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AL oy IS S b (K5 D5 PVC 518 5 -
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S 5 g Jsb Sl e % 150 125 150 150 150 150
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80°C | 90°C 110°C | 135°C | 180°C 40°C | 60°C | 70°C | 80°C | 85°C | 90°C
3hoxe 8 Shes 3oxe 8Shos
Lz sbod b slod
o o
bis50 | 1.00 | 1.00 | 1.00 1.00 @ 1.00 10 173 | 129 122 118 117  1.15
55 091 094  1.00  1.00 | 1.00 15 158 | 122 117 | 114 113 | 1.12
60 0.82 | 0.87 | 1.00  1.00 1.00 20 141 1 115 112 | 110  1.09 | 1.08
65 071 | 0.79 | 1.00 | 1.00 1.00 25 122 | 1.08 | 1.06 | 1.05  1.04 @ 1.04
70 058 | 0.71 | 1.00 | 1.00  1.00 30 1.00 | 1.00 | 1.00 | 1.00 , 1.00  1.00
75 0.41 | 0.61 | 1.00  1.00 1.00 35 071 | 091 094 | 095 | 095 0.96
80 — 1 0.50  1.00 1.00  1.00 40 — 082 087  0.89  0.90 091
85 — 035 091 1.00  1.00 45 — 071 079 084 085 087
90 — | — | 0.82 1.00  1.00 50 — 1058 071 077 — | 082
95 — | — | 071 1.00  1.00 55 — 041 061071 — | 076
100 — | — | 058 094 1.00 60 —  — 050 063 — | 071
105 — — | 041 | 0.87  1.00 65 N — 035055 — | 065
110 — | — | — 079 1.00 70 — — | — |045| — | 058
115 — | =0 — | 071 100 75 — | — | — | 032| — | 050
120 — | — | — 061 1.00 80 — | — | = | =] — |04
125 — | — | — | 050 1.00 85 — | =] =] — | — | 029
130 — | —  — 035 1.00
135 Ay | L8 — N80 10 mm? G ablio ghaw (51 5 ¢ 4kl y Wi Sl (5159 ki il 30 ]
140 — = = | —4l1.00
Sl e b 4y otass i el yo
145 — | — | NJ¥— | 100 2 0.75
150 — — — — 1.00 7 0.65
155 — — — — | 0.91 10 0.55
14
160 | — | — | — | — |o82 0-58
19 0.45
165 - - = — o071
24 0.40
170 T — | 058 40 0.35
175 — | = | — | — | o041 61 0.30
085 59 Sl Sl i ol o I
0835 59, b AY Slusi 1 2 3 4 5
i il g0 0.80  0.61 0.49  0.42 | 0.38
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25 138 133 208 139 133 106 102 160 108 103
35 164 159 250 166 160 127 123 193 129 123
50 195 188 296 196 190 151 144 230 153 145
70 238 232 365 238 234 185 179 283 187 180
95 286 280 438 281 280 222 215 340 223 216
120 325 318 501 315 319 253 245 389 252 246
150 365 359 563 347 357 284 275 436 280 276
185 413 406 639 385 402 322 313 496 314 313
240 479 473 746 432 463 375 364 578 358 362
300 541 535 848 473 518 425 419 656 397 415
400 614 613 975 521 579 487 484 756 441 474
500 693 687 1125 574 624 558 553 873 489 528
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16 84 79 107 89 80 - : - - -
25 14 106 144 119 108 87 82 110 91 83
35 139 129 176 146 132 107 100 135 112 101
50 169 157 214 177 160 131 119 166 137 121
70 213 199 270 221 202 166 152 210 173 155
95 264 246 334 270 249 205 186 259 212 189
120 307 285 389 310 289 239 216 302 247 220
150 352 326 446 350 329 273 246 345 280 249
185 406 374 516 399 377 317 285 401 321 287
240 483 445 618 462 443 378 338 479 374 339
300 557 511 717 519 504 437 400 555 426 401
400 646 597 843 583 577 513 472 653 488 468
500 474 669 994 657 626 600 539 772 556 524
630 858 - 1180 744 - 701 - 915 628 -
800 971 : 1396 : : 809 : 1080 : -
1000 1078 - 1620 - - 916 - 1258 - .
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Jbead b 4y olusin o) 38 wedd f 1gh 48 wuai f
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U,/U 6/10 kv 12/20 kv 18/30 kv 6/10 kv 12/20 kv 18/30 kv
mm? @i pdaw (A) T & ok g5
25 157 179 - - - - - - - - - -
35 187 212 189 213 - - 145 165 - - - -
50 220 249 222 250 225 251 171 194 172 195 174 195
70 268 302 271 303 274 304 208 236 210 237 213 238
95 320 359 323 360 327 362 248 281 251 282 254 283
120 363 405 367 407 371 409 283 318 285 319 289 321
150 405 442 409 445 414 449 315 350 319 352 322 354
185 456 493 461 498 466 502 357 394 361 396 364 399
240 526 563 532 568 539 574 413 452 417 455 422 458
300 591 626 599 633 606 640 466 506 471 510 476 514
400 662 675 671 685 680 695 529 558 535 564 541 570
500 744 748 754 760 765 773 602 627 609 634 616 642
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mm?  alaio gdaw (A) T & 0k 5

25 163 194 - - - - - - - - - -

35 197 235 200 235 - - 153 182 - - - -
50 236 282 239 282 241 282 183 219 185 219 187 219
70 294 350 297 351 299 350 228 273 231 273 232 273
95 358 426 361 426 363 425 278 333 280 332 282 331
120 413 491 416 491 418 488 321 384 323 384 325 382
150 468 594 470 549 472 548 364 432 366 432 367 429
185 535 625 538 625 539 624 418 496 420 494 421 492
240 631 731 634 731 635 728 494 583 496 581 496 578
300 722 831 724 830 725 828 568 666 569 663 568 659
400 827 920 829 923 831 922 660 755 660 753 650 750
500 949 1043 953 1045 953 1045 767 868 766 866 764 861
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A A0 Ly Jlasl Ll s [aseia A G0 Joltm 1368 Gl gl disDle B sy BIS e 550 Sis gl 05 208 O e Ll 5 0 ST

o T AV V8 Jglit s ail 2alS yslie ol el oo S5 00 55 1y darl 3l il oo 2l ¢ ST il & Caglin 41551 o

Sl Caslin Fle s b S Caslio v 0l G5 (Somls v 5L S (el S b a2l 8 sl (1 1 ST s Ss
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STV BY st 5 &8 (s g5 ) By ST6 5 (ke g o1 ) A o 0T LBy ot otty s Blis L LIS 5
ORI TGN - S LGS N PP
i okt dblol 4

BEYS-REg Fuiow| th\lfbﬁgf;l'.\
Ll Al 2250 250 58 31060 4 ool

s A

CLOmM/W o35 i 70 100 | 120 150 | 200 | 250 | 300
TS sl e A L5

By | 1.1 1 094 | 087 | 078 | 072 | 067

%5635, | 113 1 093 086 | 076 | 070 | 064

240 01205 | 1.14 1 0.93 o.;% 076 | 069 | 0.63

500 53005 | 1.15 1 092 | 085 | 075 | 068 & 063
SHags B, <

U=1KV ¢ <) lgm s an b 1 14 1 1 1 1 1

Uslkvoc,mgs | 098 | 1 101 | 101 | 102 | 102 | 103

Uslkvees, s | 098 | 1 101 | 101 | 1.02 | 102 | 1.03

U=6kv 310KV e oy Sl ety 45| 0.97 1 101 | 102 | 103 | 104 | 105

uwwm%&wwso% 1.01 1 100 | 098 | 097 | 097 | 096
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G 15°C | 20°C | 25°C | 30°C | 35°C | 40°C
sl sl 2 Tl il yo

U= 1Ly 5y 1.05 1.00 | 095 | 089 | 084 | 0.77

U=10kv 1.05 1.00 0.94 0.88 0.82 0.75
ol ety A Ll wslea dlCy iy ST SIS (g 0l = ¢ el a5
4, S eSS L Sl Salen
b (T 7 cm. b ,s b o dob

J199F 30 i85 415 slalils Sl 2 & 4 (3" 6 8 10

bl o mae QAP0 gk ) olie gl el 52

0.85 0.75 0.68 0.64 0.60 0.56 0.53

It s 3 2, S SIS (L 0L 2 S e 2
C8,5 e ST s LIS ol SalKis
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P S STOMASGL Jo o € e, | 0.82 | 074 | 0.68

Bl o e 8 e e 12 sl ol B S
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5SS s 0.95 | 0.90  0.88 0.85 0.84

s 4uds slaas

1 095 | 0.90 | 0.88 | 0.85 | 0.84
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~ —An
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s E )5S s Llebls” 0.95 0.90 0.88
s 4ds slies
1 095 | 090 | 088
2 090 | 085 083

Ll 8 15 anis 5 Lebls”
(3,10 oKl Isa 23 5) 5] 0.88 0.83 0.81

}<30cm>{

6 0.86 0.81 0.79

OS5 Sl gl ey sl

1 1.00 0.98 0.96

1.00 0.95 0.93

}<30cm>{

SS9 2 kS
3 1.00 0.94 0.92

6 1.00 0.93 0.90

Ll o sl @ 36 0T 52 4 B8 3l B * N\

y ~

€

(@]

: 3

B VA

1 2 | 3
Slas E 5 KasS eVl s & bl sl
kY
D55 S os) kS - 0.89 086 | 0.84
Llodd Syl s 5L

b 03 S5 i LIS s o5 clgml Bl ol dlisDe BB sk Lisme cles & L o putme s L Sl oyl *




db//.'./“//"[//‘}’w -"/'ﬁ

(P50 T 9 (o Sla2dly b Slebls” dulio

D3 ke AL oo g sl B e rlans e Dbl (g1 aminie

o 0bigs” ST b 2 9 Slowe Ob 2 € 5 ¢ (2 A Canglio

el o TYY 5 Yo sl 55 a s T 5 e lgoala b glgblS gl (SO S pialie oyl @ b gy s olgmons
AL g e o sia T 5 e GLghlST J3lee glgrbiie prla Sl ol sl )

1kv 5We b slebls 4
o S o g | o TS ot | Jepbp gy obsT Sl ol | Gl e
mm? mm? Al/Cu Al/Cu %
1 2 3 4 5

4 0.78 0.65 0.61

“ 6 0.98 0.98 0.92

6 0.78 0.65 0.61

6 10 1.04 1.09 1.02

i 10 0.78 0.65 0.61

16 1.01 1.04 0.98

16 0.78 0.65 0.61

16 25 1.00 1.02 0.95

25 0.77 0.65 0.61

e 35 0.92 0.91 0.85

50 112 1.30 122

35 0.78 0.65 0.61

& 50 0.94 0.94 0.87

70 143 132 1.22

50 0.79 0.65 0.61

e 70 0.95 0.92 0.85

95 116 1.24 1.16

70 0.76 0.65 0.61

Y 95 0.94 0.89 0.83

120 1.07 112 1.05

95 0.78 0.65 0.61

95 120 0.89 0.82 0.77

150 1.00 1.03 0.96

120 0.78 0.65 0.61

120 150 0.87 0.80 0.76

185 0.98 1.00 0.94

150 0.78 0.65 0.61

120 185 0.88 0.80 0.75

240 1.01 1.08 0.98

185 0.78 0.65 0.61

185 240 0.90 0.85 0.79

300 1.03 1.05 0.99

240 0.78 0.65 0.76

240 300 0.88 0.81 0.76
400 1.01 1.08 1.02 ($F)




(P51 9 (o Sl b Slebls” dulio

10 kv 539 b slebls 4
o S Qo phow | rimegd T I o | Glw b2 €5 (olgS Jlail jlme > e glio Cond
2 mm? R Cu
mm’ Al/Cu Al/Cu Ra
1 2 3 4 5
0 10 0.78 0.65 0.61
16 1.00 1.05 0.98
16 0.78 0.65 0.61
16
25 0.99
25 0.77
25 35 0.92
35 0.76
35 50 0.90
70 1.10
50 0.77 0.65 0.61
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240 0.78 0.65 0.61
240 300 0.88 0.82 0.76
400 1.01 1.09 1.02
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PVC &l b slebls 4
GO o o ol Wy ol Wy
mme 3.6/6 KV 6/10 KV
uF/KM?! pF/KM?!
25 0.30 0.35
35 0.32 0.33
50 0.32
70 0.35
95 0.38
120 0.43
150 0.45
185 0.50
240 0.55
300 0.60
.mg@,;uzo°c shd )3 ydle ‘;._1!(\
XLPE @k b slebls ¥
@9l ool ko 67.;)1?\? 8“;;;:/ 1;:(; ?:/ 1:;:(; ii/
mm uE/KM uF/KM uF/KM uF/KM
35 0.22 0.17 0.16 —
50 0.24 0.19 0.17 0.13
70 0.28 0.22 0.19 0.15
95 0.31 024 0.21 0.16
120 0.33 0.26 0.23 0.18
150 0.36 0.28 0.25 0.19
185 039 0.31 0.27 0.20
240 - 0.44 0.34 0.30 0.22
300 0.48 0.37 0.32 0.24
400 0.55 0.42 0.36 0.27
500 0.61 0.46 0.40 0.30
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SO ol oy oy S sy o oy S sy o oy S
IAARF mH/KM mH /KM mH/KM mH/KM2 mH/KM mH /KM
25 0.082 0.103 0.107 0.137 0.122 0.127
85 0.079 0.098 0.101 0.131 0.116 0.119
50 0.078 0.095 0.097 0.121 0.114 0.113
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95 0.082 0.114 0.118 0.123 0.131
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150 0.082 0.106 0.110 0.144 0.121
185 0.082 0.102 0.106 0.110 0.117
240 0.079 0.098 0.102 0.105 0.112
300 — 0.095 0.099 0.102 0.108
400 — 0.091 0.095 0.098 0.103
500 — 0.089 0.092 0.094 0.100
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i mH/KM mH /KM mH /KM mH /KM mH/KM
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70 0.072 0.103 0.110 0.115 0.127
95 0.069 0.099 0.105 0.110 0.121
120 0.069 0.095 0.101 0.106 0.116
150 0.069 0.092 0.098 0.102 0.113
185 0.069 0.090 0.095 0.099 0.109
240 0.069 0.087 0.091 0.095 0.104
300 — 0.084 0.089 0.092 0.101
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Designation code for telephone cables
jumper wires and stranded hook-up wires

Construction reference

Basic cable type with additional information

A outdoor cable 1E installation cable for
AB  outdoor cable with lightning protection InelsiiE] elizaiioe
EEUITSHTES IE-H installation cable for industrial
A] outdoor cable with induction protection slectronic, halogen-fres
requirements S switchboard cable
G mining cable T distribution cable
) | installation cable YV/Lim jumper wires/hook-up wires
Insulation <«
P dry paper 3Y - Styroflex
Y PVC (polyvinylchloride) 5Y - PTFE
2Y PE (polyethylene) 6Y - FEP
02Y foamed PE (cellular) 7Y  -ETFE
02YS  foam-skin insulation
Screening <
C screen of braided copper wires (L) aluminium tape
D copper screen, helically stranded (ms) magnetic screen steel tape
F filling of cable core with petrol-jelly (St) screen of plastic coated metallic foil
(K) screen of copper tape with PE-inner sheath (z) high tensile steel wire braiding

Sheath Material <

L
(L)2Y
LD

Protective coating <

Y
Yv
Yw
Yu

Number of stranding elements <

XIx
X2x
X3x

Conductor diameter in mm<

Type

E

S
StO
St
Stl
StII
St III
StIV

Stranding Layout <

Lg
Bd

Armouring wire<

A
b
B
1B 0.3

) CLET G B CL)

smooth aluminium sheath

copolymer coated aluminium moisture barrier sheath

corrugated aluminium sheath

M lead sheath
Mz lead alloy sheath
W corrugated steel sheath

PVC sheath
reinforced protective sheath of PVC

PVC sheath heat-resistant
PVC flame resistant (non-flammable)

2Y PE sheath

2Yv reinforced protective PE sheath

single core
pair (double cores)
triple

of stranding components <«

star quad with phantom circuit in railway cables
signal core in railway signal cable

star quad general
star quad with phantom circuit for long distance

star quad without phantom circuit

star quad like St IIl,but with increased capacitance unbalances

star quad in local (Subscriber) cable

star quad for transmission of f=120 kHz

E compound with embeded plastic tape

C protective covering of jute and compound

W X4x quad

«X5x five-core
StV star quad for transmission of f=550 kHz
St VI star quad for transmission of f=17 Mhz
DM Dieselhorst-Martin quad
TF carrier frequency star quad
P twisted pair

PIMF pair in metal foil
VIMF quad in metal foil
BdiMF  unitin metal foil

Kx coaxial cable

layer stranding concentric

unit stranding

layer of Al-wires for inductive protection
armouring

armouring of steel band for inductive protection

1 layer steel tape, thickness 0.3 mm

2B 0.5

(T)

2 layers steel tape, thickness 0.5 mm
layer of copper wires for inductive protection

strain bearing of steel wires for aerial cable
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S

FEP-6Y, PTFE-5Y, Compensating cables-FEP

1€ Teflon

12
Rubber

Neoprene-Round/Flat, NSHTOU, AIRPORT 400 Hz,
HO01N2-D/E, H 05/H 07-, A 05/ A 07 RN-F

H Silicone

PUR

SiHF, SiHF/GL-P, SiF, SiD, SiFF, SiF/GL, SiD/GL,
SiHF-C-Si, FZ-LS, FZ-LSi, N2GMH2G

O

J-H(St)H, Security Cable..E30/E90, HELUCOM®-H
JZ-500-HMH/HXMHX, N2XH, H07Z-K, RG-H

o ® e e

> o o o

PUR-JZ, PUR-JZ-HF, TOPFLEX-PUR, ROBOFLEX,
SUPERTRONIC-PUR, MULTIFLEX-PUR, TOPSERV®

Ol O | e o

@ O o o o

O

PE

Coaxial-cable (PE), L2-BUS-cable (PE) A-2Y(L)2Y, A-
2YF(L)2Y, HELUCOM® ... 2Y

PVC

THERM 120, THERM 105, H05V2-K, HO7V2-K

H 05 V-K, H 07 V-K, H 03 W-F, H 05 W-F

ESUY, LifY, PVC-Single cores, EDV-PIMF-CY ESY,
LiFDY, TUBEFLEX/-CY

F-CY-JZ, Y-CY-JZ, JZ-HF-CY,J-Y(St)Y, J-YY, JE-Y(St),
S-YY, S-Y(St)Y, TOPFLEX-PVC

]Z-602, ]Z-602-CY, TRONIC-CY,LiYCY, JZ-602 RC,
PAAR-TRONIC-CY, SY-JZ, SY-JB, JZ-602 RC-CY

MULTIFLEX-Plus, LifY, Trago, Lift-2S, BAUFLEX
BUS-cables-PVC, DAT-cables-PVC

NYSLY, NYSLYCY, NLSY, NLSCY, NSY, NSYCY,
HO05W5-F, HOGWC4V5-K

]Z-603, ]Z 603-CY, Li-TPC-Y, PAAR-CY-OZ, NO5W5-
F, CEI1 20-22

JZ-500/ 600/ 750, JB, OZ-BL, JZ-HF, PVC-Flach,
TRONIC (LiYY), SUPERTRONIC-PVC
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Temperature up to ... °C
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100
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20

Concentration (%)

colds.

each
10

each

each

each

each
100
colds.

10-40

colds.

colds.

colds.

colds.

colds.

colds.

colds.

50

colds.

100
50

100

colds.

30

conc.

50

Chemical Resistance

Substance

inorganic chemicals

Alums

Aluminium salts

Ammonia, wat.

Ammonium acetate, wat.

Ammonium carbonate, wat.

Ammonium chloride, wat.

Barium salts

Boric acid

Calcium chloride, wat.

Calcium chloride, wat.

Calcium nitrate, wat.

Calcium salts, wat.

Potassium carbonate, wat.

Potassium chlorate, wat.

Potassium chloride, wat.

Potassium dicromate, wat.

Potassium iodie, wat.

Potassium nitrate, wat.

Potassium permanganate,

Potassium sulphate, wat.

Copper salts

Megnesium salts

Sodium bicarbonate (Natron),wat

Sodium bisulphite (Soda), wat.

Sodium chloride (Cook spalt), wat.

Sodium thiosulfat, wat.

Soda Lye

Nickel salts, wat.

Nitrobenzene

Phosphoric acid

Mercury

Mercury salts

Nitric acid

Hydrochlorid acid

Sulfur dioxide

Carbon disulfide

Sulfuric acid

Hydrogen sulfide

Sea water

Silver salts, wat.

Cleaning fluid lye
Water (dest.)

Hydrogen peroxide, wat.

Zinc salts, wat.

Stannous chloride

The information mentioned in this summary is given to the best of our own knowledge

each = reach concentration
colds. = cold saturated
wat. = watery, liquid

@resistant

and based upon our long standing experience. But we would like to direct your

attention to the fact, that the information is given without obligation.

Afinal judgement can only be made in practice.

Q@conditionally resistant

Onot resistant

please verify

* for individual case,

(v)
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FEP-6Y, PTFE-5Y, Compensating cables-FEP

1€ Teflon

12
Rubber

Neoprene-Round/Flat, NSHTOU, AIRPORT 400 Hz,
HOIN2-D/E, H05/H 07-, A 05/ A 07 RN-F

H Silicone

PUR

SiHF, SiHF/GL-P, SiF, SiD, SiFF, SiF/GL, SiD/GL,
SiHF-C-Si, FZ-LS, FZ-LSi, N2GMH2G

J-H(St)H, Security Cable..E30/E90, HELUCOM®-H
JZ-500-HMH/HXMHX, N2XH, H07Z-K, RG-H

Ol @l | ©

> e @ @

> e o @

PUR-JZ, PUR-JZ-HF, TOPFLEX-PUR, ROBOFLEX,
SUPERTRONIC-PUR, MULTIFLEX-PUR, TOPSERV®

O

O*

o
o

/0 @ O @

0

O*

*|

PE

Coaxial-cable (PE), L2-BUS-cable (PE) A-2Y(L)2Y, A-
2YF(L)2Y, HELUCOM® ... 2Y

e 0/ O ol @ o

PVC

THERM 120, THERM 105, H05V2-K, HO7V2-K

H 05 V-K, H 07 V-K, H 03 W-F, H 05 W-F

ESUY, LifY, PVC-Single cores, EDV-PIMF-CY ESY,
LiFDY, TUBEFLEX/-CY

F-CY-JZ, Y-CY-JZ, JZ-HF-CY,J-Y(St)Y, J-YY, JE-Y(St),
S-YY, S-Y(St)Y, TOPFLEX-PVC

]Z-602, ]Z-602-CY, TRONIC-CY,LiYCY, JZ-602 RC,
PAAR-TRONIC-CY, SY-JZ, SY-JB, JZ-602 RC-CY

MULTIFLEX-Plus, LifY, Trago, Lift-2S, BAUFLEX
BUS-cables-PVC, DAT-cables-PVC

NYSLY, NYSLYCY, NLSY, NLSCY, NSY, NSYCY,
HO05W5-F, HOGWC4V5-K

]Z-603, ]Z 603-CY, Li-TPC-Y, PAAR-CY-OZ, NO5W5-
F, CEI1 20-22

JZ-500/ 600/ 750, JB, OZ-BL, JZ-HF, PVC-Flach,
TRONIC (LiYY), SUPERTRONIC-PVC
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Temperature up to ... °C

20
20
50

100
20
50
20
50
20

100
20
50
30
20
20
50

50

20

100
50
20
20
20

20
20

20

120
50
20

20

20

20

Concentration (%)

100

30

colds.

20

20

each

100

10

100

colds.

100

100

Chemical Resistance

Substance

inorganic chemicals

Aceton

Ethyl alcohol

Ethyl chloride

Ethylene glycol

Formic acid

Aniline

Petrol

Benzene

Succinic acid, wat.

Brake fluid
Butane

Butter

Chlorobenze

Chloroprene

Diethylether

Diethylprestone

Diesel oil

Glacical acetic acid

Acetic acid

Freon

Gear oil

Glycerin

Hydraulic oil

Isopropyl alcohol

Kerosene

Lactic acid

Machine oil

Methanol

Methyl alcohol

Methylen chloride

Mineral oil

Motor oil

Olive oil

Oxal acid

Paraffin oil

Vegetable oils

Vegetable fats

Cutting oil

Tar acid

Carbon tetrachloride

Toluene

Trichloroethene

Tartaric acid, wat.

Citric acid

The information mentioned in this summary is given to the best of our own knowledge
and based upon our long standing experience. But we would like to direct your

attention to the fact, that the information is given without obligation.

Afinal judgement can only be made in practice.

each = reach concentration
colds. = cold saturated
wat. = watery, liquid

@resistant

Q@conditionally resistant

Onot resistant

* for individual case, please verify

(VA)



US-American and British units
conversion of usual measuring units

M Units for cables and wires

In the US the measurements are mainly used in AWG-numbers ( AWG = American Wire Gauge ).
The AWG numbers conform the british B&S-numbers (B&S= Brown & Sharp ).

AWG No. Cross Dia meter | Conductor AWG No. Cross Dia meter | Conductor
section mm resistance section mm resistance
mm?2 ohm/km mm? ohm/km
1000 MCM* 507 25.4 0.035 14 2.08 1.63 8.79
750 380 22.0 0.047 15 1.65 1.45 11.20
600 304 19.7 0.059 16 1.31 1.29 14.70
500 254 20.7 0.07 17 1.04 1.15 17.80
400 203 18.9 0.09 18 0.8230 1.0240 23.0
350 178 17.3 0.10 19 0.6530 0.9120 28.3
300 152 16.0 012 20 0.5190 0.8120 345
250 127 14.6 0.14 21 0.4120 0.7230 44.0
4/0 107.20 | 11.68 0.18 22 0.32507| S50 RH8
3/0 85.00 10.40 0.23 23 0.2590 0.5730 70.1
2/0 67.50 9.07 0.29 24 0.2050 0.5110 89.2
0 53.40 8.05 037 25 0.1630 0.4550 111.0
1 42.40 735 047 26 0.1280 0.4050 146.0
2 33.60 654 057 27 0.1020 0.3610 176.0
28 0.0804 0.3210 232.0
3 26370 5.83 0.71 29 0.0646 0.2860 282.0
4 21.20 .19 0.91 30 0.0503 | 0.2550 350.0
5 16.80 4.62 1.12 31 0.0400 0.2270 446.0
6 13.30 4.11 1.44 32 00320 | 0.2020 578.0
7 10.60 3.67 1.78 33 0.0252 | 0.1800 710.0
8 8.366 3.26 2.36 34 0.0200 0.1600 899.0
9 6.63 2.91 2.77 35 0.0161 0.1430 1125.0
10 5.26 2.59 3.64 36 0.0123 0.1270 1426.0
11 4.15 2.30 4.44 37 0.0100 0.1130 1800.0
12 3.30 2.05 5.41 38 0.00795 0.1010 2255.0
13 2.62 1.83 7.02 39 0.00632 0.0897 2860.0
4/0 is also stated: 0000;1 mil = 0,001 inch = 0,0254 mm CM = 1 Circ. mil. = 0.0005067 mm?
*for bigger cross-section the sizes in MCM (circular mils) 1 MCM = 1000 Circ. mils=0.5067 mm?
M General measuring units
Length 11b (pound) =0.4536 kg 1in H20 = 2.491 mbar
1 mil =0.0254 mm 1 stone =6.35 kg 1 N/mm2 =145 psi
1in (inch) =254 mm 1 qu (quarter) =12.7 kg =10 bar
1 ft (foot) =0.3048 m 1 US-cwt 1 kp/mm? = 1422 psi
1 yd (yard) =0.9144 m (hundred weight) = 45 36 kg 1at =736 Torr
1 ch (chain) =20.1m 1 US ton (short ton) = 0.907t =1 kp/cm?
1 mile (land mile) = 1.609 km 1 brit ton (long ton) = 1.016t 1 Torr =1 mm Hg
= 1760 yards Force 1 bar =0.1HPa
1 mile (nautic mile) =1.852 km 11b =4.448 N 1pa =1 N/m?
1 mm =0.039370 inches | 1 brit ton =9954 N Density
1m =39.370079 inches | 1 pdl (poundal) =0.1383 N 1 Ib/cu.ft = 16.02 kg/m?
Area 1 kgf =9.81N 1 Ib/cu.in. =27.68 t/m?
1 CM (circ.mil) =0.507 10"°*mm2 | 1N =1.02 kgf Horse power
1 MCM =0.5067 mm? Velocity 1 hp-h =1.0139 PS'h
1 sq.inch (sq.inch) = 645.16 mm? 1 mile/h =1.609 km/h =2.684:10"6 Joule
1 sq.ft (sq.foot) =0.0929 m?2 1 Knoteh =1.852 km/h =746 Wh
1 square yard =0.836 m2 1 ft/s =0.305 m/s 1BTU(brit therm. unit) = 1055 Joule
1 acre = 4047 m? 1 ft/min =0.508 -10"*m/s | Electrical units
1 square mile =2.59 km? Radiation absorbed dose 1 ohm/1000 yd =1.0936 Q/km
Density 1 Gray =1J/kg 1 ohm/1000 ft = 3.28 Q/km
1 cu.in. (cubic inch) = 16.39 cm?® 1 rad =10"2J/kg=1 CentiGy | 1 uF/mile =0.62 uF/km
1 cu.ft. (cubic foot) =0.0283 m? =0.01 Gy 1 megohm/mile =1.61 MQ/km
1 cu.yd. (cubic yard)= 0.7646 m* 1 Centi =100 Joule 1 pufffoot =3.28 pF/m
1gal. (usgallon) =3.785| 1 rad = cJ/kg=0.01 Gy 1 decibel/mile =71.5 mN/m
1gal. (britgallon) =4.546| 1 Mrad =110 "6 clkg Power rate
1 US pint =0.473| Energy 1PS =0.736 kW
1 US quart =0.946| 1 keal =1/16 -10° kWh 1 kW =1.36 PS
1 US barrel =158.81| 1 kWh =360 kcal 1hp =0.7457 kW
Temperature pressure 1 kW =1.31 hp
F (Fahrenheit) =(1/8 -C) + 32° 1 psi (Ib/sq.) =68.95 mbar
C (Celsius) =0.5556 - (F-32°) =6.895-10"3 Nmm?2
Weight 1 Ib/sq.ft = 0.478 mbar
1 grain =64.8mg 1 pdl/sq.ft = 1.489 N/m?
1 dram =177g9 1in Hg =33.86 mbar
1 oz (ounce) =28.35¢ 1 ft H20 = 29.89 mbar

o S, S
UM/ /”‘//U‘/&:J/
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Formulas of electrotechnic and electronic o, /u,/ et

Cross-section for single wire round ohm’s Law
q =% or D2 07854 futrir et A e e
Crosslsggfttlon for bunched wire I =% R =% U=1.R m
G Sl e R, S I = current intensity (Amps - A) “ 1 !
Diameter for single wires cross-section R = electrical resistance (Q)
D= /‘17_[-74 or /q.1.2732 U = electrical voltage (V) =
Di . Conductance /“' ‘ & "/
iameter for bunched wires c=1 1g=1 . 148 = 1 s
D=/134-n-d R 1Q IMQ

S (Siemens)=reziprocal value of a resistance
is used as conductance

1 Siemens=1 / Ohm

G = electrical conductance

q = cross-section (mm?)

D = conductor diameter (mm)
d = single wire diameter (mm)
n = number of wires

. Capacitance
Conductor Resistance e Single core against earth
- L ‘L 103
R =orf Tre fsr&lo% (nF/km or pF/m)
Ricop = 2L 2Lp e Unshielded symmetrical twisted pair
. et d Er-10°
R = Electrical direct-current resistant (ohm) Cs= 36 In 22 (nF/km or pF/m)
Rioop = Resistance of a complete circuit e Coaxial pac}r
q = cross-section (mm? or q mm) Er103

Cs= i (nF/km or pF/m
k (kappa) = conductivity - 18Iny (nk/ , p. /m) )
e Shielded symmetrical twistet pair

p (Rho) = Specific resistance p = % Er-103

L = Conductor Length Cb =352, o= (nF/km or pF/m)
36 In‘§ DaZ+p2
Di = outer didmefer over single core (mm)
Materials Conductivity | Spec. resistance Da = outer diameter of multicores (mm)
_m Q-mm? = d <k
Q-mm? ™ conductor diameter (mm)
Copper 58.00 0.01724 a = distance between two conductors mid to mid
' : of both conductors
Aluminium 33.00 0.0303 Inductance of parallel cores
Silver 62.00 0.1613 QL [1spricies
= 1 m +
Iron 770 01299 L=04 (in . 0.25) mH/km
r— 2.00 odh at high frequencies
onstantan . 4
L =04 (inDa+0) mH/km
Serial connection Inductance of coaxial cable
Resistance ~ R=Ri+R2+Rs+...+Rn at high frequencies
Capacitance %+%+%+%+,,.+Cl L=02 (inDT-a+0) mH/km
Inductance L=I 7L+ eI\ Da = distance between two conductors mid
. to mid of both conductors
Parallel connectlonl b 4 1 r = radius of a conductor
Resistance ~ R=gp-tptx ..t &r = dielectric constant
Capacitance C=Ci+Co+Cs+...+Cn Impedance (Z)
f g __60 D
1V i or coaxial cable Z= Y In d Q)
Inductance L=+ .t . veér
w A p D = diameter over insulation
Mutual capacity (c) d = conductor diameter
g .
o coaxial cable C= §11‘8110 & (nF/km) for communication cable .
A at low frequencies Z= =~ (Q)-tan ¢=1,¢= 45°
r-103
* parallel core C= E"36,111% (nF/km) at high frequencies Z= %(Q)

R = Resistance (©2/km)

e shielded twisted pair L = Inductance (mH, km)

_ Eri1od :
& 36 In2e. P¥2) (nF / km) C = Capacitance(nF/km)
d (Da’+a?) © = 2nf

Da = outer diameter over insulation Wave length A = %

Ds = diameter over shield % = wave length

d = diameter of conductor v = propagation velocity (velocity
. . X of light: 300,000 km/s)
a = distance-mid to mid of both conductors = frequency

&r = dielectric constant units of attenuation - neper (N),
decibel (dB) and Bel (B)

1 Np = 8,686 dB
1dB =0,1151 Np =qBel
1 Bel = 10dB = 1,1513 Np (A)



Formulas of power engineering

Reactive power (Var)
Q=U-Isin ¢
Q=1,732-U-I'sin ¢

Cross-section

o for direct current and single phase

alternative current of known current
2 1.L
q= .u
for three -phase current
1,732.1.coso.
Q=" L (mm?)

o for direct current and single phase

alternative current of known power
2.1.P

a= K.u.
for three phase current
q= U (mm?)
Voltage drop

For low voltage cable network of normal operation, it is
advisable of a voltage drop of 3-5%.

(mm?)

s (mm?)

On exceptional case, higher values (up to 7%) can be
permitted in case of network-extension or in short-circuit.

e for direct current of known current

u =—2K‘ I ql V)
for single phase alternative current

2.1 dl
u == V)

for three-phase current
1.732.Lcosg.l
U= W

e for direct current of known power

i

for single phase alternative current

_2.1.P
u=Zg g

for three-phase current
U= IqPU %

u = voltage drop (V)
U = operating voltage (V)
P = power (W)
Rw = effective resistance (€2/km)
L = Inductance (mH/km)
oL = Inductive resistance (2/km) (o=2-7-f at 50 Hz=314)
q = cross-section (mm?)
I = working current (A)
1 = length of the line (m)
k (kappa) = electrical conductivity of conductors
k-Copper = 56
k-Alu = 33
Nominal voltage
The nominal voltage is to be expressed with two
values of alternative current U0/ U inV (Volkt).
Uo /U = phase-to-earth voltage

Us : Voltage between conductor and earth or metallic

covering (shields, armouring, concentric conductor)
U : Voltage between two outer conductors
Uo : U/\/3 for three-phase current systems

Uo : U/2 for single-phase and direct current systems

Uo /Uo : an outer conductor is earth-connected
for A.C.- and D.C.- systems

Nominal current

I'in (A)

Active current
=1-cos ¢

Reactive current

Io=1-sino
Apparent power (VA)
S= for single phase current (A.C.)
S= 1,732 Ul for three- phase current
Active power (W)
P =U-Icos ¢ for single phase current (A.C.)
P=1,732-U-I.cos ¢ for three- phase current
P=UI for direct current

ubl/../ﬁ/g"i&/

for single phase current (A.C.)
for three- phase current
(Voltampere reactive) Q=P-tan ¢

Ab\
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Phase angle
¢ is a phase angle between voltage and current
cosp=10 09 08 07 06 05
singp=0 044 06 071 08 087
Insulation resistance

Riso =552 1nD3.10.5 (MQ - km)

d
Specific insulation resistance
R.r.l10®
Rei=————
In%

Da = outer diameter over insulation (mm)

d = conductor diameter (mm)

di = inner diameter of insulation (mm)

1 = length of the line (m)

Siso = Spec. resistance of insulation materials (€ - cm)

Mutual capacity (Cs) for single-core, three-core and H-cable

r-10°
Ce= 1ég % 5 (NF/km)

Inductance
Single-phase

0,4 . (InD2+0,25) mH/km
0,2. (InDa+0,25) mH/km

Da = distance-mid to mid of both conductors
r = radius of conductor (mm)
&r = dielectric constant

three-phase

0,25 = factor for low frequency
Earth capacitance
Ec=0,6.Cs
Charging current (only for three-phase current)
ILad = U.27f.CB.10-6A /km per core at 50 Hz
Charging power
PLad=ILad.U

Leakage and loss factor

G=tand.o C (S)

-G

tand= ?DT

o=2rf

C=Capacity

tand=loss factor

—c -1

S=Siemens= 7
Dielectric loss

Dv=U=2xrf.CB.tan.10-6 (W/km)

f bei 50 Hz
tand PE/VPE (XLPE) ~0,0005
EPR ~0,005

Paper-single core, three-core, H-cable ~0,003

Oil-filled and pressure cable ~0,003

PVC cable ~0,05
It should be noted that for the current load of the insulated
cables and wires of selected cross-section, the power ratings
table is also be considered.
To estimate the voltage drop of insulated wires andcables for
heavy (big) cross-sections of single- and three-phase-
overhead line, the active resistance as well as the inductive
resistance must be considered.

The formula for single-phase (A.C.) :
U=2.1.1.Rw.cos¢ + oL . sing) . 10-3(V)

Three-phase :

U=1732.1.1.(Rw.cosp + oL . sing) . 10-3(V)

(AY)
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