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Technical specifications Nedal busbars

Using the Nedal technical specifications brochure, you can determine the busbar requirements for

your specific project. The guidelines and calculations have been performed by DNV KEMA

(International Quality Control Institute for electrical material and appliances) and are based on the

international standard IEC 61936 “Power installations exceeding 1 kV a.c.”.

If desired, the specialists at Nedal ‘s Technical Centre are ready to assist you with calculating the
specifications and to offer you advise on how to calculate these specifications.

For more information about the Nedal busbar technical specifications kindly contact us

at salesr@nedal.com.

Determining busbar cross-section

This part of our documentation describes a method for determining the right choice of busbar

cross-section. This method was formulated in co-operation with DNV GL - Energy in Arnhem, the

Netherlands.

It is assumed that the client knows the
following details:

® The nominal current during normal operation

B The required short-circuit current

B The applicable centre-line distance between
busbars

B The maximum span between two busbar
supports.

Material properties

Based on this information, the busbar diameter

and wall thickness can be determined using

the method described below. The dimensions

of a busbar are mainly determined by two
physical parameters, i.e. the thermal and
mechanical loads on the busbar.

Thermal capacity of busbars

The thermal capacity of a busbar is mainly
determined by:

m the environment: ambient temperature and
solar radiation

B the nominal current

m the maximum busbar temperature as
specified by the client.

When the amount of heat absorbed by the
busbar is the same as the amount of heat it
emits, equilibrium is reached. In this situation
the busbar temperature will remain constant.
The current at this point of equilibrium is the
current-carrying capacity of the busbar.

This heat balance must be considered under
normal operating conditions and under the
extreme condition of a short-circuit. During a
short-circuit extra heating of the busbars will
occur during a short time period.

Normal operating conditions

In this documentation the allowable current
has been calculated in accordance with IEC
61597 with an ambient temperature of 35°C,

a final busbar temperature of 80°C, an
absorption coefficient of 0.6 (for sun radiation),
an emission coefficient 0.3, wind speed

0.6 m/s and a solar radiation of 600 W/mZ2.
Skin effect has been neglected for wall
thicknesses up to 12 mm. For thicker busbars
the skin effect has been taken into account

(as calculated for 50 Hz power frequency).

The allowable currents for the busbar
dimensions and standard aluminium alloys
available from Nedal are given in table 2 and
table 3.

It can be seen from the tables that when using
aluminium alloy 6101B Té6 for a current-
carrying capacity of 3000 A, the minimum
busbar dimensions (diameter/wall thickness) of
100/10, 120/8, 140/6 or 150/5 are acceptable.

Other operating conditions

For different ambient temperatures, final
busbar temperatures and/or solar irradiation,
the current carrying capacity can be
determined using the correction factor from
figure 1.

Figure 1a
Current carrying

capacity load factor
as function of the
1.4 difference between
the final busbar
temperature and the
ambient temperature

The alloys listed below, which comply with However, this alloy has lower mechanical

EN 755-2, are those most commonly used for strength. Of course busbars made of other
electrical busbars. Alloy 6101B Té has more alloys can also be supplied. Please contact
mechanical strength but a lower electrical Nedal Aluminium B.V. for further information
conductivity. If higher electrical conductivity is about the properties of these alloys. 13

required, alloy 6101B T7 can be used.

w40 mm

Property Unit Alloy 6101BT6 Alloy 6101BT7 5
Specific weight p kg/m3 2700 2700 E " 80 mm
Young's modulus E N/mm? 70 000 70 000 -§ w120 mm
Yield strength (Ro) N/mm? 160 120 - 10 w200 mm
Ultimate tensile strength (Rm) N/mm? 215 170 300 mm
Elongation (A) % 8 12 09 400 mm
Coefficient of linear expansion (0-100 °C) 1/K 23.5:10¢ 23.5:10¢
Electrical conductivity (at 20 °C) m/(Q-mm?) 30 32 08

0,7

This busbar technical specification is issued by Nedal Aluminium BV. Apart from exceptions

provided by law, no part of this publication may be duplicated and/or published by any means of

communication, without the written permission of Nedal Aluminium.
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Figure 1b

Current carrying
capacity correction
factor as a result of
different solar
irradiation conditions

Table 1

Current density
(Jeff) as a function
of material type
and duration of the
short-circuit current

Example:

In the previous case of current carrying capacity
3000A, 120/8 is a suitable option. From the
table 2, it can be seen that the maximum
allowed current is 3240A, when the ambient
temperature is 35°C, the conductor tempera-
ture is 80°C and the solar irradiation

600 W/m2. At an ambient temperature of 40°C
and a final busbar temperature of 100°C, the
current carrying capacity has to be multiplied
by a factor 1.19 (Figure 1a). Under these condi-
tions, the current carrying capacity of this
busbar will be 3240 - 1.19 = 3855 A.

If, additionally the solar irradiation is

1000 W/m?2, figure 1b gives another correction
factor 0.94.

As a result, the current carrying capacity under
these temperature and solar irradiation condi-
tions will be 3855 - 0.94 = 3624 A, which
means that the selected busbar is still safe to
be loaded with 3000 A.

— 800 W/m?2
= 1000 W/m2
1200 W/m?2

/ —  40mm

w120 mm

200 mm
w300 mm
400 mm

1,00 09 08 070 060 050 30 40 50 60 70 80

Correction Factor

Short-circuit

Under short-circuit conditions the final busbar
temperature should not exceed 200°C

(IEC 60865-1), based on an initial temperature
of 80°C. Higher temperatures can affect the
structure of the aluminium alloy, which results
in changes in its mechanical properties. During
short-circuits the temperature will generally
remain below the allowable temperature of
200°C, based on a busbar temperature of
80°C during normal operation.

Duration of the short-circuit

Jeff [A/mmZ2] 6101BT6

DT (Tconductor - Tambient)

After determining the busbar cross-section the
current density during a short-circuit can be
determined. This current density (Jeff) can be
determined from the short-circuit current lk
and the cross-section of the busbar. The calcu-
lation has been made in accordance with

IEC 60865-1.

Jeff [A/mm?2] 6101BT7

current [s]
0,5 110 113
1,0 78 80
1,5 63 65
2,0 55 57
3,0 45 46
5,0 35 36
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Mechanical capacity of busbars

The busbar’s diameter and wall thickness are
not determined on the basis of the current car-
rying capacity only. The sag as a result of nor-
mal and exceptional loads must also be taken
into account.

In accordance with the harmonisation docu-
ment 'IEC 61936 Power installations exceeding
1 kV a.c.’, busbars must meet mechanical
requirements that have been derived from the
following loads and operating conditions:

I. Normal loads taking into account:

B the busbar's mass
W ice load
m wind load

These loads determine the sag of the busbar
under normal operating conditions. The
amount of sag depends on the stiffness of the
busbar. If the busbar’s diameter and wall thick-
ness are determined, the sag under normal
operating conditions can be determined. This
can be important for the design of a switch-
yard.

The sag resulting from the mass and span
length of the busbar can be determined from
Figure 2.

o o o

22 2% %Y 3358535

je)e) OO0 OO0 O000 O OO

mm T LWL NVWON N © @O
50
45
40
35

Sag [cm]

90x4
100x19

Il. Exceptional loads, taking into account:

m short-circuit forces
B switching forces

Only forces on the busbar during short-circuits
are considered below, since these forces are
the determining factor in most cases.

In a three-phase system with three busbars in
the same plane, the greatest force during
short-circuits will occur in the centre busbar.
Electromagnetic forces will occur between the
conductors as a result of the short-circuit cur-
rent. The busbar must have a certain stiffness
to absorb these forces. The required section
modulus was determined in accordance with
the simplified calculation method of IEC 60865.

Based on the required short-circuit current and
phase-to-phase distance, the electromagnetic
force per meter busbar can be determined
using figure 3 and figure 4 (depending on the
alloy used).With this data and the required
span length the required section modulus can
be seen.

The calculations are based on:

B a two-point support for the busbar
B a factor of plasticity of 1.4
B automatic reclosing after the short-circuit.

Figure 2
wn wn n o o, wn
e ¥ 3525y §3ys§ oz Busbar sag as
S § §§§ S8 S S § 8§88 § function of
g Y YEFETIE S § W & unction of span
length (as result
of the mass of the
busbar itself)
300x15
300x4

350x15
350x8

400x15
400x10
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Figure 3 | Section modulus as function of short-circuit current,
phase-to-phase distance (a) and required span (L). 6101BT6
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Figure 4 | Section modulus as function of short-circuit current,
phase-to-phase distance (a) and required span (L). 6101BT7
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Determining the busbar diameter and cross-section

With the required nominal current carrying capacity and the required section modulus one or
more suitable busbar dimensions that meet both requirements can be found in table 2 or 3.

Example of determining a busbar dimension:

Nominal current during normal operation

Span length, distance between supports

Criteria:
Inormal 4000 A
Ik 50 kA Short-circuit current
am 4m Phase-phase distance
Lmax 12m
Al alloy 6101BT6

The following busbar dimensions (diameter/
wall thickness) are acceptable for the required
nominal current of 4000 A: 120/15, 140/10,
150/10, 160/8, 200/6 and 250/4 (see table 2).

Using figure 3 it can be determined that, at the
given short-circuit current, phase-to-phase
distance and span length, the required section
modulus is approximately 100 cm3. Among
others, the following busbar dimensions meet
this requirement: 120/12, 140/8, 150/7, 160/6,
200/4, 220/4 and 250/4.

Busbars 120/15, 140/10, 150/10, 160/8, 200/6
and 250/4 meet both the current carrying
capacity requirements and the requirements
from the dynamic short-circuit load. Busbar
250/4 is the lightest in weight, but is vulnerable
due to its small wall thickness. Therefore a
choice should be made between 120/15,
140/10, 150/10, 160/8 or 200/6.

After determining the diameter and wall

thickness, the client’s choice of busbar may be

based on the following:

B weight saving

m standardisation of busbars to be used
(e.g. a preference for 120 mm type)

B sag of the busbar as a result of busbar mass
(see figure 2)

B current density in the busbar as a result of
short-circuits (see table 1)

B case of working on the busbar (it is easier to
weld termination pieces to busbars with
greater wall thickness)

Changing assumptions or parameters can be
discussed with Nedal technical center.
Optimization can lead to significant savings,
not just on busbar material but also on
supports, e.g. lighter insulators, support
structures and foundations.
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Table 2 | Current Carrying Capacity of available Busbars (metric)
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30
30
30
40
40
40
50
50
50
50
60
60
60
60
63
63
63
63
70
70
70
70
80
80
80
80
80
90
90
90
100
100
100
100
120
120
120
120
120
120
120
140
140
140
140
140
140
150
150
150
150
150
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10
12
15

M

7 lkg/m]
254 0,7
327 0,9
393 11
452 1,2
452 1,2
550 1,5
641 1,7
578 1,6
707 1,9
829 2,2
1056 2,9
537 1,5
704 1,9
864 2,3
1166 31
565 1,5
741 2,0
911 2,5
1232 3.3
1021 2,8
1206 33
1558 4,2
1885 5,1
955 2,6
1178 3,2
1395 3,8
1810 4,9
2199 59
1583 4,3
2061 56
2513 6,8
1492 4,0
1772 4,8
2312 6,2
2827 7,6
1458 3,9
1806 4,9
2149 58
2815 7,6
3456 9.3
4072 11,0
4948 13,4
2121 5,7
2526 6,8
3318 9,0
4084 11,0
4 825 13,0
5 890 15,9
2278 6,1
2714 7,3
3145 8,5
3569 9,6
4398 11,9
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15,4
18,1
20,4
24,1
219
27,7
32,9
416
25,5
32,4
38,6
49,0
54,2
62,3
76,1
87,2
69,1
83,2
96,1

118,7

137,4

140,4

174,9

204,2

168,8

196,5

246,5

289,8

245,5

299,2

350,0

443,6

527,0

601,0

695,8

483,8

568,1

725,2

867,9

996,9

167,1

599,3

704,8

805,8

902,4

1083,1

N

11,0
13,9
8,1
10,3
12,3
15,6
15,5
17,8
21,7
24,9
173
20,8
24,0
29,7
34,4
31,2
38,9
45,4
33,8
39,3
49,3
58,0
40,9
49,9
58,3
73,9
87,8
100,2
116,0
69,1
81,2
103,6
124,0
142,4
166,7
79,9
94,0
107,4
120,3
144,4

In [A]
6101BT6

660

748

821

881

953
1051
1135
1147
1268
1374
1550
1163
1331
1475
1713
1210
1385
1536
1786
1675
1820
2 069
2276
1682
1868
2033
2315
2552
2 239
2 554
2821
2 240
2440
2788
3083
2332
2 698
2 831
3240
3590
3897
4015
2939
3 207
3676
4078
4433
4578
3106
3391
3 650
3889
4317

In [A]
6101BT7

682

773

847

910

985
1085
1172
1184
1310
1419
1 600
1201
1375
1524
1770
1250
1431
1586
1844
1730
1880
2137
2350
1737
1929
2099
2 391
2636
2312
2638
2913
2313
2521
2879
3184
2408
2 681
2924
3346
3708
4024
4146
3035
3312
3796
4212
4578
4728
3208
3502
3770
4016
4 458

Legend

dy = external diameter

W4 = wall thickness

A

m =mass per unit length

|
z

In

= cross section

=second moment
= section modulus

= current carrying
capacity




Table 2 Table 3 | Current Carrying Capacity of available Busbars (inches)

In [A] In [A] Pipe Schedule Wq A M V4 In [A] I [A]
Legend 160 4 1960 53 596,7 74,6 2936 3032 11/4 40 42,2 3,6 432,2 (P 8,0 4,0 946 977 Legend
dy = external diameter 160 5 2435 6,6 731,9 91,5 3272 3379 80 42,2 4,9 569,2 1,5 10,0 5,0 1085 1121 dy = external diameter
Wq = wall thickness 160 6 2903 7.8 861,9 107,7 3572 3690 160 42,2 6,4 715,2 1,9 12,0 6,0 1217 1257 Wq = wall thickness
A = cross section 160 8 3820 10,3 1106,3 138,3 4098 4233 1172 40 48,3 37 515,8 1,4 13,0 5,0 1073 1108 A = cross section
m =mass per unit length 160 10 4712 12,7 1331,2 166,4 4 552 4701 80 48,3 5,1 689,1 19 16,0 7,0 1240 1280 m =mass per unit length
| =second moment 160 12 5579 15,1 1537,7 192,2 4953 5115 160 48,3 7.1 922,1 2,5 20,0 8,0 1434 1 481 I =second moment
Z = section mOdP'“S 160 15 6833 18,4 1815,0 226,9 5122 5291 2 40 60,3 3,9 693,2 1,9 28,0 9,0 1324 1367 Z = section mOdF"”S
n = copaty e 200 4 2463 6,7 1183,2 118,3 3509 3624 80 603 | 55 953,1 2,6 360 | 120 1552 1603 = capacity
200 5 3063 8,3 1456,9 145,7 3913 4 041 160 60,3 8,7 1416,1 3,8 48,0 16,0 1892 1954
200 6 3657 9,9 17220 172,2 4275 4 415 2172 40 73,0 5,2 1.099,4 3,0 64,0 17,0 1759 1816
200 8 4 825 13,0 22274 222,7 4911 5072 80 73,0 7,0 14539 39 80,0 22,0 2023 2089
200 10 5 969 16,1 2701,0 270,1 5462 5 641 160 73,0 9,5 1.900,2 5,1 98,0 27,0 2312 2388
200 12 7 087 19,1 3144,0 314,4 5952 6147 3 40 88,9 5,5 14377 39 126,0 28,0 2126 2196
200 15 8718 23,5 3754,2 3754 6169 6371 80 88,9 7,6 19458 53 162,0 36,0 2474 2 555
200 20 11310 30,5 4 637,0 463,7 6426 6 637 160 88,9 11,1 27183 7,3 210,0 47,0 2924 3019
220 4 2714 7.3 1583,5 144,0 3786 3910 312 40 101,6 5,7 17287 47 199,0 39,0 2422 2 501
220 6 4034 10,9 2311,0 210,1 4615 4767 80 101,6 8,1 23732 6,4 261,0 51,0 2837 2930
220 8 5328 14,4 2997,6 2725 5304 5478 4 40 114,3 6,0 20478 55 301,0 53,0 2725 2815
220 10 6597 17,8 3645,0 331,4 5902 6096 80 114,3 8,6 28435 7,7 400,0 70,0 3212 3317
250 4 3091 8,3 23391 187,1 4192 4330 120 114,3 11,1 3606,1 9,7 485,0 85,0 3617 3735
250 5 3848 10,4 2888,7 231,1 4678 4 831 160 114,3 13,5 42716 11,5 552,0 97,0 3749 3871
250 6 4 599 12,4 34249 274,0 5114 5 281 4172 40 127,0 6,3 2379,6 6,4 435,0 68,0 3028 3127
250 7 5344 14,4 3947,6 315,8 5512 5693 80 127,0 9,0 33422 9,0 585,0 92,0 3588 3706
250 8 6082 16,4 44573 356,6 5 880 6073 5 40 1413 6,6 2774,1 7,5 631,0 89,0 3370 3481
250 10 7 540 20,4 5438,1 435,0 6 547 6762 80 1413 9,5 3943,2 10,7 860,0 122,0 4018 4150
250 12 8972 24,2 6 369,1 509,5 7 142 7376 120 1413 12,7 5130,9 13,9 1071,0 152,0 4 408 4 552
250 14 10 380 28,0 72519 580,1 7316 7 556 160 1413 15,9 6 255,3 16,9 1250,0 177,0 4 643 4795
250 16 11762 31,8 8088,2 6471 7 502 7 749 6 40 168,3 7,1 3600,9 9,7 1171,0 139,0 4037 4169
250 18 13119 35,4 8 879,8 710,4 7 642 7 894 80 168,3 11,0 54225 14,6 16850 | 200,0 4 954 5116
250 25 17 671 47,7 11320,8 905,7 7 651 7 903 120 168,3 14,3 6906,2 18,7 20650 | 2450 5325 5 499
300 4 3720 10,0 40745 271,6 4 848 5 007 160 168,3 18,3 8 606,8 23,2 24570 | 2920 5523 5704
300 6 5542 15,0 5 990,1 3993 5917 6111 7172 40 206,4 7.1 4 4455 12,0 22100 | 2140 4757 4913
300 8 7 339 19,8 78275 521,8 6 809 7033 80 206,4 12,7 77283 20,9 36400 | 3530 6031 6223
300 10 9111 24,6 9 588,9 6393 7 587 7 836 8 60 219,1 10,3 6763,4 18,3 36930 | 3370 5969 6165
300 12 10 857 293 11276,4 751,8 8282 8 554 80 219,1 12,7 8 234,0 22,2 4400,0 | 4020 6332 6 540
300 15 13 430 36,3 13 673,7 911,6 8 608 8 892 100 219,1 15,1 9 668,8 26,1 5057,0 | 4620 6670 6 889
350 8 8 595 23,2 12573,8 7185 7 706 7 959 120 219,1 18,3 11521,3 31,1 58560 | 5350 6895 7120
350 10 10 681 28,8 15 448,0 882,7 8590 8872 140 219,1 20,6 12 858,5 34,7 63980 | 5840 7 035 7 265
350 12 12 742 34,4 18 219,6 1.041,1 9383 9 690 160 219,1 23,0 141745 38,3 69050 | 630,0 7 084 7315
350 15 15787 42,6 22189,9 1268,0 9 760 10 080 10 40 273,1 9,3 7 682,8 20,7 66900 | 490,0 6780 7 002
400 10 12252 33,1 23 309,8 11655 9 564 9878 60 273,1 12,7 10387,5 28,1 88220 | 6460 7 581 7.829
400 12 14 627 39,5 27 551,9 1377,6 10 450 10 793 80 273,1 15,1 122272 33,0 102050 | 7480 7993 8 255
400 15 18 143 49,0 33 666,0 16833 10 878 11234 100 2731 18,3 14 618,1 39,5 119230 | 873,0 8276 8 547
10 172 40 285,8 9,3 8077,0 21,8 77250 541,0 7 044 7 274
80 285,8 15,9 13 479,4 36,4 123120 | 862,0 8 349 8 621
12 20 3239 6,4 63338 17,1 79840 | 4930 6468 6 680
30 323,9 8,4 8 307,2 22,4 103410 | 639,0 7 407 7 650
40 3239 10,4 10 206,2 27,6 125510 | 7750 8210 8 479
60 323,9 14,3 13 883,1 37,5 16 667,0 | 1029,0 9120 9418
80 3239 17,5 16 820,0 45,4 19.799,0 | 1223,0 9327 9 633
12172 40 336,6 10,4 10 606,6 28,6 14122,0 | 839,0 8 464 8 741
80 336,6 17,5 17 540,7 47,4 22386,0 | 1330,0 9632 9948
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