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Calculation of copper busbar current carrying capacity

Determination of busbar cross-section suitable for the current

Rectangular sectioned copper busbar current carrying capacity
Calculated as described below according to DIN 43671 (1975).

Charts commonly used in our country

are based on the 1964 version of DIN 43671 standard.

Tpusbar=Ichart X k1 x kox k3 x ka x ks

Tpusbar : Current value of the said busbar  [A]
Ichart : Current value stated in Chart 1~ [A]
ki1,k2,k3,kqks : Multipliers 1]

Chart 1- Maximum current that E-Cu F30 material copper busbars when they heat up to 65°C according to DIN 43671

Width Cross Weight Alternative current up to 60 Hz
X section Painted Bare
Thickness Number of busbars Number of busbars
1 2 3 4 1 2 3 4

s | ooy |0 ||| (I D I

12x2 23,5 0,209 1283 202 228 108 182 216

15x2 29,5 0,262 148 240 261 128 212 247

15x3 44,5 0,396 187 316 381 162 282 361

20x2 39,5 0,351 189 302 313 162 264 298

20x3 59,9 0,529 237 394 454 204 348 431

20x5 99,1 0,882 319 560 728 274 500 690

20x10 199 1,77 497 924 1320 427 825 1180

25x3 74,5 0,663 287 470 525 245 412 498

25x5 124 1,11 384 662 839 327 586 795

30x3 89,5 0,796 337 544 593 285 476 564

30x5 149 1,33 447 760 944 379 672 896

30x10 299 2,66 676 1200 1670 573 1060 1480

40x3 119 1,06 435 692 725 366 600 690

40x5 199 1,77 573 952 1140 482 836 1090

40x10 399 3,55 850 1470 2000 2580 715 1290 1770 2280

50x5 249 2,22 697 1140 1330 2010 583 994 1260 1920
50x10 499 4,44 1020 1720 2320 2950 852 1510 2040 2600

60x5 299 2,66 826 1330 1510 2310 688 1150 1440 2210
60x10 599 5,33 1180 1960 2610 3290 985 1720 2300 2900

80x5 399 3,55 1070 1680 1830 2830 885 1450 1750 2720
80x10 799 7,11 1500 2410 3170 3930 1240 2110 2790 3450
100x5 499 4,44 1300 2010 2150 3300 1080 1730 2050 3190
100x10 999 8,89 1810 2850 3720 4530 1490 2480 3260 3680
120x10 1200 10,7 2110 3280 4270 5130 1740 2860 3740 4500
160x10 1600 14,2 2700 4130 5360 6320 2220 3590 4680 5530
200x10 2000 17,8 3290 4970 6430 7490 2690 4310 5610 6540

Notes: 1) Current values above are values obtained with experiment for 35°C ambient temperature
2) Busbar distance is the same as busbar thickness for busbar numbers 2, 3 and 4; Distance for twin groups for 4 is

50mm.
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k, - Effect of Multiplier / Material

k,-Multiplier [1]

0.9 0.95 1 Comments

\HH‘HHHHwHHHH|HHHH\‘\HHHH‘HHHH\|\HHHHUHHHHUH\HHH HH Ky  Conductivity of the said busbar

45 5

o

[m/Qmm?

55 k1 =1 is used if unknown.

Conductivity in 20°C c

a:E-Cu F20 ; b:E-Cu F25 ; c:E-CuF30 ; d:E-CuF37 d b a

k, - Effect of Multiplier / Temperature

23 0 Comments
2.2 10
— 2. 15 — . . . .
= 2; 20 O Kk, Heat resistance of equipment in contact with busbars
o & 25 o . .
2 49 30 £ (such as insulators or current transformers) must be consid-
= 35 @ L
3 18 40 % ered when determining the temperature level that busbars
45
&£ 17 50 5 can reach.
1.6 55 g
15 e 2
14 £ In electricity switch enclosures, busbar temperature must be
18 under 100°C.
1.2
1.1
10 —— tinsulator = 100°C
0.9
0.8
0.7 o,
0.6 7 — Ipusbhar = 100°C
0.5
0.4
0.3
50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130
Busbar temperature [°C]
Comments
K, It must be assumed that switch devices Rated currents of switch devices vary according to

that busbars are connected to wil heat the temperature they are in.
under the influence of busbars.

Copper is highly heat conductive.

j—' Thusbar

Percentages showing the change of 40°C %
rated current of a compact switch 50°C %
according to ambient temperature.

Thusbar = Ldevice
55°C %

60°C %
70°C %

100
96
93
91
86

100

92
87
83
73

100

96
94
92
88

100
94
90
87
80




ks - Effect of order according to Multiplier / Floor

If busbars are arranged horizontally, i.e. parallel to Comments
floor or longer than 2m, k3-multiplier is determined

according to Chart 2; otherwise k3=1. Ks Busbars must be arranged vertically in electricity switch

enclosures unless otherwise is required.

Chart 2 k3 - Multiplier

Busbar Width ks - Multiplier
Number of busbars

[mm] Painted Bare

2 = 50-200 0,85 0,8
3 — 50-80 0,85 0,8
100-120 0,8 0,75

4 _— —— 160 0,75 0,7
= 200 0,7 0,65

k, - Multiplier / Effect of Busbar assembly geometry

This is especially important when distance between
phases is small.

Comments

K, 4=11is generally used for electricity switch enclosures.

ks-multiplier is used when there is no outlet in 2m on

k, Multiplier

busbar.
a a
| -
[ [ [
S I n=3 ‘ ‘
‘47 | |
[ [ [
1 f f o
‘IR
1 b f f 1
L
H#»\
S¢ : o : 0.9 h=200 -1
T — [SSanwnwa | i
h, ESSSTRTIT ESSISTRTRTSY T1Tln=2
i ‘ | [ f|1=|30 11
1 n=2 =200
ve 1
n=3 o]
)
= 0.7 0
g /;\:'j—l— n=3
0.9 = %2
=}
=
xﬂ
05 h=100 -+ 0.6
n=4 n=4
h=50
- Qs
07 i 05 H
0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
b-h bh
a2 a2
k4 multiplier for s=bmm k4 multiplier for s=10mm
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ks - Multiplier / Effect of Altitude
Chart 3 k5 — Multiplier

Altitude ks - Multiplier
[mm)] Internal External
1000 1 0,98
2000 0,99 0,94
3000 0,96 0,89
4000 0,9 0,83

Sample calculation:

e eOed odeeOeeJeo[Je (oo [eJoeJo[e [le[J oMl gDo[
=

|

Comment; Ambient temperature is considered as 35°C .

In an average switch enclosure without an additional cooling
assembly, heat is distributed 15-20k in height starting from the
floor. Outside temperature is considered as 20°C and busbars
are considered as located on top of the switch enclosure and
ambient temperature for busbars is considered as 35°C.

Determination of Icpart value;

80 o o
20°C 15K 35°C
A Ambient + Temperature - Ambient
g M 10 temperature of increase in switch temperature of

aa switch enclosure enclosure busbars

Lchart 2x80x10 mm

painted 2410 A %114

[0)
bare 2110A %100 2110A

Determination of k4 - Multiplier;

Determination of k, - Multiplier;

Allowed copper temperature Determination of toopper

Determination of ks - Multiplier;

Determination of k4 - Multiplier;

Determination of ks - Multiplier;

Busbars used in switch enclosures are generally

made of E-Cu F25 or E-Cu F30 material.
If no certain information is found on the conductivity

of the busbar, ky=1 can be used. k,=1,00

teopper 55°C 65°C 75°C 85°C

ko 0,8 1,0 1,17 1,32

painted | 1.928 A | 2410 A | 2.820 A | 3.181 A

bare 1.688A | 2.110A | 2469 A | 2.785 A k,=1,00
If busbars were arranged side by side,
) Ui Ui k'3painted:O!85

7 Kapare=0,80 ks;=1,00

There is no busbar longer than 2m in the sam-
ple switch enclosure without any outlet. k,=1,00
Altitude is lower than 1000m in sample switch
assembly. ks=1,00




Additional points to consider during copper busbar sizing

Influence of supply point physical location on busbar rated current

In assemblies consisting of multiple switch enclosures, it is possible to determine suitable supply locations and lower the main
busbar rated current by half by supplying from the middle.

a1 a 2 a1
IN 5 IN > IN 3 IN 3 IN
MAIN BUSBAR MAIN BUSBAR MAIN BUSBAR
CURRENT CURRENT CURRENT
1IN 1N 2N
" T N 2 T L N 1y 3
2 N 2 N 3 3 3
Busbar Width
12-50 mm 60 mm 80-120 mm 160-220 mm
08
a91 €,
o R P —
[d ‘, L [
b 4@ } | T L b — Q§E—
i ] o m_g% ¢—$ 13.5
b/2 Jii:.
b/ 135 M
Various Joint Samples
»Hf_z.;_o«
Length Joint
9 € €, & é_é}
b | d el |e2| e3 : _
S Gy o b
12 55| 6 ;é b Lo b G-
¥ Kl
126675
20| 9 |10 .
Corner Joint e
25 | 11 125 p—
30| 11|15 ° ? o2
€4
40 | 14 | 20
50 | 14 | 25 4"b“* L]
60 | 14 |17 | 26 | 2 o]
80 | 14 | 20 | 40 | 40
100| 14 | 20 | 40 | 50 T-Joint ]
120| 14 | 20 | 40 | 60 313 I
e € e &~ 18] T
160 | 14 | 20 | 40 | 40 j e {:}2{ o O I |
ol = {'} P T e
200| 14| 20 | 40 | 50 S ' > TR - . €
Abk ! I
‘i— L e
| b
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Expansion of main busbar

Length of busbars increase by expanding due to increase in temperature.

This must be taken into account when busbars are supported.

Sample expansion calculation

Expansion amount of 80X10mm cross-section 3m copper busbars used
as main busbars of a site that operates in the day but closed at night
(toay = 65°C; thgn = 15°C) will be calculated.

A= 3000 [mm]x0,000017[1/K]x(65-15)[K]=2,55[mm]

When both ends of the same busbar are tightly supported, forces generated in

these support points due to expansion are calculated as shown below.

STF

Al="to Xa XAt

At ; expansion lengthening

Yo ; initial length

At . temperature difference

o thermic expansion coefficient
0, = 0000017

F=Exa XAtxA
F ; force
A cross section

At : temperature difference

. thermic expansion coefficient

a )
0,,0,000017

E ; elasticity module
E,, = 110.000

F = 110.000 [N/mm?2]x0,00001 7[1/K]x(65-15)[KIx800[mm?|=74.800 [N]~7.480 [kg]

Groups made of multiple electricity switch enclosures are divided into small sections while being transferred from the
manufacturing site to the place they will be installed. These sections must not exceed 2-2.5m. Measures must be adopted
against the drop of contact pressure taking into account that busbars will expand in joints that are made during reassembly of

groups.

3

—
>~

3333
2R

(N]
[mm?]
(K

[1/K]
[1/K]
IN/mm?]
IN/mm?]

1.GROUP 2.GROUP

L i

| c | For pressure washer

E % Z//_ . %3 1.GROUP 2.GROUP
© % see. Accessories




Short circuit mechanical resistance calculation of copper busbar assemblies

Rectangular sectioned copper busbar short circuit mechanical resistance is calculated as described below according to EN
60865 (1993).

Forces created by currents flowing from parallel conductors FecXi2X e
- a
F ; force (N]
i F ¢ constant N/A?]
[ i current [A]
- - T _ - e T T T 4 ;conductorlength [m]
[ a la a ; distance between conductors [m]
[
F
F ‘
Forces generated during short circuit in switch enclosures
Fm ; forces between main busbars (phase busbars)
L1/ -7 N L2/ -7 AN L:} -7 S Fu ; forces between main busbars (phase
/ N / N / \ busbars) can be in pull or push

| | direction according to current
direction flowing in adjacent phases.
\ / \ \ \ /

AN 7/ 7/

AN
S _ o7 S~ _ -7 ManBusbar ~~_ -7

Fs ; forces between auxiliary busbars (busbars in phase) B
Fs,; forces between auxiliary busbars

(busbars in phase) are always in

pull direction, current flowing in
adjacent auxiliary busbar is always in
the same direction.

When main busbars (phase busbars) are
formed of a single busbar, calculations
related to auxiliary busbars are not
necessary. In this case, main busbar is the
auxiliary busbar at the same time.

Important !

It is required for

1) Busbars themselves,

2) Support insulators

to resists generated forces.

The photograph above belongs to busbar assemblies to which B Series
type tests are applied and it shows that busbars themselves are subjected
to mechanical forces. It is seen that Auxiliary busbars are inclined to each
other.
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K1s

Calculation of force generated between main busbars

Fn=13

7)(””
2 2n

X Py x—
17

A, Ho

I, Fn ; forces generated between main busbars

; magnetic field constant

(N]
[H/m]

Ho=4 107 [ﬂ] [1H:1Nm
m

A2
ip3 ; three phase symmetrical short circuit current peak value (Al
Im ; length of main busbars between to support points [m]
(m]

am ; effective length between main busbars

Comment; ips approximate calculation

s Short circuit current peak value iy, effective value ',

is proportionate with i’ks

. o
Ip3=n x1k3

n-multiplier for an average n

site for [IEC439-1

e < BKA 1,5
5KA < i< 10kA 1,7
10KA < i's< 20kA 2

20kA < i< 50KA 2,1
50KA < i'la 2,2

Calculation of am-value

In order to determine the effective distance between main
busbars, In Figure-1 a1s=a, b=bm ve d=dm is used and
kqo is reached.

(For the formula, see . P.14)

Comment; i'ks approximate calculation of short circuiit effective value

i"ks value is limited to transformer specifications in the site.

i"ks value is calculated approximately by using the power of the
transformer feeding only the site. Calculation in worst circumstances,
that is assuming there is short circuit in transformer outlet is shown
below.

SnT=\/37X Lirx Un

SnT
\/j X Un

Un=380 [V]

L=

Lir=1 ,5 X Snt [k\/A]

[V]
[V]

Snr ; transformer rated power [VA] Un ; site rated power

InT ; transformer rated current [A] Ukt ; site short circuit volt.

Ukt Xi'ke= UnxInt

U,

1 k3= ‘"XIHT
Uxkr

1 I

Tk= o—XlnT
A:uk

” 1
k= ‘VTm{X 1,5 xSar [KVA]
Practically;

k=4 icin i"ks=36 X Sat [KVA]
Uk =6 icin ik =25 xSar [KVA]

Generally, for transformers more powerful than 400kVA, it is ux= 6.
Example; Maximum short circuit current effective and peak values in
a site supplied by a 1000kVA transformer;

e =25 [KA|

i"p3=52,5 [KA]

Figure-1
a
1.4 N o N
' ¢ ! Kk N7z H
b<o1 [yond [N YT iF B {
- ! 1 a — b bm
04 : %
12 / & \'\ \.\ A 4 BEa)
0.8 N x ;, i 'y \I/.(I)Ig
s d=d, ! -
"B ——— Fe—r———T—
—1.5
" /7/ ] LA
0.8207L=75 g
/2.6//345 /// P
5
06 g/
8
10
0.4 1216
|20
0.2/
1 2 4 6 8 10 20 40 50
A

"




Comment; Effect of reducing short circuit current of cables

iia [KA]
——NYY3x35/16 ———NYY3x70/35 ———NYVY3x120/70 ———NYY3x185/95
30
2 \\\
20 \\\s“\m
\
‘\-‘
10 T~ ~
-.~___-- “‘-‘---“-“"'""‘---.
‘-..__“-‘--
0
0 5 10 15 20 25 30 35 40 45 50
Cable length #[m]
— NYY3x25/16 —NYY3x50/25 — NYVY3x95/50
iia[KA]
— NYVY3x150/70 ——NYY3x240/120
30
25 ‘&Q
20 \ \\\\EH —
\\\-
e
5 -\--.._______‘_‘_-—_ I
-------'_----—-—-
0
0 5 10 15 20 25 30 35 40 45 50
Cable length #[m]




Comment; Effect of reducing short circuit current of cables

MalKAl ___ NYY3x35/16 ——— NYY3x70/35 ———NYY3x120/70 —NYY3x185/95
50
45 \
40
\\
AN
30 \\\ sx\
05 \ \\ I~
\ AN
20 - \\\ ~
15 ™~ T
\
10 —
5
0
0 5 10 15 20 o5 30
Cable length #Z[m]
NYY3x25/16 ——— NYY3x50/25 —— NYY3x95/50
iia[kA]
———— NYY3x150/70  ——— NYY3x240/120
N
AN
40 \\
NS
30 \\ \\\"‘\\“‘\
20 . —~—
\ \
15 \""‘"\
10 ~ ——
Co—]
‘N—..___“-—-----_--
5
0
0 5 10 15 20 o5 3

Cable length #Z[m]




Calculation of force generated between auxiliary busbars

_ Mo |1
Fo= EX[%]

2
X

Fs N]

[H/m]

]S : forces generated between auxiliary busbars
a, Ho

; magnetic field constant
Nm
2

Ho=4 1107 [ﬂ] [1H:1
m A
: three phase symmetrical short circuit current peak value

(Al
(1]

ip3

; number of auxiliary busbars creating the main busbar

; largest distance between two adjacent intermediate support
element used between main busbars

I; -calculation of the value ; effective length between main busbars

Figure-2

| k=1

T |~0.5 |

| k=

2 T
rmmm— 0.331 < I; < 0.5 |

k=3 /T~
T | =(.25 |

Copper joints used to provide outlet,
etc. are also used as intermediate
support element.

T~ | k=d T~
e —— — — — 2] O )
\|/

a,-calculation of the value
Chart-4

Order of
auxiliary
busbars

Busbar
thickness

dimm] | 40

Busbar Width b[mm]

50 | 60 | 80 | 100|120

160

200

—d

-
I

d

5 20

24 |27 |33 | 40

10 28

31|34 41|47 |54

67 | 80

-
i I

S

d|

5

1315|118 | 22

10 17

19120 23 (27|30

37143

Order of
auxiliary
busbars

Busbar
thickness

dimm] | 40

Busbar Width b[mm]

50 | 60 | 80 |100|120| 160|200

o

3
ey

* [

5

10 14

15116 (18| 20|22 |26 31

1f
|

=3

>
El

RS S

—

5

14115118 | 20

10

17,4

2022|2527 |32

ag and ap, values can also be calculated using the formula below.

kls:'

[(@/d)+ 1% (b/dy

3
- [(a ;)d/)(;- 1] x In

+3x

+6Xx

+2 X | x arctan

M 3xIn
b/d

_(a/d)+
U b/a

[(a/d)+1]?

[(a/d)+11%* (b/dy
(a/dy+ (b/dy

b/d

an T+l

2
1]
X arc

(a/d)+1
b/d

L

- 2 X arctan a/d
/d

X ﬂi 3xIn
b/d

[@/d)+ 1% (b/df a/d
b/d " [@/d-1f+®/d’ b/d

2
« a/d
b

7 d] X arctan

X arctan

@a/dyj+(b/dy

[(@/d)-1T+ (b/d}

[

a/dy

b/d
a/d

(a/d)-1
b/d

3
(al/)(/iz- 1] x In

(a/dp+(b/dy
"l@/d)-1F +(®/d}

+ @d-1 2x arctan
b/d

[(@a/d)-1P

a/d-b/d
r X ———

b/d 6

(a/d)-1

|
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Short circuit mechanical resistance of copper busbars

Forces generated during short circuit forces causes busbars to bend. Mechanical tensions generated in these circumstances and

calculation related to busbar resistance are shown below.

O,, Bending tension on main busbars [rNWZ] VorVisVos Vis Multipliers related to dynamic forces (1]
X l B ;5 Multiplier related to support method (1]
V X V X ﬁ X 8x Z Zy; Cross section inertia moment of main conductors [m3]
Bending tens iary bush [N ] Z; ; Cross section inertia moment of auxiliary conductors [mq]
Os Bending tension on auxiliary busbars m2 I 3 Distance of main busbars between two support points  [m]
V. XV.x32h F X l Iy ; Largest distance between two adjacent intermediate
o " 716X 7z, support element used between Auxiliary busbars [m]
F..; Forces generated between main busbars [N]
Comment F, ; Forces generated between Auxiliary busbars [N]
Vo, Vs Vs Vi, MltiDliers related to dynamic forces is 1 if
there is no “reclosing” applied in the said
site. Figure 3 - B- multiplier
Reclosing is not carried out in short circuit —
) ) , Support method B-multiplier
cases in low voltage sites. That's why
these multipliers can be ignored in low m
voltage applications. * ‘ 10
Calculation of Z, and Z, values Ahesaplanmasi A B
Z value is calculated as shown in Figure 4 according to force
direction (busbar assembly Cross section axis). single § _23
switch 0,73
Figure-4 enclosure } *
A B
A NREL ,
C 3 Fnr— 7. bxd Fun 7 _bxd H
i — 1 = 6 H‘H - H‘H T 6

If Z,, - value force direction is A as shown in Figure-4, it is calcu-
lated by multiplying Zg — number with auxiliary busbar number.
If force direction is B as shown in Figure 4 and there is only one
or no support between Auxiliary busbars, the same calculation
is used. In this case, if there are two or more support elements,
values in Figure 5 are used.

Figure-5

Z,,=0,867 d*b

Z.,=348 d*»

L

A B
KR A
0,73
multiple switch * * *
enclosures with A B A

same support
distances

0,73
i

_—|d|<— _—ldl‘_

Comments

8 In insulators used in busbar assemblies of low voltage

electricity switch enclosures, busbars are basically sup-
ported in two types.

1-Busbars are positioned in a way to slide on insulators
and constrained between the two insulators.

If there is too much support in this state, B=0.73 can be
used in general.

2-Busbars are fixed on insulators with bolts in holes
opened on them. If there is too much support in this
state, B=0.5 can be used in general.

15



For busbars to resist short circuit forces without being deformed;

Owt=0s + Omn <X R

min.

p0,2 Owt 5 lotal bending tension of busbars [ %2]
q ; Plasticity multiplier [1]
Comments; Copper flow resistance upper and lower limit min . . N
R™™ : Copper flow resistance lower limit [=,]
Rp02 po,2 m
min . N max . N
Rz el Rz el
E-Cu F25 200 290
Comments
E-Cu F30 250 360 )
q For rectangular cross-section busbars ¢=1,5
Forces acting on support points Vi 3 The ratio of dynamic force on bearing point to
F, -Forces acting on support points; [N] static force [1]
V. ; Proportion of a dynamic force generated durin
Fa= Vi x V. x o X Fay portion of a dynamic force g ¢
an unsuccessful three terminal reclosing to a
Figure 5 multiplier successful one [1]
Support method o-multiplier o ; Multiplier [1]
m Fn  Forces generated between main busbars [N]
7 - A:0,5
* * B:0,5
A B
single § A A: 0,625
switch - '
enclosure * * B:0,375
A B Comments
§ % o Ininsulators used in busbar assemblies of low
A: 0,5 voltage electricity switch enclosures, busbars
* ' B:0,5 are basically supported in two types.
A B 1-Busbars are positioned in a way to slide on
m insulators and constrained between the two
mmr T A: 0,375 insulators. If there is too much support in this
multiple switch ‘ * ’ B: 1,25 state a.= 1,1 can be used in general.
enclosures with A B A 2-Busbars are fixed on insulators with bolts in
same support holes opened on them. If there is more than
distances A A A A T
mmw — .~ —  [A04 three supports in this state a=0,4 can be used
’ * ’ ’ B: 1,1 in general.
A B B A
Otot Otot Otot
VX V, Calculation of the multiplier — = 0,37 0,37< ———m <10 10s —x
0,8 X R 0,8 x R 0,8 x R
po,2 po,2 p0,2
0 8 X max
Vex V; 2,7 ’—RPM 1,0
Otot
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Short circuit strength of insulators

If the short circuit strength of insulators is not demonstrated by means of testing, it should be
demonstrated by calculation that the force on support points is less than the strength force
supplied by the insulator manufacturer.

Fd < Fizolat6r

Sample Calculation

Current information;

e Busbar assembly whose short circuit mechanic strength will be calculated consists of 2 pcs of
busbars (with a cross-section of 100x10mm) per phase.

e Distance between phase axis is 150mm.

e Short circuit current is unknown; however it is known that the transformer supplying the entire
plant has a power of 1000kVA.

e Busbar assembly was supported on two lateral planes of each switch cabinets. The widest
switch cabinet has a width of 600mm.

In light of this information, the calculation of the short circuit mechanic strength of the
mentioned busbar assembly is as follows, based on certain assumptions.

Assumptions:

e Effective short circuit current can be calculated in the following way, assuming that there is
short circuit right in the output terminals of the transformer:

i7k3 [Al=25 x SnT [KVA] = 25 x 1000 = 25.000[A] = 25 [KA]

e Busbar material is assumed to be E-Cu F30.

e |t is assumed that busbars are positioned in a way to slide on insulators and constrained be
tween the two insulators.

e |t is accepted that no other reinforcement piece apart from the support points is used between
two busbars that constitute the phase conductor or no supports are provided by making
another busbar output.

Values that form the basis of the calculations;

Busbar cross-section 100 [mm] x10 [mm]
Number of busbars in the phase n=2

i3 = 25[KA]

%3 = n X1 = 2.1 x 25[KA] = 52,5[kA] = 52,5 x 10° [A]

oa=1.1
Bara Malzemesi E-Cu F30 B=073
min lm = 600mm
Y = 250[ 2|
po- mm
I = 600mm
max N
—_ 360 —_—
10,2 [mmZ] a = 150mm

17



H
-7 | —
Fus = 1801 [N] Fos = ﬁxﬂ X 2p3 xl_m :ﬁ XM X(52.5X103[A])2 XLM
2 "on a, 2 2 0.159[m]
a 0.15m b b, 100mm a 150mm
m=—="---=0.159Mm —=—TF=——"=333 —=_—"—— =5 Kk;;=0.94
ki  0.94 d d, 30mm d,  30mm 1
see. Figure 2

F, = 1736 [N]

W 1 4nio? [ﬂ] 52.5x10°[A] ’ 0.6[m]
Fszﬂx[‘ﬁ]xLz 1 x[ . ]x -

2t |n | a 2 2 47.62x10°[m]

1 _kp_ 042 1 b _100_ o an_20mm_, o,
a, ap 20mm  47.62mm d 10 d 10mm i
see. Figure 2
Om = 29.61x10° [%2] . 1SOLINIKO.6
N Op = \70 =] VrX |3X—m3x o= 1.0x0.73% [ ]X ,. [n;]
2961 W] 8Z 8x3.33x10°[M°]
2 2
Z=nx% - 2x%[m3] = 3.33x10° [m?]
o, = 39.22x10° [%2]
e Vo xV Foxlg 10)(1736[N]><0.6[m3]
=39.22 [mm $TIST IR 6Z, T 16x1.66x10°[mA]
2 2
7, 2L ODOO o | 66x106 [mo]
6 6
N
_ Otoplam = O + Om = 29.61+39.22 = 68.83——
Otoplam < QXK , . 68.83 <375 provided
le{pO.Z = 1.5x250 = 375[m

1. Result; Busbars can resist short circuit current without bending.

Fq=5349[N]

Fa=Vex V., xaxFy=3.7x 1.1xI801[N]

O‘toplam

Vex V=27 <0.37
0.8xR™*
p0.2
Otoplam
o=1.1 T _ 6883 4939

0.8XR™™ " 0.8x360
po.

2. Result; Insulators need 5349 [N] (approximately 535kg) peak force in order to resist short circuit current.

18
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Short circuit thermic resistance calculation of copper busbar assemblies

Short circuit currents can heat copper busbars up to high temperatures. Temperature level reached after short circuit is propor-
tionate with short circuit period and the temperature at which short circuit starts. Allowable maximum temperature for copper
busbars is 200°C.

Maximum current amount that can flow from a busbar assembly after short circuit according to EN 60865 (1993) is calculated
as stated below depending on short circuit time. Here, calculation is made with current intensity values in order to be independ-
ent of cross section calculations used in the said busbar assembly.

S 3 Thermic equivalence short period current intensity [ 2]

A
m
(effective value)
s ]
m2

Sth < Sth E" Swur 3 Rated short period current intensity for 1 sec (effective [
= r
Tk value)
T« ; short circuit period [s]
Ty: ; rated short period [s]
200 7oy
~—~— Peratm,e t
180 \\\\@reache
— —2 After Saig ¢,
160 — g,
— T \&130@0
140 Eiss\ ~— \25300\\\
120 \‘ \\\; \\\‘ i
\\ T~ \\\ 2005,
100 \§ - \‘\\ @@\
7605,
Stir 0 \\ \\\\\7\4\0\ ~
0o,
C
A \ e \\\ \
mm?] ~ o N
\’g . \ N

20 30 40 50 60 70 80 90 100 110 120 130 [°C]

Qb—>

temperature of the copper before said current flows

Sample calculation:

Calculation of maximum short circuit current that can flow for 3 Comments
seconds from a busbar assembly that contains two 100mmx10mm In low voltage electricity switch enclosure en-
copper busbars that are allowed to heat up to 70°C in operating closures, the 200°C limit that is generally set for
conditions and 140°C in short circuit condition in each phase is shown copper is not forced. In many applications, there
below. are measures to ensure that short circuit currents
it Tk endin 1 sec.
A < Sir X T A; total conductor cross section [mMMZ]
k
A Besides the thermic resistance of copper bus-
13 < Y S . . . .
ZXT00[mmIxI0[mmi~ 100 mm x 8\ / 35) balrs, another mpprtant |Isslue is the res!stanoe
of insulator material that is in contact with them.
i< 2x100[mm]x10[mm]x100[r% ] « / The said hefatlng' is brief. In'th|s context, short
term thermic resistance of insulator material must
i< 115[KA] be high enough.
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Use of type tested isolators in type tested switch enclosures

IEC 61439-1:2011 standard that is used to prove technical capability of switch enclosures describes the tests to be applied on
switch enclosures in details.

The test related to proving short circuit resistance among the said tests is described in section 10.11 of this standard.

B Series insulators’ short circuit resistance is proven with “verification by testing” method.

IEC 61439-1:2011 standard article 10.11.4 describes “verification by comparison with reference design”. Accordingly,
evaluation of rated short circuit resistance current of board and circuits must be carried out by comparing a board verified

by testing” with the board to be evaluated. Verification evaluation of main circuits of a board must be according to “Annex

P” section, i.e. IEC 60865-1 of the standard. Each of the circuits of the board to be evaluated in addition must meet the
specifications below.

Are the short circuit protection assemblies of each circuit of the board to be evaluated, the same and better limiting
characteristics taking assembly manufacturer data as basis (°.t.l.) equivalent to same reference design such as manufacturing

and series?

- If the board to be evaluated includes a housing, does the reference design include one when verified by testing?

- Does the housing of the board to be evaluated have the same design, type and same dimensions at least?

- Do the cells of each circuit of the board to be evaluated have the same mechanical design as the reference design and same
dimensions at least?

Busbar

/

Switch device busbar connection

Support distance

Support distance : i
Support insulators : : [ _

20
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B series type tested isolators

B Series low voltage insulators are designed by EAE. They are subjected to approximately 80 circuit type tests in IPH Berlin and
KEMA Netherlands laboratories. There are various types of insulators in different circuit current values in B Series to be used for
different purposes and methods.

B Series insulators have modular design to meet all kinds of needs for low voltage electricity switch enclosure busbar
applications. Distances between phases can be changed.

In order to use short circuit type tested B Series insulators in partially type tested switch enclosures by comparison with
calculation, requirements stated in article 10.11.4 of IEC 61439-1:2011 standard must be met.

1) B Series Insulators are tested in very high short circuit currents. The short circuit current that each insulator type is
tested at is given in related technical specifications page. There are insulators resisting maximum 150KkA.

2) Conductive current intensities related to thermic resistances of B Series insulators during type tests are given in
related technical specifications page. Insulator thermic resistance can be proven when desired by calculating compared
busbar assembly current intensity. During this calculation, it can be seen that very high current intensities are used in type
tests.

3) Material and manufacturing quality of B Series insulators is under EAE warranty.

4) It is mandatory for switch devices to be connected to busbar assemblies that will be compared to be type tested and that
busbar connections made with them are compliant with technical documents of manufacturers.

5) Short circuit resistance of the said busbar assembly must be proven by calculating according to IEC-60865-1.
Also, there are graphics that show maximum support gaps for distances between different phases on related technical
specifications pages.

0 100 200 300 400 500 600 700 800 900 1000

L max (mm)
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EG PA 15 13 Product Description

IR
Mﬁ 8
= —%

A

65 65
68'5ﬁ‘ D 6] ~ i
SRR «
57.5 75 67.5
200

225

A-A

25.5
20.5

>30

i
DA

Installation Information

e

CeOedeJedeeede[JeJe o]

Dooe0O00000DO0O0O0000O0O0C0CEe 0 OO

Lol Je[Jo[Jel JoJeJel o[ Jo[ Je[ Jo[ ]

e Asymmetrical design simplifies

e Boltthat connects two insulators
attachment procedures.

must be tightened using L=Lp*"0mm
formula.
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EG PA 15 23 Product Description

A
mgligh
] A = I
Ll
C IV o 1A
A
95 95
! 95 — ' 95 ‘
<510l iloliloozasoo)| o] loozsoo| (o] ooz
Co Dlnma@DD}D}DEl@DDID }DD@"
82.5 |l 100 ! 92.5
275
95 95
I 95 | 95 |
i DD'@‘DDIMDDV“DD D'DDE"
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>40 mm

AW,

(@]
[<2]
1

=

Installation Information

e Asymmetrical design simplifies

e Boltthat connects two insulators attachment procedures.

must be tightened using Ly=Ly*"0mm

formula. 23



PM MA/MB /MC GENERAL FEATURES

Specifications

e Designed to be used with busbars of 5mm thickness.

¢ Material: fiberglass reinforced polycarbonate

¢ Does not discharge halogen gas when burned
(halogen-free)

e Fire resistant VO according to UL94

¢ Tested maximum short circuit effective current 100kA

e Continuous operating temperature maximum 150°C

e Maximum current intensity applied in type tests 165
165 (A/mm?)

¢ Distances between phases can be increased in 25mm
increments after 75mm.

e Maximum support distances based on short circuit
currents for different phase distances are given in P.28
and P.29.

Example Configuration

24
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Tension Insulation Specifications

e Shortest walking distance is 16mm.

e Material CTl value 175V

e Material group llla

e Rated insulation tension: Max. 1000V
for contamination class 3




ORDER INFORMATION ELEKTROTEKNIK

PM MC 10 3 4 T2 A200

— O

—I Distance Between Phases

| Profile Number
Busbar Section |

Pole Number

Isolator Type

Busbar Number
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PM MC 0531 INSULATOR SET

=13+ 12

T e
kg

+0
|" ‘| 15705
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Detail A-A

PM MC 1031 INSULATOR SET
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Detail A-A
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PM MA 1023 A125

PM MA 1023 A150
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PM MA 1023 A200

PM MA 1024 A125
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PM MA 1024 A150

PM MA 1024 A200
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PM MA 1033 A150

PM MA 1033 A200
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PM MA 1034 A150

PM MA 1034 A200
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PM MB 1033 T1 A150

PM MB 1033 T1 A200

32




PM MB 1033 T2 A150

PM MB 1033 T2 A200

By
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PM MB 1034 T1 A150

PM MB 1034 T1 A200
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PM MB 1034 T2 A150

PM MB 1034 T2 A200
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PM MC 0533 T1 A125

PM MC 0533 T1 A150
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PM MC 0533 T1 A200

PM MC 0533 T2 A125
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PM MC 0533 T2 A150

&

<3

PM MC 0533 T2 A200
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PM MC 0534 T1 A125

Lz

PM MC 0534 T1 A150
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PM MC 0534 T1 A200

PM MC 0534 T2 A125
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PM MC 0534 T2 A150

PM MC 0534 T2 A200
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PM MC 1023 T1 A125

PM MC 1023 T1 A150

-]
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PM MC 1023 T1 A200

PM MC 1023 T2 A125
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PM MC 1023 T2 A150

PM MC 1023 T2 A200
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PM MC 1024 T1 A125

PM MC 1024 T1 A150
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PM MC 1024 T1 A200

PM MC 1024 T2 A125
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PM MC 1024 T2 A150

PM MC 1024 T2 A200

B

-3
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PM MC 1033 T1 A150

PM MC 1033 T1 A200
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PM MC 1033 T2 A150

PM MC 1033 T2 A200

&

&5

2]

-]
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PM MC 1034 T1 A150

PM MC 1034 T1 A200
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PM MC 1034 T2 A150

PM MC 1034 T2 A200

2 A200
e
PM MC 10 3. |
—l Fazlar Aras Mk
y:l_ T Profil Sayisi
|zalatdr Tipi Kulup Sayisi

Bara W~ ara Sayis
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PM GF

Material: glass-fiber reinforced polyester (GRP)
Features:

e Halogen-free

e Flame retardant according to UL94 VO

e Maximum effective short circuit current; 100kA
e Maximum operation temperature 120°C

Voltage Insulation Properties:

e Material CTl value; 600V

e Material group; |

e User as indicated IEC 61439-1, defines rated

voltage insulation and movement distance -related to application

PM GF Isolator Selection

Panel Width mm GF50 GF75
600 PMGF5006 PMGF7506
700 PMGF5007 PMGF7507
800 PMGF5008 PMGF7508
1000 PMGF5010 PMGF7510
1200 PMGF7512
1400 PMGF7514
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Type test document

76 tests are applied for all insulator types in different phase and support distances.

R.B.054

INSTITUT ,PRUFFELD FOR ELEKTRISCHE HOCHLEISTUNGSTECHNIK* GMeH | |PH ”"
BERLIN

Independent, accredited testi

g station - Memb

laboratory of STL and LOVAG

TEST REPORT

NO. 1022.02902.174

EAE Elektrik A S. Ikitelli Organize Sanayi Bolgesi, CLENT

Turgut Ozal Cad. No: 112

TR - 34670 Ikitelli/ISTANBUL

EAE Elektrik A S, Ikitelli Organize Sanayi Boigesi, MANUFACTURER

Insulator systems for low-voltage switchgear assemblies TEST OBJECT

See Sub-clause 3.1 TYPE

Test sample MANUFACTURING
NO.

Rated operational voltage U, 1000 Vv RATED

Rated insulation voltage U 1000 i SHABACIERISTICS

Rated frequency CR

Rated peak withstand current I See Sub-clause 3.1

Rated short-time withstand cument |, See Sub-clause 3.1

DIN EN 60439-1(VDE 0660 Teil 500):2000-08 NORMATIVE

IEC 439-1:1999 ROCUNENT

Verification of short-circuit withstand strength RANGE OF TESTS
PERFORMED

12 und 13 June 2002

See Sub-clause 46

e el | B,

A

e (ék_/ g s
5. GEORGIAS
Hea of high-power test laboratory Test engineer in charge

Berin, 23 October 2002

by Deutsche Akk

switching and contrel equipment

gsstefie Technik (DATech) eV, in the fields of hy apparatus
mmmmmmmm Iv appacatus and switchgear, installation equipment and DAT - P - 019/92

IPH - LANDSBERGER ALLEE 378 - D-12681 BERLIN -

TEL. 030,54 96 02 00 - FAX 030/54 96 02 22
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