ENGINEERING

Gomweg 7 8915 Hausen am Albis Switzerland
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FT-IR Specifications :

Spectral Range 7,500 to 370 cm-1 , with standard KBr beamsplitter
10,000 to 400 cm-1 , optional, with broadband KBr beamsplitter
5,000 to 200 cm-1, optional with Csl optics

6,000 to 500 cm-1', optional with “High Humidity” ZnSe optics

Resolution Better than 1 cm-1 (apodized), optional better than 0.5 cm-1 (apodized)

Wavenumber Accuracy Better than 0.01 cm-1 @ 2,000 cm-1

Photometric Accuracy Better than 0.1% T

Signal-to-Noise (Minimum) 5 Sec: >6,000:1 (= <7.2*10-5AU noise) peak-to-peak, 4 cm-
1 resolution Signal-to-Noise (Achievable) 5 Sec: >8,000:1 (= <5.4*10-5AU noise) peak-
to-peak, 4 cm-1 resolution1 Min: >45,000:1 (= <9.7*10-6AU noise) peak-to-peak, 4
cm-1 resolution

Interferometer RockSolid, Permanent aligned, high stability

Scan Speed 3 velocities, 2.2 — 20 kHz (1.4 - 12.7 mm/sec opd),

optional 4 velocities, 2.2 — 40 kHz (1.4 - 25.5 mm/sec opd)

Detector DigiTectTMdetector system, High sensitivity DLATGS,
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optional LN2cooled MCT detector, easy exchange

A/D Converter 24 bit

Validation IVU internal validation unit

Spectrometer Size 66.5(W) x 43.4(D) x 28.1(H) cm

Sample Compartment Size 25.5(W) x 27(D) x 16(H) cm

Weight 37 Kg

Spectrometer Power 85 — 265 V¢, 45 - 67 Hz, TO0 W

Computer Interface Ethernet connection

Spectroscopy Software OPUS: easy to use, full GLP compliant, full 21 CFR part 11

compliant
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MI 2077 TeraOhm 5 kV

vanced, fisld proveninstrument. Technieal demands require high perform-
ance measuring instruments capable of measuring polarization index (Pl
diglectric absorptian ratic ({DAR), dielsctric discharge (DD), insulation system
capacitance. Easiness of use, high EM immunity and automatic discharge of
load after completed measuramentare just sorne of rmany outstanding features
that distinguish Metrel HV testers fror other similar products on the market:

High insulation resistance measurement:

* DC testvoltages from 250V -up to 5000 V in steps of 50V;
* Measuring range up to 5T,

o Timer mode from 1.8 up to 30 min;
 Capacitance/measurement up'to 50 (IR

Step voltage measurement of insulation resistance:
«DC test voltage up to 5000 V automatically divided in 5 steps;
« Adjustable test time.

Withstanding voltage test up to 5000 V:

¢ Insulation leakage current. measurement;

¢ Adjustable test voltag pe;

 Pre-setthreshold test current from' 1. mAto 1.4 mA;
* Time programmable step voltage test.

Other features:

« Voltage and frequency measurement up to 800V AC/DC;

* Automatic discharge of capacitive loads;

* Guard terminalito eliminate.nfluence of insulation surface leakage currents;
 Digital and bar graph display;

* Built-in battery charger;

* User-friendly PC software {optional);

* RS232 isolated communication port.

CATIN
600 V/
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TYPICAL APPLICATIONS:
« Rotating machihes

& Transformers

 Cables

# High voltage generators

o Electrical circuits

* Surge arfesters

* Vieasuring transducers

STANDARDS:

© [nstruments operation: IEC/EN
615572

o Electromaghetic compatibility:
(EMC) EN.61326 Class B

» Safety: EN 61010-1 (instruments),
EN 611010-031 (ageessories)

S METREL®
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Technical Specific

ation

Largéeustom LCD dot matsix display
\with bar graph and backlit.
Simultaneous presentation-of
measuring results and test parameters.
Built-in timar and real time clock.

METREL®

Measuring and I

Function Measuring range :(i:zolu-  Accuracy
0kQ ... 999kQ 1kQ +{6 % of reading + 3 digits)
1.00 MQ ... 9.99 MQ (10 kQ +(6 % of reading + 3 digits)
100 MQ ... 99.9 MQ [100kQ | (6 % of reading + 3 digits)
iheublianrasiience 100 MQ ... 999 MQ |1 MQ +(5 % of reading + 3 digits)
1.00GQ...9.99GQ |10MQ | £(6 % of reading + 3 digits)
10.0 GQ ... 99.9GQ [100 MQ | +(5 % of reading + 3 digits)
100 GQ ... 999 GQ 16Q +(5 % of reading + 3 digits)
1.00TQ ... 5.00TQ 10 GQ | +(5 % of reading + 3 digits)
Test voltage OV.. 5500V v +(3% of reading + 3 V)
0.00nA ... 9.99nA 0.01 nA
10.0nA ... 99.9nA 0.1 nA
Insulation leakage 10004 =368 BA f.oA :
et 1.00 pA ... 9.99 pA 10 nA +(6% of reading + 0.05 nA)
10.0 pA ... 99.9 pA 100 nA
100 pA ... 999 pA 1A
1.00 mA .. 1,54mA_1 10pa |
Dielectric absorption | 0.01 ... 9.99 0.01 1 %(6-% of reading + 2 digits)
ratio (DAR) 10.0 ....100.0 0.1 +5 % of reading
Polarization index 0.01°. .98 0.01 +(5 % of reading + 2 digits)
P 100551000 |00 . \|46P6ofreadng
Dielactric discharge [0:01 ... 9.99 0.00 +(5 % of reading +2 digits)
{OD) 100 ... 100.0 0:1 5 % of reading
Voltage AG/ DG 0V... 600V 1V +(3% of reading + 3 V)
Frequeney & 45.0 Hz ... 65.0°Hz__ 10.1"HZ 51:3:0‘2 WS .
0.0 nF799:8.0k 0.1 nf
Capacitance 100,nF ... 999 aF inF +(5-% of reading + 2 digits)
1.00 pF ... 50.00UF 140nF
b ™ et S TG 5o RS R U~
Display Matrix LED with backlight; 1601 16:dots
Overvoltage
eatoory CAT / 600V
Protection class Doubla insulation
COM port RS5232 {optional USB with-serial converter =
Dimensions 265 % 110 x 185 mm
Wabpht @ 7 Fdkorl U NN W Adrdd W FY. 4

Up t6 1000 test results can be stored in
the memany.medule of TeraGhm 5 kV.
Windows compatible PC softwaré
Teralink serves for downloading and
managementof testresults.

Results can be further exparted to other
Windows pragrams.

METREL d.d.

Ljubljanska 77

SI-1354 Horjul

Tel: + 386 (0)1 75 58 200
Fax: + 386 {0)1 75 49226
E-mail: metrel@metrel.si
http:fivww.metrel.si
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ORDERING INFORMATION
MI2077 Standard set

~8,
HI00

225

Instrument TeraOhm & kV

Soft carrying bag

Mains cable

Test lead, 2 m, 2 pcs (black, red)

Guard test lead, 2 m, with crocodile clip {green)
\ Crocodile clip, 2 pes (black)
\ Test probe, 2 pes (black, red)

Handbeok "Guide to modern insulation testing”
onGD
Instruction manual
= Calibrationgertificate

—

~.. OPTIONAL ACCESSORIES

Photo Order No Acc. decription

LV NiMH batter-

PC SW TeraLink with
RS232 cable

)

HV erogedile clip, 2 pes

{black;red)
5\ * & i
NN shielded test lead
sy m, 2 pcs

5 kV shielded test lead
with test probe 10 m,
2 pcs

§.2042

5 kV shielded test lead
with test probe 15 m,
2 pcs

S2044

Note! Photographs in this catalogue may slightly differ
from the instruments at the time of delivery
Subject to technical change without notice.
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