SUPPLEMENTARY DATA
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d1 : REREAEOSE (mm)

d2 I HEBEEFEOAE (mm)

po I EEFHOBEFES (muQ- cm)
pl  RBEEOEFER (mpQ - cm)
p2 B EFEOEFER (mpQ- cm)
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¢ I BRBEX
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................................................................................
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2n 20
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APPROXIMATION CALCULATION OF ELECTRICAL
PROPERTY ON HIGH FREQUENCY CABLE

d1  Outside diameter of inner conductor (mm)
d2 I Inner diameter of external conductor (mm)
p0 . Intrinsic resistance of annealed copper (muQ *« cm)
pl  Intrinsic resistance of inner conductor (mpQ * cm)
p2 . Intrinsic resistance of external conductor (muQ * cm)
f + Frequency (MHz)
¢ . Total dielectric constant
tan § . Total dielectric loss factor

PRIMARY CONSTANT

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

High frequency resistance : R (Q/loop*km) = 2 vVf(MHz) [74_%

Outer inductance : Le (mH/km) = 0.2In ZZ =0.4605 loglO %
1

. R 10 8
Inner inductance : L (mH/km) =

Inductance : L (mH/km) = Le+Li= Le

10%¢  __556e __ 24.2¢
A2 dz dz
I In A1 log1o i

Amount of leakage : G (ut5/km) = 21f (MHz)*C (nF/km)-tandx10?

Capacitance : C(pF/m) =

18In

SECONDARY CONSTANT
Attenuation constant by resistance :
J_ LY
«r (np/km) = 1 R(Q/loop'km) vef(MHz) “d2
2 Z(Q) 60 In ﬁ
dl
VoL Vo2
ar (dB/km) = 4343 %“"("’)ﬂ 0.0629 V&£ (MHz) 7;52
loglo——
d1

Attenuation constant by leakage :
ag(np/km) = %G (©/km)- Z (Q) = 1047f(MH2) V% tand

ag(dB/km) = 4.343G (6 /km)* Z (Q) = 90.9f(MHz)" V€ tand

Attenuation constant . a=ar+ag
Phase constant :ff(rad/km) = 27f(MHz) v L (H/km) C (F/km)
= 2nf(MHz) v L (mH/km) C (nF/km)
21 20
- = = nf(MHz)Ve
a3 f (MHz)
B(deg/km) = 1200f(MH2)Ve

Characteristic Inpedance :

Zeo(©) = [L lkm) 60\ d2 1381, 0., d2 _gop ), 42
C(F/km) Ve d1 Ve d1 d1
v
_138 lkl loﬂ_ﬁL
3  C(nF/km)

In low frequency (>100MHz)
Zy = ZetNZy (1-f)

Az - 198 (ﬂ

k2) 2 2—
+52), k1°=p1/po, k2 “=p2/po
Ve vf

di d2

EVET,

@ FRET

SUMITOMO ELECTRIC



BRFHEE:

AERE
g CAEBP 05 - E4AR tand BQ tand4 inner
EAR +EBQ EBR +EBQ conductor
AEZERET UL £a=1,tanda=0E75D iR
£8P Rtands insulation
€= , - KtandB .
R+esQ "7 R+esQ S ERE
ZZiZ external
conductor
P=In d2 ,Q=1In d3 , R=lnﬂ
d1 d1 ds3
EEEE i
v (km/sec) - —27/(MHz) 1 _3x10
Brad/km) /L (H/km)C (F/km) &
BER
2 (km) = v (km/sec) _ 2n _ 0.3
f(MHz) B (rad/km) f(MHz) /€
RRERE -
4 ﬁ
EfHEHEE :

£ (mm) = 5 /p(muQ-cm) %1073
7 V f(MH)

Cu:p=1724"-u = 1--£= 0.0661/y f (MHz)
Al : p =2620--p = 1--£=0.0809/Vf(MHz)
Sn:p = 11400--u = 1--£= 0.170/y f (MHz)
Pb:p =21900-"-u = 1---£= 0.236/y f (MHz)
Fe: p =10000-:-x = 100---#= 0.0159/y f (MHz)

x
t

REMERICLIBRBEELL | ix=ive
ERAERIET

Rp (@km) = 102J1n§ 3.67x10%plog1o

- dz
T 1 d1

piEAER KD HEAEHL (Q-em)

OTHERS

Total dielectric constant :

__&4agBP 5 _E4R tand BQ tand4
EAR +EBQ EBR +EBQ

Regard A as air, €4=1 and tanda=0,
EBP and RtandB

&= , =
R+EBQ R+&BQ
P=In dz y Q:lnﬂ,R=ln£
dl dl ds

Propagation velocity -

2nf(MHz) 1 3x10°
km/sec) = - =
v (hm/sed) = = o dlem) JLHkm)C (Fkm) &
Wavelength :
A (k) = v (km/sec) _ 2n _ 0.3

f(MHz) B (rad/km) f(MHz) /e

Contraction rate of wavelength : %= 1
£

Equivalent thickness of conductor .

£ (mm) = 5 /pmuQcm) x1073
7 V uf(MHz)

Cu:p =172y = 1-r= 0.0661/yf(MHz)
Al : p = 2620~ = 1-+£ = 0.0809/y f(MHz)
Sn:p = 11400-+u = 1+ = 0.170/yf(MHz)
Pb:p = 21900-u = 1-++¢ = 0236/ f (MHz)
Fe : p = 100001 = 100+£ = 0.0159/y F(MHz)

x
t

Variation of current density due to skin effect © iy = ie”
DC insulation resistance :

Rp (©-km) = lgjln? 36710 5ploglo

- 2
T 1 di1

p : Comparision resistance of insulation (Q-cm)
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PHYSICAL PROPERTIES OF METAL MATERIALS

HEEF K FEEFE HIZEH Ik & KRB IR R L AT
VOLUME BERE THERMOELECTRO- SPECIFIC THERMAL MELTING

4 B RESISTANCE | TEMPERATURE | MOTIVE FORCE GRAVITY EXPANSION POINT

METAL (20C) FACTOR OF (mV) (20C) COEFFICIENT (c)

(pQ +cm) VOLUME (X107°)
RESISTANCE (20C)
(20CHHEICTITICDX)

iR Ag 1.62 0.0038 +0.75 10.5 18.9 960.5

FIVI=ZIL Al 2.62 0.0039 +0.38 2.70 23.0 660.0
& Au 2.40 0.0034 +0.70 19.3 14.2 1,063.0

EX7 X Bi 115 0.004 —7.25 9.80 13.3 271.0

HILIIL Ca 4.60 — — 1.55 25.0 810.0

HK3IYL  Cd 7.50 0.0038 +0.92 8.65 20.8 320.9
=VAV/AN Co 9.70 — —1.99 8.90 12.3 1,480.0
704 Cr 2.60 — — 7.10 8.20 1,615.0
o) Cu 1.69 0.00393 +0.75 8.92 16.6 1,083.0
o3 Fe 10.0 0.0050 +1.91 7.86 11.7 1,535.0
7K ER Hg 95.8 0.00089 — 13.55 — —38.87
1T 9L  Ir 6.00 — +0.65 22.4 6.50 2,550.0

A L K 7.00 — —0.94 0.36 83.0 62.3

YFrg Ly Li 9.30 — — 0.53 56.0 186.0

<2 L Mg 4.46 0.004 +0.42 1.74 25.6 651.0
EUTFTF> Mo 4.77 0.0033 +1.31 10.2 4.00 2,620.0

FhRUL Na 4.60 — —0.21 0.97 71.0 97.5
v Ni 6.90 0.006 —1.43 8.90 12.8 1,452.0
FAX3IYL  Os 9.00 — — 22.48 6.10 2,700.0

bk Pb 21.9 0.0039 +0.44 11.37 29.1 327.5
INST9L Pd 10.8 0.0033 —0.78 12.0 11.8 1,555.0
BE Pt 10.5 0.003 — 21.45 8.90 1,755.0

JWEPJL  Rb 12.5 — — 1.53 90.0 38.5
=Py NN Rh 5.10 — —0.65 12.5 84.0 1,955.0
% Sn 11.4 0.0042 +0.45 7.35 20.0 231.85

AR FY L Sr 23.0 — — 2.60 — 800.0
2250 Ta 15.5 0.0031 +0.34 16.6 7.00 2,850.0
AT ATF W 5.48 0.0045 +0.79 19.3 4.00 3,370.0
R Zn 6.10 0.0037 +0.77 7.14 33.0 419.43
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PHYSICAL PROPERTIES OF RUBBER&PLASTICS WHICH ARE USED FOR CABLES CONSTRUCTIVE MATERIALS

It B HRA {HY IEFEE FEIERE HiEERE #HEERE A
SPECIFIC | TENSILE |ELONGATION|DIELECTRIC|DIELECTRIC|BREAKDOWN Kin RE
Mo GRAVITY | STRENGTH (%) CONSTANT | TANGENT | VOLTAGE VOLUME | CONTINUOUS
MATERIAL (207C) (MPa) (60~1 kHz) | (60~1 kHz) (AC) RESISTANCE| WORKING
(20C) (20C) (kV/mm) (20C) | TEMPERATURE
(%) (Q - cm) (©)
KR L (Hei%FA) - - - - - ~ ' —EE~
NATURAL RUBBER (for nsulation) 1.30~1.60 8~18 400~600 3~4.50 1.50~3 20~30 10' 55~60
KATL(Y—ZH) - - - . _ _ ~ —B5~
NATURAL RUBBER (for jacket 1.20~1.50 | 14~18 400~600 108~10" 55~60
SBR(ZFL>TF Y1 T L) - - - - - - 0 | —EQe
SBR (Styrene butadiene rubbe) 1.30~1.60 4~8 400~650 | 3.50~4.50 2~5 20~30 10~10 50~75
7 FIVT L (HEEA) _
BUTYL RUBBER (for insulation) 1.40~1.50 4~6 450~800 3~4.50 1~2.50 20~30 10%“~10 40~80
BEEMEE 7 FIv 3 A _ . o o o _ _ — 40~
RESIN VULCANIZED BUTYL RUBBER | 140150 40~100
HFI L ~ ~ ~ ~ ~ ~ ~ —80~
SILICONE RUBBER 1.20~1.70 4~6 200~400 3~5 2~4 15~20 10%“~10s 80~180
AN PAT] = b2 . D
HYPALON 1.40~1.70 8~12 200~350 5.50~7 3~5 20~30 10%~10 25~90
yaO7L> 3L (Y—ZH) - - ~ o _ _ ~ — 40~
CHLOROPRENE RUBBER for fckel) 1.40~1.60 | 12~16 400~600 101°~10"2 40~70
RUE{EE =L 12901 — 50~
POLYVINYL CHLORIDE | 1-20~1.50 | 13~25 200~400 5~7 8~15 20~40 1012~10' 20~60
RYIFL> _
POLYETHYLENE 0.92 13~17 500~550 2.30 0.03 35~45 10'7~10% 60~75
;’g%ﬂ'{’UIg’-b> 17~~9 ()18 —R0~
CROSS.LINKED POLYETHYLENE 0.92 14~20 400~520 2.30 0.03 35~45 107~10 60~100
AYMEFHEIFL > (PTFE) - - - ~ ~ —90~
POLYTETRAFLUOROETHYLENE PTFE 210~2.20 | 20~40 150~250 2.00 0.05 15~20 10"7~10% 90~260
j”fﬂ} 10~~1 (014 —_ ~
NYLON 1.09~1.14 | 50~70 90~300 3.50 1~4 12~20 10°~10 40~130
IFL>7OEL>TdL _
ETHYLENE PROPYLENE RuBBER| 1-30~1:40 7~8 400~650 4~5 0.50~2 30~40 1012~10s 40~90
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