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There are several reasons for partitioning Partitioning rules are defined in standard
a switchboard: IEC 61439-2. The definition of partitioning

depends on conditions of use, maintenance
and upgrade of the switchboard.

This definition is subject to agreement
between the switchboard manufacturer

- protect persons against direct contact
with dangerous parts. The minimum
degree of protection must be IPXXB,

- nrotact the ewitchboard anainet the
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‘éj Form 1 e
ﬁ No separation inside the switchboard.
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- Fer—E
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Formation 1 — 1 ¢usss

Al daad G A = Incoming device

B = Main busbar

C = Distribution busbar

D = Outgoing device

E =Terminals for external conductors
. F = Enclosure IP2X minimum
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Q}J Form 2 (>

Separation of busbars and functional
units inside the switchboard:

- protection of persons against contact
with live parts upstream of outgoing
devices,

- protection against ingress of solid
foreign bodies.

Form 2a: terminals for external conductors Form 2b: terminals for external conductors
are not separated from the busbars. are separated from the busbars.
I ] ] 1 = ]
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>/ Form 3 >

Form 2 + Separation inside the
switchboard of all functional units:

- protection of persons against contact
with live parts upstream of outgoing
devices,

- limitation of the risk of faults between
each of the functional units (propagation

of electric arcs).
Form 3a: terminals for external conductors Form 3b: terminals for external conductors
are not separated from the busbars. are separated from the busbars.
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-/ Form 4 ©
Form 3 + Separation inside the
switchboard of terminals for external
conductors that are an integral part

of each functional unit:

- protection of persons against contact
with live parts upstream of outgoing
devices,

- limitation of the risk of faults between
each of the functional units (propagation
of electric arcs).

Form 4a: terminals for external conductors Form 4b: terminals for external conductors
are in the same cubicle as the functional are not in the same cubicle as the functional

unit with which they are associated unit with which they are associated,
’ but in protected spaces or individual

[l ] ] compartments that are separated
and closed.

I (i |

ik sl el alal) 5 510!
e e ————————



G Aa py - Al S Alua udige

=| M\A@d\&hﬁﬁdw =
e (5Sy panll Lguan pa goeaill A6 3uyeS WA o Ui 303 IS5 e clagll) a3 058 of Cang
- Al Sl gl Llee Blelpn aa lgiaa S Al adalsdll s LA

630 dace plaldl) IS 13 W, Aie L3 aca S5 o any ST L uial 800 e (0 Fu g plalilla
AR Gl 8 e pdl) aalsdll e S o (S Al (90 Lag ]

sl o (sl sl

: (Formation 2) se g1jeill Ologll (lsloll apwad! Jay VI caxy

: : yael 800 (o ST o) el gy il LA

Llala 5 ,aY) e A siade il jaa N e B jaa IS5 il jaa GG ) and

€ 3 ST
ASatll B o Ay lall 3 sl 8 S 3]
B Dl adald o gl) 3 jaad) &S 52D

. Jaa sl S Al 5 jaall 8 S -3

v il
bl
O

ks

: jarol 630 o Jsl L) dsd] g0j90! LA

A ine liea e i JS ool il (S 5

Jheda) a5 geada sl JLEIL LS dn U1 (g ala¥) anill b
AT (g ol i) e laadl) i Leilia) f el il

Al iy e Al 8 sl edai Y Gy I 8L IS

[eje]eello]ele0lo]e)

8 oY) sl (Form 2) 4dual sall (3ia3 Gy

L Adluall g Jaadsl)

- Ologl) du Sl diolgell

@:\L)S\ J\.umﬂ Aaladl EJ\J\‘J\
T —



G Aa py - Al S Alua udige
=| oaddla) agall cla gl Llua =

|ECA439 daallall diual sall 18 5 s sll) pan g qiaad G ony -1
Aalall Cliial gall g Ja g il o) 5 Cuna a ) ill Sl 11 Adalall Dy oSl Clagall e S i iy -2
5l 5 Qo) 4 ) paias) i 5 ilagual 5 33 e Jailat ) LSS0l 5 Ay 1<) Aleally

Aaliad) e il JUae Y & gas Al e oKal LS

(IP) s sl dlaaliAs 53 -3
BEE Wi [JAVENG |
Gl8 1000 oo J Y J ol 3 -5

alai of e 2S5 Ao Hal 3 A ganl) ol Sill (Coordination) cas_sill sle) e 5 adal sill adadl) das 525 -6
Al A A3 Y il o Jaadl 30y Akl o 81 adalil) Jasd lacal Lgdania 5 L 53 a3 8 Jaadl] 3, 1)

(L1— L2 — L3N -PE) kshi 5 43l L sl sxe -7

(IP&IK) : gsigill wlogl dilaxll 455

Definition: The enclosure constitutes a supporting structure that provides protection of
equipment against external influences and, protection against direct contact.

External influences:
- ingress of solid foreign bodies,
- ingress water and other liquids,
- mechanical impacts,
- solar radiation,
- humidity,
- corrosion ... etc
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Degrees of protection against solid foreign objects indicated by the first
characteristic numeral

Protected against 4 Protected against
1 solid foreign objects i S50 mm solid foreign objects Pl o
—— ; g mm
larger than 50 mm rf" \ larger than 1 mm | O *
SN .
1.‘_“-___ o
AN T
2 Protected against 5 Protected against dust
solid foreign objects % 12,5 mm {dust protected)
larger than 12.5 mm ¢ A
O
/
'\‘\. B p
3 Protected against 6 Dust tight
lsohd fc:t:-ngnEﬂEbjects T 22,5 mm
arger than 2.5 mm |: O

@:\L:j” J\.umﬂ Aaladl 3)\&}”
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Degrees of protection against ingress of water indicated by the second

characteristic numeral

Againstsolid Againstliquid Against mechanical striking
IP Testing IP Testing 1K Testing
0 No protection | 0 No protection | 00 No protection
1 Can against exceed 1 Can against 01-05
— NP 50mm solid harm, perpendicular Striking 1 JOULE
eg . Suddenly drop
touch with hand
2 Canagainstexceed| 2 Can against
12mm solid harm , directly spray ,
J eg . Just like which under
the size of finger 15° with
perpendicularity | 06 Striking 1 JOULE
direction. 5009
20cm
3 _ 3 T N
Canagainst exceed Can against spray , - L
2.5 mm solid harm, — which have 60° 3
eg ( small tool , angle with
thin wire) perpendicularity
direction.
07 Striking 2 JOULE
4 4 5009
Canagainst exceed Can againstspray, 40cm
1mm solid harm, which comes from 7
eg ( small different directions,
tool,thin wire )
S e® s o, Can against 5 Can against 08 Striking 5 JOULE
e Ae dustharm. low pressure 1.7k
spray, which =19
. ¥ comes from 29.5cm
different AR
directions . v
: 6 -
Can against Can against high
dust harm pressure spray,
completely . > which comes from L
sn.idifferentdirections| 09 Striking 10JOULE
|- =l
15cm min
AVAVAVLY Can against effect
whenimmerged
from15cmto1m
10 20JOULE

Can against effect
when existed
pressure and
immerged for long

Striking
i Skg

40cm
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code IK: protection against mechanical shocks additional letter (in option)
code IK according protection of people against access
to EN 50-102 to dangerous parts
(new designation)
designation
code IK shock energy
A | protected against access of the back of the hand
00 non-protected . .
P B | protected against access of a finger
01 0,15 joule -
C | protected against access of a tool - @ 2,5 mm
02 0,2 joule _
D | protected against access of a tool - @ 1 mm
03 0,35 joule
04 0,5 joule additional letter (in option)
' specific information on the product
05 0,7 joule
06 1 joule designation
07 2 joules
08 5 joules H | high voltage material
09 10 intles M | movements during water test
10 / International standard IEC 62262 defines » | stationary during water test
- an IK protection code as the ability of
. enclosures to resist external mechanical V' | bad weather

impacts on their entire surface.

Each code represents a value of the impact
energy for a weight dropped from a height h.

— Weignt
-
- h
in joules Ingrams Dropped from
a height of:

01 |0.15 | 200 2.5cm
02 10.23 1200 i0cm
03 [0.35 [ 200 i7.5cm . - L
04 [0.5 1200 25cm - 8—1_)9-‘-” QLPD-(’
05 [0.7 | 200 35cm
06 il 1300 20 cm .
07 2 500 40 cm . diadiie 48 ola Y Ja ; :
08 5 1700 29.5cm Sy Aaddie 48 3 5o Al e g
09 |10 | 5000 20 cm oy . . , -
10 120 15000 40 cm 4 Adiatic 3aae Ak 1S i 93 a3

sl s g Al 35S Lpaal a5 5l laad Jiai g

gl oadl gl ¥ cilillaie 38a8 Cian dlle A8 555 ld (5855 |[EC 439-1 Adial sall ae ddillatia ) o5 iy
et dalie laa aglle o188 duudy Al g 3KV Galadll (e ) gl (Jlacad aiual g saa) 5 Al saal jualll Lol
, B J gl daia g
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Rated current Amp. Busbare cross section
250 20x 10
400 30x10
630 30x10
800 40x 10
1000 S0x 10
1250 60x 10
1600 2x50x 10
2000 2x60x 10
2500 2x80x 10

6 Choice of aluminum bars

When choosing aluminum bars, special
attention must be paid:

- to the quality of the aluminum, which
must provide a trade-off between
mechanical withstand and electrical
conductivity: aluminum is more resistive
and has a lower mechanical resistance
than copper of similar dimensions,

- to the quality of the surface coating
(tin-plating) that guarantees excellent
electrical contact and corrosion
resistance,

- to heat stresses: the maximum utilization
temperature is lower than that of copper
(90°C for bare aluminum, 105°C

for tin-plated aluminum and 140°C

for copper),

- connection constraints.

heat and dynamic stresses resulting from
short-circuit currents that do not exceed
the value of the rated short-circuit current.

Electrodynamic stress withstand depends
mainly on the following:

- the intensity of the default current,
- the shape and cross-section of the bars,
- their location in the switchboard,

- their fastening method.
%

@ Power busbars must be sized to withstand b

"

- ik sl el alal) 5 510!
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Caglll b (L1 - L2 — L3) Zamail 45 59 aaes -1

Al Jads (PE) el Gapal s (N) (oY) s -2

G sl Qehatna ol e o) pan Adlide dpnia JISET Lo a3 53l lacal adaie dalise JS5 Caliag
L AT JS UK (e daliadl () 538 CaMlia) adaial) dalise Clisa die Ly ey

e Bl g 88 el avanadll 8 3355 (Current ampacity) ae_kal) 86l 4l e 5al 3 aile
2o/ el (1) Aty sl 3000 (1o S1 gy 55 Glacally | 2ae/ jasel (1.5) 4y el 3000

U 8ad (e Zaa ] JS Adaaty La laBa A g o )5l (laadl 4 i) AEUSY) oy oty o 585 Lid (g

Main busbar

- D

Distribution busbars

A: Incoming device
D: Outgoing device

ik sl el alal) 5 510!
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@ Busbar manufacturers usually provide the information required for sizing power busbars.
These figures must be used in calculating the cross-section of the busbar.

The busbar cross-section depends on:

- the rated current "In" to be conveyed in the busbar,

- the rated current of the short-circuit (permissible short-time withstand current): "lew",

- the ambient temperature around the switchboard,

- the IP protection index of the enclosure,

- the rated diversity factor (RDF),

- the space reserved for future enhancements,

- the constraint defined by the trigger time of the protective device.

Caution: never under-size a busbar
(risk of overheating).

_J

Type of bars Rated currentin (A)

Ambient temperature around the switchboard
25°C 30°C 35°C 40°C 45°C 50°C

Cross section/phase |IP <31 |IP>31|IP<31|IP>31|IP<31|IP>31|IP<31 |IP>31|IP<31|IP>31|IP<31|IP<31
1bar50x 10 mm 1330 |1220 | 1260 |1160 1200' 1080 |1130 (1010 |1060 (940 (990 |@®
1 bar 60 x10 mm 1550 |1400 |1470 |1320 1400| 1250 |1320 [1160 (1240 |1070 (1160

1bar80x 10 mm 1990 (1800 (1890 |1700 1800* 1600 |1700 |[1500 |1600 |1390 |[1500
2bars50x10mm [2270 [2090 |2160 |1980 (2050 Y1850 |1930 |1740 |1810 |1610 |1690
2 bars 60 x10 mm 2850 (2270 |2420 [2140 |2300 |2000 (2170 (1870 |2030 |1720 |1900
2bars 80 x 10 mm 10 |2820 |2970 |2660 |2820 [2500 |2660 |2330 (2500 (2160 |2330
2bars 100x10mm |3650 (3280 [3490 |3100 |3300 |2900 |3130 |2720 |2950 |2510 |2750
@ Connection not possible because of the device's temperature operating restrictions.

Example: To ensure the transportation of a rated current In of 2300 A with an IP < 31 and an ambient temperature of 35°C
around the switchboard, you must choose 2 bars with a cross-section of 60 x 10 mm for each phase. This table was
calculated for a permissible short-circuit current of 85 kA/1s.

-

@ Generally, not all the devices connected to a busbar are used at full load or at the same time.
It is therefore not necessary to size the busbar to transport the sum of rated currents of all
the devices continuously.

The rated current "In" in the busbar must be calculated:

- by adding up the rated currents of all the connected devices,

- by multiplying the result by the diversity factor (RDF) defined by IEC 61439-1.

The value of the diversity factor depends on the number of devices connected to the busbar:

Number of devices Diversity factor

2and 3 0.9
4and5 0.8
6t09 0.7
10+ 0.6

" o

- il gl lall Aalall 5N




A Aa 0 - Al jeS Dl (igs

% oaddla) agall cla gl Llua g

Position of the busbar in the switchboard:

1

Always wear gloves when handling copper
bars to prevent chemical deterioration
resulting from contact with the skin
(perspiration).

@ Install the bars edgewise when possible
to favor heat dissipation by convection.

When the bars are installed flat, the
permissible currents must be reduced
(derating). Use the calculation elements
defined for the edge bars by applying
the derating coefficient recommended
by the manufacturer.

W

@ Install the main busbar preferably on the
top of the switchboard.

If you install it at the bottom of the
switchboard, you must take into account
the fact that this position makes it heat the
equipment located beneath it. Furthermore,
for safety reasons, you must cover it to
protect it from possible falls of metal objects

If it is installed in the middle of the
switchboard, make sure that the
manufacturers' guides authorize
this type of assembly.

.

o

@ The order of the busbars is usually N, L1, b Example

L2 and L3:
- from the front to the rear of
the switchboard,

- from the left to the right of
the switchboard.

This order is not imposed by the standard.
It is recommended for the following reasons:
- safety,
- ease of connection of switchgear,
- easier access to the Neutral bar.
At any event, follow the order recommended
in the technical guides.

Whatever the order chosen, the bars must
be marked.

.

-

Example

When using flat bars, e.g., derivations of incoming
devices on busbars, Schneider Electric recommends
a busbar derating of 0.8.

Under similar environmental and ambient temperature,
two 80 x 5 mm bars may transport:

-up to 1600 A if the bars are edgewise,

-upto 1280 A (1600 x 0.8) if the bars are flat.

ik sl el alal) 5 510!
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@ If the installation requires several bars per b

phase, leave enough space between them
(at least the thickness of the bar) to enable
optimum ventilation of the busbar.

Depending on systems installation, other
technical choices can be implemented.
These were tested for validation.

.

@ Install the busbars (bare or insulated) in such
a way as to eliminate all risk of short-circuits,
in particular by complying with:

- clearances,

- creepage distances,

- the number of supports to install,

- the rules for securing these supports.

. J
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Definition :

Skin effect is defined as the tendency of AC current to concentrate near the surface of a
conductor.

The reason of this phenomenon

The skin effect is caused by the self-inductance of the conductor, which causes an increase in
the inductive reactance at high frequencies.

The effect of this phenomenon:

This effectively limits the cross-sectional conductor area available to carry alternating electron
flow, increasing the resistance of that conductor.

Skin Effect depend on

1 - Frequency of the supply
Skin effect increase with the increase of frequency
2 -Area of conductor
Skin effect increase with the increase of area
3 -Shape of conductor
Skin effect is much smaller with stranded conductors than with solid conductors.

Skin Effect is absent in Direct Current DC .

Cross-sectional area of a round
conductor available for conducting
DC current

"DC resistance”

Cross-sectlional area of the same
conductor available for conducting
low-frequency AC

"AC resistance"

Cross-seclional area of the same
conductor available for conducting
high-frequency AC

"AC resistance”

Skin Effect

ik sl el alal) 5 510!
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R=pxL/a

Hence :

R : resistor of busbar Q

p : specific resistor of conducting material  Q.mm?/M
L : length of busbar M

a : cross sectional area of busbar mm?

tp sl gal¥l g uladl) (al 53

250 Sgal Ao slia 1l "B58 o_lenail A3, Sanfan 3.7 Al o sl (5l G 1 uladll
dalaly adadlly 4l (e Conadl 5 418 50l) 5 alasly AL Jesy | 2o/ (5525120 I 90 0
LS ) il g B g OIS andig
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3l (s sludia axeatll gl iy Al - Equipotential bonding

PE protective conductor:

C Each switchboard must include
equipotential bonding to protect persons
and property against the effects of an
electric shock (for instance, after a
clearance fault).

This bonding is achieved through a
protective conductor (PE/PEN) that
connects all the switchboard conductive
parts to the building's earth terminal.

The following must be connected to
the protective conductor (PE/PEN):

- all the switchboard conductive parts,

- the earth conductors of incoming and
outgoing cables,

- the secondary circuit of current
\ transformers.

, conductor in mm?

- Example

V@ [>
1} The PE protective conductor contributes

to bringing all the switchboard conductive
parts to the same potential.

It must be sufficiently sized and secured
in the switchboard to withstand heat and
electrodynamics stresses generated by a
fault current of a duration of between 0.2 s
and5s.

IEC 61439-1 standard gives a method
for calculating the cross-section of the
PE conductor:

S, = Itk

Where:
*S,: is the cross-section of the PE

* |: is the effective value of the phase-to-
earth fault current = 60 % of the phase-to-
phase fault current

» t: duration of the fault current in seconds

* k: a factor depending on the protective
conductor material.

Example: k = 143 for a PVC-insulated copper
conductor.
%

o

Schneider Electric proposes a table for
choosing the PE derived from the formula

provided by the standard:

lew Profil Linergy Flat bar
(kA eff/1 s) Permissible current cross-section

<40 630 A

25 x5 mm

40 <lcw < 85 800 A

50xXx5mm

lcw = permissible short-time rated current

In addition to the calculation method, type tests are
conducted to ensure the performance of the protective

conductor.

ik sl el alal) 5 510!
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@ The cross-section of the PE conductor
must be constant throughout the
switchboard, in particular from one column
to the next.In the case of a switchboard
made up of several columns, all the PE
busbars must be connected to each other
(fish plates, bolts, etc.).

Caution: the cross-section of the
fish plates must be at least equal
to that of the PE conductor.

=

3 The PE conductor must never include
an insulating device.

O The PE conductor must:

- be easily accessed to facilitate factory and
on-site connections,

- be as close as possible to the connection
pads of incoming and outgoing devices,

- be identified by visible marking in the
middle and at both ends,

- be protected against possible deterioration
(mechanical, chemical, etc.),

- not hamper the installation or the laying
\Of client connection cables.

(PE) and yellow-green marking.
(3 7
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Example
The protective conductor is clearly identified by a label
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3

To avoid deformations arising from a
short-circuit, secure the PE conductor
to the frame by applying the same rules
as those defined for busbars.

@ Make sure that the electrical continuity of
the PE conductor is constant throughout
the switchboard, in particular from one
Kcolumn to the next.

5 In the event of a corrosive environment,
protect the copper of the PE conductor with
the appropriate coating (nickel-plated bar,
for example).

PEN protective conductor:

@ The PEN protective conductor is a live ) 2

conductor that acts both as a PE conductor The cross-section of the PEN conductor

(earthing) and a neutral conductor. It must must be constant throughout the
be sized as for a neutral conductor. switchboard, in particular from one column
Its cross-section depends on that of the to the next.

switchboard's power supply conductors:

e for single-phase or three-phase circuits
with a copper cross-section of @ 16 mm?,
the cross-section must be equal to the
phase conductor cross-section.

» for three-phase circuits with a copper
cross-section higher than @ 16 mm?,

the cross-section is equal to the phase
conductor cross-section Nevertheless,

this diameter may be less, on condition that:

- the current likely to flow through the
neutral under normal operating conditions
is lower than the permissible current

in the conductor,

- the power of the single-phase loads
does not exceed 10 % of total power.

e

- il gl lall Aalall 5N
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@ The PEN conductor is usually produced b @} The PEN conductor must:

using a flat copper bar.

To facilitate circulation in the switchboard
(e.g., for large bar cross-sections),

the PEN conductor may be installed

in place of the neutral.

It is usually installed in the cable
compartment to facilitate the connection

- be easily accessed to facilitate factory
and on-site connections,

- be as close as possible to the connection
pads of incoming and outgoing devices,

- be identified by visible marking in the
middle and at both ends,
- be protected against possible

of incoming and outgoing devices.

. .

6} There are additional requirements for

PEN conductors:

- their cross-section must be at least

10 mm? for copper and 16 mm? for
aluminum,

- its cross-section may not be lower than
the one required for a neutral conductor,
- there is no obligation to insulate it from
conductive parts (except on premises
where there is a risk of fire or explosion
as a result of possible sparks),

- structural parts must not be used as
PEN conductors,

- at the entry to the switchboard, the PEN
conductor connection point must be near
the connection pads of incoming devices,
- the transition from a TN-C to a TN-S
earthing system must be made at a single
point in the switchboard, via a marked
neutral disconnection bar, accessible
and removable to facilitate fault loop
impedance measurements,

- it is prohibited to recreate a TN-C system
from the point of transition to a TN-S
system.

8

b deterioration (mechanical, chemical, etc.).

~N
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@ It is recommended to install the PEN b Example ;
Connection

conductor on insulators to avoid all current PENbar ik piista PE bar
leakages from the frame.

In this case, you must connect it to the

PE conductor with a removable fish plate

(using a special tool) that can be accessed
Konly by authorized personnel.

oTip

If the PEN conductor is not
insulated, itbecomesa
PE conductor.
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Clearances and creepage distances :

e Theory

G ) @ e
IEC 61439-1 standard defines the / The standard provides a table giving the
requirements applicable to clearances minimum clearance to comply with in order
inside a switchboard. These requirements to observe the rated impulse withstand
are based on the principles of IEC 60664-1 voltage Uimp declared by the manufacturer
standard and enable the coordination of for a circuit.
B . The values given in the table are established
Clearance is the shortest distance in the air: .
: according to non- homogeneous electrical
- between two live conductors, fields and a pollution degree of 3 (the most
- between a live conductor and unfavorable conditions). These ensure that
the ground. impulse voltages can be withstood in an
12.0 14.0
% *
Interpretation of the table:
- since a power busbar has a rated
clearance voltage Uiof 1000V,
the declared rated impulse withstand
voltage Uimp is 12 kV. The clearance
must therefore be at least 14 mm,
- since a splitter has a rated clearance
voltage Ui of 750 V, the declared rated
impulse withstand voltage Uimp is 8 kV.
The clearance must therefore be at
least 8 mm.
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6 IEC 61439-1 standard defines the b
requirements applicable to creepage
distances inside a switchboard.
These requirements are based on the
principles of IEC 60664-1 standard and
enable the coordination of clearance inside
the switchboard.
The creepage distance is the shortest
distance along the surface of an insulation
between:
- two live conductors,
- between a live conductor and
the bounding surface.
% o
. 3 3 LAQIlIIT
k'/ (Lh:eit;?]gacl)'g:deflnes SrRopage C) 3 The tracking resistance index (IBC) of
: the material is 175 V. The material group
- the rated clearance voltage Ui @ is therefore IIIA. For a pollution degree 2,
of the table, the standard recommends a crespage of at
- the type of insulating material least 16 mm for a rated clearance voltage of up to 1600 V.

(which defines the material group),

- the degree of pollution in
the environment.

e o

Inimum creepag
1 2 3
I I L} llaand |I 1} llla lib
liib
1.5 1.5 1.5 1.5 1.5 1.5 1.5 15
(7
Jf
800 24 4 5.6 8 10 11 12.5
1000 3.2 5 41 10 12.5 14 16
1250 42 6.3 9 12.5 v 16 18 20
|1600 5.6 8 11 > 16 20 22 25
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POLYGLASS

LOW VOLTAGE INSULATORS

Polyester insulator are in conformity with directive 2006/95/EC (Electrical equipment

designed for use within certain voltage limits), with voltage rating with between ( 50 v
and 1000 v ) for AC, ( 75 vand 1500 v ) for DC .

Our polyester insulators are molded of under writes Laboratories incorporated
recognized flame-resistant fiberglass-reinforced polyester molding compound.

Made in polyglass polyester material reinforced with fiberglass, red color the DB/P
insulators types, absolutely unbreakable, with high mechanical and electrical
characteristics.

Standoff Spacing Spacing insulator Pole support for Passing or Bushing
insulator Busbar (PSB) insulator

Male rods
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Spacing insulators :

CO/P

CS/P CT/P Petticoat Spacing

l . . CPE insulator

Petticoat spacing insulators:

These insulators are used in humid and dusty ambient as the particular bell shape helps
moisture runaway and prevents dust build-up, The particular shape permits to have a
creepage distance which satisfies the operating.
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EPOXY RESIN

LOW VOLTAGE INSULATORS

For low voltage , made of polymeric epoxy resin of brown color for indoor use on request
with 1 or 2 male connections, conform with "IEC 273 - IEC 660".

. =

Cylindrical Spacing insulator

The European union directive
2002/95/EC concerning the
restriction of certain hazardous
substances (RoHS) allows copper
alloys such as brass to contain up to

4% Lead. The brass inserts in the
insulators referenced are Standoff Spacing insulator

manufactured containing less than

4% Lead and therefore meets RE;HS @ @ REACHPR

"European union (RoHS) directive". COMPLIANT | (oo vumcii o
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Insulation Level:

Type PVC XLPE
Standard normal temperature 70°c 90°c
Max Temp. at short circuit level 150°c 250°¢

— Low voltage cables may be PVC or XLPE (PVC for low current & XLPE for
high current).

Note:-

Sheath is always made from PVC.

Conductor: Cu or Al == == == =

Insulation: PVC or XLPE ==

Sheath: PVC «» -

Sua gal) Jokadt

L= ﬁ)& hi)\b
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Cables armouring :

S.T.A(Steel Tape Armoured)
Armouring

S.W.A(Steel Wire Armoured)

Steel Tape Armoured [S. T.A ]: Used for underground cables.

Steel Tape Armoured (S.T.A) Steel Wire Armoured (S.T.A)

» S.T.A withstand mechanical stress more than SWA, but S.W.A more
flexible than S.T.A.

- ALY dda) gl (3) gml DY) g DS JWSET jlamg

450/750V
S Craan (ulas JiS
Single Core Cables with Solid or Stranded U5 e 4a ) i
SPANPRENFSPLEN
Copper Conductors and PVC Insulated W g ) 7

PVC sala;
450/750 V

Single Core Cables with Flexible W gdal Ooe pulai JiS
Copper Conductors and PVC Insulated PVC 33l J 5 jma 4x )
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0.6/1(1.2) kV

Multicore Cables, with Stranded Copper
Conductors PVC Insulated and PVC Sheathed

0.6/11.2) kY

Multicore Cables, with Stranded Copper Conductors,
PVC Insulated, Steel Tape Armoured and PVC Sheathed

PVC 3alay J5 20 4 Y
PVC 3alay (arasg

ddxia Jgana pulad S
PVC 33lay J 5 jae 4 Y
iy Jitul Loy il mlise
PVC s:la

0.6/1 (1.2) kv
Adie Jgaae pulad JilS
Multicore Cables, with .Stranded Copper Conductors, a- PVC 33la J 5 j2a 4a gV
PVC Insulated, Steel Wire Armoured and PVC Sheathed bie s Jiind el s

0.6/1(1.2) kV PVC slas

e . . (O daxie Jsdna o sia il S
Multicore ,obles‘, with Stranded Aluminium . PVC 53k U s Y
Conductors, PVC Insulated and PVC Sheathed  *=

PVC 83y (i g

0.6/1 (12)kV |
‘ Qxia J gana  gria ol JiS
Mulficore Cables, with Stranded Aluminium Conductors, g PVC 33l J 5 j2e 4a 5Y!
PVC Insulated, Steel Wire Amoured and PVC Sheathed W68 b s Uil Jay pd e
PVC s

s EOLKIL Aaldld) clialal)
(Lo sl ol gl — Ll SY1 — Jal 1)
: ( Cable lugs - Tube butt connector ) Jsd sdlg ! 9SY1 g Jal ill

Al Jo ddee 25 Jeall s jaadd) G alals Tyl 2 LINA (e dmn @l 5 JUS 4lgs Jead aaiiusi
g5 llia g (asiesll - Gulad) QAU ) llll dlia sl salall (ud (o ainaiy | aSaill il HLE) JE 5 Ay S
(Bimetal) sl s3a (& (aniis asiia stV e AL dgal) (e 5 el Bali (e 58 Cuny ey Lgia A
3l (s (st b LY e (g dagionn Jlail dlia g Jaad anding il Ll
SN (e ety (685 Cag A3llay Claslall sl | (Tube butt connector)
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Copper Coated Lugs Steel / Galv. Lugs Brass Cable Lugs

%} 35 mm E&

120 mm :

35 mm
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(SFeCB - VCB - OCB - ACB - MCCB - MCB )
= /) N /)
Y Y
Medium voltage C.B Low voltage C.B

1- Miniature Circuit Breaker MCB

2- Molded Case Circuit Breaker MCCB

3- Air Circuit Breaker ACB
4- Oil Circuit Breaker OCB
5- Vacuum Circuit Breaker VCB
6- SF¢ Circuit Breaker SF¢ C.B

f(ome)) Bas 0 AA (pe Sl i) Ll sy adall) Aaws gl
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5000
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Specification of circuit Breaker:-
(1)Operating voltage of C.B

(2)Rated current of C.B(Ir or In) Amp.

(3) Instantaneous short circuit current (Ic.s) KA
(4)Rated breaking capacity (Ic.u) KA
(5)Types of C.B
(6) Types of poles.
(7)Earth leakage C.B
Ue bl Joadall 3¢ -1
Iror In adalall oyssall Ll -2
28 salls Adadl) Uadll o dad Jisi — (KA) - Ies 1)3e aslll padll jliidad -3
"llers" aiadlh Aald gk b Uadll jlided i — (KA) - lou 3 ahlill de i) dad -4
ally G 050 @dalal aleaty juad 5 aall 58

" bl g 5 -5
me
(Pea) Ovexload Prote P SC Protection T aasdl 2 -6
I Long Timo:;ym Short rtmo:'q
0.0
[
I thermal cices
I
o = I |
[ i
I Magnetic c/cer
- = I i i
[ i i
e~ 8 i 1
100%, current (A)
Ir Ic.s Ic.u
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- | rated : Depending on KV A of load.

-1 sc & | c.u: Depending on size of impedance Z ( Cables — Busbar - Transformer ).

Low voltage C.B

AN
4 I
1 ® pole 3 @ pole
220 v 380 v

Operating voltage of C.B
; ! ;

Low voltage Medium voltage High voltage
(1V-1KV) (1KV — 66KV) (66KV — 500KV)
1 $—220 11 KV, 22KV 132KV, 220KV
6.6KV.3.3 KV 500KV
3¢—380V
MCB -MCCB - ACB SF6 - Vacuum Oil - SF6

Miniature C.B (6 ~125A)
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Moulded Case C.B (16~4000A)
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So, how to select the suitable type?

The answer is where the location of C.B in the network.

A.C.B M.C.C.B

6300A 4000A 630A

(1) If CB Ir=6Aorl6A M.C.B

2) If CB 125A<Ir<630A M.C.CB

3) If CB 4000 A<Ir<6300A ACB

4 If CB 16A<Ir<125A may be M.CB or M.C.C.B
(5) If CB 630A<Ir<4000A may be M.C.C.B or AC.B

ik sl el alal) 5 510!
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4x25+16 mnfeu TAP OFF
PvoiPvo 100A
<

380V 5C Hz 15KA

MCB
i — 1254

KwCCB
.A>125A

LIGHTING SOCKETS
1 Spare 1 Spare

Must be MCCB
N

\ M.C.C. M.C.C.B

=T e e T e i et ‘

380V, 3@ +N+E 50Hz, KA .
A.C.B

POWER SOCLETS
1 Spara

Transformer

A.CB M.C.C.B
ALL PROJECTS |USED IN CASE OF DUST

(Cement Feclories)

Becatise:
» M.C.B operates in 3 msec.
» M.C.C.B operates in 9 msec.

» A.C.B operates in 30 msec.

- ik sl el alal) 5 510!
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MCB MCCB ACB
- >
Rating Increase
< «

Speed Increase

If C.B Incoming = Select MCCB

If C.B Outgoing = Select MCB

If C.B After Transformer must be A.C.B except only one case, If the
transformer locates in any area contain dust such as outdoor & factories must be
selected MCCB.
Because the MCCB can be maintained., but the ACB is very hard to be

maintained.

o glat) 3 5ls I b

Laull) sl &5 58 g clusadUL

Ja3ae oSl yie

il &

Tl & Blesll 3

3 51l adoldl Lswlaa) o3yl : Jsl
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;U UK A e S il ey =1 MIC.B plaial) alaldl)

e e
Tripping lever Electro-magnetic protection Upper
— terminal
e Thermal
5’ !‘0‘&01'|°"-
- imetal
Operating ; q‘h g
mechanism )

), o

Operator

Arc
chamber

Fixed

Susco conlacl

identification
marker

Moving
contact

Lower lerminal DIN rail holder
Types of Poles of CB
(1)Single Phase - Single pole C.B -
® )
Line is protected o~

3 )
Neutral is non-protected s
’

(2)Single Phase - Two Pole C.B <= 3 I
)

Neutral and line are protected

High cost than single pole

-

ik sl el alal) 5 510!
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(3) 3 Phase - 3 Pole C.B (4) 3 Phase - 4 Pole C.B

Earth leakage C.B
1 ¢ ELCB 3 ¢ ELCB
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Lin
E
L —
C LOAD
B <
Iout
Lin = Low > Normal Operation
Lio#Lout > Earth Leakage
So,

Iin — Io 2 ILeakage

ILeakage: Iin - Iout

In case of three phase system the ELCB compare the difference between the

three line phase and the neutral with the adjusted setting value.

LOAD

- NoNalic
ey

IR + L+ Ir= In = Zero » Normal Operation

IR+ L+Ir=Iy=Value Bur Iz +I + It +Ix=Zero » Unbalance

IR 25 Is & IT — IN -+ ILeakage or IR + Is + IT *F IN = ILeakage > Earth Leakage

Operating Principle:-
For single phase system the ELCB compare the difference between the life and

neutral phases with the adjusted setting value
L=
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Main function of EL.LCB

(1) To protect Human, we select Isetting = I, - Iy = 30 mA

(2) To protect machines, we selectlseting = 300 mA

B EFFECT OF THE CURRENT ON THE HUMAN BODY ACCORDING TO IEC 604791
) ms
o 10 000
= 12 HEE B EHE
3 300 | 3 '
2 ' NS
| ]
hat . i b vy
o 1000 . .
e - —_ ~ N
@ 200 @ i @ ™ ‘:3/\\\ > @
o | | (Y "\ Y
(] 100 I ~ LR 1
e ] A HE"
hal I ‘\ : 3
© I < )
i ~ L
[ - [
Re] 20 i i
2 i
£ Wyt oz ot 020 TOU 200 500 TO00 2000 5005 0000
= mA
Current passing through the human body

Zone 1: No reaction to the passage of the current.

Zone 2: Generally no physiologically dangerous effect.

Zone 3: Generally no organ damage possibility at muscle contraction and breathing
difficulties; reversible effects in the formation and conduction of impulses to the
heart, including ventricular fibrillation, which increase with the current intensity
and time.

Zone 4: In addition to the effects described for zone 3, the possibility of ventricular
fibrillation can increase of more than 50% physiologically effect, such as cardiac
respiratory arrest and severe burning, can occur.

C2 : probability 5%
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C3 : Probability > 50%

s adalllly ol L) oo dalgd) cildy il (amy

el il - n -1

. dball Laaasg e 55 il adalal) dleaty (5311 (o)) yall Jeadll Jli - Jow -2
(395 Jan Attt el (5 )yl Jomill - Ir -3

(st 50 it il sl sl s - Im -4

C"leu" e A sie a9 g adaldll Ll puadll s - Jes -5

sy adalall L) Cang g el adadl adY) L) - cu -6

;daral) £ o
51161 g RV e - BS-KY N[ % RUEWENPRERVON [ W DN | PN P (2N

ALy shall LIS 5 (alas Y5 culal sall BB ) sy ¢ "B Aaiall
Im="3:5"IN

dgalie) Jleay 4ol COLISH 46 51 jlisy ¢ "C" Saial
Im="5:10"In

Aladl Griiadll L @l Jlaal Ldrall cOUSN 48 ) Jlisy "D, K"l

(S jaall 5 (midiall sgall Y sa)

Im="10: 14" In
A 5eSl) O jaall 48 ja ol 46 ¢ s, 1 "MA" Siaial)
Im=12.51In
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Miniature circuit breaker MCB : aiaiall ahiill 4,48 cildua) gal)

Apallall Aalai¥) 8 (o A siba g Amiimn dphaline 545 ) ja Giles o @laldl) (5 gins o ng -

. IEC/EN 60898, VDE 0641

A da 240+ S 5 - 1)l allds -

Rl alioa 5 3 sal) Jaall g 5 o dllds (B, €, D) (omalalie sl ool sill o3 (55 -
Aglee 15000 : pbol all SailSoall yanll -
Adec 4000 (o ST adal gall s eI penl) -
.l 4000 : (ol ) jlal -

CAa gl Al aal g as Wil s e 8 690/400 1 I des -

ablall &) S8 el ce ) e {

Aol () e Y aadind 5 B oAl e s Gl A o -

cansl A 5l aalg s ol s e <l 8 400/230 il d¢a -

. IEC/EN 60898 alai (385 10 KA - sawel 51S 10 1 peadll i -

JaY1 e et adal sl dudas -

. MCB adal g8l 3] dald (aiall (Baa) @l &l jb e il sll) uia adal gall d33a5 &35 -

: (B, C,D) «lid &3 ) acdii MCB bl b Juadl) cilyiaia

palll U e aall 8 a0d0 g daiaiall adal 8l W s a5 Miniature Circuit Breakers (MCB) e
Gl e Aleall 8 20300 LS Final Distribution Boards 4l g sill cula of 8 48Uall 553
Cla gl daadiual adal il 4 jlie gana jroa Wgiaa 55 (e poalys Ll 33l s (e )Y G
(MCCB) s d1a sanll a5 il

CEa) e 6 : 125 A o Rated Values Ll ol Ul ad o5 55 Leadh (e Y Aupia 0585
.10 KA o= J& of caaa Y Short Circuit Capacity Jki daw Jasii s Ll Gaziadll

dan 23 Y e el g0 dleal jual 10 3580 alald alasial &5y ol Sl 550 55 Cliial sl ik o
Zaa 1.5 (ulie QIS aladinl ae (0.8 38 Jalaa vie 5 1600) el <58 2000 o 350
2a02.5 ulia iS5 ael 13 (pdale aaa) yaal 16/15 pdald axaiieed 3l Al 4 L
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Al Gra gl Jeadie aladial Lgie JS A b el 48 (e SiST @l oS Rated MCB Value il o
s Jull Jaladdl Waasy Alls B, C, D curves & <l sday ld canliall Jaall Leia JS
IEC Standard dualla) 4l Claial gall

TRIPPING CHARACTERISTICS (IEC 898-1995)
Time/Current Characteristic Curve for B,C, & D Types.

104 § 104 104 3
S 1] Sk S A
103 10 ;“ 109
3 E D3
c1,1022\\ 102 1N RIS\
£ NN g 3 £ 3 [\N
'S 10 3 PN > 10 NN '>10 1 PN
£ = E N 5 E N
= g 3 N[N S 3 ~
=1 3 = 1 N = 12 ™~
101 101 101 2
N | \ \ i
1024 11 1023 o 102 s
10-3 EI'FI'H'I'ITI'I TTTTITITTTT 103 E|||| TITIT TTTTITTTT 103 :'”'”"' ILRRIARLLLL
1152345 10 20 304050 1152345 10 20 304050 11352345 10 20 304050
Multiples of rated current Multiples of rated current Multiples of rated current
TYPE B TYPE C TYPED

S il e glalie dag i () GO cilidl) Jae 3halie ani ¢Sy o) JSEN (e o

| ddkiall 1
O 6l DA Jany o &30 GG e Wl O JaaBlis 0% 1 113% O o) s Al dslaiall a
el Ll A (30 113% ) deall Jgea s did Jary ) pdalall

Il 48kiall 2
Over Jdeallsal) c¥ls 8 Juadll 44inall g Thermal Protection 4 all dlasl) dihaia 4
b ase s LS Al ¢ g AL unblinadl Jaadll Jae 4w g5 113% oo s load
LGl JSd)
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Il ddkaial) 3

ol jad cWla A Jeadly Zaixdll 5 Magnetic Protection Asshliaadl Zgleal) ddhaia o
:‘3‘-“‘ il e a4l RN alids g (Z\_J\.:d\ «Lb\,}ﬂ\) short circuit

o ey Lo gt g i)l il 5 (Y 3 0 gl B A pasdalinal) Juadll sl 2 gas 1
Agliall Jlaal) (e Lat e 5 Gieaill i cililaill JlealS Resistive loads 4 sl Jleal

coliy Lo g5 il LUl Cilaal 10 Y 5 o sl € A8l pewhalinad) Juadll Qi) 2g0n 2
iy Sl el 5 ikl s S jadd) Jleal Jis Inductive Loads Adiall Jual) as

Colity Lo ga 5 el ) Gl 20 N 10 G sl s D Al plalinall Jeadll Juanill 25083
Y saall Jweal Jis Highly Inductive Loads 4allall &ilaall culd Jlea¥) s

IV 4dkial) 4

Dbl pad CWA A Jeadlly Aedll 5 Instantaneous Protection baslll Jadll dshia

el iy omblinall Jaadll dihie 4led e agis (laa 4kl L) highly short circuit

bl e pacna s

&bl gl 5
Asasaatl) plail) s A (g el L 5 50 Alla 8 GlS iy

J dad gidd) Jlaa¥) g1 gil ae gAY aalll) ciliby g Al £ g8 o Caadl) Ads SN JSAY g g
Jlaall 138 Q,A’ Bl Il s Hd) gaay elld g 4ad
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Circuit Protection
Curve B
A choice of several curves ey
Whatewer crcult has % be peo- 310 5 e the rated
tected, 3 C60 or C120 crot current (i), .
beoaker provides the podect Profechon of Generators, ‘mult 9
SokBON Wit 3 sultadie curve Persons, wiey ooy
catles 4 C60H
2 "'_CG3 135
Curve C } —p— xXxx

@ thegan; 4415V~

5W10n 5 —
(| protecton of cecutts, g _| "
general appheations

Curve D l
trioping

B C D MA 1010 14 In; 8t
protecton of high surpe

orcuns, weiders, rant-

formers, motors
1. Crost Bragker Mosal Number
Curve MA 2. Trpping Curve
"W:;OM 3. Ciowt Breaker Cumment Ratng
hDO‘ '! ““- ‘ mng \0"399
protacton of motor 5 gm &
stacters (+ thermal peo- 3ed Breaking Capacty
tach0on when comitned 6. Crcut Broaker Part Numbes
with contacke) 1. Electrical Dagram - No. of Poles
8 M dassscason

L) B LEY) Bl

OsSs e 5 pilbadl) pea 8 aiaill ALilKal Glat G e Y s e (g giad 3aa) ) 4l 1
Lol e a3 Y Laall Aadll e iy Y Cumy (il Jeail sae e G paill Ay (sl
sl Ay (e ST A8y Jail) i g paas Ky Y oKD eV

b edaldl) Aas e Jalaill 5 gm Vg s sl (a8 AdliAe Clasy adal 8 alaS) Gsa oS ey .2
- bl (e bt e Jalail) e a1 8 ) Glaian et S 5] Alel) o) g dn Sl pud

G0 058 Camy (ol Aaad alg) il Jumdl) s el 0 sS8 aal l G Gail W3
b e Jas 3 Jhe Gigan die gl b jacaall 4ali STy Jaal) 4als B Jaadll s

- ik sl el alal) 5 510!
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cblal Jaady ¥ s Ao jun s Al sl da gl 8 Ll Ly Galal) akaldl) Jaady o) (sl

S ALl da gl il oy abiady (631 5 A Hll Al 8

bl 81l Aalall Sliial 5all (IEC 947-2) Axallall ddial sall paidd Cua -7 MLC.C.B il gial) adaldl)
Dl ISl A (e S il a5 & sadaall aalil) s 5 s S

Disconnector Circuit Breaker Disconnector-
Circuit Breaker

100

Electronic Toroid
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IEC 947-2 Definitions :

e In : Rated current. bl il Ll

The rated current is the rated uninterrupted Current and is

equal to the conventional free- air thermal current It .

e Ue : Rated operational voltage. (sl (il 2ga

e Ui : Rated insulation voltage. Joall aleaty dga ool
Rated Insulation voltage Dielectric test Voltage
Ui 60 1000
300 Ui £ 60 2000
300 <Ui £ 690 2500
690 <Ui <800 3000
800 <Ui £1000 35000

N.B : Dielectric test Voltage corresponding to the rated insulation voltage.
e Uimp :Ratedimpulse withstand. 3wl dyia )3 il oadall Jasill 2¢a
e lcu : Rated ultimate short circuit breaking capacity. il il iad .zl

means that the circuit breaker shall be able to break any value of short circuit

current the value corresponding to the rated capacity.
e Ics : Rated service short circuit breaking capacity.

is expressed as a value of the prospective breaking capacity in KA, corresponding to
one of the specified percentages of the rated ultimate short circuit breaking capacity

& it may be expressed as a % of the Icu. Icu (e 4o 525, KA 4ad gia dadS juall) L
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o lcw : Rated short circuit withstand capacity. 8 il adaldl) Alanty coall (yialt il
lall Ladasy (5_jual 41 )

Is the value of short time withstand current assigned by the manufacturer, this
value of the current is the r.m.s value of the A.C Component of the prospective

short circuit current , assumed constant during the short time delay .
e Cat A & Cat B circuit breakers. (pla2iuY) QU8) Utilization category

Category A : Circuit breakers not specifically not intended for selective under short
circuit conditions with respect to other short circuit protective devices
in series on the Load side .

Category B : Circuit breakers specifically not intended for selective under short

circuit conditions with respect to other short circuit
protective devices in series on the Load side , such breaker has a short
time withstand current rating .

e A )il ddaad L Jeadll delinl g Jaal) xie oS 5 Al a5 Cat A 4 (e pdalill m
.Cat B 44l (e adalill

Ll e adaldll ae 4 el ST (e ) (8 Led Juadl) dellainl Cus | Cat B 43l (e abaldll m
3la J gaall 2ay Sy (g3 &daldl) 585, Cat A

e Number of poles S sill o] dac
e Cascading = Al alaldll Ll dad (e 2all
e Continuity of service : daaall 4y ) yaial

O Selectivity claiy)

U Withdrawability ol Al

e Trip unit (TM Or Electronic)  (Awwdalioe &)l o) 45 i) dlaadl 5 Juaaill 30a

e Accessories & Interlocking Jalaill e dleall 5 cilaalall
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e Mechanical & electrical endurance

(comml Y1 sanll) A S5 ASSAl el 23

e Network monitoring (Communication) Juady) 5 48 jall Al

- What is meaning of " Ics = Icu or lIcs =100% Icu "?

The circuit breaker carries out three successive disconnections of the Ics current

(0-3min-CO-3min-CO).

Doy 3llia il o G (el ) e " U e Jadl) e adll) deUid
Maany abaldll LA aag g il G (090 il SO0 Legha

Circuit breakers tripping curves :

th

B |c D MA

M, =

3.5 5.10 10.14 12,5 xIn

£

® B curve

o Tripping: 3to 5 In (IEC 60898);
protection of generators, persons, long cables;
no current peaks

= C curve

o Tripping: 5to 10 In (IEC 60898);
circuit protection (lighting, power outlets)
general applications

= D &K curve

® Tripping: 10 to 14 In (IEC 60947 2);
protection of circuits with high currentinrush;
transformers, motors

® Z curve
o Tripping: 2.4 to 3.6 In (IEC 60947 .2),
protection of electronics

= MA curve

o Tripping: 12 In (IEC 60947 2);
protection of motor starters and specific applications
(no thermal overload protection).
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M.C.C.B Specifications :

e Nominal current (Up to 4000 Ampere )
e High level of short circuit current ( Up to 150 KA )
e Frequent operation
e Continuity of service :
e Selectivity
e Withdrawability
e Interlocking & Network monitoring

e Up to 630A Category A
Above 630 Category B

How to choose a breaker ?

e 1-Basic Criteria : 4l juledl

- Rating (U, I) I
- Breaking capacity w Y =
o . Icu > prospective Isc
- Number of poles (Neutral distribution system) Load current| | = |
Iq «~ Prospective Isc
- |IEC Standard
- Type of Load to be protected :- (Generator, Motor, Direct current,......... ect.)

e 2 -“Continuity of service “ Criteria : 4«2l 4 ) )il julaa

- Selectivity
- Withdrawability

- Maintainability

- @:\L:j” J\.umﬂ Aaladl 'é)\.ﬁ}”
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e 3-“Performing “ Criteria: ¢Vl Jules

- Cascading ( limitation of current)
- Reverse feeding without reduction in performance

e 4-“Comfort “Criteria: 4= e

- Simple to install , easy to work with .
- Field installable accessories

- work monitoring and communication

Low voltage coordination techniques oadiiall dgall (Gpudd bkl
Optimising LV electrical distribution oaddial) agall b jeSl) 2y gill Gyl

through 3 actions at the Protection Plan Level  djlaal) dbi 5 gia Jdo Sigljal 3 DA e

1 - Discrimination to guarantee continuity of supply Jeall 4 paiul Glaal " jpall” -1
2 - Limitation to reduce constraints 35l Julid "aaadl - 2
3 - Cascading to optimize performances

£V Gpenl " il - 3

Co-ordination of protection devices :

1- Discrimination : '

e Levels of Discrimination e 4 Types of Discrimination Al
e Total discrimination e Current o
e Partial discrimination e Time | |
e No discrimination °

Energy will I f
C

Logic open B \
‘U
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- What is discrimination?

B Total discrimination

CB1
-=n=-
1 S
X (% )OnlycB2
CB3 cB2\ _/trips
| N,
" S.C
/'Y 1) /'V A\
" Lo

The power supply to
the other feeders is still
ensured

e Total discrimination
CB3 CB2 CB1
D3 D2 D1

te) A

intersection

B No discrimination

| Upstream
CEIN CB1and
CB2trip
G
' .
CB3 -‘* CBZ'\’S | Downstream
% / CB
]
; S.C
23,
< Loads A

The power supply to
the other feeders is no
longer ensured

e Partial discrimination
CB3 CB2 CB1

No

cB1

CB2

CB3

e) A

D3 D2 D1

"cB2 and CB3.
=i

IS S

106

intersection | threshold 1/in
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Installation design Discriminationtables
Protection Upstream: NSA160, NS100 to 630
discrimination Downstream: NS125E, NSA160, NR
NS100to 630
@ @ @
Upstream NSA160N NST100NEXHL NE18ON/EX ML O/
decl. TMD trip unit TMD decl. TM-D trip unit TM-D trip unit T
- Rating 88 80 [T T80 16 |25 |4 63 [80 [T0060 [100 725 160 1A 160 | 2]
NS125E tr[i):::ilts:lrﬁ)m 2 |2 T IT
décl. TM-D E:'z
& "
2 %
2
; L
UF |05 U308 Z_12_12 12
05 |05 :.03-:5 %_2 2 12
08 2 12 B
72
UF [0 [UBI[UE Z_12 :% Z
)11 1 "
08 2 2 12 136 136 136 ]
O
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Current Discrimination ( Selectivity )

Any fault at the network , must be immediately cleared ONLY by the device installed

upstream of the fault.
Discrimination ( Selectivity ) = Continuity of service

selectivity no selectivity
4 N - -
( ' y
N
N - »

o o «'/f\; k.
N N A
A7 A7

2- Limitation :

e Technique that allow for the harmful effects of short-circuit currents to be
diminished

e Limitation reduces effects of the following type:
e electromagnetic: reduction in EMC disturbances
e mechanical: reduction of deformation and/or breaks

e thermal: rise in the life span of trunking

- L.é:\‘L')S\ J\.umﬂ Aaladl 'é)\.ﬁ}”
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ls¢ Psc
il # )
%2
100 % 7N lsc presumed Presumed
/ *«'~ transient peak ?35'3« ¥
’ 0
-= o JV lscpresumed
q" y | steadypeak
/ A
I V)
ly W\
,l: \\‘,‘ Isc limited peak
I \ﬂ Limited
1% : energy
“‘ D <1%
LY h‘ ’,I

3- Cascading :

e The limiting upstream circuit-breaker helps the downstream circuit-breakers to open

e Technique that allows for the cost of LV electrical distribution to be optimised

k
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Cascading

» Cascading is the use of current limiting capacity of the circuit breaker to permit installation

of lower rated and therefore lower cost down stream the breaker.

- Cascading advantages :-

* Reduce C.B cost
* Reduce mechanical effect ( Bas bars )
" Reduce thermal effects ( Cables )

* Reduce electromagnetic effect ( Measuring devices )

Cascading = Reduction of the installation cost

i "

Isc = 80 kA
NS250L rospective
220A sc peak
R \\__ prospective
// \ current
% ,/ \ ?rospective
sc
NS100N Isc = 50 kA / \
63 A / limited \
— isc peak \
actual \
. current
limited \
Isc \
_>

coon Isc = 24 kA = d
25A
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Cascading Selection

C60N 10 - 15 15
C60H 15 - - 15
EZC100F 10 15 15 30
EZC100N 15 20 20 50
EZC100H 30 - 36 70

EZC100F 10 - - -

EZC100N 15 20 20 30
EZC100H 30 - 45 50
EZC250N 25 30 36 40
EZC250H 36 - 45 50

111
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Current Limitation:

* The aim:

« To limit the fault current crossing downstream the breaker

"Ioc

tc

* Advantage : prospective
| lscpeak
rd \*___ grospetctive
urren
To reduce : / \\
/ \ frospective
*  Electromagnetic effects ( Measurements ) / =
. / limited \
* Mechanical stresses ( Bas bars ) = Isc peak \
darem. \
* Thermal effects ( Conductors ) e
, S
Tt
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Current limitation with new technology (Roto active or Dual contacts rotary
configuration or Fork contacts )

okl il Basan L 61 35 Cilani) 3" el - Jea gill - Juaadl) " U Adladl Ll 28 0S8 e alaall
Aa 53 30 A9 )il Jya 5 5 Jasd Jali 1D ) 4S5 sy (MCCB) 4 sl

s o) <3l @l Jolay Le i ( Dual contact rotary configuration / Fork contacts / Roto active )
DY i ol Sl o3 33 Cun " all - Jam il - Jaill " el Ll A (e dall g sl L o) S5 (e

Al 430a3 Ul
:dasas Lilje (4o s Hladill Saass 3 plall abol 98 alud il
sl Ll S 8 5lall adol 3 1 Slaas Al dSu i Jel Dol
5 Al s oy i ) AL g1 s 5
S 3,5 i (Ledime 5) ©3Lm sl il ) ) i
- sl yae alas Gl lagd g
5555 bl s g sl S Ea S5 (5580 SIS Sl L g
el Slodall 351y &l bl g Jadall @5l g o gdlll Hbolas JuliS as 8 yato
ouladll 3 e ‘;.lg s 9all o0 Juls ﬁbus..a,,@sn Jalal S0 LSS
SYlasy! ?.B:ij J:al";]lj
:gS‘Y| JLA.'ﬁ.w! u}u—&i ol_éi \aM_m_i XYY BJ:\LA." c.bl_,_j é.‘!
- Dl g Sl
) Gl SIS 5o AL

QL.&_-PSJ:JLJ .LMJ'JES*J' u_e_l’. J..Ai."" J..a}." SJ"'G'?".
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- (3 sl Aalial) ciladiall aaY Aud g Jla

Ieu and Ics performance

Skl

Icu (kA) 380/ 415 V

CategoryA CategoryB

Ll all dlealls (Apshaline les — 45l a Alea) ) A siall adal gil) 8 Aleal) aniiti 3 4laal) Bang
4leall L | (overload — long time) ¢l Sl e 3345 115 % (S )bl dad 8 gl V) e juad
(2:10) e Jkal B30 50 a5 (short circuit — short time) adll (e Glaall e yad dpnlalizall
les allay Al A gial) Aalld pimn JS Caa o &l oall Aleall sase ai aa iy | i) Ll Glaal

. (2t0 10) times In (e z )8 Apslalizall Aleall Lai | (0.4 t0 1) In e sl S5 palall

A (s (variable) sosie ol piadl) Jascas oo LS (fixed) 405 Le) dhalinal) 4y ) ) dlaal) 2o i
Gua e pileal) Lo aa) 55 adal 8 @llia 5 4y ) Ales g0 adal 8 ellia 5| Jasall AL () <5 Cuny Hli5a

NRE
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t /

-3~

AR I2.t
Cable

———————— Th. & Mag.

Protections
Overload

(|

P 1

" |

[ |

a i [ I

1 ! | o =
[ ] N I s

Ib Ir Iz Isc BC I
Where :

BC : Breaking capacity Icu (Max)

Isc : Prospective short circuit current

Ib : Current of load

Ir : Current of thermal protection unit to C.B

Iz: Current through in cable
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-1 plgil A ) awdiig Llaad) cilaag £ 5l g

.(thermomagnetic trip unit) (TM) 4ale les 32a5-1
.(electronic trip unit) 4 s S dlas 328 5 -2
.(micrologic trip unit) &uihic dles 3355 -3

-1 o S ) gl Llaal) clan g Jlaa B 5 S S Ll aaly Laldl) e jLaidl) Gany Sl g

e MF : Magnetic only (Fixed threshold) .

e MA : Magnetic only (Adjustable threshold) .

e TMF : ThermoMagnetic trip unit (Fixed thermal and magnetic threshold).

e TMD : ThermoMagnetic trip unit (Adjustable thermal and fixed magnetic ).

e TMA : ThermoMagnetic trip unit (Adjustable thermal and magnetic threshold ).

e PR231/P, PR232/P, PR331/P, PR332/P : (Electronic trip unit).

Basic protection functions

(L) Protection against overload
This protection function trips when there is an overload with inverse long-time delay trip according to the IEC 60947-2
Standard (1’t=k). The protection cannot be excluded.

(S) Protection against short-circuit with time delay
s Ihis protection function trips when there is a short-circuit, with long inverse time-delay trip (”t=k ON) or a constant trip time
(t=k OFF). The protection can be excluded.

e

(I) Instantaneous protection against short-circuit
| This protection function trips instantaneously in case of a short-circuit. The protection can be excluded.

(G) Protection against earth fault

The protection against earth fault trips when the vectorial sum of the currents passing through the current sensors exceeds
the set threshold value, with long inverse time-delay trip (’t=k ON) or a constant trip time (It=k OFF). The protection can be
excluded.

ik sl el alal) 5 510!
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(V) Protection against unbalanced phase

The protection function against unbalanced phase U can be used in those cases where a particularly precise control is
needed regarding missing and/or unbalance of the phase currents. The trip time Is instantaneous. The protection can be
excluded.

(OT) Protection against overtemperature
The protection against overtemperature trips Instantaneously when the temperature inside the trip unit exceeds 85 °C, in
order to prevent any temporary or continual malfunction of the microprocessor. The protection cannot be excluded.

(Rc) Protection agalnst residual current ()
m This integrated protection is based on current measurements made by an external toroid and is alternative to protection

against earth fault G. The protection can be excluded.

(ZS) Zone selectivity @

ZS zone selectivity is an advanced method for carrying out coordination of the protections in order to reduce the trip times
of the protection closest to the fault in relation to the time foreseen by time selectivity. Zone selectivity can be applied to the
protection functions S and G, with constant time-delay trip. The protection can be excluded.

(UV, OV, RV) Protections against voltage

The three protections trip with a constant time-delay In the case of undervoltage, overvoltage and residual voltage respec-
tively. The latter allows to detect interruptions of the neutral (or of the earthing conductor in systems with earthed neutral)
and faults which cause movement of the star centre in systems with isolated neutral (e.g. large earth faults) to be identified.
Movement of the star centre is calculated by vectorially summing the phase voltages. The protections can be excluded.

(RP) Protection against reversal of power

The protection against reversal power causes tripping of the breaker, with constant time-delay trip, when the flow of power
reverses sign and exceeds, as an absolute value, the set threshold. It is particularly suitable for protection of large machines
such as generators. The protection can be excluded.

(UF, OF) Protections of frequency

The two protections detect the varlation in network frequency above or below the adjustable thresholds, opening the circuit-
breaker, with constant time-delay trip. The protection can be excluded.

There is four kinds of M.C.C.B:

1- Fixed type.

2- Plug-in type.

3- Withdrawable type.

4- Motorizable type. With (Motor, SCR, UVR)

Shunt closing release (SCR) , Under voltage release (UVR)
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Accessories for C.B :

Shunt closing release — SCR

The shunt closing release - only available on the motorizable versions of Tmax T7 -
allows remote closure of the circuit-breaker when the circuit-breaker closing springs are
charged. The technical characteristics and the service voltages of the shunt closing
release are identical to those of the shunt opening release available on T7. The closing
time of the circuit-breaker by means of SCR is 50 ms.

Thanks to the anti-surge system, the closure of the circuit-breaker is not possible before
the opening operation has entirely been performed. Thus a delay of at least 30 ms

between the opening and closing command is required.

Under voltage release — UVR

Opens the circuit-breaker due to lack of release power supply voltage or to drops
to values under 0.7 x Un with a trip range from 0.7 to 0.35 x Un. After tripping, the
circuit-breaker can be closed again starting from a voltage higher than 0.85 x Un. With
the under voltage release de-energized, it is not possible to close the circuit-breaker or

the main contacts.
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58l Aaldl) Cldial galls (IEC 947-2) Axallall ddial gall (aidd Eus =7 ALC.B () 9¢d) adaldl)
(.9"
Dl ISl I (e S il iy 5 ) gl ) g8 5 A Sl

Air circuit breaker :

e High current up to 6300A.

e High level of short circuit current.

e High Endurance (Life time).

e Wide range of accessories.

e Withdrawability.

e Ease of operation, maintenance and adding accessories.
e Interlocking and network monitoring.

e Category B circuit breakers.

What are the differences between an ACB and MCCB ?
In terms of :

® |ocation in the LV network
e performances

e installation

® maintenance

e technical
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How to discriminate between A.C.B & M.C.C.B :

Features ACB MCCB
Electrical Endurance higher lower
) can be motorized up
Motor all ranges can be motorized
to 1600A

lcw higher lower
Maintenance of contacts possible NA
150 KA possible NA for all ranges
Ics most of ranges higher most of ranges lower
Mech Interlock by

possible NA
cables of 2 out of 3
Withdrawability for all ranges up to 1600 A
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" IEC 60947-1 ; 2" gallall alail) (3895 yiida g dniian g dacac @

" IEC 60664-1 " sallad) alaill coun ' 4" Eglida o Jaailtac @

"4 Poles - &eli," ¢ "3 Poles - 4DE " iy 2 @

" Ui=1000/1250V " : J» fse

M Uimp = 12kV " : o=l yisie

" Ue=690/1150V " : oa¥l Jaall jigi @

_odlel 3y <A Adadl Lasi " Suitibility for Insulation " Jjal) 3 js adaldl) 3is @
M 500C " W yate ddanad ) pa A ) die d8iaa " T " dseul] & L) @
"B " :" Utilisation Category " al:aiu¥l 4c s @

.Drawout 3 Fixed" Fsle

¢ Agladl " In " dsen) & Ll ABS dudasil M el M adal gdll 038 JigTi @
. 800, 1000, 1250, 1600, 2000, 2500, 3200, 4000A " : " 1" Js¥ i)l o
. " 4000, 5000, 6300A " : " 2" SAN Lulall @
L a1 o LAJ‘.\EAZ,}]:&MBJ\P:\;JJJEAAEMMY\ Q\‘)L‘ﬁ.“ 4als o
8x g : " Ultimat Breaking Capacity - Tcu " 4seliel) adadl clelsivl @
D29« Asthd) adadl) CileUaiul 4818 das 3
."N1:42,H1:65,H2:100, H3:150,L1:150,H10:50" :"kArms""1" e
."H1:100,H2:150":"KAmms""2" e
" 220/415/440V - 50/60Hz " 55 sie dfina s 5Saal aluill cilelsial ()
4dlsl 5 glusi - " Breaking Capacity in Service - Ies " 4exill A adadll dcelaivl @
" Ies = 100% Icu " oSlel B ) Saall Al
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. " Rated Short-Time Withstand Current - Iew " ¢ )l all Jexdll jli @

"N1:42 H1:65,H2:85,

"N1 :22; H1:36, H2:5

N
=

" H1:100, H2

"H1:100, H2

o 2levels of performance for each

lcu (kA) 220/ 415 V

L1

H1

..................................................................................

630 | 800 | 1000 1250 . 1600

100"

100"

L1

H1

""KAmms""3

:30, H10:50 "

= EATIS "™ 3

-w g L/w\:é]\ ®

"KArms"" 1sec" sl o

30, H10:50 "

sec " 3. @

.H’)“

-

:"KArms"" 1 sec" sl o

sec "5l @

e e |
Lt

...................................................................................

630 | 800 | 1000 1250 : 1600
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L1

H3

H2

H1

N1

L1

H3

H2

H1

N1

o Slevels of performance

Icu (kA) 220/415V
150
100 150
65 100
800 l 10001 1250% 1600] 2000] 2500‘ 3200; 4000‘ 5000' 6300§
o Slevels of performance
lew (kA) /'1s ..
65
85 100
65 100
800 l 1000! 1250% 1600] 2000| ZSOOl 3200; 4000] 5000‘ 6300§

e JSEIL i ge s LS wileall oaang (e sl oal) Jastll i aily | low iyt (e Tl U S5 Lesd
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"TEC 947-2 " gallall alhaill o 55, g0 @

" 800; 1000 1200; 1600: 2000; 2500: 3200: 4000: 5000; 6300 A " : draul) & Hill @

ekl Aol dail Lai" HT ; H2 ; H3 ; N1 ; L1 ; HIO" i« @

Ssdles w5 g gl Qldl 5 O (S Eus "3 Ph 3 3Ph+ N " : kil s @
cosk) S AaE e HSI ) skl i desl S okl jlides ol Al )l des

§ " Micrologic ... " g3 gualbisall y g J pa) Jbaall AL4E Ayig 58Y Ahan Csa 5353530 @
Ccalisd) gl ¢ caleUann g el lall g el gl ¢ e jlall - uld dalSal ) g

"42 ;50 ; 65 ;85 ; 150kA": akdll cilelsinl @

" dm V) JheY) e Aleall S Abialil leadl " ey Lils Lleall s 5 sl Lesi @
el JiB iy 5al e lall Alia o S5

‘ Aqgcdmécjmjsd]apu»m‘s_\chuahmm;@Q@é\ﬂ\ok@_‘g_'n@oiosag.
LA A ASlShe Bl y ¢ Al S IS jaa ¢ figi L g aild

: 4l <yl " Micrologic ... " Alile (e dileall Cas g juali @

LA L5eSh A<, AN Alaa (et - " Protection " e

CAl HeSY A Bl palie L " Metering " e
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Micrologic 2.0 A 4leall clasg

Protection ~ Micrologic20A %

Long time 1
Current setting (A) Ir=Inx... 04 05 06 07 08 09 095 098 1 £ ol
Tripping between 1.05 and 1.20 x Ir Other ranges or disable by changing long-time rating plug g
Time setting tr(s)y 05 1 2 4 8 12 16 20 24
Time delay (s) Accuracy: 0t0-30% 15xIr 125 25 50 100 200 300 400 500 600 tr

Accuracy: 0t0-20% 6xIr 070 1 2 B 8 12 16 20 24
Accuracy: 0t0-20% 7.2xIr 0.7@ 069 138 27 55 83 11 138 166

Thermal memory 20 minutes before and after tripping

(1) 0to 40 % - (2) 0to-60 % 0 "1
Instantaneous

Pick-up (A) Isd=1Irx... 16 2 25 3 4 5 6 8 10

Accuracy: 10 %

Time delay Max resettable time: 20 ms

Max break time: 80 ms
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I tr
(s) .
4 12
2 16
1 20
5 24
x In @ 6Ir
Ir = 0.7 x 4000 tr=4 (@ 6Ir)
I:=2800 A tr =100 sec (@ 1.5Ir)

Short time — Aswuhlizal) Ailasl) 3 lae

Isa tsd

Isd = 6 x 2800 tsd=0.1
Isd = 16800 A tsd = 100 msec
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Freqguent connecting-and-disconnect switches
Sl Juoally Juogill zuilas
" Contactors — jqiSligSJl "

L o yeill
Ales Ay o (558m0 Y5 Jaad 6 __Siall Jaadll 5 Jrom il llaal adiiny  oaslalina 5 ¢S ik s

contactor:

amechanical switching device having only one position of rest, operated otherwise than by hand,
capable of making, carrying and breaking currents under normal circuit conditions

including overload conditions.

Main contacts (Fixed - Movable) — (48 jaie — 4l ) dp ) <l i -1
Iron core — Armature xasll Q) -2
Coil - <l -3

Aucxiliary contacts (Normally open — Normally close) — (Al — 4a 5ida) sacbue Lalis -4
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Hence :
1- Contactor 2- Surge suppressor
3- Side auxiliary contacts 4- Over current relay

5- Front single pole auxiliary contacts
6- Front four pole auxiliary contacts

7- Pneumatic timer
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(T2 = T4 = T6) sl <l bl — (T1 — T3 = T5) Jsdall <l ki 1 Juua gill L 1) il Y

oSk s s e S 53 A Ll L) 2 B Luwal) LY

(Normally open NO — Normally close NC) _siStis sl duala¥) dgall o (€ 55 48 jatia Ll f
5 ApalaY) 32eLsal) Blall e oSy o) oS4y WS ( Single pole — Multi poles ) cle s leie 2a 505
. (Pneumatic timer) sl g 8l 00 )
e Gy G aie AV 5 Gl da A andy g S sSlull lall (e 38 ) e giays 1 gaiaad) QY
A4S il Jaa gill il ki @ jaiall ¢ jadl e cady g " g€ Calall” culll ¢ jall
A3 Azl adall 558 () 5S5 Cuay adaie Aalie 5 Al 2wy a1 Gl (e piay s 1 (o gSl Cilall
Gl Y1 G ) el QG @ 3 ada 358 e el e 3508 Calall ol pll e g Tl (e
i 3 ada b8 alat Calall Callal e e gl a8 Alla d g Jaall (yiall Gl ey s AS paiall g Al
, Joall el il 5 e acdail A8 jaiall 5 A4GN Y G 2oLl Juang g dpupblinal il 368 e
gy Ml < (220 — 110 — 24) 4dliss oy ( Ac oF D ) Ll caldl e guladdl agall (50
A )5S Sl S 55 el a8 sally da) sl agad) da s dpe o5 caa e Gl sl
A< i) Gl Y e A Gl ) Jaad 4ty 5 5 A8 jaid) g AU ol Y G aad gy 1 gl gh &3

LAkl e e agal) 38 NA e dpalalizall (5 8l Calall 388 ddaa)
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Transient voltage suppressor

For DC and AC applications, the relay/

; contactor coils have to be protected to avoid
AC and mostly DC coils relay, contactor, significant disturbances. In this case,
actuator could be very disturbing sources if the energy stored inside the coil will be

no overvoltage protection is fitted in parallel dissipated in the Transient Voltage
with the coll. Suppressor, as shown in the picture above
on the right side.

ﬁﬂ Different types of Transient Voltage

Suppressor (TVS) components could

be used. The following table provides

@ @ I@ information.

Symbol | R-C netwo Over- Contact
fall time
limitation

/ R-C network 2to3Un |1to2
% times the
@ standard
@ @ time
T
Metal Oxide |Y |Y |<3Un 11to1.5
Varistor times the
: standard
@ Coil relay time
@ un Transient |Y |Y |<2Un |11to15
Voltage times the
@ Arcing voltage Suppression standard
~ ‘ Diode Bi time
(4) NO arcing voltage directional
@ Transient Voltage Suppressor (TVS) To be efficient, the TVS shall be installed closely
to the coil.
Wiring Diagrams
Al A1l 2
[
[
[ [ |
D—; g
A2 A2 @
Transil diode Varistor
A1l e
| |
[ I
[ I
C Bk
| I
[ I
A2 -]
RC type

ik sl el alal) 5 510!
136




A Aa 0 - Al jeS Dl (igs

% oaddial) agal) cila gl Ulua =

Control circuit with
electronic coil interface.

ik sl el alal) 5 510!
%



A A 5y - Al jeS Alpa (uiga

=| oaddial) agal) cila gl Blua =

Auxiliary contacts 3. sl wall LLE S W

Jsaidl) ¢ sill o Baelucall Ladill ausid daa AU I (o apandl Baeluall Ll
oSS oK o lalal Ty S Loaaall o ea g waS) L2 (N/O 3ule

2SI (o l1) ebslaall 5 panlastl a<a sl 3 da sl sucluall slaul auass LS
5L L By 5

BaeLall LG (o Lt £ 1631 LY ua g0

: N/O 3ule (GUa3¥ da g3in) U i Tabiad Suclus Jonss L B

oSS e HLail ey Lovie Sueluall Lla il sia (OUksl c383) Juais
ol 5 <l 53S0 KU L343 wie (Lenladl 3155) BfuaS 5 puusbaliin g <!
- oS LAl

: N/C sule (SUa3¥I Lalis) Latias Luliad Suclus Jonss LLE M

203SL I e HLasl iy Lovie Sueluwall LLEM sia (Gllasl 3153) Giuas
b lidio 5 <IN 53K I 2,345 wie (LgaUha 8l 385) JuadSy cwablis oy, ¢ <!

- oS LIl

ALl (Maay N/C o 55 1a s s N/O Jium 53 a i e Sue Luaall Loliill sia (55323
SLBYI ¢yo g 1530 2535 Ll gaill Bae Laall L& 63¢d . aMel Lagin JSI 3 ynall

(it b Lt o )

g9l o Bule) Luno) Buebuws bolaiy Ly lalisia g ,g<Il ol 53S0 o< a3 ells M Lalia)
e Ll Joad o) s baliae o, ¢<I 5 93<0n <IN A 355 wie Lof Lgadla Juaas 30 (C/O

848 % e Ul gy Lai3ll yealal 3,00 loyis (€0 Lo Lille 5. Bta) 5530 ygpe way oSl
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DA A2 QDA A2
|1|_1 3L2 5L313NO | 1L1 3L2 5L321NC
2 3@4 5@ 13 3-@4- =
1NC 1INCI ‘-_3NO 3NO
%) %)
- - - - - === - - - - — =4 - - - - =
- - - - - - - - - - - = - - - - - - - - - - - -
-2NC -2NC Q) 4@3
2Q) @) +Q) 5 59 Q) +Q) -
i2@1 4?2 6@31%0 [ 271 472 6T3 Z%C
O A2 O A2
A1 1L1 | 3L2 ] 5L3 | 13 A1 1L1 | 3L2 5|_3 21
| J J J NO | 5; J AY NC;
A2 A2 211 | 412 | 673 22
12“8 built-in auxiliary contact ggug built-in auxiliary contact
1 NC . wgs 3 NO . s
o Ne built-out auxiliary contact aNo built-out auxiliary contact
| 1L1 3L2 5 3
_________ Without auxiliary
contact
[22] 2T1 472 673

= 11 312 513 13NO 2INC

L]
T jjjj( o

2Tl 412 613 14NO  22NC
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L g oSl Al sl gl

1- Rated operational voltage : Ue ot ) ol a3 Juedall aga -1
2- Rated insulation voltage : Ui Joadl aleady (3l agall -2

3- Conventional free air thermal current th@ © =40 c°

"o Al o) sl s Cag pla 8 3L I aleaty Jli sl g8 5 )l il -3

Rated frequency "F" : Hz Fodb sl aa il -4

'y

ol
1

Rated operational current : le Jaall g ¢ e gy sl Juriall L -5

(@)}
1

Making capacity Juasill e oSl &) delaiv) -6

\l
1

Breaking capacity Jadll e oSl Sl dethaiu) -7

8- The type and value of the coil voltage Calall aga dadiy g 53-8
9- Mechanical endurance LGSl Gllaall 22 -9
10- Electrical endurance A eI Allaal) 222 =10

Conventional free air thermal current lth @ 60 = 40 c° :

Utilization Categories:
A contactor's duty is characterised by the utilization category together with the rated operational voltage and current indicated.

Utilization Categories for Contactors According to IEC 60947-4-1:

Alternating current: AC-1 Non-inductive or slightly inductive loads, resistance furnaces.

AC-2 Slip-ring motors: starting, switching off.

AC-3 Cage motors: starting, switching off running motors.

AC-4 Cage motors: starting, plugging. inching.

AC-5a Discharge lamp switching.

AC-5b Incandescent lamp switching.

AC-6a Transformer switching.

AC-6b Capacitor bank switching.

AC-8a Hermetic refrigeration compressor motor control with manual resetting of overload releases.

AC-8b Hermetic refrigeration compressor motor control with automatic resetting of overload releases.
Direct current: DC-1 Non inductive or slightly inductive loads, resistance furnaces.

DC-3 Shunt motors: starting, plugging. inching, dynamic breaking of d.c. motors.

DC-5 Series motors: starting, plugging. inching, dynamic breaking of d.c. motors.

DC-6 Incandescent lamp switching.

Utilization Categories for Contactor Relays According to IEC 60947-5-1:

Alternating current: AC-12 Control of resistive loads and static loads with opto-coupler isolation.
AC-13 Control of static loads with transformer isolation.
AC-14 Control of weak electromagnetic loads (< 72 VA).
AC-15 Control of electromagnetic loads (> 72 VA).

Direct current: DC-12 Control of resistive loads and static loads with opto-coupler isolation.
DC-13 Control of d.c. electromagnets.
DC-14 Control of d.c. electromagnets having economy resistors.

- @:\LJS\ J\.umﬂ Aaladl E)\J\‘J\
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Contactor utilisation categories conforming to IEC 60947-1

The standard utilisation categories define the current values which the contactor must be able to make or break
These values depend on:

m the type of load being switched: squirrel cage or slip ring motor, resistors,

m the conditions under which making or breaking takes place: motor stalled,
starting or running, reversing, plugging.
a.c. applications
Category AC-1
This category applies to all types of a.c. load with a power factor equal to or greater than 0.95 (cos @ = 0.95).
Application examples: heating, distribution.
Category AC-2
This category applies to starting, plugging and inching of slip ring motors.
m On closing, the contactor makes the starting current, which is about 2.5 times the rated current of the motor.
m On opening, it must break the starting current, at a voltage less than or equal to the mains supply voltage.
Category AC-3
This category applies to squirrel cage motors with breaking during normal running of the motor.

m On closing, the contactor makes the starting current, which is about 5 to 7 times the rated current of the motor.
m On opening, it breaks the rated current drawn by the motor.
Application examples: all standard squirrel cage motors: lifts, escalators, conveyor belts, bucket
elevators, compressors, pumps, mixers, air conditioning units, etc...
Category AC-4
This category covers applications with plugging and inching of squirrel cage and slip ring motors. The contactor closes

at a current peak which may be as high as 5 or 7 times the rated motor current. On opening it breaks this same current

at a voltage which is higher, the lower the motor speed. This voltage can be the same as the mains voltage.
Breaking is severe.

Application examples: printing machines, wire drawing machines, cranes and hoists, metallurgy industry.

Utilisation categories for auxiliary contacts & control relays

conforming to IEC 60947-1

a.c. applications
Category AC-14

This category applies to the switching of electromagnetic loads whose power drawn with the
electromagnet closed is less than 72 VA.

Application example: switching the operating coil of contactors and relays.
Category AC-15

This category applies to the switching of electromagnetic loads whose power drawn with the
electromagnet closed is more than 72 VA.

Application example: switching the operating coil of contactors.
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sl aolasds .3 a3l te 3330l S algall oo JS Zaaal aasas
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: AC-1 iio,l MJMJMAJAAQ_Q‘;S&_“(I)

CRael Jlaad 5 aSasnll Ty olEaalas Saswilly 255030 alas uas
Cro Epenalaidie 5,4 =, 53853 oS afusiil Jlaa 5 alsill sia 233
S50 155 Spe Jala sdng Jlaa¥ sole Tumwaxdi AC-1 & ol
Aol 5 Jeansd

:AC-2 (Slip ring Motor) 15 =Ela, (5,250 clas 3 a<s3ll (o)
gl o A awalalisn 59,4 oI, 538553 oS S asll sda (3 ans T
semall ol Llgnll oemall 5,500, Batuailly A< all sy eaws 301) AC-2
()5 =WEla Ll S a ol ol all 3aSos ka5 =nlEl

AC-3/AC-4 latw (add (3 o050 doma 3 aSasll (=)

: (Squirrel cage motor)
33a L3 alass 3l) AC-4 g oill e Epcnalalido 5 ¢S ol 53155 5<I)
et e slyecod Ml pon RU ol ygiacrm s W o &M Mahg o, (lyall ponni
1R ey w ane 5 &% Vgl ol ol WA el way, ol e sy
Slaaiay o ale aal L5 aule 5. dcbuddl 3 Jasll C3lE) /o0y olalace
.M|3)34J|)SS o.:aL)..o

Reactive loads i, .55 Jlaal 3 o< o311 (0)
>Sleus ¥ aa all Taslaxy M elatlall 5 &0 31sl Jlaa™ s3a JRass
BeaiiontH Temesns Si053 O comn - (288 H) 5558 Joolons Siasens
olaaiwl e 3,005 walblias 5 ,4<Il , 53<Ias <UI (Making capacity)
Sbasal Jolge ‘“" (Maklng capacuty) MI T SLs anle
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In fact some applications, and the specific criteria characterizing the various loads controlled by contactors,

may modify the utilization characteristics of the contactors. The main applications concerned are:
Capacitor Bank Switching
Account must be taken of high peaks when the current is made and of harmonic currents during continuous duty.

For this application, IEC publication 60947-4-1 stipulates utilization category AC-6b. The operational currents or powers
acceptable for the contactors are determined by our electrical tests; IEC publication 60947-4-1 gives the calculating formula
for determining the operational current (Table 7 b).

Transformer Switching

Account must be taken of the peaks due to magnetization phenomena when the current is made. For this application,

IEC publication 60947-4-1 stipulates utilization category AC-6a. The operational currents or powers acceptable for the
contactors are determined using the values obtained for AC-3 or AC-4 category tests and the calculating formula given in
IEC 60947-4-1 (Table 7 b).

Lighting Circuit Switching
The current peaks occurring on energization of the circuit and the power factor depend on the type of lamps, the connection

mode and whether or not there is compensation. For this application, IEC publication 60947-4-1 stipulates two standard

utilization categories:
— AC-5a for discharge lamp switching. — AC-5b for incandescent lamp switching.
Slip-ring Motor Switching
The contactors used for short-circuiting rotor resistors can be used for rotor voltages above their natural nominal

operational voltage. The conditions of use of rotor contactors depend on the connection mode of the main poles.

IEC 60947-4-1 stipulates AC-2 utilization category.
The current values on circuit closing and the current and voltage values on circuit opening

(as well as a generally low load factor) are easily withstood by the contactors.
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Terms and Technical Definitions

Circuits
— auxiliary circuit:
All the conductive parts of a contactor designed to be inserted in a different circuit from the main circuit and the contactor control circuits.

— control circuit:
Allthe conductive parts of a contactor (other than the main circuit and the auxiliary circuit) used to control the contactor's closing operation or opening
operation or both.
— main circuit:
All the conductive parts of a contactor designed to be inserted in the circuit that it controls.
IEC publication 60947-4-1 defines coordination types "1" and "2":

- Type "1" coordination requires that, in the event of a short-circuit, the contactor or starter does not endanger persons

or installations and will not then be able to operate without being repaired or parts being replaced.

- Type "2" coordination requires that, in short-circuit conditions, the contactor or starter does not endanger persons

or installations and will be able to operate afterwards. The risk of contacts being light welded is acceptable. In this case,

the manufacturer must stipulate the measures to be taken with respect to maintenance of the equipment.

EnvironmentA:

"Mainly relates to low-voltage non public orindustrial networks/locations/installations
(EN50082-2 article 4) including highly disturbing sources".

Environment B:

"Mainly relates to low-voltage public networks (EN 50082-1 article 5) such as residential,

commercial and light industrial locations/ installations. Highly disturbing sources such as arc

welders are not covered by this environment".
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Rated Operational Current |

Current rated by the manufacturer. It is mainly based on the rated operational voltage U., the rated frequency,
the utilization category, the rated duty and the type of protective enclosure, if necessary.
Conventional Free Air Thermal Current |,
Current that the contactor can withstand in free air for a duty time of 8 hours without the temperature rise
of its various parts exceeding the maximum values given by the standard.
Electrical Durability
Number of on-load operating cycles that the contactor is able to carry out. It depends on the utilization category.
Mechanical Durability
Number of no-current operating cycles that a contactor is able to carry out.
Rated Breaking or Making Capacity

Root mean square (r.m.s.) value of the current that the contactor is able to break or make at a given voltage
according to the conditions specified by standards and for a given utilization category.
Ambient Temperature
Air temperature close to the contactor.
Time
— Short-time withstand current:
Current that the contactor is able to withstand in closed position for a short time interval and in specified conditions.
— Closing time:
Time interval between the beginning of the closing operation and the instant the contacts touch on all the poles.
— Opening time:
Time interval between the specified starting instant of the opening operation and the instant the contacts separate
on all the poles.

Rated Control Voltage U _
Control voltage value for which the control circuit is sized.
Rated Operational Voltage U,
Voltage to which the contactor's utilization characteristics refer. In three-phase it is the phase-to-phase voltage.
Rated Insulation Voltage U,
Reference voltage for dielectric tests and creepage distances.
Rated Impulse Withstand Voltage Ui,

Peak value of an impulse voltage, having a specified form and polarity, which does not cause breakdown in specific

test conditions.
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Causes, effects and consequences of various faults

There are two types of fault:

= Internal faults within the motor

m External faults: these are located outside the electric motor but their

consequences can lead to damage inside the motor.

Faults Causes Effects Consequences on the motor and on the
machine
Short-circuit Contact between several phases, or | m Current peak Destruction of windings
between one phase and neutral or | m Electrodynamic forces on the
between several furns of the same | conductors
phase.
Overvoltage m Lightning Dielectric breakdown in the windings Destruction of the windings due to loss
m Electrostatic discharge of insulation
m Operation
Phase imbalance |m Opening of a phase m Reduction of usable torque, efficiency | Overheating "
and phase failure |m Single-phase load upstream of the | and speed
motor m Increase in losses
m Short-circuit between the tums of | m Starting impossible if phase failure
the same winding
High starting m Failure of the automation system | High stator and rotor temperature rise | Overheating /"
frequency =m Too many manual control due to the frequent start current Consequences on the process

operations
m Numerous fault trips

Voltage variations |m Instability of the mains voltage m Reduction of usable torque Overheating "
m Connection of heavy loads m Increase in losses

Harmonics m Pollution of the mains supply by m Reduction of usable forque Overheating "
variable speed drives, inverters, etc...| m Increase in losses

Long m Resistive torque too high (load too | Increase in starting time Overheating "

starting time heavy)
m Voltage drop

Jamming m Mechanical problem (crusher) Overcurrent Overheating "

m Seizures

Consequences on the process

No-load running

® Pump running empty
m Mechanical break in dnve to the
load

Drop in current drawn

Consequences on the process

Frequency m Overload of a supply powered by |m Increase in losses -
fluctuations limited independent sources m Interferes with synchronous devices
m Faulty alternator speed regulator | (clock, recorder, ..}
Overload m Increase in resistive torque Increase in current consumption Overheating "

m Voltage drop
m Drop in power factor

Loss of machine
excitation

m Significant drop in excitation
current
m Break in rotor winding

m Increase in active power
m Drop in power factor

Significant overheating of rotor and cage

Phase-Earth fault

m Accidental Phase-Earth contacts
m Accidental Phase-machine casing
contacts (casing connected to earth)

m Overvoltage developed in the mains
supply

m Rise in earth potential (safety of
persons)

Consequences on safety of persons
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Contactors are engineered to operate under the toughest conditions including heat, cold,

dust, sand, high humidity and shock.

Differences between a contactor and a relay ?

Contactor Relay

Relays, are devices that are used to open
or close circuits electromechanically or | Contactor is an electromechanical switch

Definition electronically, relays are not just used primarily for opening or closing
switching devices; they are primary electrical circuits.
protection.
L n rs are more powerful than rel hey ar for high power
Application contactors are more powerful than relays, so they are used for high powe

applications.

control circuits with only low current

Load Capacity | That is between 9A to 1250A capacity that is between 5A and 15A.

Desian Designed mainly for three-phase Designed mainly for single-phase
9 applications applications
Switching Contactors are much slower than Relays when it comes to switching speed, so
Speed because of this, relays can be operated using electronic signals.
Power Contactors consume more power than relays because relays make use of smaller

Consumption | electromagnets than contactors.

Because contactors are used for high current capacity applications, they are relatively
Size and Cost larger and heavier than relays. Obviously, because of the difference in size,
efficiency, and functionality, contactors are costlier than relays.

The main characteristics of short-circuit protection devices are:
m their breaking capacity:
this is the highest prospective short-circuit current value
that a protection device can break at a given voltage.
m their making capacity:
this is the highest current value that the protection device
can make at its rated voltage in specified conditions.

The making capacity is equal to k times the breaking capacity.
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3-pole Contactors

I
1\"‘1
m a u | | |

CENTENTE [CENTENUE [CRTRT ECETN ETTE CONTTNYT [ e mm—m
(0 A | A Ao w0 i e s | dess deiio | iFvas A liFzio i e

400
Motors IEC
Ac.3,’;‘;}",;’ g<h5c40v kW 4 55 75 11 15 185 22 30 37 45 55 75 90 110 140 160 200 250 315 400 475 560
Rated <5540V A 9 12 7 2% % &7 80 65 75 9% 10 145 185 200 260 305 400 460 580 750 860 1050
AC-3 operational 0<55°C,415V A 9 12 7 % R 3y 0 65 75 9% 10 5 185 20 260 300 400 460 580 750 860 1050
cument  0<S5°CEOV A 7 9 0 7 2* 5% 3% 43 46 65 & 10 0 (210 20 20 B0 40 500 60 80 950
IEC
Rated  0<40°C6NV A 25 27 %0 45 55 60 100 115 125 145 160 250 275 350 400 500 600 700 800 050 1350 1650
AC-1 operational 0<55°C,60V A 2 25 7 4 5 60 8 9 105 15 145 B0 250 300 B0 40 50 600 70 &5 M 1450
cument  0<70°CE0OV A 18 20 B R W 4 0 80 8 115 130 180 180 240 290 N5 40 40 50 7N 1000 120
oWith conductor cross-sectionalarea mm? 25 4 4 | 6 10 16 (3% 50 50 50 70 120 150 185 240 300 | 2x185 2x240 2040 mm emm o
o Rated operational vottage v 1000 690 1000
Contactors Technical Data
Main Pole - Utilization Characteristics acc. to IEC
Contactor types: A... 9 12 16 26 30 40 45 50 63 75 95 110
Rated operational voltage U, max. V. 690 1000 (690 for AF... contactors) 1000

Rated frequency limits Hz 25...400

Conventional free-air thermal current I,
acc. o [EC 60947-4-1, open contactors, 6<40°C A 26 28 30 45 65 65 100 100 125 125 145 160
with conductor cross-sectional area mm? 4 4 - 6 16 16 35 35 50 50 50 70

Rated operational current |, / AC-1

for air temperature close to contactor (9 < 40 °C A 25 27 30 45 55 60 70 100 115 125 145 160

U, max. 690 V -50/50Hz ¢ 6 <55 °C A 22 25 27 40 55 60 60 85 95 105 135 145
6<70°Cp3) A 18 20 23 32 39 42 50 70 80 85 115 130

with conductor cross-sectionalarea mm? 2.5 4 4 6 10 16 25 35 50 50 50 70

Utilization category AC-3
for air temperature close to contactor < 55 °C
Max. rated operational current I, AC-3 (1)

aphasemotors  220-230-240V A 9 12 17 26 33 40 40 53 65 75 96 110
380-400V A 9 12 17 26 32 37 37 50 65 75 96 110
415V A 9 12 17 26 32 37 37 50 65 75 96 110
M 440V A 9 12 16 26 32 37 37 45 65 70 93 100
3~
Rated making capacity AC-3 10 x I, AC-3 acc. to IEC 60947-4-1
Rated breaking capacity AC-3 8 x 1, AC-3 acc.to IEC 60947-4-1
Mechanical durability
- millions of operating cycles 10 (5 for AE... and TAE... contactors)
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Example:

lc / AC-1=26.5 A - Electrical durability required = 2 millions operating cycles.
Using the AC-1 curves above select the AFS26 contactor at intersection
"O" (26.5 A / 2 millions operating cycles).

Millions of D

operating : v‘séb : v%%\/:jo - & . & S S S S
10 \ TR AN AN MY I
N \‘ |
X |
N . RN
NN
N \N\Q‘\\\\ N
\\\\\ \\\\§\
\ AN\ L\ A\
N\ \ AWERN \ AN VAN WA AY
LY AN \ \ AW V. W VA W W WAL
ARRNN \ \ N Y \ANN
AN NN VN VAN
R\ VANA AN AN \\
N 4N RN NNUKR N
AJX X
\
l;luélug LP‘%‘% Breaking
Lial gl :"r":"li'l%: :.I’.lllimg: current Ic (A)
50 1]00 200 300 500 1000

3-pole contactors for safety applications
Electrical durability

Electrical durability for AC-1 utilization category - Ue =690V

Switching non-inductive or slightly inductive loads.

The breaking current Ic for AC-1is equal to the rated operational current of the load.

Ambient temperature and maximum electrical switching frequency: see "Technical data".

Switching of Resistive Circuits

AC-1 utilization category
° When making,

the sw_itched-on

tcrlllr r?ntl IS gqua"! tg Switched-on current

cuerr;nto :Iithr g S lehe o clinert = 1,

cos ¢ = 0.95. Jie

o

-
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Example:
Motor power 30 kW for AC-3-Ue =400V andle=55A
utilization — Electrical durability required = 1.8 million operating cycles.

For AC-3: Ic = le. Select the AFS65 contactor at intersection "O"

(55 A / 1.8 million operating cycles) on the curves (AC-3-Ue <£440V).

Millions of Qégb ((é*‘/@’
i ¥ ¥
C’pelr&mng & & & & B eSS 5 S S &
Cycles =)
we - & $IE & S & GOGST ST ¢
|
N\

10 N\ 2 ¥ X 2. h % \
N\ Y AN N N N\ AN
AN AN 3 NN\
AN N\, AKX
: o Tl ANERANAN
NN .
, HANANIS\NEANIAN AR

L Bl
P
//
7
/]
/
iy
=7
7 /
A A
o e
,//
7z
y 4
P

/

7

: //
|2s
7
1%
%
ﬂ:/

,
3
//1/ /
-

\ N AN N
AV \ \
\ YW NOURNER NN
X A\ N\ \
05 , kXK
plud Lol Ll Lol _
03 13879 l1 3579 ‘1";9 l| 3570‘ Breakmg
. _|_|_|_|J_|_|_|_|_{ .LLLLI.LI.I.IJ . | L‘“-a'-'-l"";";j current Ic (A)
l 1 3 5 7 9| lﬁ 5 9| i | 1 3 5 7 9[ ] I
0.2 } ! |
2 3 5 10 20 30 50! 100 200 300 500 1000

3-pole contactors for safety applications
Electrical durability

Electrical durability for AC-3 utilization category - Ue = 440 V.
Switching cage motors: starting and switching off running motors.
The breaking current Ic for AC-3 is equal to the rated operational current le

(le = motor full load current).

Ambient temperature and maximum electrical switching frequency: see "Technical data".

Switching of 3-phase Cage Motors

AC-3 utilization category
f When making,
the motor current
is about 6 x I,..
Breaking while the
motoris running at
Ismotor F.L..C.
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Altitude
The rarefied atmosphere at high altitude reduces the dielectric strength of the air and hence the

rated operational voltage of the contactor. It also reduces the cooling effect of the air and hence

the rated operational current of the contactor (unless the temperature drops at the same time).

@erating is necessary up to BOOOD

Altitude 3500 m 4000 m 4500 m 5000 m
Rated operetional voltage 0.90 0.80 0.70 0.60
Rated operational current 092 0.90 0.88 0.86

Ambient air temperature
The temperature of the air surrounding the device, measured near to the device.

The operating characteristics are given:
- with no restriction for temperatures between -5 and +55 °C,
- with restrictions, if necessary, for temperatures between -50 and +70 °C.
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Contactors for Capacitor Switching

The insertion of damping resistors protects the contactor and the capacitor from the highest inrush currents.

A
1SBCS 8777 4F0301
1SBCS 8776 4F0301

1SBCS 8779 4F0301

Technical Data

Short-circuit protection type fuses sized 1.5 ... 1.8 I, of the capacitor

Electrical durability AC-6b — operating cycles at U, <440V 250 000

Shapes of contacts of contactor :
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Relay
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Thus far we have seen a selection of Input devices that can be used to detect or
“sense” a variety of physical variables and signals and are therefore called Sensors. But
there are also a variety of electrical and electronic devices which are classed as Output
devices used to control or operate some external physical process. These output

devices are commonly called Actuators.

Actuators convert an electrical signal into a corresponding physical quantity such as

movement, force, sound etc.

For example, a relay is a binary actuator as it has two stable states, either energised
and latched or de-energised and unlatched, while a motor is a continuous actuator
because it can rotate through a full 360° motion. The most common types of actuators

or output devices are Electrical Relays, Lights, Motors and Loudspeakers.

Electrical Relays can also be divided into mechanical action relays called
“Electromechanical Relays” and those which use semiconductor transistors, thyristors,

triacs, etc, as their switching device called “Solid State Relays” or SSR’s.

As their name implies, electromechanical relays are electro-magnetic devices that

convert a magnetic flux generated by the application of a low voltage electrical control
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signal either AC or DC across the relay terminals, into a pulling mechanical force which

operates the electrical contacts within the relay.

The most common form of electromechanical relay consist of an energizing coil called

the “primary circuit” wound around a permeable iron core.

This iron core has both a fixed portion called the yoke, and a moveable spring loaded
part called the armature, that completes the magnetic field circuit by closing the air
gap between the fixed electrical coil and the moveable armature. The armature is
hinged or pivoted allowing it to freely move within the generated magnetic field
closing the electrical contacts that are attached to it. Connected between the yoke and
armature is normally a spring (or springs) for the return stroke to “reset” the contacts
back to their initial rest position when the relay coil is in the “de-energized” condition,

i.e. turned “OFF”.

Electromechanical Relay Construction:

Electrical
Fixed Contacts

Moveable Connections
Contact f¥ —
| ] —1 Mormally open
v = /
S,
Pivot I | # 1 Common
= | — Mormally closed
Armature
"‘»\.\k_\-‘
Magnetic —
Flux —
Energ';in-g
YDHEH Coil
- |
Air Gap Coll Supply Voltage
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In the normally open position, the contacts are closed only when the field current is

“ON” and the switch contacts are pulled towards the inductive coil.

In the normally closed position, the contacts are permanently closed when the field

current is “OFF” as the switch contacts return to their normal position.

Contact Tips The relays contacts are electrically conductive pieces

_r oy of metal which touch together completing a circuit
I ) ( and allow the circuit current to flow, just like a switch.
When the contacts are open the resistance between
the contacts is very high in the Mega-Ohms,

producing an open circuit condition and no circuit

Normally Closed MNormally Open current flows.
Contacts, (MNC) Contacts, (MNO)

When the contacts are closed the contact resistance should be zero, a short circuit, but
this is not always the case. All relay contacts have a certain amount of “contact

resistance” when they are closed and this is called the “On-Resistance”,

With a new relay and contacts this ON-resistance will be very small, generally less than
not greater 0.2Q because the tips are new and clean, but over time the tip resistance

will increase.

To reduce the effects of contact arcing and high “On-resistances”, modern contact tips
are made of, or coated with, a variety of silver based alloys to extend their life span as

given in the following table.

This thing is very, very important and is one of the hotspots for electrical faults
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To solve this problem, use the following procedure:
1- Use electrical relay contact tip materials as follows:

e Ag (fine silver)

e AgCu (silver copper)

e AgCdO (silver cadmium oxide)

e AgW (silver tungsten)

e AgNi (silver nickel)

e AgPd (silver palladium) Platinum,
e Gold and Silver Alloys

2- Extending the life of relay tips by reducing the amount of arcing generated as they
open is achieved by connecting a Resistor-Capacitor network called an RC Snubber
Network electrically in parallel with an electrical relay contact tips. The voltage
peak, which occurs at the instant the contacts open, will be safely short circuited

by the RC network, thus suppressing any arc generated at the contact tips.

RC Snubber Metwork

AMA— |

Relay Contacts
— 1O
+ - [ Sl
C) I
Suppl '
upply I .
@ Voltage | In Si;téve
=
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Electrical Relay Contact Types:

e SPST — Single Pole Single Throw

e SPDT - Single Pole Double Throw
e DPST — Double Pole Single Throw
e DPDT — Double Pole Double Throw

Electrical Relay Contact Configurations :

+ NO NC NO NO  NC NO  NC ND NC ND

l{ R

Common C C C C C C
Relay SPST SPST DPST SPDT DPDT
Coil (NO}) (MNC) (MO} (B-M) (B-M)

Where:

e C isthe Common terminal
e NO is the Normally Open contact

e NC is the Normally Closed contact

In this tutorial about Electrical Relays, we have looked at both the electromechanical
relay and the solid state relay which can be used as an output device (actuator) to control a

physical process.
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Electrical protection system

At el A8 St Allas J5s ) Al 5o dnigl) £ 558 e g b s 1 Al gl A8 gl) dagliia
Cangdl | Al oSl ASEl (e Ay shasall o) 3aN) J3e JBA e Jae Y1 (e (@il Gl ¢ Jall e )
85eal Gush e L (Jlaxiall) Coshaall ¢ 3all J e JMA (g b i ol o Llial) ga dlaall plai o
Cag Ul Al seSh A e AN 3l B Ll Al paial (e Cusy ¢ Al 6SH Alea)

gl Jall alail) Jlae | A15Y (pale s ee et e Alaall Ll Gk

- iy <)) 408 o) Aan

Cdhad) Egan A i a8l (30 ad) oLl - agadl ) 5ol ) e lagall Caneay 38 (53 Calill (Ll o G gan xie @
B e Al (B BE 20 (e < sl D aia
CSlagall o cplalall ol Cp 8l (aladY) oy 38 A1 puall Qi o Cagas aia @

- Aandl g Ul e ey el Ll Al el aa

ot JEA e ol Sl o ghatally Undl) (pa s g1 930 Uia () guiay Aoy (abaad) iy ) (g

(Over load current) ¢iall sl el 3al 5 -1

(Short circuit current) kil 4ad (& las S g ld ) ) (535 Laa (aadli 5l jeal Cigas -2

(Terminal voltage) Laluall 3gall (12925 a2e [ (alisil [ glis )l ) -3

S s A Y il 8 (DA s -4
el eSSl uld il 3 (g gl a8 Cugan mo Bl sall Jleal) 3 0l 550 e -]

(Electromagnetic interference) duulalina 5 S AN 3 5o o) Aai hala JG dlaall 3 ¢al Jae -5
el sl 8 el e

A 400 Sl a5 53l 4 slaias "Cascading” &l s "Discrimination Jasills oz Lad 358 5 pac -6

A slaall 53 sall Jgea sl aae 5 ooV Cpan s Jasdl Al e (e ae A 505 Lae | Uadll aveiaill

, Juae ) Al & gan ase cladal dglas Lo gliia aga g (s &Y JUae) Al dga) gl Alillyg

@:\L)S\ J\.umﬂ Aaladl EJ\J\‘J\
%


https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%87%D9%86%D8%AF%D8%B3%D8%A9_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A%D8%A9
https://ar.wikipedia.org/wiki/%D8%A7%D9%84%D9%87%D9%86%D8%AF%D8%B3%D8%A9_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A%D8%A9
https://ar.wikipedia.org/w/index.php?title=%D8%A3%D8%AC%D9%87%D8%B2%D8%A9_%D8%A7%D9%84%D8%AD%D9%85%D8%A7%D9%8A%D8%A9_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A%D8%A9&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%A3%D8%AC%D9%87%D8%B2%D8%A9_%D8%A7%D9%84%D8%AD%D9%85%D8%A7%D9%8A%D8%A9_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A%D8%A9&action=edit&redlink=1
https://ar.wikipedia.org/w/index.php?title=%D8%A3%D8%AC%D9%87%D8%B2%D8%A9_%D8%A7%D9%84%D8%AD%D9%85%D8%A7%D9%8A%D8%A9_%D8%A7%D9%84%D9%83%D9%87%D8%B1%D8%A8%D8%A7%D8%A6%D9%8A%D8%A9&action=edit&redlink=1

A Aa 0 - Al jeS Dl (igs

=| Uaddliall gl cla gl LL}.A =
Protection functions

Short-circuit protection

General

A short-circuit results in a very rapid rise in current which can reach several
hundred times the value of the operational current. The consequences of a short-
circuit are dangerous to both equipment and persons. It is therefore imperative to
use protection devices to detect the fault and very quickly break the circuit.

Two types of protection are commonly used:

m fuses (cutout) which break the circuit by melting, which then requires their
replacement,

m magnetic trip circuit breakers, often more simply called "magnetic circuit
breakers", which only require re-setting to put them back into service.
Short-circuit protection can also be built-into multifunction devices suchas
motor circuit breakers and contactor-breakers.

The main characteristics of short-circuit protection devices are:

m their breaking capacity: this is the highest prospective short-circuit current
valuethat a protection device can break at a given voltage.

m their making capacity: this is the highest current value that the protection
device can make at its rated voltage in specified conditions.

The making capacity is equal to k times the breaking capacity.

Overload protection
General

An overload condition is the most frequently encountered fault. The symptoms
are a rise in the current drawn by the motor and thermal effects. A rapid return to
normal operating conditions is important.

The actual operating conditions (ambient temperature, operating altitude and type
of standard duty) are essential to determine the operating values of the motor
(power, current) and to be able to select effective overload protection.

These operational values are given by the motor manufacturer.

According to the level required, protection can be provided by :

m overload relays and thermal overload relays (bi-metallic or electronic type) which
protect motors in the event of:
O overload, by monitoring the current drawn by each phase,
O phase imbalance or failure, by their differential mechanism.
m relays with PTC thermistor probes (Positive Temperature Coefficient).
m overtorque relays,
m multifunction relays.
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Over load "Current "relay (OLR - OCR)

Overload relays

These relays protect motors against overload. They must allow the temporary
overload that occurs on starting and must only trip if the starting time is abnormally
long.
The overload relay will be selected according to the length of the starting time
(tripping class) and the motor rating.
These relays have a thermal memory (except for certain electronic overload relays,
indicated by their manufacturers) and can be connected:

m either in series with the load,

m or to current transformers placed in series with the load.

Exceeding the operating limits of an electric motor will lead, eventually, not only to
destruction of the motor itself but also of the mechanisms it drives.

This type of load can be the cause of electrical or mechanical faults.

m Electrical faults:

O overvoltage, voltage drop, imbalance and phase failure which cause variations in
the current drawn,

O short-circuits which can cause the current to reach levels capable of destroying
the load.

m Mechanical faults:

O locked rotor,

O brief or prolonged overload which leads to an increase in the current drawn by
the motor, and therefore overheating.

PLEASE NOTE:
m Electrical equipment should be installed, operated,
serviced, and maintained only by qualified personnel.

I love this sentence
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There are three types of OCR :

1- Thermal OCR 2- Electronic OCR 3- Thermal Electronic OCR
Types of Over Current Relay:

Over current relay is nothing but a relay element which operates when the current
exceeds the pre-set value. The relay trips the associated circuit breaker.
Overcurrent relay protection protects the power systems and its equipments such
as transmission lines, transformers, generators, or motors against short circuits,
ground faults, over loads etc. Let see. The types of over current relay used in

power system Protection.

» Instantaneous over current relay

Definite time over current relay

*®

Inverse time over current relay

Inverse mean time over current relay

Very Inverse time over current relay

Extreme Inverse over current relay

[ 104
vl
©
c
3
8 Definite Time
£
2 IDMT B @ .
E 1+ Distribution
oo
= Ver
® v issi
g Nverse Transmission
Q.
o
. — Instantaneous
0 1 |

10| 100 |
Line Current

| i

Characteristic of Various Overcurrent Relay
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Definite Mean Time over current Relay:

The relay operates when the current exceeds the preset value with the fixed
operating time which means the relay operating time depending upon the time.
The relay does not operate when the fault current is less than preset value and
times. i.e if the current must withstand until the operating time exceeds. These
relays are mainly used in overload operation.

Example: Outgoing & Incoming Feeders, PCC & MCC panels, MCCB & MPCP.

Bi-metallic Thermal over load "current"relay :

OLR With CT
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Description

3-pole thermal overload relays are designed to protect a.c. circuits and motors

against overloads, phase failure, long starting times and prolonged stalling
of the motor.

@
(o]
[]
~N W
=
°$c
|
Z
(7]

—

Adjustment dial Ir.
Test button.
Operation of the Test button allows:

- checking of control circuit wiring,

- simulation of relay tripping (actuates both the N/O and N/C contacts).
Stop button. Actuates the N/C contact; does not affect the N/O contact.
Reset button.

Trip indicator.
Setting locked by sealing the cover.
Selector for manual or automatic reset.

N

~N o gk, Ww
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Bi-metallic thermal overload relays

Combined with a contactor, these relays protect the line and the equipment
against small and prolonged overloads. They must be protected against strong
overcurrent by a circuit breaker or fuses.

These relays may be used on an a.c. or d.c. system and are generally:
m 3-pole,
B compensated, i.e. insensitive to ambient temperature variations,

m with manual or automatic reset,

m graduated with a "motor FLC" scale: allowing direct setting to the
full load current as shown on the motor rating plate.

They can also be sensitive to phase failure: this is known as 'differential’. This
function conforms to standards IEC 60947-4-1 and 60947-6-2.
This type of relay is extremely reliable and is a relatively low cost device.
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Electronic over current

electronic over current relays have been developed to satisfy machine protection requirements.
These relays have definite time characteristics: current threshold and time based function.

They are particularly recommended for providing mechanical protection on machines with high
resistive torque, high inertia and with strong probability of jamming under steady state conditions.
They can be used for motor protection in the case of long starting times or frequent starting.

The relay also incorporates two fixed time protection functions, one of 0.5 seconds
against locked rotor and one of 3 seconds against phase failure.

The relay can be used to provide mechanical shock protection. In this case, setting the
O-Time knob to minimum will ensure tripping in 0.3 seconds.

Applications

The relay is particularly suitable for the following machines:
B Monitoring function for excessively long starting time on machines with a risk of difficult
starting:
o Machines with high resistive torque, high inertia machines.
Monitoring of machines during steady state operation: overtorque detection function
Machines with strong risk of jamming, machines with torque build-up over time,
Mechanical failure monitoring,
Faster detection of malfunctioning on machines where the motor is oversized in relation to its
thermal protection I2t.
Motor protection for specific applications:
Machines with long starting times,
Machines with high on-load factor: more than 30 to 50 starts/hour,
Machine with fluctuating load from a steady state, where the thermal image of a thermal
overload relay (thermal memory) is unsuitable in relation to actual overheating of the motor.
Examples of machines:
o Conveyors, crushers and mixers,
o Fans, pumps and compressors,
o Centrifuges and spin-dryers,
O Presses, shearing machines, saws, broaching machines, sanders and lifting hoists.

ooom

ooom

‘r'{  LOAD(A) D-TIME(s)  O-TIME(s) RESET

0060089
g /
Al A2 95 NC 96 97 NO 98
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Electronic thermal overload relays
Electronic thermal overload relays have the advantage of electronics which
allow a more complex thermal image of the motor to be created.
They can be combined with products having complementary functions, such as:

m temperature sensing via PTC probes,

m protection against jamming and overtorque,
m protection against phase reversal,

m earth fault protection,

m protection against no-load running,

m alarm function.

@ TE
- |
électroniq ique moteu
ey 9.0 9.9
L ECTRONIC MOTOR PROTEL S0 NO NS
- 3 -

==
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Characteristics :

Main

Product or component type Electronic thermal overload relay
Relay application Motor protection

Network type AC

Thermal overload class Class 20 conforming to IEC 60947-4

Thermal protection adjustment range  132...220 A

Complementary

Network frequency 50/60 Hz
Mounting support Direct on contactor
Plate
Tripping threshold 1.12 +/- 0.06 In tripping conforming to IEC 60947-4-1
Surge withstand 4 kV conforming to IEC 61000-4-5
Contacts type and composition 1TNO + 1NC
[Ith] conventional free air thermal current 5 A for control circuit
[Ue] rated operational voltage 1000 V AC 50/60 Hz for power circuit conforming to
VDE 0110 group C
[Ui] rated insulation voltage Power circuit: 1000 V AC conforming to IEC 60947-4
[Uimp] rated impulse withstand voltage IEC 60947-1 8 kV
Phase failure sensitivity Tripping in 4 s +/- 20 % conforming to IEC 60947-4-1
Reset Manual reset on front relay
Control type Dial white full-load current adjustment

Test button red
Push-button reset
Push-button red stop

Local signalling Trip indicator
Temperature compensation -20...70 °C
Current consumption <= 5 mA no-load
Switching capacity for alarm 0...150 mA
Maximum voltage drop <2.5 V closed state
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Environment

Standards IEC 60255-8
EN 60947-4-1
IEC 60255-17
IEC 60947-4-1
VDE 0660
Product certifications CSA
uL
UKCA
Protective treatment TH
IP degree of protection IP20 conforming to IEC 60529
IP20 conforming to VDE 0106
Ambient air temperature for operation -20...55 °C conforming to IEC 60255-8
Ambient air temperature for storage -40...85°C
Operating altitude <= 2000 m without derating
Fire resistance 850 °C conforming to IEC 60695-2-1
Mechanical robustness Shocks: 13 Gn for 11 ms conforming to IEC 60068-2-7
Vibrations 5...300 Hz: 2 Gn conforming to IEC 60068-2-6
Dielectric strength 6 kV 50 Hz conforming to IEC 255-5
Electromagnetic compatibility Resistance to electrostatic discharge: 6 kV in indirect mode conforming to IEC 61000-4-2

Resistance to electrostatic discharge: 8 kV in air conforming to IEC 61000-4-2
Radiated radio-frequency electromagnetic field immunity test: 10 V/m conforming to IEC 61000-4-3
Fast transients immunity test: 2 kV conforming to IEC 61000-4-4

Operation

Because of their two separate time settings, the relay can be combined with the

motor-starter function:

D-Time: starting time, O-Time: trip time during steady state.

The D-Time function is only available during the motor starting phase. During this phase the
overload detection function is inhibited in order to allow starting. Under steady state conditions,
when the motor current is greater than the setting current due to an overload or single-phasing,
the red LED lights up and the internal relay switches its contact after a time preset by the O-Time
knob.

The red LED stays on, indicating that the relay has tripped.

The relays are simple to set, in 5 easy steps:

- Adjust the 3 knobs to maximum (Load, D-Time and O-Time),

- Adjust the D-Time knob to the value corresponding to the motor starting time.

- When the motor reaches steady state, adjust the Load knob (turn the knob counter-clockwise
until the red LED starts to flicker).

- Slowly turn the Load knob clockwise until the LED goes out.

- Set the required tripping time, using the O-Time knob.
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3-phase tripping curves of electronic overload relay
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Protection relay selection table

Motor protection Machine Motor and machine
protection | protection
Relay type Thermal Relays for | Overtorque| TeSys U TeSys T
overload use with relays controller | controller
relay PTC
probes
LR2K, LT3S LR97D, LUTM LTMR
LRD, LT47
LRD3,
LROF,
LR9D™
Causes of overheating @ 2 2 5

Slight overload

Locked rotor

No-load running

Supply phase failure

Ventilation fault

Abnormal temperature rise

Shaft bearing seizure

Insulation fault

Protracted starting time

Severe duty

Voltage variation

Frequency fluctuations

Loss of machine excitation

_ Ideally suited

Possible solution

I:I Not suitable (no protection)

(1) For motor circuit breaker type
(2) Protection based on current.
(3) Protection based on current and voltage.
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Long-Time Over current Protection : ( ANSI 49RMS/51)

Long-time over current protection helps to protect cables, bus bars, and busbar trunking
against overloads, based on the true RMS current.

It is implemented independently for each phase and for the neutral.

This protection function is an over current time-dependent protection with thermal
memory. It operates as a thermal image, using the heating and cooling model of a
conductor.

After tripping, the protection continues to integrate the cooling of the conductor.
This protection function can be used also for transformer or generator protection .

Thermal Image :

The control unit uses the calculation of a thermal image to evaluate the conductor heat rise
and precisely monitor the thermal state of the conductors.

Example:

Comparison of the heat rise calculation without thermal image (diagram A) and with
thermal image (diagram B):

A 0 1 B

Ay

0 Instantaneous current (cyclical) in the load

¥

Ll

=

Pl =k

.\J‘\j

1 Conductor temperature

2 Thermal state calculated without thermal image (diagram A),

with thermal image (diagram B)

3 Long-time over current protection threshold
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- Control unit without thermal image: On each current pulse, the control unit only
considers the thermal effect on the pulse under consideration. No tripping occurs despite
the build-up in conductor heat rise.

- Control unit with thermal image: The control unit adds the thermal effect of successive
current pulses. Tripping occurs based on the actual thermal state of the conductor.

The thermal image function helps to protect cables and bus bars from overheating in case
of low-amplitude repetitive faults. Such faults can be due to repetitive motor starts,
fluctuating load, intermittent ground faults, or subsequent closing after an electrical fault.

Traditional electronic protection does not protect against repetitive faults because the
duration of each overload detected above the threshold setting is too short to trigger
effective tripping. However, each overload involves a temperature rise in the installation.
The cumulative effect of successive overloads can overheat the system.

Thanks to its thermal memory, the thermal image function remembers and integrates
thermal heating caused by each overload detected above the threshold setting:

- Before tripping, the integrated heating value reduces the associated time delay. The
reaction of the control unit is closer to the real heating of the power network system.

- After tripping, the thermal function reduces the time delay when closing the circuit
breaker on an overload.

The thermal memory works whatever the current value. It offers an accurate image of the
cable or busbar thermal status. The time constant is the same for heating and cooling.

Overload (or overtorque) relays

These relays protect the drive line in the event of a locked rotor, seizure or
mechanical shocks. This is an additional protection.

Unlike thermal overload relays, these relays do not have a thermal memory.
They have definite time characteristics (adjustable current threshold

and time delay). The overtorque relay can be used as overload protection
for motors with long starting times or very frequent starting (for example,
lifting hoists).
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Relays for use with PTC thermistor probes

With direct sensing of the stator windings,
these relays can be used to protect motors against:

m overload,

W a rise in ambient temperature,
m a ventilation circuit fault,

m a high starting frequency,

m mechanical shocks, etc.

Multifunction relays

m Overcurrent relays are limited when it is necessary to take into account problems
associated with voltage, temperature or special applications. New production or
maintenance management needs have prompted manufacturers to offer products
which provide not only adaptable protection, but also complete management of the
motor and its load.
They incorporate:

m current and voltage sensors

m hybrid analog and digital electronic technology,

m the use of communication buses for data exchange and control,

m powerful motor modelling algorithms,

m integrated application programs whose parameters can be set.

These products make it possible to reduce installation and operating costs by
reducing maintenance and downtime.

Multifunction relay
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Three-phase Phase-sequence Phase-loss
Relay Using Voltage Detection Method

AR h] Terminal block
B . (See notes 1 and 2.)
OMmRON
PWR
Power indicator D]
RY
Relay status indicator |
3P-Sequence,
Loss Ry
K8AK PH

Ratings and Specifications

Ratings
Rated input voltage 3-phase, 200 to 480 VAC (3-wire)
Input load Approx. 4.1 VA

Phase sequence |[0.1sx005s

Operating time

Phase loss 0.1 s max. (when the voltage changes rapidly from 100% to 0% of rated voltage)
Reset method Automatic reset
Indicators Power (PWR): Green, Relay output (RY): Yellow
Output relays One DPDT relay (NC operation)
Rated load
Resistive load
5 A at 250 VAC
5Aat30VDC
Minimum load: 24 VDC, 4 mA (reference values)
Output relay ratings Mechanical life: 10 million operations min.

Electrical life: 5 A at 250 VAC or 30 VDC: 50,000 operations
3 A at 250 VAC/30 VDC:100,000 operations
1A, cos 6 =0.4 at 250 VAC: 100,000 operations
0.2 A, /R = 100 ms at 48 VDC: 12,000 operations
Recommended fuse: NTOO-6A

AC-12 Ue:250VAC, le5 A
AC-15 Ue:250VAC, le:1 A
Rated operating voltage (Ue) DC-12 Ue:30VDC, le5 A
Rated operating current (le) DC-13 Ue:24VDC, le:09 A
DC-13 Ue:48VDC, le02 A
DC-13 Ue:24VDC, le:0.05 A
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Specifications
Allowable operating voltage range 85% to 110% of rated input voltage
Input voltage range 200 to 480 VAC
Input frequency 50/60 Hz (no presumed range)
Phase loss detection level 80%=10% of rated input
Conforming standards FN sl : . :
nstallation environment (pollution level 2, installation category IIl)
e EMC EN 60947-5-1
standards — _
Safety standards | 052 05 5 No.14. GO, GBIT 140485
Rated insulation voltage 690 V
2,000 VAC for one minute
Dielectric strength Between external terminals and case
Between input terminals and output terminals
Rated impulse withstand voltage 6 kV
Degree of protection IP40 (Terminals: 1P20)
Conditional short-circuit current 1,000 A
Connections

Terminal Diagram

Relay output ¢ - Input voltage
250 VAC, 5 A (resistive load) @ @ @
30 VDC, 5 A (resistive load)

3-phase, O
3-wire

- Relay Output ——— power
supply C |

M L1 L3

Phase-to-phase voltage:
200 to 480 VAC

)
1O
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L1 L2 L3

VA

Voltage input

L1
L2
L3
14 . { 11
|
12 ;
Signal output ?ﬂggts'?nal
24 | 21

22

Load I

L1 P OI [)
3-phase ——
voltage 2 T 0,0

L3 0,0

1
-

OO
e Power supply
- AC/DC
Alarm
load |
OO
OE®
R

ik sl el alal) 5 510!
@



A A 5y - Al jeS Alpa (uiga

=| oaddial) agal) cila gl Blua =

Connections

@®Input

Connect using L1, L2, and L3.
Make sure the phase sequence is wired correctly. The Unit will not
operate normally if the phase sequence is incorrect.

@®Outputs

Terminals 11, 12, and 14 are the output terminals (SPDT) for
overvoltage.
Terminals 21, 22, and 24 are the output terminals (SPDT) for
undervoltage, phase loss, and phase sequence outputs.

* Use the recommended ferrules if you use twisted wires.

e Where: - SPDT — Single Pole Double Throw

- DPDT — Double Pole Double Throw
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Timers
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8 16 A2

Mechanical Timer Electronic Timer Digital Timer
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Function diagrams

< ON-delay (Delay on make)

Timing begins when control supply voltage is applied. When the selected time delay is complete, the output relay energizes.
If control supply voltage is interrupted, the output relay de-energizes and the time delay is reset. Interrupting control supply
voltage before the time delay is complete, resets the time delay. The output relay does not energize.

Control input A1-Y1 is disabled when this function is selected.

A1-A2

15-18
15-16

green LED
red LED

20DC 252 131 FORCE

t = adjusted delay time

BOLEY) Jsmas 3 e 3dla Al any 43 @l g Haliall Juadll Ciiga cany Cus ((OFf delay timer)
Joady & le Lo sacaall Cpe 3 iluialy o gy 438 5 5LEY) Candalil 13 agde 3LEY) clls LS SIS iy g 4)))
CBoLEY) eda J1s 3 ey Jandl (8 ety 4 @l g Jaall 5 L8] e Aliiie 405 zling & 51 138 5 & Al

Bl OFF-delay with auxiliary voltage (Delay on break)

This function requires continuous control supply voltage for timing. Timing is controlled by control input A1-Y1. If the control
input is closed, the output relay energizes. If control input A1-Y1 is opened, the selected time delay starts. When the time
delay is complete, the output relay de-energizes. If control input A1-Y1 is closed before the time delay is complete, the time
delay is reset. Timing starts again when the control input re-opens.

A1-A2
A1-Y1

15-18
15-16

green LED
red LED

T

2C0C 252 132 FO205

| = adjusted delay lime

ik sl el alal) 5 510!
@



A Aa 0 - Al jeS Dl (igs

% oaddial) agal) cila gl Ulua =

Indication of operational states

U: green LED — Control supply voltage applied

R: red LED - Output relay energized

Rotary switch for the preselection of the time range
Rotary switch for the fine adjustment of the time delay

ﬂ Rotary switch for the selection of the timing function

ON-Delay: =], triggering via control supply voltage

OFF-Delay: I, triggering via control input A1-Y1

Pulse former: 111, triggering via control input A1-Y1
Impulse-ON: 1J'1= and control input A1-Y1 jumpered

Flasher starting with ON: I'L and control input A1-Y1 open
Flasher starting with OFF: I'L and control input A1-Y1 jumpered

Electrical connection

Al 15 Y1

A1 15

I | Al-A2 Rated control supply voltage Us: 24-240 V AC
i . | AV Control input

i | | 15-16/18 1 /o (SPDT) contact

1 A2 16 18 1

16 18 A2

Technical diagrams

Load limit curves

v
300 40
V| 200 . /
0.9 Vi
100 . pd
2 |/
40
30 06 pd
20 05
10
0.1 0.2 05 1 2 4 6 10 01 02 03 04 05 06 0.7 08 09 1.0
| ———= A COS () =i
AC load (resistive) Derating factor F for inductive AC load
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Technical data

|

Data at T, = 25 °C and rated values, unless otherwise indicated

Input circuits

Supply circuit

Rated control supply vollage U.; A1-A2

Rated control supply voltage U, lolerance

Rated frequency

Typlcal current / power oonsumptlon 24-240V AC/DC

24 240 V AC/DC

-15 +10%

DC or 50/60 Hz

approx. 1.0-2. OVANV

Control circuit

Control lnput oontrol function Al -Y1 slan Uming extemal
.Kmdo' mggenng .......... el vwag&re'ated
Para1|e| 'oad e e A e e e e s . S
3 Po!anzed S R S A S R RS EE no A S SRR
; Contvrbilvvbvnage potentlal réted controlsuppty voltage
Timing circuit
Tlmeranges 0.05-1 s.05 lOs 5 100s.50 10()0s 05 10min 5- 100mln 0.5- 10h, 5 100h
Recovery tlmew ‘<50ms vvvvv
User interface
Indication of operational states
Control supply voltage U:green LED | I L control supply voltage applied
Relay status R:red LED | I T output relay energized
Output circuit
Kind of output 15-16/18 | relay, 1 c/o (SPDT) contact
Contact material siiver alloy '
Rated operalional voltage Ua 250V
Rated operational current |, ‘ AC-12 (resistive) at 230V | 4 A
: s 15(nmm|ve)at230v' 3A A AV R
DC 12 (resushve) at 24 Vv 4A
DC-13 (inductive) at 24 V | 2 A
AC rating (UL 508) I ' Utilization category B 300
(Control Crcut Ratlng Code)
..... . .max rated operational voltage 300 \Y AC
Maximum oontlnuous thermal current at B300 | 5 A
max maklnglbreaklng apparem power at 8300

Meohafﬂcal metlme

ElecmcaHneume S N e oS5
Maxnmum fuse fatmg to achleve
short-circuit protection

n/c contact

n/o contact

AC 12 230v 4A '

3600 VA / 360 VA
10 X 106 swllchlng cycles

10 A fast
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Measurement instruments and accessories

1- Ammeter 2- Voltmeter 3- Multi meter

4- Signal lamps 5- Selector switches

Sl B (s Lo Lghad (e - Al ) ol 5 el ) il Ui o) 555 a5 g0l 5
" sl enng s il s e 2l (5 Gy e Lgia 5 " Sisal" s el L 5o

A A el Sl ey Sy a Ty len b Ll aaeie s Le i

(V—A— Hz — KVA — KW — KWH — KVAr — KVArh — Cos ® — THD )

Lo ST d8all () 5&5 in Sy La 81 ()5S0 3 g ) ety ol @l 8 Unaldl ds 0 65 0 o agall o) (g
b elld ary Lgle Alaie W) Sy bl Lely satd el il el 848 85 gl 5 Apalaie W)y 3 Lee il 5 (S
genaa Sall g "l Gl Lo JS Y " el g Cldanddly oo il e Jala

) JSaN 8 Tas Aaled) £ LY (e "Accessories” Anb_eSl asill cla gl dalall laalall asg SIS
8ala g il Cun (40 Ly Aal Al Jualéill JS) alaia ) g SIS 5 "Finish” 480 el o) 5ill sl
X5 "Outdoor” sl "Indoor" CsSes a5t da sl S 548 jee A (e Glld dany g Ly Aalal) aiall
Aa )y S il 4Gy pla I a5l da sl s Al as ) e cilialdl g el 3 el aa s s e i Sl
S PWPR RO I WES Y NS PRSP Pl JUHEN FWENE VRPN ] L OV I JUIRENR g SRR

Analogue Voltmeter Analogue Ammeter
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kO w0 (=0 [en e fam Yo e o TN
2 POOoOooo
 lven | ow T Rl [ SR I
M VAr PF  KVArh

o~ 0) =
e T

L) Ean

—sETup—oJ)

V A Hz W vaArva pr

-
A o

7 positions

Digital Multimeter Selector switch

3 positions
Selector switch
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Off pushbutton On pushbutton

Signal lamps
On - Off - Trip

ik sl el alal) 5 510!
@



G Aa py - Al S Alua udige

=| oaddiall agal) cila gl Blua =

Al s JdaeY) - "Electrical faults”

(Over load current) ¢all aall e lall 305 -1
(Short circuit current) kil dad (& las S g ld ) ) (535 Las (aadli 5l jeal Cigas -2
(Terminal voltage) daluall agall ((25a 5 a2e [ (aladdl [ gl )l ) -3
- Y g Aa Y i 8 DA Cagas -4
el Sl D) (uld clalae 8 (il of 28 Cagan —a 505l Jleall A ()50 (e ]
(Electromagnetic interference) dsukhlian 5 58 COAIS 3 g ol daii s I3 dleal) 3 eal Jae -5
R ST EVRSYEN RN
At 400 oSl a5 53l 4 shaias "Cascading” @il s "Discrimination” Jasill iz Lad 3585 p2e -6
Agsthaal) 33 gall Jgea sl ade 5 o la¥) Cppn s Jandl 4 ) i) (o ade ) g2 Laa | Uadll apanaill
= lld g ol oSl 558 s sl Al Ailpall el s gl 5 2l adal dais Jae| Eugan -7
Akl aac -
a5l A jall Cllagall OIS 5 @YY (il yhal Loy ) alSa) (e 2S5 4 ) sall daal all a2e -0
>all s pall Alasa g @ pall sl Gillase Gt & dald 4y jeSl) Sl ol JAdal @l jle o -
(Y — Y — a5l o ) adabie dalisa 3 JSU jai -l 2 L) g5 Lea
Al Sl Cilagall 53 3y 5 Cla gall Cal jhal (g aiadl 3 S oDl ane -
Al eI il s Jaal o 3L st (e a4 jeSh) Jlac W) )5 aal (e Adalil) o3 2a3 Ml
-1 oka) b Uadl) el Ao Judill (U 4y ) 50 dday Jaef Eison -8
el a1 S il Al e o5 -
Lee ) o3 alitiay AL 5o OIS 5 LY paadl danlie e 4l sa -0
Ay A Glaia) g ild g Al Cilegall (e Yo cla oIl S 55 Ailega -
e Apalie Cag ok (8 Jeall 40 4y 5ol Cilagall drs (8 L sagll 2y "Derating” b iz e igas -9

(ol e e g LY — gl day — Al ) — daial) — amall ) all) Aadle e Jie daiSle
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Causes, effects and consequences of various faults

There are two types of fault:

m Internal faults within the motor

s Al sl JUasd) | Je Ui

m External faults: these are located outside the electric motor but their

consequences can lead to damage inside the motor.

Faults Causes Effects Consequences on the motor and on the
machine

Short-circuit Contact between several phases, or |m Current peak Destruction of windings
between one phase and neutral or | m Electrodynamic forces on the
between several turns of the same conductors
phase.

Overvoltage m Lightning Dielectric breakdown in the windings Destruction of the windings due to loss
m Electrostatic discharge of insulation
m Operation

Phase imbalance
and phase failure

m Opening of a phase

m Single-phase load upstream of the
motor

m Short-circuit between the turns of
the same winding

m Reduction of usable torque, efficiency
and speed

m Increase in losses

m Starting impossible if phase failure

Overheating "

High starting
frequency

m Failure of the automation system

m Too many manual control
operations

m Numerous fault trips

High stator and rotor temperature rise
due to the frequent start current

Overheating
Consequences on the process

Voltage variations

m Instability of the mains voltage
m Connection of heavy loads

m Reduction of usable torque
m Increase in losses

Overheating

Harmonics m Pollution of the mains supply by m Reduction of usable torque Overheating "
variable speed drives, inverters, etc. | m Increase in losses
Long B Resistive torque too high (load too | Increase in starting time Overheating
starting time heavy)
m Voltage drop
Jamming m Mechanical problem (crusher) Overcurrent Overheating "

m Seizures

Consequences on the process

No-load running

m Pump running empty
m Mechanical break in drive to the
load

Drop in current drawn

Consequences on the process

Frequency m Overload of a supply powered by |m Increase in losses -
fluctuations limited independent sources m Interferes with synchronous devices
m Faulty alternator speed regulator (clock, recorder, ...)
Overload m Increase in resistive torque Increase in current consumption Overheating "

m Voltage drop
m Drop in power factor

Loss of machine
excitation

m Significant drop in excitation
current
m Break in rotor winding

m Increase in active power
m Drop in power factor

Significant overheating of rotor and cage

Phase-Earth fault

m Accidental Phase-Earth contacts
m Accidental Phase-machine casing
contacts (casing connected to earth)

m Overvoltage developed in the mains
supply

m Rise in earth potential (safety of
persons)

Consequences on safety of persons

(1) Then, in the longer or shorter term, depending on the seriousness of the fault and/or its frequency, short-circuit and destruction of the winding.
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VisiogVlission and Values

Akl o LAl 5 oS al) Ay o<t JUae ) AN JLie) A Lgaua g caag AN cLEY) aal cra Ml g
- 52 addial) agall g e cla gl da U Abpall Jany
"l 3"

MGl oY) Ldad) 5 laye

"\ /

byl il (524
59203 g SN (o0 ggal) Aokl 8131 315 e
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Sl giw uad 8 B Y JaY) dagh i gl alas o B Le 1 Ay
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