BrZEMARXEFEES

2013422 H 13 H

i X 8 B : Wave Propagation on Covered / Cabtyre Cables and Modeling for
Inverter Surge Analysis

PBIF ¥ 7T ZA Y —T BT DU & A L N—F Y — T
D= HOET VAL

Asha SHENDGE

E

B

p=11{18

. il
A by

HTOER #dx WA BEEL
HTAERER 2% KM EA
=ZEEMmA . K B

f
b B

G2 g

V4, Aw— 7Y v REREREEAED, SEOMEPED LN TND, ZORw—
Yy RiZBb 2 EERFED—o L LT, BRI —FIHSRI b2 Eifin s 5, 0
REFRISHBIE LTA o N—FHH T 2272 EOA 3 —F e — 2 BEREAT AT S
B, TDA NA—REHT—Z R TIE, Ao 3—F Lo —F DR, BROWBER Y ES S
BloX vy TEA Y r—TNABIES AL TS, Ei=H « /IR OEERT - E MR TILED
HEER & IR 2 ke T DR BIR LIS BmEE LEGR, FIShTWE, 2ok dick
13 K O DB 5ITHE L OV DS R COMRABIEFS L ONSRIEREST « BiRHEEIRZ 4
WCRAIN TR LT, INOOHEFEITERNT S LHA SN 2FHH L2 HEIN TN,
KR A o= Z T — 2 ROBEITIE, A PNEREB X O —C0RARE R D120
F—Z IR LTDHRR BT, BEHREN L THIBES~OEEL | & 2736085 5,

AR CII R 2 EE U CEER KD DU EOE R L T U TR SN TV BB O
AR L ONEEEL - ERFHEEZBAONICLE S & LTS,

AU 1 ETITFEEDOYN R, KA OB L OAIFEOME 2 ik ~T\ 5,

2 FETIIANIE ORIV S & 72 D 0 BRI Ham, BERRfRITIC LB & e DIREERR (¢
X TEAXI—T ), A TEA Tl —TN) O E—F R, T RIFZREHRA, 38x
¥ T BA X —TNERNTT BT D ORI AL, BB S C OEITIRART O 7= DR 7X|
EZDOWTEHBA LTV A,

5 3 ETIIASECOE Y I = V— a AW BRARIREART 0 75 5 EMTP 3L 00
BB AT FEO—FCTH 5 FDTD B X 27 v 77 A VSTL OBEEIZ DV TGRART
VW3,

5 4 Tl AR O B BARAR SR DY Fisde X U2 DR EIBER R TD
BRI DR O\ T, BRI JONAAEIRAMT 7" 0 7 F A EMTP 3 X OB ERE T 7
/"5 A VSTL 22y 2 b—ya X D BRETL, Bk Eiie X OSERRIBEREERREAS/ N
XS, TERDORIEARNT T—ARIZIA S R &3 T 5 Carson * Pollaczek DRHUIFEEA v —
H AR I OEEBRREDT R4 o AEGAOEAICIIRER H D Z L 2L LTV D, &
FUDERB O ROFETH Y, IR EEE TE 28R OENBLETH D LR~ T
Wb,

%5 ETIISRAR (7)) BIRPITHRRSNZERR O TEA Thr—TN) £ Ee—



B2 R B3 TR 1 &3 THRILD L ERIZOERE d D TEE DmILE di, D
# 2 SNT, EMTP O — 7 )VESENE/L—F > Cable Constants {ZPE 3L TV % Brown *
Rocamora DA =& A, T RI X R EFWTHIT 211725 T\ 5, ZORE, EREKH
R, BoBEE alHMRORIZEBILTK, AV F I Z U RL, FEA U E—F U R Zold el LT
INETR BT L EIRLTWD, ZORHEIERED EVE, BEELRPZEEHALMNZLTNWES,
HiZ, EMTP # AV GRESE - BHROY I 2 b—3a VEITV, BRIMRGEICES] L TK,
BEFSGNER2D I EEHAONILTWD, F£72, ERIZL VRS X ONEEEE « Eif
FetEZ2RIE L, Rt R A2 BT SRERR A/ T D,

6 ETIE 3 ¥ T XA Y —T VOB EOERR 21TV, EERRER & VSTL &3
2 b—a VRERPERBIHC BT D L ER LTV D, ZORRICE S EZBRERND,
EMTP @HEARHT D 7 3 O JER BRI T T VAT 2 FiE43 L, Semlyen OBEmIZH:
SLJAEEMATFX ¥ T HA X —TNETNVEFR L TWD, ZOBREEIKGEET VERNTA
VN BT — 2 R TOV— VT 21TV, JEREBIRFIRE B8 L2\ WRE 7 /L CId R Y
RERMRONT, X% T XA Y —T N EGURIER TOY—IRATIEE L TiLZ ORI
FREREER/TRETH D LE2BRITND,

B 8 ECITAMFEDOE LI DTS,

AW TIL, TNETHFT VR IN TV oT808/ 7 X A Y or— T IV CTORAHEE:
I LN AU B 2N R S AR DD TERB L OBl I 2 b—a v
WL DARNTL, AAORIBERR TOBRIASHFFEL 1IRES B2 Z L ZHLIZL TN,
TR ¥ T E A Y —T N TOWREER - BRO T I 2 L—3 a B & 72 B BRI
FETINVEERL, ZORBERELHRL TW1D,

PUEDOREIZIA-— 7Y v REHRO— 2O TH DA v/ —Z T — 2 DFFRIC KX
KEBRT2HDOTHY, TOTEEOMEIRE, 65T, FaUIHE (TP (REHEK
#) OFERLE L THARMMEEZ T2 b0 LD B,



a~>

ERBEROES

201342 A 13 H

AmCRER Wave Propagation on Covered / Cabtyre Cables and Modeling for

Inverter Surge Analysis
WRBIX % 7 XA Y — T MIBITDWAIRE A N\ —F P —HT
DI=HDET UL
ZArHFEE © Asha SHENDGE
FELER
F& HITZR  #Zd% e B
Rl HTEAER R KW BEA
Rl —ZEERR ST Ky H)
HoOOF:

RS URHE L, 2010 4F 4 A &Y, SGIRFAERE AL UTRE LR LR
(RHRR) EFPThH D,

AT DX AHNAEIL JICEE, Ciit Int. Journal, Int. J. Advanced Tech., BT AfFFeii 104
1B SN, +asHEEZRE TV D,

20134 1 B 26 B4R 10 BE X v 2 Bz do7= 0, $RHER U RS 2 A inkES B o, fix
@gﬁ B um75>ﬁ7‘£bﬂt7)§ RHEOERMIZ X+ 8RR b,

W, RESKTHR, BAEZBIZXL Y AEaSUCBEE U sEREIC > & N A i L7
if*% ‘i"\fo&%j] RRERTE -, 0P, BEEIAETOBAGEOESLARRICAKLTRY, £
t@W“Afmﬁ B X DS L OSGERCOER BITR> TRV +oRiEFRe N Ea T3

BHHND,
J: > TRERBROERIIAER THD LRDLND,



&
H
ik
B
I
X
il

7w X & B : Wave Propagation on Covered / Cabtyre Cables and Modeling

for Inverter Surge Analysis
WBIX ¥ T XA X —T BT ARG E A R —4
PRI O 7= DET AL

K 4 : Asha Shendge

= B

Due to modernization and globalization of world power system and smart grid technologies, the design
of an electric power system is needed to be more accurate to ensure that equipment items or systems will not
interfere with or prevent each other's correct operation through spurious emission and absorption of
electromagnetic interference. The electrical power system involves a number of challenging technologies
connected with network systems. It is necessary to study in consideration unintentional generation,
propagation and reception of electro-magnetic energy. A wave propagation characteristic on a conductor and
cable system represents the significance for proper insulation design and EMC related problems due to
switching and lightning over voltages. It helps to design accurate protection in order to achieve stable and

reliable electrical power system operation.

Chapter 2 describes basic formulae for line and cable constants for an analysis of a wave propagation
characteristic on a conductor /cable system used. In a multi-phase transmission line, the wave propagation is
evaluated by a modal analysis method.

Chapter 3 describes numerical simulation methods used in this thesis. A numerical electromagnetic
analysis is becoming a very powerful approach to solve a transient by circuit-theory based approach is
EMTP. Finite Difference Time Domain (FDTD) method to the solution of electromagnetic propagation
problems is based on discretized Maxwell equations. Visual System Test Lab (VSTL) software developed
by CRIEPI is adopted.

Chapter 4 describes the measurements, and numerical simulations are carried out to derive theoretical
approach for the case of a hollow pipe conductor in consideration of the proximity effect. The phenomena is
investigated using FDTD simulations of an experimental circuit. The FDTD demonstrates that the proximity
effect has appreciable significance for conditions in proximity with ground. In addition, an eccentricity
phenomenon is studied.

Chapter 5 describes an investigation on a single covered conductor in comparison with a bare
conductor. The influence of permittivity and proximity is examined by an experiment and a simulation as a

function of the height.



To observe the influence on wave propagation on covered conductors in close proximity, which cause
mutual induction to each other, surge propagation is studied as a function of the separation distance for the
two-conductor system.

Chapter 6 concentrates to study a cabtyre cable. A frequency dependent line model is very significant
for an accurate analysis of line and cable transients. A methodology has proposed to obtain a
frequency-dependent distributed-parameter line model for the cabtyre cable employing an exponential curve
fitting from a measured transient voltage and an injected current. In addition, the effects of height on cable
parameters in transient conditions for all propagation modes are studied.

The cabtyre cable model developed in this Chapter is examined by a practical measurement of an
inverter surge. Numerical simulations of the inverter surge are carried out using a frequency dependent
Semlyen’s line model in the EMTP of which the required parameters are determined from measured results
of the wave propagation characteristic on the cable. A simple model of an induction motor is proposed
considering resonances in the motor. The simulated result by the EMTP agrees reasonably with a measured
result. The proposed model is expected to be useful for the prediction of peak voltages observed at the

terminal of an inverter-operated motor with cabtyre cable connection.



