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Tan delta (Tan &, TD) testing, also called dissipation factor or loss angle,

is used for measuring the degree of deterioration of shielded MV/HV cable
insulation. The results reveal how contaminated, damaged, or water tree
strewn the insulation has become.
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Choice of fuse links for protection of transformers

80 | 100 | 100 | 160 | 200 | 200 | 2507 | 315"
63 | 80 | 100 | 100 | 160 | 200 | 200 | 2507 | 315" | 315~
63 | 63 | 63 | 80 | 100 | 100 | 160 | 200 | 200 | 250" | 315 | 315"

3 16 | 25 | 25 | 40 | 40 | 63 | B3
5 10 | 16 | 25 | 25 | 25 | 40 | 40
6 10 | 16 | 16 | 25 | 25 | 25 | 40

63
63 | 63
40

10 6 10 16 16 16 25 25 25 (31,5 40 63 63 63 80 | 100 | 100 | 160 | 200 | 250" | 250"
12 6 10 16 16 16 16 25 25 25 31,5 40 63 63 63 80 | 100 | 160 | 160 | 200 | 250"
15 6 10 10 16 16 16 16 20 25 25 |31,5( 40 63 63 63 | 100 | 100 | 125 | 200 | 200
20 6 10 10 10 16 16 16 20 20 20 [315|31,5| 40 63 63 63 80 | 100 | 125 | 160
24 6 10 10 10 10 16 16 20 20 20 [31,5|31,5| 40 40 63 63 63 80 | 125 | 125
30 6 10 10 10 10 10 16 16 16 16 25 25 25 40 40 40 |2x40|2x40
36 B8 10 10 10 10 10 10 16 16 18 16 25 25 25 40 40 |2x40|2x40
vu":_f"'ge LOW VOLTAGE FUSE-LINK I_ (A)
220 \-f 80 | 100 | 125 | 160 | 200 | 250 | 250 | 315 | 400 | 500 | 630
380V 50 63 | 100 | 100 | 125 | 125 | 200 | 250 | 250 | 350 | 400 | 400 | 500 | 630
500V 40 50 80 80 | 100 | 100 | 160 | 160 | 200 | 250 | 350 | 350 | 400 | 500 | 630
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GPR -grounding potential rise nxhj 1T nyoIin

ground potential rise (GPR) occurs when a large current flows to earth
through an earth grid impedance. The potential relative to a distant point
on the Earth is highest at the point where current enters the ground, and
declines with distance from the source.

-l-___Ll_
e
. |
i Ty
N
b
|
— |
51 'Irl]'
5§37

P> fig. 04

09X NIN DY QI01'K7 XN 72 "2 0'7XR'YI0I9 WI9N - IXR'™YI019

1102 D721 11D 9I01'K TYI XN '7an dr "l 7; OI'TIA NIS'DYT NATRA NX 77N)
r;OI'TAR; N9 ‘D NN, U, yiap 1'7w 7R'X10190W D |07 |07 dr - Nl
NTI7IN D'PNINNY 7103 (ORI Y70 7810190 P71 Ry 2 R,... 2 R..... 2 R 1 n"'jn
XN

ORI Y710 NIV N9 2 12 NNNA IR AU 3,4y DY7R¥I0190 W9

, 720 IN'IN 7W NIaxn, D'YINION NITYI, 'TMUNA 710 DNipn / OX'0Y 2'V0 WY
. 'Tnwn NITIAYa 0'PoIYY? YT NaNN LI17'79X 'WIN N1dn NN, 720 'NIX 7w nnio


https://en.wikipedia.org/wiki/Electric_current
https://en.wikipedia.org/wiki/Electrical_impedance

79

Equal Petential Zone ﬁ@
8}

=

Step Potential is
the voltage value
between the span
of one step. Each
foot is referenced
to a different
potential or
voltage. This
difference of
voltage is called a
Step Patential
Hazard.

Voltage values
that equal each \1
other are of the oD ... - o

same potential =
and put you in the 105 kv 5hv Dﬂrwi-:’_/

same position as 100
: : Y
birdonthe L;/gikv

Never walk or run from a ) Y HOP or SHUFFLE TO SAFETY.
downed power line G‘P‘& Keep your feet at the same
potential

Greund Patential Flse

When an energized line makes contact with ground the earth becomes hot and
the voltage dissipates in concentric circles away from the initial contact point.
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6.3.2 Technology and utilization of the transformers

There are two basic types of distribution transformer:
m Dry type (cast resin encapsulated) transformer
= Liquid filled (oil-immersed) transformer.
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According |IEC 60076, the standard conditions of utilization of the transformers for

outdoor and indoor installation are the following:

m Altitude < 1000 m

# Maximum ambient temperature: 40 °C

m Monthly average temperature: 30 °C during the hottest month
m Annual average temperature: 20 °C.
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6.3.2 Technology and utilization of the transformers

There are two basic types of distribution transformer:

m Dry type (cast resin encapsulated) transformer
= Liquid filled (oil-immersed) transformer.

According |IEC 60076, the standard conditions of utilization of the transformers for
outdoor and indoor installation are the following:

m Altitude < 1000 m

# Maximum ambient temperature: 40 °C

m Monthly average temperature: 30 °C during the hottest month

m Annual average temperature: 20 °C.
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7.3.2 Necessary conditions for parallel operation

The following conditions for the connection of power transformers in parallel are
required:

It is preferred to connect in parallel transformers having the same characteristics:
m Same voltage ratio

m Same rated power

m Same short circuit impedance.

m Same coupling symbol of windings as for example D yn 11

m Same impedances of the LV links between the transformers and the main LV
switchboard where the paralleling is realized.

.Schneider Electric - Electrical installation guide ©"v .555
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1.4.5 Medium voltage loop (see Fig. B10)

A medium voltage loop is generally supplied from two separate primary
substations. It supplies secondary MV/LV substations dedicated to the LV public
distribution and private electrical installations.

The MV/LV secondary substations and those dedicated to the connection of private
electrical installations are connected in series by means of underground cables.
Two load break switches are used for the connection of each secondary substation.
The loop is normally open, all the load break switches are closed except one.

In case of fault between A and B, the breaker C trips clearing the fault. The two
substations S1 and S2 are de-energized. The restoration of the supply to all
substations is then realized as follow:

2NN 'UNAN TN'ADI N9
NPITNNI 21Uan 71x7

e 1 - Isolation of the faulty cable by opening load break switches A and B
2 - Closing open point D
3 - Reclosing circuit breaker C. The open point is now between S1 and S2.
3 x'n nawnn ABB/product/transformers 9"v .556
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Single-phase distribution transformers
Range up to 315 kVA

ABB liquid-filled, single-phase pole or pad mounted distribution transformers are specifically
designed for networks where it is not practical to have a three-phase supply.

They are typically used for servicing residential overhead distribution loads.

They are also suitable for light commercial loads, industrial lighting and diversified power
applications.

Product scope

= Primary voltage Up to 36 kV
= Range Up to 315 kVA

= Pole or pad mount
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Designed for autonomous operation

Compliant with existing and new regulations

ADMS-ready product

Global support with local Schneider Electric field services teams

Improved network quality:
Minera SGrid automatically stabilizes the autout voltage
Widerest regulation range, thanks ta innovative technology
Allow to increase decentralized energy production without risk of valtage band violations

special transformer '®0'711 1019 NI>WYNYT 7190 Twn q19'"7 Dy 'Naw 558
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Earthing
transformers

Earthing transformers are classified

as reactors as standard. An earthing
transformer (neutral coupler) is a
three-phase transformer connected

to the power system to provide a
neutral connection for earthing, either
directly or via impedance. The earthing
transformers may in addition supply a
local auxiliary load.

N-2.10N Y1 DONn ‘p] The earthing transformer creates

N- 1.0 T¥1 DONN I|7:| a neutra! po.int fora netwqu, ZN
connection is usually applied. Z

connection provides linear and specified

Zero sequence impedance. YN+d can
Basic key design inpul informalion for Earthing Transformers also be applied.
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Series reactors

Series reacions are mosth used o

limit the curent and to incease the
irmpesdance. They are desipned jor
different purposes, such &8 cumen
limitng, neutrel / earthing, moion
atarting, anc fumace serles reactons, &nd
duplex reactors. ABS senes reactions

e ueualy the magnetically shisided air
core design. Seres rmactars may &k be
enuied with CLTC.

Casrant lirmiting résciors

Current Briting reachors se connected
in series in & power syatem Eo limit the
current under sysiem fault conditions,
In normal opscation, the conmtinuoes
current ficws through the reacior. The
rragneticaly shisided 3k cone design
8 u=umly appliad. due to the linasrity
recpuirement and the regh shart-tirns
curreris. The elecino dynamic forces
an| a0 assar 1o handke n thes type
of design. Ususly reaciance s rather

ko, wihich makes the sir cong mong
ECOMNOITICE SOREoN.

Mautral aarthing reechom

The application of neutra earthing
reactons increases he mpedance n the
neutral poed of 8 transformer of 3 snunt
reactor. Duning single-phasa lailis, the
reacton Brmits 1he Taul CLment in i
rLiiral Bnd e restoralcn of the powel
b B Improesd.

Accoeding to tha IBEC BO0TE-E slandand,
the neutral-sartng reacton 8 connected
between the neulral of & power

. VIR N7N 97NN 705N DY "aINAN Y1V DY TT-2 amn |[pnn .561
A x'dnawnn, 2 o 2111 napn 1o
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A4 X' nauwnn. 11 mapn, naan 'Wwxnxi NipaRn 595

4 x'n naiwnn. 13, 15 nipgn, naan 'wxnKl NiaRn 596

A X0 naiwnn. 16 mapn, naan wxnNi NipaRn 597

.3 X'n nawnn. short circuit indicator "y .598

SICAM FSI

The guardian for your overhead line networks (3.3 to
66 kV 50/60Hz). Utilizing the full range of benefits of
distribution automation in overhead line networks
requires reliable locating and signaling of earth faults
and short circuits in overhead line networks. With

SICAM FSI (Fault Sensor Indicator), Siemens now offers
a fault detection device for MV overhead line networks.
SICAM FSl is available in 2 versions: 6MD2314-1AB10 -
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Overvoltage’s and insulation coordination in MV and HV 9"y .599

A N0 nawnn

T 7% e

if L = 25 m: a surge limiter placed on the pole is sufficient
if L 25 m: a second limiter must be placed at the transformer terminals

fig. 33: position of surge limiters on a substation supplied by an overhead-underground

network.
armester
transformer
- = -
wrong cabling right cabling

fig. 34: amrester cabling principle: load-arrester connections must be as short as possible
transformer.
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2 X'n mwnn Medium Voltage Distribution - Catalog 2013 9"y .602

TR
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CB Upto 1250 A From 1250 to 2500 A
Q
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9
e G000 e 1000 ——

MV devices LV control cabinet
o Front Bus Bar compartment e Low voltage auxilianes and

9 Rear Bus Bar compa nt protection, monitoring and control
unit are in a control cabinet which is

0 Main switching device separated from the medium voltage

o MV connections by cables part
accessible from the rear face

e Earthing switch
6 Current transformers

0 Voltage transformers, with fuses

D'XIY? NIXNM 'D1ENINR, 7712 n1'nan 0'RIY TN Iy nrnann 603
. X"njp 630 'xaw napnin 7vi19a ox oa, X"up 1000

D ANNRD NN 7712 D' DN J10N7 100 N901 9"y

1.2+1.4 = 2.6m? Y 'XIY 112y

U
!\’|S*J
o)} \9)

I

[E—

[\

(US)

1.5+1.7 = 32m? v naww
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.3 X'n mawnn Technical guide - ABB, 2015 o"v .605
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(I b . . Wh
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: : i =D H P - : P Where:

N i H : H H i D = Distributor room at the user
$ I Pt : t site.

E | H X E : varh M = metering room,

: : % : : U = User room,

HI | ' H H i SL = cubicle (cell) for line,

H : : oy — — E H SC = cubicle (cell) for detivery,
T = 7 - 7 - : : ¢ = connection paint.

P Y ‘ i ; : 1 = metering unit,

[ | i @: : 2 = General User device,
P i Eea : : @ 3 = cubicle present/to be
1= -4 P T R Rt L s de SRR SRS pravided far incoming-
Line ! outgoing connection.
Line Connection cable (set up by the User)
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Breaking technique

The breaking principle of HD4/R circuit breakers is
based on the compression and self-blast
techniques so as to obtain top performance at all
breaking current values, with minimum arcing
time, gradual arc extinction and no re-striking or
operating overvoltage.

The HD4 /R series brings to medium voltage the

advantages of the “autopuffer” breaking technique
already used in high voltage.

ot St

Circuit breaker Main contact

Arcing contact Circuit breaker
closed separation separation apan
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.3 X'n mawnn vacuum swithing 9"y .609

Secondary
shield

Insulating
enclosure

Main shield
Fixed contact

Maobile contact

Metal
bellows

Secondary
shields

Fig. 14: vacuum interrupter components.
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4 x'n naiwnn Air insulated switchgear up to 24 kV 9"y .610

Main busbar Frame
+ upper shunt

Door for LV

Cradie cabinet

_ Circuit breaker
+ truck
Earthing
switch

‘ WTs + fuse |

Cables Surge —’_
arrester

Ninawr for I mwer donrs
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vivwnn nal _Switchgear Type 8DJH 36 for Secondary Distribution 9"v.612
4 X'D NIIYNN . 209NN 7Y 110NN (122102 NAITAY ' An7 N2

Circuit-breaker panel with indicated low-voltage compartment
Saection

Control board (for detalls, see page 18)
Option: Low-voltage compartment

Busbar arrangement

B R o=

Vacuum circuit-breaker and three-position
switch module

Pressure relief device

(i
I
|
|
|
|
|
|
|
[
51
F
Fa
1
3
&
oh

Wiring duct, removable, for protection and/or
ez E bus wires

A8 7 Switchgear vessel, filied with gas

oF 8 Operating mechanism of switching devices

8 9 Bushing for cable plug with bolted contact
(M18)

10 Cable compartment cover

11 Option: Current transfarmers on the bushing
12 Earthing busbar with earthing connection
13 Low-voltage compartment

14 Option: SIPROTEC bay controller

e 10 15 Option: Plug-in voltage transformer $MU1
on the busbar

H 16 Option: Bushing for connection of plug-in
] voltage transformers on the busbar
|L T 17 Option: Disconnecting facility for the plug-in

voltage transformer 4MU1 at the cable
connection

v 12 18 Option: Bushing for connection of plug-in
voltage transformers at the cable connection

19 Option: Plug-in voltage transformar 4MU1
. : . al the cable connection
Circuit-breaker panel with 400 mm high low-voltage compartment

Schneider Electric ,ABB ,'7220 "X WX 7¥ niaxn , 7nwna 710 : nNipn / OX'0y 2'00 : W


https://assets.new.siemens.com/siemens/assets/public.1530713008.d909019dd80f6e4d289297668d3550ba7dfb2d03.catalogue-8djh36-en.pdf
https://assets.new.siemens.com/siemens/assets/public.1530713008.d909019dd80f6e4d289297668d3550ba7dfb2d03.catalogue-8djh36-en.pdf
https://assets.new.siemens.com/siemens/assets/public.1530713008.d909019dd80f6e4d289297668d3550ba7dfb2d03.catalogue-8djh36-en.pdf
https://www.schneider-electric.com/ww/en/

HAAD TR R

20

Switchgear Type 8DJH 36 for Secondary Distribution 9"v .613

3 N'DN NMIYNN

Billing metering panel

Section

Type M, air-insulated

£
-

-

~
]
]

10

7 e [ s
g TN o e e iy

1n

x 12
Connection: busbar — busbar

Sockets for voltage de-
tecting system

Busbar connection
Bushar vassel, filled with
qas

Pressure relief device
Current transfarmer
type AMAT

Voltage transformer
type 4MR

Wiring duct, removable,
for protection and/or bus
wires

Niche for customer-side
low-voltage equipment,
screwed cover
Bushings for connection
of transformar bars
Transformer compart-
ment cover

Cable connection

Earthing busbar with
earthing connection

2¥NN DX NIXNN 2 MIMNI, DYANND 7IN 27w INKR 2¥N DIRNN "mn 75 .614
.2 X' MIWNN . '910N
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.3 x'n nawnn Switchgear Type 8BT1. up to 24 kV, air-insulated 9"y .615

wua g3
Bushar voltage transformer
Current transformer
Voltage transformer

Make-proof earthing
swilch

Cable sealing ends

Pressure relief

Low-voltage plug connector
Switching-device truck
Switch-disconnector

HV HRC fuse

Integrated partition

Operating mechanism for
switch-disconnector
Operating mechanism for
earthing switch

Actuating opening for the
switch-disconnector

Inspection window for checking
the switch-disconnector position,
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3 X'n naiwnn Basics for MV design according to IEC standard 9"y .617

Udrop = S/SB x (er cosg +ex sing) + 1/2 x 1/100 = (S/ISBPx(er sing +ex cosg)®

Where respectively the resistive and reactive parts are:

er The resitive part.
er= LL/SB
ex The reactive part.
Example:

Let us assume that a three-phase transformer, 630 kVA,
20/0.4 kV, has 9300 W load losses and 6% short-circuit
impedance. Delermine the voltage drop at full load (case
1) and at 75% load (case 2) for power factor 1.0 and
0.8.The voltage drop is given by the following equation:

Fullload cosgp =1

Udrop (1.0)%(1.4762x1+5.816=0) +
1/2x1/100%(1.0)* (1.4762x0+5.816x1)
1.645 %

Full load cosgp =0.8
Udrop= (1.0)x(1.4762x0.8+5.816=0.6) +
1/2%1/100%(1.0)° (1.4762x0.6+5.816x0.8)°

= 4832%
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Load 0.75 & cosop =1
Udrop= (0.75)=(1.476=1+5.816=0) +
172x11100=(0.75Y (1.476=x0+5.816x1)
= 1202%

Load 0.75 & cosp=0.8
Udrop= (0.75)%(1.476=0.8+5.816x0.6) +
1/2%1/100%(0.75) (1.476x0.6+5.816x0.8F
= 3585%

A X' nawnn, 0.75-2 77021 0.8 ' AxXINN NX 71901 NnTIzn n7Xw1.618
A x'n nawnn .619

21 X' nawnin.620

Dy11 +

T
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.3 N'n NMIvnn .621

Function Current switching

Operating Fault current
current

Disconnector Isolates
|
Lo
Earthing switch Connects (short-circuit
1 | to the earth making capacity)
1 f 1*'
Load break switch Switches loads .
-
Disconnecting switch Switches
Isolates
o_ :
Circuit-breaker Switches
xf Protects . .
Contactor Switches loads
\?’ L ]

Schneider Electric ,ABB ,720 "% 7@ niaxn , '1awna pin : nNipn / oX'0y 1'00 : W


https://www.schneider-electric.com/ww/en/

e Ea— O e e 6 S—

25

: Basics for MV design according to IEC standard 9"v .622

Three sources are flowing in the switchboard (T1-A-T2)
with a possible contribution to a fault from T3 and M:
= Upstream circuit breaker D1 (s/c at A)
Isc2 + Isc3 + Isc4 + Isc5
+ Upstream circuit breaker D2 (c/c at B)
Isc1 + Isc3 + Isc4 + Isch
+ Upstream circuit breaker D3 (c/c at C)

Isc1 + Isc2 + Isc4 + Isch

63 kV 63 kV
llsc‘i @ llch llscs
A B C
D1 D2 D3
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C B A 709N
L I 4. D,
L 45 Iy D,
45 I Iy D,
3. 2 2[5 D,
L I Iy Dy
L I Iy Dy

0 0 0 D,

280 nuwnn P . g = 4L, P17 > N2

I NIN9 D, Wann IUKD NNTIRN N7RY7 NnIT 91X .623

C B A 709N
0 I 21, D,
0 21, I D,
Iy 0 0 D,
I 0 0 D
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I 0 0 D,
0 0 0 D,
T =21, PIPIWD : N1

=2 X' MWD D7

: Basics for MV design according to IEC standard 9"v .624

2
2 (0410
Z, =% = (—6) = 0.8mf2 : WA YW XN 01TON'N
Sse 200-10
L INIWN 7Y XN 01TON'R
2 103
2 _(0.4-10%) _
Ly, = S XU, = 000107 0.04 = 6.4mQ
: >N YW XN 01TON'N
Lg.=Zp +Z,=64 + 0.8 = 7.2me

_ U _ 400 _
Lg Zo\3 7210743 32.11k4

2 N'DN naIwnn P

fr

ZTr

BUSBAR
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: Basics for MV design according to IEC standard 9"v.625

2
0.4-10°
L, = = (—6) = 1mQ : NWIN YW 7N 01TON'N
Sse 160-10
1 'Naw 7w xpzn 019NN
2

_ (0.4-10°)°
Ly =3 ExUp, = 600107 70.05 = S5mQ

2 'NIY 7W XN 01TON'N

(0.4-10°)°
Ly = xUk% 1600-10° 70.06 = 6mQ

Zo=Zp |1 Zpy+2Z, =272 + 1 = 3.72mQ

_ U
Lse ZN3 372 10 3\/_ = 62.15K4

3 X' NwNn P

er

ZTrl ZTre

BUSBAR
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Component Calculation Z= X (ohms)
Network
Sc = 2000MVA M 10¢
= = 0.05

Uop = 10kV Ssc 2000
15 MVA transformer T1

- L2 102 10
{USE = 1'[]“?;0:] 211 =715 = — % Usc = x 0.67
Uop = 10kV Sr 1D 100

¥ 10 1

B ===

V3 xZsc y3  Zsc

D'7T'X1012'0 D'NNT? 71 wann AC DA |an 70901 wnNwn? 1IoON .626
.3 X'n MIYNN

:1an 'poon v o'naT 3 oTan IEC Y& oapna

OTNRIDITO NIPN DT P WAT AT 0aTH |2 poon - AC oaT
[DIND ANIT A'NW DAT |20 'POOD ¥ TNN DAT P AN 1981 NIY TV
IPNN2 NPNINY 01IYD 1200 'PoON) 01'2 120 AC a1 1Impon
{NT DATH 1N NIND OUNT 0N

|21 DY T'RIDIT'O NPPN 'PITY ¥WAT AT DATD |30 PO9N - A 0AT
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'UPY0 PINT VNS NMWONDD NN D210 92 120 poon - S oaTt
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AC DATD 12D 'POON] WDNWAY ION XYW NI'TR2
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AC residual current N v v v
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QYA
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Smooth direct current —_— - = <
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https://www.iec.co.il/ElectricityProfessionals/DocLib4/LED.pdf
https://www.iec.co.il/ElectricityProfessionals/DocLib4/lightbulb.pdf

