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EROFEER

Allowable current for electric wires

FSEEIER Allowable current calculation formula
1. IEEEROFEERERRICEDEELET, (UJCS 168 C) 1. The allowable current of an insulated wire is calculated as follows. (JCS 168 C)
(ZErh Y (PR (C AR & N B DY — T L) (Single core cable laid in air or duct)
| DEFEER [A]
I= 1o / T1—Te2 : Allowable current [A]
r-Rth T EFREHEEE [Cl(ERITHNEE )
=no % (RESE 40CDE8) . Maximum a_llowabl.e conductor temperature [C ]
(For the base temperature of 40°C) (Allowable insulation temperature)
r= {1+ a (T1—20)} ro T :AEEE (—#&IC 40T)
= {14+ 0.00393 (T:1—20)} ro GAEFDIZEE) - Ambient temperature(generally 40T )
Rth=R:+Rs (For copper conductor) ro o ERO TCICHIF DEIFSIIES [ Q /om]
Rz P1 Oz ! Effective conductor resistance at T:C [ Q /cm]
o M ro B 20CICHIF ZEEEMIER [ Q /om]
Rs= % : Effective conductor resistance at 20C [ Q /cm]
a BHEENOREFRE
p1 - MEFRFOEFHIES [C - cm/W] fEfRDIZS 0.00393
7]-: U ;;f(:jif;thermal resistance of insulation ['C ~cm/V:]SO 7“‘15031%3 00040 -
Polyethylene : Temperature coefficient of conductor resistance
i‘iﬁ:;: ;:h';en/e 450 For copper wire: 0.00393
PVC 600 For aluminum wire: 0.0040
ZEHEPVC 500 Rth : £2&4E#1 [C - cm/W] c
Crosslinked PVC : Total thermal resistance [C - cm/W]
Sﬁfcfibf;r 500 Ri  : #E&RIADEEH [C - cm/W]
IFL>7OEL>OA 500 : Thermal resistance of insulation ['C - cm/W]
= Rs @ S#REERMAMER [C - cm/W]
Buthyl rubber 500 : Radiation thermal resistance at wire surface [C-cm/W]
7an7L A 500 di :EEESHE [mm]
AP =P2=VA 500 : Conductor outside dia. [mm]
Hypalon rubber de  :#EFESHE [mm]
— 400 . Insulation outside dia. [mm]
no MR T DIEEOHFEEREFE
pa | REMEFIES [C - cm?/W] : Reduction ratio of allowable current for multiple
J: p:a:)Surface thermal radiation resistance [C -cm/W] Wire |ay|ng
s 00T 100 @ =% o EREOEBINER [C - cm/W]
Imﬁiﬁﬁai ’ 400 + 20d: (dz = 20) : Specific thermal resistance of insulation [C -cm/W]
” 800 (dz > 20) ps : REELEMES [C - cm?/W]
: Surface thermal radiation resistance [T -cm?®/W]

REFARE (C) (BEMHOMMAMESER)

Max. allowable temperatur (°C ) (refer to the heat resistance of each material)

—fixPVC General PVC 60

M #PVC Heat resistant PVC 45, 80, 90, 105
AU IFL > Polyethylene 75
ZefER1) TF L > Crosslinked polyethylene 90
7 FJVT L Buthyl rubber 80
FEP 200

(ﬂﬁ#?ﬂ'l‘f{%ﬂ@) Refer to the heat resistance specification

(—f%{ER) For general use

E—X %9 X BEAMEX VF, VC 105
NF 125
ER470 125

ER500 150
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2. BERERERELTZTHAERITIIESE. EKEERZHITEIIN 2. Reduction ratio shall be multiplied when multiple insulated wires are laid
[FIESTEL side-by-side.

RRICSHMER T HIESOERE(N.) (D)

Reduction ratio for multiple wire laying in air ( o o) (1)

BEREHEE (no)
e Current reduction ratio (o)
No. of wires
1 2 3 6 4 6 8 9 12
FanYanVanYean Wl B A WanVan Wl QA YAnTan T
oA FanYa AV Nl AN N P

Ar:lnngrlv{ent D \‘“"’T ‘J\Ju‘ T \./\J\_/g‘ u\Juug‘
s S N aAYaYaYl Watiata'a'

l‘ 1 T \_qu,. \.J\/\J\-g

LR . ‘ ‘ At ) Y Va l ' '
Center distance d s s S N N e me (){}C\l _Eaéaee‘

- S - -~ S - S —{ S b -S,;

Si=ds 0.85 0.80 0.70 0.70 0.60 — — —
Si1=2ds 1.00 0.95 0.95 0.90 0.90 0.90 0.85 0.80 0.80
S1=3ds 1.00 1.00 0.95 0.95 0.95 0.90 0.85 0.85

TF=J W &ZRMRTHIECOHFFERERNE (Bh, BER) (ZD2)
Reduction ratio for multiple wire laying in air or duct ( p o) (ll)
ERERE (no)
Current reduction ratio (o)
23
Tier 1 2 3
FOECHIER|  (n)
Wire center
distance 5“ 11 ~ 13 ~ 16 ~
Row |7~20| 4 5 6 7 |18~20| 3 4 5 6 7 8 [9~10 20
12 15 19
(m)
S=d: 0.70 0.6 0.56 | 0.53 | 0.51 0.50 | 0.48 | 0.41 0.37 | 0.34 | 0.32 | 0.31 0.30 | 0.30 | 0.30 | 0.30 | 0.30
S=2d: 0.80 — 0.73 | 0.72 | 0.71 0.70 — — 0.68 | 066 | 065 | 0.65 | 0.64 | 0.63 | 0.62 | 0.61 0.60
| T~ | SEaR C o
A A A A DD ﬁE’iJlEtE(gﬂ??’ﬁl@%nd\@ﬁlg?’%
ANZANFANVANVAN VAN 70 The arrangement is as shown in the left.
DN DN DD Dy E3# n=3
NN ANV AN Y ZA TNV, =
any C\ C) O r> <} {}. No. of tiers: n =3 BEFHIE nXxm=21%
Y N \\ds( 5l# m=7 Total number of wires: n x m =21 wires
Slsisisisls No. of rows: m = 7

GE) S=d LR IT—TIVEBMZTHD. S=2d MR EFEVICEHET D5 — T ILEROMDOZ DERZEE D,
(Note) The arrangement S = d corresponds to dense wire laying, while by the arrangement S = 2d,
the distance between the wires is equivalent to the sum of the radii of adjacent wires.

3. BRKEE (T2) h'40C (XI& 30T) LELDEZR. ZNF 3.When the base temperature (T2) is different from 40°C or 30°C, the
NOEEICHT 2 BERSERFEFEE S, compensation factor for each temperature must be applied.
BREEMERE I BEERE T: OROHFEER

Base temperature compensation factor
P P . Allowable current at the base temperature of T»

—— | BRERE 40COROHFFER

— 1—le2

I'=Ix [ T.—40 : Allowable current for the base temperature of 40°C
T AR

: Max. conductor temperature
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BRI E

Electric characteristics calculation formula

EfSHFRR

1. DC conductor resistance

pg= 02t (0) EEROWER 1mm?. £ 1m TOERI.
S "da The DC resistance of a standard annealed copper with a cross-sectional
Rt=R{l+ a(t—20)}(Q) area of Imm?’ and length 1m is:
p | GFEOHFEESER [Q - cm] a1 ‘
: Specific volume resistance of conductor [ Q -cm] R_ﬁ_O'O] 7241 (Q) TH.

R :20CIC8IF3EREFET [Q]
: DC conductor resistance at 20°C [ Q ]
Rt : tCICBIFBEREFIER [Q]
: DC conductor resistance at t'C [ Q ] R=51—8 . % 1000_548X 10°d"‘ (Q. km)
2 EFR [cml]

. Conductor length [cm] - N
4 EEOBEE [om] 2) HERAROBERIETE

2) The DC resistance of annealed copper wire strand is:

1) FREABROETESIS

1) The DC resistance of single annealed copper wire is:

. Conductor diameter [cm]

S : WAQUERE [cm?] e 0: (1+8)
! Cross-sectional area of conductor [cm?] 58-nod?-
a IRTURERE n: ARG S HAE {60 AUT 2%
N 0,
. Temperature coefficient of resistance BOALL 3%
o EEE [%] where, n is the number of element wire;
: Conductivity [%] S is the lay ratio (2% for n<60, 3% for n260)
HESFHEOERIF L ERR
Basic property of various conductor materials
EE (g/cmd) EHEFX (%IACS) EHER (20°Cu Q -cm) | EIRERE (T BERRE (C)
Specific gravity (g/cm?) Conductivity (% IACS) Specific resistance (20°C u Q -cm) | Temperature coefficient of resistance (C™') | Linear expansion coefficient (‘C™")
o i 8.89 100 1.7241 0.00393 17.0 x 10
nnealed copper
i 8.89 97.0 17774 0.00381 17.0 x 10
ard copper
s 8.89 96.0 1.7959 0.00381 17.0 x 10
eat-resistance copper
o 8.89 45.0 3.8313 0.00177 17.0 x 1078
ilicon copper
ZES 948 8.89 85.0 2.0284 0.00334 17.0 X 10°
admium copper
40%EF 8.20 39.21 4.3971 0.00381 13.0 X 1076
30%EF 8.15 29.41 5.8623 0.0038 13.0 X 1076
LS 270 61.0 2.8264 0.0040 23.0 X 107
ard aluminum
iies 2.70 520 3.3156 0.0036 23.0 X 107
rey wire
" M7V S 2.70 58.0 2.9726 0.0039 23.0 X 107
eat-resistant aluminum
pAE ol 6.59 20.3 8.4931 0.0036 13.0 X 10
mo-weld
TIIFA AN 7.55 - - — 11.5 x 107
Aluminized steel
AP EES | "
Zn plated steel 7.80 - - - 1.5 %107
| TOMILEE M PJL S 2.70 60.0 28735 0.0040 230 x 107
il 8.94 101 1.710 0.0044 16.5 x 10
xygen-free copper
fff\ 7.86 17.24 10.0 0.006206 11.7 X 107
Sﬁi 10.53 105 1.642 0.004074 19.7 X 1076
= 19.32 70.7 2.440 0.003968 14.2 x 10
i 7.29 15.0 11,50 0.00447 23 x 10
=2l 8.75 22.1 7.800 0.004873 13.3 x 10




BiNROEEE o

Conductivity of annealed copper

HA R B WA XTI
Size Annealed copper wire Sn plated annealed copper wire
0.291 ~££ﬁﬁ 0.993 0.94

BiFRN (REEF)

Conductor resistance (copper conductor)
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Electric Characteristics Calculation Formula

CGE) BIEDIEME (1mZHb) Z2Rd,
(Note) Approximate resistance per meter is shown here.
r=001724 10 /m] 243,

Calcluation formula: R = % [Q /m]

T T T S:G{AHAETR (mm?)
BEEEALUSNDIBEI.
L RN G TRt

where, S is the conductor cross-sectional area
For conductors other than copper, the value shall be
divided by the conductivity ratio of o (%)/100

IEFEICIFRBEETERIC KD,

Use numerical calculation for precise evaluation.

724

10 :
AN !
X
|
1
\ 1
N |
1
|
|
|
T
[ Ie——
2 i
[0}
fi&
(Q/m)
0.1 | —~—-
0.01
0.002

T K @

S (mm?)
Conductor cross-sectional area

91
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Electric Characteristics Calculation Formula

2. i8R

2. Insulation resistance

R= 3.6265 .p.bg,.,%xm-’ M Q)

R :#EBFDiERER M Ql
: Insulation resistance of insulator [M Q]
o ' EBREOKEESIER [Q - om]

: Specific volume resistance of insulator [Q - cm]

d :EFEHNME [mm]

: Conductor outer diameter [mm]

D :#@E&FSNE [mm]

. Insulator outer diameter [mm]

2 EBHRO%EER [cm]
: Wire length [cm]

Crosslinked polyethylene, BEAMEX-S

R HRERER (0 - om)

Insulation material Specific volume resistance

E=JL BHE soft 10" ~ 10"

Vinyl FEH hard >10'¢

R p

oaiine > 10
EERJVIFLE—XYyYX-S > 1016

EERJVIFLY E—X v Y X-ER > 105
Crosslinked polyethylene, BEAMEX-ER

HU7 3 NIl

Polyamide resin

4 X 10" ~7 x 10"

ETFE > 10'¢
FEP ST
PFA > 10
PVF: > 10
RUoLar ~
Polyurethane 10 1013
RKULIZRFIV 1o
Polyester

RKUAIF

Polyimide 1018
yardhn ~
Silicon rubber 1012 1015

R & NELEDRAGR
Relationship between insulation resistance and outer diameter ratio
/ fxaoe
T : I
1000 5x10™
,/,//’f##f#ﬂ IRE A
o (Q-cm)
2%x101 Specific volume
/ resistance
1 X 1 014
2 A
g & 100 /// 5X1013
2
2
3 m
<M Q'km) / 2X1013
// 1x107
10 ///
1.0
1.0 2.0 3.0

SMELE (HERAF51E (D) / DFRSMVE (d))

Outer diameter ratio (insulator outer diameter (D) / core outer diameter (d))




