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p 1 AEEFOBEFER (muQ- cm)
p 2 SHEBEOEFER (muQ- cm)
- BiE% (MH2)
& ARBEER
tan & : BREBERHE

— R
SRR R (Q/loop * km) = 2vf(MHz) [\/_ /_2]
N HIELZ 1 LemH/km) - 0. 21,17 - 0.4605 loglo%
1
. N (AR LE
WEA >S4 9 422 Z ¢ Li(mH/km) = — 07"
= +im 7V f(MHz) A1 a'Z]
A8 B2 1 L(mH/km) = Le + Li=Le
3
HERE C (pF/m) = 10 82 _ 55.228 _ 24.12a’;€
181“; In —— Al log1o =~ 1

FREE © G@u /km)=271f(MHz) * C (nF/km) * tand X 10°

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

BRREEH : T T
R(Q/loop - km) Ve fMH2) | g1 T ay

1
2 Z©) 60 d2

In——

d1

a r (np/km) =

(UASRUEL l
«r (dB/km) = 4.3431% - 00629/ ¢ f(MHz) L dL__d2 |

2
logl0——
¢ d1

RRRETH ag(np/km)% G (0/km) * Z(Q) = 1047f(MHz2) V& tand

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

a =ar+ag
f (rad/km) = 2 7 f(MHz)V L (H/km)C (F/km)
=27 f(MHz) VL (mH/km)C (nF/km)
_2n
" (km)
B (/km) = 1200 (MHz) /&

HREH -
s :

=?nf(MHz)\/§

B O E-40Z ¢

L(H/km) _ 60, d2 138-1 d2
Zoo(Q) = == In22 =22 o 10 =60k In=2
@ C(Flkm) V& TG d d1
_138 lkl 10£_£L
d1 3 C(nF/km)

100MHz 2L L o Mg A % <1
Zy=Zoo+ N2y (1)

Azy-—198 (k1+k1) ki2=p1/po, k2%=p2ipo
VeV f\dl d2
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SUPPLEMENTARY DATA

APPROXIMATION CALCULATION OF ELECTRICAL
PROPERTY ON HIGH FREQUENCY CABLE

d1 : Outside diameter of inner conductor (mm)

42 : Inner diameter of external conductor (mm)

p 0 : Intrinsic resistance of annealed copper (m uQ - cm)

p 1 : Intrinsic resistance of inner conductor (m uQ -+ cm)

p 2 : Intrinsic resistance of external conductor (m uQ + cm)
f - Frequency (MHz)
¢ ! Total dielectric constant

tan 0 : Total dielectric loss factor

PRIMARY CONSTANT

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

D2
High frequency resistance : R (Q/loop * km) = 2Vf(MHz) [C+%]
Outer inductance : Le (mH/km) = 021n 4% m 2 - 04605 loglo%
. o 1073 [Vp1 Vb2
Inner inductance : Li (mH/km) =————
v f(MHz) A1 dzl

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

1°¢ _ 556¢ _ 2412¢

A 2
18In i In 4 log1o 4

Capacitance : C (pF/m) =

Amount of leakage : G (@ /km)=2nf(MHz) * C (nF/km) * tand X 10°

SECONDARY CONSTANT

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

Attenuation constant by resistance : F e

p2

1 R(Q/loop * km) _ Ve f(MHz) | 41 +Z]
2 Z(Q) 60 n 22
d1

a r (np/km) =

Vp1 J_z I
a r (dB/km) = 4,343 R(Q/loop * km)_ 4 5699 /¢ 7 N L1 dz ]
Z(Q) loglo—2
di
Attenuation constant by leakage :

« g(np/km) = % G (©/km) * Z(Q) = 1047f(MHz2) V& tan

a g(dB/km) = 4.343G (6 /km) * Z (Q) = 90.9/(MHz) * V€ tand
Attenuation constant : a=ar+ ag
Phase constant : f (rad/km) = 27 f(MHz) vV L (H/km)C (F/km)

= 27 f(MHz) VL (mH/km)C (nF/km)

2n 20
-2 _ 2 g f(MHz) Ve
7 3 7 f(MHz)
B (deg/km) = 1200f (MHz) V€

Characteristic Inpedance :

L(H/km) _ 60 42 138-1
Zoo(Q =/77 -0 42 log10-42 - 60k In
) CE/km) Ye d1 Ve d dl
v
138 - 1klogo 422 100 Ve
dl 3 C(nF/km)

In low frequency (>100MHz)
Zy=Zo+t N2y (1—-7)

Az 198 (ﬂ+ﬁ),k12=p1//)0,/e22=p2/p0
Ve Vf\dl dz
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AHBEE NS
inner
g . EAEBP 5 EAR tan 0 BQ tan 0 4 conductor
EAR+ E€Q EBR + €8Q
Hren iR
AZZKRETNIE, €4=1, anda=0&7D insulation
€ BP RtanO B
g -._EsP _RtanoB &
Rt esg R+ E£0Q sNEas
" external
22T conductor

P=ln£ Q:lnﬁ, R=ln£

dr’ d1 d3
CIEEE 5
 amfseq) - 2T/ MH2) _ 1 _3x10
B(rad/km) /L (H/km)C (F/km) €
Jf%km) _ v (km/sec) _ 27 - 0.3
f(MHz) B (rad/km) f(MHz)ﬁ

HRAEHE b

JE
SMEGEE :

t (mm) = 5 [pmuUQ - o Cm)x10'3
AR

Cu:p=1724u =1-+=006614 f(MHz)
Al i p =2620u = 1-¢t=0.0809/yf (MHz)
Sn:p =11400"u =1-¢=0.170/ f(MHz)
Pb:p =21900"u = 1-¢=0.236// f(MHz)
Fe: p = 10000 = 100-¢= 0.0159/yf (MHz)

L
Loy =10e?t

RRERICLZ2EREEZE
EAERIET
5
R0 (Qkm) = 9P 1,42 _ 3674106 ploglo 42
2n d1 d1

0 IFHEFARD LHEH (Q-em)

OTHERS

Total dielectric constant :

_ &EA EBP

_ _€ARwand BQtand 4
& AR + & BQ

& BR + & BQ

tan 0

Regard A as air, € 4=1 and tand 4= 0,
& BP and _Rtanis
R + € BQ

& = ,
R + & BQ

P=ln£, Q:lnﬁ, R=lnﬂ
d1 d1 ds

Propagation velocity :

v (ke/sec) = 2nf(MHz) _ 1 _3x10°
B (rad/km) /L (H/km)C (F/km) Je
Wavelength :
2 (km) = v (km/sec) _ 2n _ 0.3
f(MHz) B (rad/km) f(MHz) /&
. . 1
Contraction rate of wavelength : k=
Je
Equivalent thickness of conductor :
f(mm) = O [PHQ " om) s
b4 u * f(MHz)
Cu: p =1724-- pp = 1-+-¢ = 0.0661/v f (MHz)
Al: p =2620-+ p = 1---£=0.0809/vf (MHz)
Sn: p =11400-"- 4 = 1--£= 0.170/vf (MHz)
Pb: p =21900--- x4 = 1-+-¢ = 0.236/Vf (MHz)
Fe: p =10000- x = 100---z = 0.0159/V f (MHz)
Variation of current density due to skin effect : iy = ie ™t

DC insulation resistance :

-5
Rp (0-km) = 0772 15 42 _ 36751076 logio 42
2 d1 d1

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

HEEFER AHIEEFER #HELES Ik B RB IR ARl
VOLUME BERH THERMOELECTRO-|  SPECIFIC THERMAL MELTING
s K RESISTANCE | TEMPERATURE | MOTIVE FORCE GRAVITY EXPANSION POINT
METAL (20°C) FACTOR OF (mV) (20°C) COEFFICIENT (c)
(uQ - cm) VOLUME (x 109)
RESISTANCE (20°C)
(20CHHEICT 1CIZDX)
iR Ag 1.62 0.0038 + 0.75 10.5 18.9 960.5
FIVIZ=Y L 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
EXY X Bi 115 0.004 —7.25 9.80 13.3 271.0
HIVTIL Ca 4.60 — — 1.55 25.0 810.0
HKIYL  Cd 7.50 0.0038 +0.92 8.65 29.8 320.9
=AY Co 9.70 — —1.99 8.90 12.3 1,480.0
0L Cr 2.60 — — 7.10 8.20 1,615.0
& Cu 1.69 0.00393 + 0.75 8.92 16.6 1,083.0
&% 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
YT L I 6.00 — + 0.65 224 6.50 2,550.0
HUTY L K 7.00 — —0.94 0.36 83.0 62.3
YFry L Li 9.30 — — 0.53 56.0 186.0
X729 L Mg 4.46 0.004 + 0.42 1.74 25.6 651.0
EUTF> Mo 4.77 0.0033 + 1.31 10.2 4.00 2,620.0
FhUL  Na 4.60 — —0.21 0.97 71.0 97.5
Zvib Ni 6.90 0.006 —1.43 8.90 12.8 1,452.0
FX3IYL  Os 9.00 — — 22.48 6.10 2,700.0
A Pb 21.9 0.0039 + 0.44 11.37 29.1 3275
INZTL Pd 10.8 0.0033 —0.78 12.0 11.8 1,555.0
EES Pt 10.5 0.003 — 21.45 8.90 1,755.0
JWEYY L Rb 12,5 — — 1.53 90.0 38.5
=Py FA Rh 5.10 — — 0.65 12.5 84.0 1,955.0
5 Sn 11.4 0.0042 + 0.45 7.35 20.0 231.85
ARNEAZF) L St 23.0 — — 2.60 — 800.0
22 2)0 Ta 15.5 0.0031 +0.34 16.6 7.00 2,850.0
ALGATF W 5.48 0.0045 + 0.79 19.3 4.00 3,370.0
G Zn 6.10 0.0037 +0.77 7.14 33.0 419.43
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T 5 T'5AF 920 —T VRIRAR O Y BRI B
PHYSICAL PROPERTIES OF RUBBER&PLASTICS WHICH ARE USED FOR CABLES CONSTRUCTIVE MATERIALS

B HisRH U LR EE FELE | BWEEE | $REEFE | ESNEA
SPECIFIC | TENSILE |ELONGATION|DIELECTRIC|DIELECTRIC|BREAKDOWN K BE
o GRAVITY |STRENGTH (%) CONSTANT | TANGENT | VOLTAGE | VOLUME |CONTINUOUS
MATERIAL (20°C) (MPa) (60 ~ 1 kHz)| (60 ~ 1 kHz) (AC)  |RESISTANCE| WORKING
(20°C) (20°C) (kV/mm) (20°C)  |TEMPERATURE|
(%) (Q-cm) (C)
RAD L ($E53R) - - - - - . _EE~
NATURAL RUBBER (fo nsulation) 130~160| 8~18 | 400~600 | 3~4.50 150 ~ 3 20 ~ 30 101 55 ~ 60
KATL (S —2ZA) N N N - S
NATURAL RUBBER (for jacket) 120 ~150| 14~18 | 400 ~ 600 — — — 108 ~ 10 55 ~ 60
SBR(RFL>T AT 1T L) - - - - - - - — B() ~
SBR (Styrene butadiens rubbe) 130~160| 4~8 400 ~ 650 |3.50 ~4.50| 2~5 20 ~30 | 10"~ 10" 50 ~ 75
FFIVT L (ERRF) - - - - - - - AN
BUTYL RUBBER (for insulation) 140 ~150| 4~6 450 ~ 800 | 3~ 4.50 1~ 250 20 ~30 | 10"~ 10" 40 ~ 80
BIEANGE 7 F I L N — 40 ~
RESIN VULCANIZED BUTYL RUBsgR| '-40 =~ 1-50 - - - - - - 40 ~ 100
HERILA - - - - - - - e
SILICONE RUBBER | 120~ 170| 4~6 200 ~ 400 3~5 2~4 15~20 | 10"~ 10" | — 80 ~ 180
NAIS—0 o
HYPALON 140~170| 8~12 | 200~350 | 550~7 3~5 20 ~30 | 10"~ 10" 25 ~ 90
yaa7L>IL (—ZH) - _ - - A
CHLOROPRENE RUBBER (o acket) 1.40~160| 12~16 | 400 ~ 600 — — — 10" ~ 102 40 ~ 70
RUEEE =L - - - - - _ ~ — 20 ~
POLYVINYL CHLORIDE | 1-20 ~ 150 | 13~25 | 200 ~ 400 5~7 8~15 20 ~40 | 102~ 10" 20 ~ 60
RUTFL> _ - - - e
POLYETHYLENE 0.92 13 ~17 | 500 ~ 550 2.30 0.03 35~45 | 107 ~ 10" 60 ~ 75
ZER)IFLY - - ~ _ — 60 ~
CROSSLINKED POLYETHYLENE 0.92 14 ~20 | 400 ~ 520 2.30 0.03 35~45 | 107~ 10® | — 60 ~ 100
RUMHELIFL > (PTFE) _ _ - - - on
POLYTETRAFLUOROETHYLENE (PTFE 210 ~220| 20~40 | 150 ~ 250 2.00 0.05 15~20 | 107 ~ 10® | — 90 ~ 260
Fqar - T
NYLON 1.09~1.14| 50~70 | 90~ 300 3.50 1~4 12~20 | 10~ 10" | — 40 ~ 130
IFL>TFOEL>TA _ _ _ _ _ _ _ o
ETHYLENE PROPYLENE RUBBER| '-30 ~ 140| 7~8 400 ~ 650 4~5 0.50 ~ 2 30 ~40 | 102~ 10" 40 ~ 90
MAHFZOT O BREIMEREDE. BHECEET AP TEVET,
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