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* General
° Type
* Selectivity (Coordination)
* Setting

P> atnvaNdlnngae (Panelboard)

» szauduUn15U89nU (Ingress Protection , IP)
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1171337 Circuit Breaker

2.8, wuzbildeunininsgiu IEC wiadu
1. IEC 898 %38 IEC 60898

- §msuTIvagade uax 9113l ilueunsaldaiuavestes (Branch
Circuit)

2. IEC 947-2 %58 IEC 60947-2
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CIRCUIT BREAKER Indeed:=

IEC 60898 IEC 60947-2
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User Residential Factory
Rate voltage <440 Vac < 1,000 Vac
Min=6 A By the
Rate current
Max =125 A manufacturer
Ul:;lmal’:fa short urcmt lcu - len By the
t
rea mli:apam ¥ (1.5 kA - 25 kA) manufacturer
Service short circuit
breaking capacity 05-10Ilcu 025-10Icu
Ics
Thermal Trip 113In-145In 105In-1301In
B:Trip>3-51In
. By the
Magnetic Trip C:Trip>5-101In y
manufacturer

D:Trip >10-201In
- e . &« @ @
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Table 7 - Time-current operating characteristics I[P~ £()QQQ

Ind

Indeed Intelli

Test Test Initial Limits Result
Test | Type | current | current | condition of tripping or to be Remarks
a.c. d.c. non-tripping time obtained
a |B,C |[113], Cold* tz1h(l,s63A) No tripping
I t=2h(l,>63A)
b {B,C [145], Immediately [£<1h (I, <63 A) Tripping Current steadily
following t<2h(l,>63A) increased
test a within 5 s
h———_—————_—_-l—_
¢ |B.C |2551, Cold* 1s<t<B0s(/,s32A) Tripping
1s<t<120s (I, > 32 A)
d |B 31, 4, Cold* 01<t<d5s(l,<32A) Tripping Current
c 01<t<90s(l,>32A) alstﬂ_blishad by
5 1 71, 0.1 <t<15s (I, <32A) closing an
01 <t<30s(, >32A) auxiliary switch
e |B S Ih 71, Cold* t<0,1s Tripping Current
C 10 I, 151, established by
closing an
auxiliary switch
* The term "cold® means without previous loading, at the reference calibration t‘ﬂg?;f%tﬂﬁr.ﬁmsqg e sin ArDE (1o




b) Opening under overload conditions

1) Instantaneous or definite time-delay operation I EC 60947' 2 Inde

The release shall cause tripping of the circuit-breaker with an accuracy of +10 % of the

tripping current value of the current setting for all values of current settng of the overload
release.

2) Inverse time-delay operation
Conventional values for inverse time-delay operation are given in table 6.

At the reference temperature (see 4.7.3) and at 1,05 times the current setting (see 2.4.37
of Part 1), i.e. with the conventional non-tripping current (see 2.5.30 of Part 1), the opening
release being energized on all phase poles, irppi Il no ' ss than

conventional time (see 2.5.30 of Part 1) from the cold state, 1.e. with the circuit-breaker at
the reference temperature.

Moreover, when at the end of the conventional time the value of current is immedi

raised to 1,30 times the current setting, i.e. with the conventional tripping current (see
2.5.31 of Part 1), tripping shall then occur in less than the conventional time |ater.

NOTE The reference temperature is the ambient air temperature on which the time-current characteristic of the
circuit-breaker is based.

Table 6.~ Characteristics of the opening operation of inverse time-delay over-current
opening releases at the reference temperature

All poles loaded Conventional time

— -

Conventional non-tripping Conventional tripping current h
current

1,05 times current setting 1,30 times current setting ) 2"

* 1 hourwhen!/ <63 A
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Cholce of rated current in terms of ambient temperature

iCH0a, iCH0H: curve C. ICEOj- s B and C (reference temperatura: 30 *C)

The rated current of a circuit-breaker i defined for operation at a given ambient Rating (A) |20°C |25°C a5:c |40°C |45°C |50°C |55°C |60 °C
temperature, in general. 1 105 |1.02 po8 |085 [os3 |oso |ose |oss
m 30 “C for domestic-type CBs 2 208 |204 106 [182 [188 184 [180 [1.74
m 40 °C for industrial-type CBs 3 318 |3.00 201 (282 270 |261 |240 |237

_ ) . _ 4 424  |4.12 388 (376 (384 (352 (336 |3
Performance of these CBs in a different ambient temperature depends mainly on the 3 524 1612 BB |576 |568 1552 |540 |5.30
technology of their tripping units (see Fig. H40). 10 106 | 10.3 070|930 |9.00 |860 |B20 |7.80

16 168 |165 155 [152 147 [142 [138 [135

Uncompensated thermal magnetic tripping units o= =0 1205 a4 Tio0 Ties 78 1174 Tiss
Circuit-breakers with uncompensated thermal tripping elements have a tripping- 25 262 257 242 1237 (230 (222 |15 207
current level that depends on the sumounding temperature. If the CB is installed 32 335  |328 14 304 (208 (284 |282 4735
in an enclosure, or in a hot location (boiler room, etc.), the current required to trip 40 420 1412 388 [380 (368 1356 |344 1333
the CB on overload will be sensibly reduced. When the temperature in which the 22 = o B
CB is located exceeds its reference temperature, it will therefore be “derated”. For - - ' - . : - :
this reason, CB manufacturers provide tables which indicate factors to apply at Compact NSX108-230 equippment with TM-D or THLG trip units

temperatures different to the CB reference temperature. It may be noted from typical Reting | Temperature (°C)

() 10 |15 |20 |25 |30 |35 45 |50 |55 |60 |65 |70
examples of such tables-_[s&e Fig. H41) that a lower temperature than the reference b 184 1187118 |18 |17 |66 1561152 | 148 | 145 14 | 138
value produces an up-rating of the CB. Moreover, small modular-type CBs mounted 55 288 |28 | 275 |25 |26.3|256 245)| 24 |235|23 |22 |21
in juxtaposition, as shown typically in Figure H27, are usually mounted in a small 32 6.8 |36 | 35.2 | 34.4 | 33.8 | 32.8 31.3| 30530 |205|20 |28.5
closed metal case. In this situation, mutual heating, when passing normal load 40 46 (45 [44 [43 [42 [41 30 |38 |37 |38 [35 |34
currents, generally requires them to be derated by a factor of 0.8. 50 575 |58 |55 |54 |525](51 40 |48 [47 |46 |45 |44
E 72 |71 |60 |68 |68 |65 61560 |58 |57 |55 |54

o - Y A . S le g2 |oo |BE B |84 |82 78 |78 |74 |72 |70 |68

M AN LY UNURATRINABUUINNINNFDUDYNIINNIUA A | 100 115 | 113 [110 | 108 | 105 103 97505 02500 [ar5]es
v o 125 144 141 [138 [ 134 [131 | 128 122 | 118 | 116 | 112 | 100 | 1086

A9 lUAIAIaNSAMLNNINDUSUAINAAYDY CB THanAasniunsng | 152 184 1180 |176 |172 | 168 | 164 156 | 152 | 148 | 144 [ 140 | 135
Y Y Y 200 230 | 225 |220 |215 | 210 | 205 195 | 190 | 185 | 180 | 175 | 170

S989 250 288 | 281 | 277 | 260 | 263 | 256 744 | 238 | 231 | 225 | 210 | 213

n3sal CB fnndluwndlil § Load Center MUnafinTndsaziinainudoy | ¢ Electrical installation guide 2016
v According to IEC international stang

D.

o o a . : g Schneider Electric S.A
Tuarsiuaulalgruuni uwuzinlvldfAAUAAN 0.8
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1. Short-circuit

2. Overload
UsgLNNNISNI9IUV049 Circuit Breaker

1. Thermal Trip

2. Magnetic Trip

3. Thermal - Magnetic Trip
4. Solid State Trip
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Thermal Trip
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Magnetic Trip

P n1snsulaggunvauInLstian
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latch contact

®) |_|f"

current out

Fir.

spring
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conductor
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Load
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Thermal - Magnetic Trip

Magnetic element

= [ VIARAY

Trip bar

.Latch

contacts
closed

Line

(SS S S S AL SS LSS ISNSSSSSSSSS N
VP TITETEFIFIITITIIIIN

Bimetal
element

(a)

Load
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Solid State Trip

P 111293591 aAansatindunldsiunuigasnausnLney
P HanzigasnaLusNNasUUIA el

P drursausunsansenansy wvineulugnusnggla
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aunsaivaInuNsEHaNY (S2UUKIINN)

Circuit Breaker

CB a4 IEC 60947-2

* Air Circuit Breaker (ACB)

* Molded Case Circuit Breaker (MCCB)
CB a1 IEC 60898

* Miniature Circuit Breaker (MCB)

YIYTUSH
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cxmiat - |EC Standard Definitions for CBs

SS (IEC 60947)

» Moulded case circuit breaker: a Circuit-Breaker havi

supporting housing of moulding insulating material for
an integral part of the Circuit-Breaker (IEC 60947-2 def.

» Air circuit breaker: a circuit-breaker in which the contact
open and close in air at atmospheric pressure (IEC 609}7-

def. 2.7) [a Circuit-Breaker having a supporting housing of
moulding insulating material and a metallic frame formi
an integral part of the Circuit-Breaker]

YIYTUSH
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R, Air Circuit Breaker (ACB)

<

> deuldiduaunsaitasnu gty

9q

=

» JUu1nng 6300 A
P 51A1ES
» 1919%1a Fixed Type taz With Draw able (Draw Out Type)

» wnanszud (IEC 60947-2) 630, 1,000, 1,250, 1,600, 2,000, 2,500,
3,200,4,000, 5,000 taz 6,300 AF

P> ARANSELEaN2935 65, 85, 100 uaz 130 kA (#i 500 VAC)
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ACB d1415aLUNBUANIUNISAANILG 2 YUA A

1) suufinasdadinduil ( Fixed Type )

AnaaliRANU Main Circuit IneBnafindigangoeg1audause LIa1nanaaninagouy
v o/ v
gnanulnazldiianunn
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ACB d14150LUNBUANIUNISANNILA 2 BUA A

2) uvumvaanla With Drawable (Draw Out Type)

¥
(%4

fAnneuulassastaaunaiursataauluniustamaseuly dqudunavas ACB AU Main
edaaduuuntasnalin IsauNENLUULLY Feazrinlrnszugdursaluanulaazan

1 o

FaUUI3 ACB wuuill vildazaansaaauazaiuisaanaainisaulniila
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Air Circuit Breaker

Inde

. Control terminal
block

. Front cover

. Trip button

. On/Off indicator
. Charging
indicator

. Arc extinguishing
chamber

. Main frame

. Close button

Indeed Intelligence

Cr.ua.W1NoasLs6

. Auto connector
17.
18.
19.
20.
21.
22.

19

9. Safety shutter
10. Shutter release lever
11. Drawout lever

12. Drawout rail

13. Drawout handle

14. Drawout locking

15. Drawout position indicator

20

21

22
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23

Trip locking ;
Digital control unit
Lifting hook hole
Automatic trip
Charging handle
Auxiliary rail

WIBSUSH WIULAeYS9E 2Wn.818/ ACPE 01242-TH




Air Circuit Breaker (ACB)
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Molded Case Circuit Breaker (MCCB)
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Molded Case Circuit Breaker (MCCB)

P uuan1sIueaniu 2 wuu

1.Thermal Trip

2. Solid State Trip

%4
(%4

ANSLLUU 1P / 2P / 3P
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I \iolded Case Circuit Breaker (MCCB)

» Houlduniign
P Jasnuarowy dredau waz293589e
P dnansvun lvitean iy

> ANANTEUAANATHINDEAUATS

P s1a1launennnin

b Afanseua (EC 60947-2) 100-630 AF lumanaunsdviaiiae
1,600 AF %58 2,500 AF

> ANANSTLAANI9RS 18, 25, 30, 36, 50, 70 Lhag 85 kA
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T, Miniature Circuit Breaker (MCB)
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e, Miniature Circuit Breaker (MCB)

P dsulddasnuanseaseoy

» 51190
> AnA9lULHIAIUANIITTE DY
> Anenszudldey (in) - 6 - 125 A

P Ananseuaana9as (Icn) 3 - 25 kA (Hauly 5 kA wag 10 kA)
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Miniature Circuit Breaker (MCB)

* IEC 60898
* IEC 60947-2

GEN THAI
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Consumer Unit
Load Center
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(Circuit Breaker)

- |EC Standard Definitions for CBs (IEC
60947) - Ratings
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IEC Standard Definitions for CBs Inde
RIS (I EC 609 47) - Rati ngs

GEN THAI

AMNNAVBY Circuit Breaker

» Rated operational voltage (Ue)

» Rated current (In) or Ampere Trip (AT)
» Frame-size rating (Iu) or Ampere Frame (AF)
P Overload relay trip-current setting (Irth or Ir)

P Short-circuit relay trip-current setting (Im)

» Rated short-circuit breaking capacity (Icu or lcn)

» Service Short Circuit breaking capacity (lcs)

» Rated short-time withstand current of a circuit-breaker (Icw)

UNYTUINA
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|[EC Standard Definitions for CBs

(IEC 60947) - Ratings

Rated operational voltage (U,):
a rated operational voltage of an equipment is a value
of voltage which, combined with a rated operational
current, determines the application of the equipment
and to which the relevant tests and the utilization
categories are referred
(IEC 60947-1 def. 4.3.1.1)

U, <1000 Vac / 1500 Vdc

YIYTUSH



m Inde

|IEC Standard Definitions for CBs
(IEC 60947) - Ratings

Rated operational voltage (Ue)

WuAussnuinaves CB Nieanuuulilildauldluaninzuni Tnalydl
n155UNUTA9 1wy a15luin Wudu Tnenqly wseunnaagidu 415 V
w39 240 V %3 anufignannmun neiiduluanuunnsgiu
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m Inde

T ETTTN |[EC Standard Definitions for CBs
IEC 60947) - Ratings

Rated Current (In) or Ampere Trip (AT)

P Wnanszie handle rating %38 Rated Current (In) &suanlvizdnanunsany
nszualdauluy 219:Und lagegawinle

> Snuansanldil name plate Wiadulenvaausnines

» Overload relay trip-current setting (Irth or Ir)
nszuageaATiuFURsTH Thermal-Trip Tnesialuazudusisii 0.7-1.0 In

» Short-circuit relay trip-current setting (Im)

ANsEuadan29asiin1i Magnetic Trip vas CB 1191 Jusgiudszian:
CB (B,C,D s14 IEC 60898)
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|EC Standard Definitions for CBs
(IEC 60947) - Ratings

Frame Size Rating or Ampere Frame (AF)

P Anansnunseua(ldau)gedn (lu) vaausanasluguuu
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P 19a3AAUSNNBINNYUIN AF HgINy ALdVRIalR (1319 x 8717 X §9)
Winny

P d@runsaJagunnn Ampere Trip lalagivuin (36) U99LUSANDSEIAS

WILAU

Cr.Electrical installation guide According to IEC international standards 2016 Edition, Schneider electric* WYBUIA
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|EC Standard Definitions for CBs
(IEC 60947) - Ratings

» Rated short-circuit breaking capacity (Icu or Icn)

GEN THAI

idaetuflsinwiing
ERATOR ASSOCIATI

WNANIINUNTEUEAN9TTFAlneUaanABYBLUIANB TN Y UNANIUUAAINITN
nzuadu kA.

» Rated short-time withstand current (lcw)

(o %4 (o]

ANIEUEAN29AEeEAdMIUUIAINaIYlia B (Category B) fisnunsanulavienasin

UNNL,AUAU KAZ AIULATYAIINEUINLIANTIINATUY Taendsiutaelildend

9q U
' =%

Y9919 He AUNLTNURRERNTEY el azaunsadFuRsAiawlanla

Cr.Electrical installation guide According to IEC international standards 2016 Edition, Schneider electric* WYBUIA
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cexman |EC Standard Definitions for CBs

(IEC 60947) - Ratings
Ultimate Short Circuit breaking capacity (l_,):

breaking capacity for which the prescribed conditions according
to a specified test sequence do not include the capability of the

C.B. to carry its rated current continuously
(IEC 60947-2 def. 4.3.5.2.1)

Test sequence:

-0 -3 min - CO

- dielectric withstand at 2 - Ue

- verification of overload release at 2.5 - I;

Where:
O: Tripping of the circuit breaker under short circuit condition.
CO: Closing by the contactor under short circuit condition and tripping of the CB.

YIYTUSH



m IEC Standard Definitions for CBs Inde

GEN THAI

e, ( I EC 6 0 9 4 7 ) - Rati n gS

Rated short-time withstand current of a circuit-breaker

is the value of short-time withstand current assigned to that CB by the
manufacturer under specified test conditions. (IEC 60947-2 def. 4.3.5.5

It must be stated when the CB is classified in category B and its value m
be greater than (IEC 60947-2 table 3) :

|, < 2500A => the greater value between 12 |, and 5 kA

1,>2500A => 30 kA
Category B

Circuit-breakers specifically for selectivity in short circuit conditions in relation to other
protection devices in load-side series, i.e. with an intentional delay (adjustable) applicable in
short circuit conditions. These circuit-breakers do have a specified rated short-time current.

(IEC 60947-2 table 4)

YoFuse nsnuisaE 27mn. 818/ ACPE
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|EC Standard Definitions for CBs
(IEC 60947) - Ratings

» Rated service short-circuit breaking capacity (lcs)
Juaruanliiiniliausanailand9asnasanniiani1sand9asngs
LINUAT LUTALNDIAIUUIZEIUITANUNTZUEAN293T TUATIanlUlaLvn

a = I = % 1 < f < ¢ 1 1
wunsalilagiieunuan Icu  1agssyllulasiduavuaea lcu o
25,50,75 way 100%

asarsloudt wunnFu avuiil dguigu-damau 2000 luase schneider electric* PRELHY



Inde

m |[EC Standard Definitions for CBs
(IEC 60947) - Ratings

Service Short Circuit breaking capacity (l..):
breaking capacity for which the prescribed conditions according to a spe
test sequence include the capability of the C.B. to carry its rated current
continuously. (IEC 60947-2 def. 4.3.5.2.2)

The | is expressed as a % (25%,50%,75%,100%) of the I,

Test sequence:

-0 -3 min-CO -3 min - CO

- dielectric withstand at 2 - Ue

- verification of temperature rise at |l

- verification of overload release at 1.45 - I,
- operational performance capability

Where:
O: Tripping of the circuit breaker under short circuit condition.
CO: Closing by the contactor under short circuit condition and tripping of the CB.

YIYTUSH
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Performance curve of a circuit-breaker
electronic protective scheme

Ir: Overload (thermal or long-delay) relay trip-current
setting

Im: Short-circuit (magnetic or short-delay) relay trip-
current setting

li: Short-circuit instantaneous relay trip-current setting.
Icu: Breaking capacity

r. m H [V
Cr.Electrical installation guide According to /!’k intematior!&l‘!tondards 2016 Edition, Schneider electric* UNYTHTA ]
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m |[EC Standard Definitions for CBs

Lol ol (IE C 609 47) - R ati n g S
Rated Short Circuit making capacity (I.,):

making capacity for which the prescribed conditions according to a specifi
sequence include the capability of the C.B. to make the current correspond
that rated capacity at the appropriate applied voltage (IEC 60947-2 def. 4.3.

IEC 60947-2 tab. 2

Table 2 - Ratio n between short-circuit making capacity and short-circuit
breaking capacity and related power factor (for a.c. circuit-breakers)

Short-circuit breaking capacity / Minimum value required for n /
Power factor ne short-circuit making capacity
kA r.m.s. ~  short-circuit breaking capacity
45 £/ < 6 0,7 1,5
E <1210 0,5 1.7
10 <1220 0,3 2.0
20 < <50 0,25 21
50 < | 0,2 2.2

NOTE - For values of breaking capacity lower than 4.5 kA, for certain applications, see table 11 for the power
factor.

YoFusn WU
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lem VS. |,

Sometimes in installations with peak value (l;) greater than the
by the IEC Standard (usually near to the transformer and/or gene
necessary to take into account the rated short-circuit making capa
circuit-breakers (l.,) in order to verify that:

| <1

p— 'cm

e.g. the short-circuit current of the plant is I_. = 75kA ;
the used circuit breaker has an |, = 75 kA;
according to Table 2, cos¢,=0.2 and n=2.2so |, =n x|, = 165 kA

If the coso, of the plant is equal to 0.16 (lower than the standard prescribed value) the
evaluated Ip = 175 kA

Since Ip > lcm the CB selected is not correct. A CB with a greater value of Icu (lcu >175/2.2 =
80 kA ) shall be used in order to have an Icm value suitable to the peak current of the plant

YIYTUSH
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IEC Standard Definitions for CBs
(IEC 60947) - Ratings

Rated insulation voltage (U;):
is the value voltage to which dielectric tests and creepage distances

are referred. The highest value of Ue is considered for equipments not
having a specified Ui. (IEC 60947-1 def. 4.3.1.2) [U, < U]

Rated Impulse Withstand Voltage (U;,,,):

The peak value of an impulse voltage of prescribed form and polarity
(1.2/50us) which the equipment is capable of withstanding without failure
under specified conditions of test and to which the values of the

clearances distances are referred.
(IEC 60947-1 def. 4.3.1.3)[U.., > Transient Plant Overvoltage]

imp =
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Surge Characteristic Curve
A y i
1.0 fl‘ 1.0
0.9 0.9
u
U
0.5 0.5
0.3
0.1
0.0 77,3 i ~ 0.0
_ 50 | s 720 s

Surge-voltage impulse 1.2/50 ps

Inde

Surge-current imp
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|IEC Standard Definitions for CBs (IEC 6094

Table 44B — Required rated impulse withstand voltage of equipment

Nominal voltage
of the installation *

Required impulse withstand voltage for

y kY
Three-phase Single-phase Equipment at Equipment of Appliances Specially
systems b systems with the origin of distribution and protected
middle point the installation final circuits equipment
(impulse (impulse (impulse (impulse
withstand withstand withstand withstand
category V) category lll) category Il) category 1)
— 120-240 4 2.5 1.5 0,8
230/400 " - 6 4 2,5 1,5
277/480 ®
400/280 — 8 & 4 2.5
1 000 - Values subject to system engineers

According to IEC 60038,
b In Canada and USA for voltages to earth higher than 300 V, the impulse withstand voltage
corresponding to the next higher voltage in column one applies.

Category | 1s addressed to particular equipment engineering.
Category Il is addressed to product committees for equipment for connection to the mains.
Category Il is addressed to product committees of installation material and some special product committees
Category IV is addressed to supply authorities and system engineers (see also 443.2.2).

)
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IEC Standard Definitions for CBs (IEC 60947) - Rati

Tmax T2L 160 | I'=160A Ue=690V Ui=800V Uimp=8kV j IEC 60947-2

Ue (V) 230]400/415|440(5001690] 250 | 500 | Madein ltaly
lcu (KA by ABB SACE
Ics (% lcu)

CatA "\ 50-60Hz 2R —re P C G
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=% |EC Standard Definitions for CBs (IEC 60947) - Rat

| - lu=3200A Ue=690V
SACE I:3N 32 |2W=55KAX$

230]415 |440{500{690250

j

(KA)
kA
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(Circuit Breaker)

- |EC Standard Definitions for CBs
(IEC 60947) - CB Curve
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* IEC 60898 / [EC 60947-2 (Modular Type) Type B, C, D
Type B AANUN N > 3-51n

Type C AANUY i > 5-101In
Type D fnsiufi 1 > 10 - 20 In

* IEC 60947-2 - AMviualagpndndl 2 ngu (Category) A,B
Category A Waindn19a5 magnetic trip azvinauviufilaglifingaaaan
Toenaluaznwuluy MCCB (Limanzfiaziitunyin Coordination)

Category B 9zin19112417a111AAN15aA 295NN T21Laan 29958914
(lcw) agwulu ACB wag MCCB adlueiq (wangiazidiunia Co
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YaannsealWwAun

UFTLnN S . ..
UNIIRANUY]

B >3 095 n
C >5ln 04910 n
D > 10 ln 919 20 In

r.UR.WIIND5L5H

S18azLRgnYadtdulag (curve) B, C, D

n1s5u1 U9 u

d195u9asinianladfinszualn
n52lun 1139 LE5aINTD
d195u12995 N ne1asnsealn

nszlun iy lWnaedging uatnas
UIALAN LASDIUSUBINTA

d1915u29astnndnszualnnszlun
89 LW n3eYaN Wudy
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tA th
| Cable or 12t
Design l Cable or I%t . characteristic
current : characteristic :
| |
| |
| |
: | Furse time-current
\ ! Circuit breaker | | curve
Transient time-current Transient™S_
overload |~ curve overload :
] |
o | |
| | ,
| 1 I I
|l \l\l | |
T o BC T ! ! =
g Ir Iz SC ; ;

Ind

. . _ _ . Fig. 4 : Circuit protection using an aM fuse.
Fig. 3 : Circuit protection using a circuit breaker.
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GEN THAI CBI : a2 Miaan CB NMumnaaa g g@ﬂ'n
S : AN Full load ¥0mdindimuadmion ua
) -~ a '
: ‘a o Ao ilonomaiiimngm nszumezgads 57 i
; wnAeInAININe i NAna1¥ e 25
- Ay namai o nilaaaridi
nm e i Magnetic trip function
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CB2 : i N1idan CB MNAAARI a1
¢ ¢ b Fa il
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Cr.Electrical installation guide According to IEC international standards 2016 Edition, Schneider electric* WYBUIA
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Selectivity definitions & standards

Agenda

—-Definitions & Standards
—Selectivity Techniques
—Back-Up Protection
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Ty Co-ordination definitions as Inde
GENT}{&I IEC 6 O 9 4 7 - 1 - 2

Over-current protective co-ordination of over-current protective devices:
Co-ordination of two or more over-current protective devices in series to ensure overcurrent
discrimination (selectivity) and/or back-up protectlon
“n7ﬁflwvmlizmunwz/a\vmln5mz’7a\7nun5sumnuwyn7manwwuauni.1/ F19ULeT 2 °2f¢7°z/uZz/ wa isiulalddrdnasuensuvinunsalifanseus

1A uag/vse din1sasasnisilavnuagiuainy”

Over- current discrimination

Co-ordination of the operating characteristics of two or more over-current protective devices such
that, on the incidence of over-currents within stated limits, the device intended to operate within
these limits does so, while the other(s) does (do) not.

“ﬁmzwumfadn75%707uﬂsza7unuwadaﬂn'5mz7mnumzm 2 WWZU Tunsalishianssuasiunielddasiiaimmun Tmfm?waﬂn'a‘wﬂwn'mum

13vi197u aunsalbuiiviaalaiviieu”

Back-up protection

Over-current co-ordination of two over-current protective devices in series where the protective
device, generally but not necessarily on the supply side, effects the over-current protection with or
without the assistance of the other protective device and prevents any excessive stress on the latter.
“N15N 19 IUUsEE1UAUNTELAAN TS umnuwaaaﬂnsmz’]mnwmanuu/uaun5&/ 2 m&?afmmalduma vagidarelnualugnuduile fm&/waﬂnm!

Hovrusanarsvedadaulunisdosiunseuaiiy Fave vdin159eimaevingUnsaidasnudnyavselsinniu uazvnisdowiunaidelng auaruin 42

demy

telligence

a7nmsmmmnns::umnuuulm’?um&mm 7 WsUTR Wiy SeE 29n.818/ ACPE 01242-TH
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Selectivity (Co-ordination) scope

GEN THAI
G Aalwrlne

| NEHEnsurlng safety
» Identifying and excluding the only zone involved by the problem
= Limiting the fault effects on other undamaged parts of the install
m Limiting stresses on components and damages to the affected zon
m Guaranteeing service continuity

m Guaranteeing an adequate replacement

Reaching a good compromise between RELIABILITY

m Supplying personnel and management system with a clear situatikin

SIMPLICITY

ECONOMY

YIYTUSH
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Selectivity definitions & standards

What is selectivity?
Selectivity (or discrimination)

* is a type of coordination of two or
more protective devices in series.

» Selectivity is done between one
circuit breaker on the supply side
and one circuit breaker, or more
than one, on the load side.

A is the supply side
breaker (or upstream

B and C are the lo
breakers (or dow

YIYTUSH
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Selectivity definitions & standards

Philosophy behind selectivity

* Reduce the stress & prevent further damage to the syste

* Minimize the area and duration of the power loss.

-REDUCTION FAULT CONTINUITY o-\

Fast fault elimination Better selectivi

YIYTUSH
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Selectivity definitions & standards

Main purposes of selectivity

Selective coordination among devices is fundamental for economical
technical reasons

It is studied in order to:
« Rapidly identify the area involved in the problem;
* Contain the effects of a fault by isolating just the affected zone of the ne

* Preserve the continuity of service and good power quality to the sound pa

the network;

* Provide a quick and precise identification of the fault to the personn
of maintenance or to management system, in order to restore the s
rapidly as possible;

Achieve a valid compromise between reliability, simplicity and

YIYTUSH
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Selectivity definitions & standards

Definition of selectivity

IEC 60947-1 Standard: “Low voltage equipment IEC 60947-1

Part 1: General rules for low voltage equipment”  def. 2.5.23

“Trip selectivity (for overcurrent) is a coordination between the opera
characteristics of two or more overcurrent protection devices, so th
when an overcurrent within established limits occurs, the device desti
to operate within those limits trips whereas the others do not trip”

“nsidentanieas (nsalnszuainu) vasgunsallasny unisuszaunuvesnaauiavasgunsalaaus 2
inanszuanunigluninmuald gunsaldesiuvalenie (yaveglnagainmaign) azAaei1eu (U
Jo91ndy dugunsalyndug velsivinery (Uana9as)”
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[ﬂ Low voltage selectivity "™

Selectivity definitions & standards

Example

If selectivity is provided

 When a fault occurs ( Overload or 200V
Short-circuit) |
* The protection device closes to the ‘\. ‘\,

fault opens. szv
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Selectivity definitions & standards

Example
If selectivity is NOT provided

* When a fault occurs ( Overload or Short-circuit)

« Both the upstream & downstream protection
devices could open.

The whole system will be out of service

400V

‘\

|=

T

W
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Selectivity definitions & standards

Example
If selectivity is NOT provided

* When a fault occurs (Overload or Short-circuit)

e The upstream device could open first before
any other devices open.

The whole system will be out of service

YIYTUSH
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Selectivity definitions & standards

Partial & Total selectivity

l . IEC 60947-2
def. 2.17.2 - 2.17.3

A and B connected in series:

\ partial selectivity and total selectivity.

YIYTUSH
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Selectivity definitions & standards

Partial selectivity

“Partial selectivity is an overcurrent selectivity
where, in the presence of two protection devices
against overcurrent in series, the load side
protection device carries out the protection up to
a given level of overcurrent, without making the
other device trip.”

* B opens only according to fault current lower
than a certain current value;

* values equal or greater than I, will give the trip
of both A and B.

Is = ImA

Inde

| is the ultimate
selectivity value!

YIYTUSH
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Selectivity definitions & standards

Total selectivity

“Total selectivity is an overcurrent selectivity
where, in the presence of two protection
devices against overcurrent in series, the
load side protection device carries out the
protection without making the other device
trip.”

|, is the ultimate

* Only B trips for every current value lower or selectivity value!
equal to the maximum short-circuit

current..

YIYTUSH
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Selectivity definitions & standards

Time-Current Curves Overload Zone = In + 8-10In

10
Overload Zone b

1035

1025

« Thermal Protection

« L Protection 105

1s

Time-Current selectivity 10°%s
10-25

YIYTUSH
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Selectivity definitions & standards

Time-Current Curves

Short-Circuit Zone

* Magnetic protection
S, D, | & EF Protection

Current, Time, Energy, Zone, Directional
& Zone Directional Selectivity

Short-circuit Zone = > 8-10In

Inde

104s

10%s

102s RN

H._\
Ny
h‘k

10s

1s

10-1=

10-25

0.TkA
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Selectivity definitions & standards

Time Current Curves
Real Currents circulating through the circuit breakers

k k k
A A A }%I
X R R
B }%I B }%I s }%I B (]
IA= IB IA= |B+ Iloads
FTTTT I il T TTTI0 1] T TTT nm T FTTTTT T I TN T
tA — tA -
ts S\ tA
o N TN .
= —
L L ‘I,‘A-IBH I\ L L L BHAHH L] L] L] ‘
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—Definitions & Standards

—Selectivity Techniques
—Back-Up Protection
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Selectivity techniques

Common selectivity techniques

» Current selectivity
- Time selectivity
- Energy selectivity

- Zone (logical) selectivity

UNYTUSH
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Selectivity techniques

Current selectivity

Basic concept

When the point of fault is closer to the
source, the fault current will be higher.

= In order to guarantee selectivity, the t,
protections must be set to different
values of current thresholds.

Ultimate

- The ultimate selectivity value is equal ;'ecmity valus
to the instantaneous trip threshold of o | *T_T_z_
the upstream protection device. |

= Other methods are needed to have a ImB ImA
total selectivity

UNYTUSH



[ﬂ Low voltage selectivity

Selectivity techniques

=4 o o
anpaAdasidalwiiine
| GENERATOR ASSOCIATION

Current selectivity

Example

Circuit breaker A will be set to a value
which does not trip for faults which occur
on the load side of B. (l5pmin >1KA)

Circuit breaker B will be set to trip for
faults which occur on its load side (I35, <
1kA)

Here the selectivity is a total selectivity,
because it is guaranteed up to the
maximum value of the short-circuit current,

1KA.

10%

103s

102%s

10s

10's

102

Inde

|

\

N\

U

\\ \
\\; \
™~

~

B

o,

0.1kA

Is = I3Amin

YIYTUSH
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Selectivity techniques

Current selectivity

Pros & Cons

Pros
Easy to be realized
CURRE Economic
N T S Instantaneous
ELE
Cons C TIV
Selectivity is often only partial / TY

Current thresholds rise very quickly

YIYTUSH
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Time selectivity

Basic concept

Time selectivity is based on a trip delay of
the upstream circuit breaker, so to let to
the downstream protection the time
suitable to trip

« Setting strategy:

Progressively increase the trip delays
getting closer to the power supply source

= On the supply side:
The S function is required

UNYTUSH
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Selectivity techniques

Time selectivity

Example

Circuit breaker A will be set with the current
threshold |, adjusted so as lot to create an
overlapping trip and with a trip time t,
adjusted so that B always clears the fault
before A.

B will be set with an instantaneous trip against
short-circuit.

The ultimate selectivity value is:
= lewa (if function | = OFF)

IS1

ISE = |3minA (if function I = ON)

10%

103s

10%s

10s

1s

10's

102s

Inde

/
/

0.1kA

1kA

10kA

S2

YIYTUSH
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Selectivity techniques

Time selectivity
Example

A

l

There is a problem with time selectivity! s

103s

circuit breaker A takes a delayed trip time t, |
The network must withstand high values of s

let-through energy! Ny

A
In the case of fault occurring at the busbars, N\ |
A\N |

If there are many hierarchical levels, the I
progressive delays could be significant!

0.1kA 1kA 10kA
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Selectivity techniques

Time selectivity
Pros & Cons

Pros
Economic solution
Easy to be realized

\

Cons
Quick rise of setting levels
High values of let-through energy

Tim
E SELEC TIV/T)/
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Selectivity techniques

Energy selectivity S—

Basic concept

Energy selectivity is based on the current-|
limiting characteristics of some circuit
breakers 1009

Current-limiting circuit breaker has an ¢ o —
extremely fast trip time, short enough to
prevent the current from reaching its peak

1’t [A%sx10

0.10

The ultimate current selectivity values are| ™
given by the manufacturer (Coordination
ta b leS ) 0'000.01 0.10 1.00

Is [KA]
UNYTUSH
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» Selectivity techniques

Energy selectivity

A circuit-breaker in which the opening of the
contacts occurs after the passage of the peak
of the short-circuit current, or in which the trip
occurs with the natural passage to zero, allows
the system components to be subjected to high
stresses, of both thermal and dynamic type.

Ik

To reduce these stresses, current-limiting
circuit-breakers have been designed which
are able to start the opening operation before Lirrited t
the short-circuit current has reached its first shert-cirouit curren

peak, and to quickly extinguish the arc
between the contacts.

YIYTUSH
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Selectivity techniques

Energy selectivity

Example T TTTT7] 1] [1] 1] ]
||
Circuit breaker A settings: \\ L A
\ N
13 = OFF O\
. . . 10s B \\ j\l
S protection is used for time N
selectivity iy
10°"s _I
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Selectivity techniques

Energy selectivity
Pros & Cons

Pros
High selectivity values

E Reduced tripping times
NERGy SELE Low stress and network disturbance
C

Cons Ti Vi Ty \

Increasing of circuit breakers size

YIYTUSH
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Selectivity techniques

Zone selectivity

Basic concept I

Zone selectivity is an evolution of the time
selectivity, obtained by means of a electrical
interlock between devices

A , . locking
signal

The circuit breaker which detects a fault
communicates this to the one on the supply side,
sending a locking signal

Only the downstream circuit breaker opens, with
no need to increase the intentional time delay

YIYTUSH
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Selectivity techniques

Zone selectivity
Example @‘

A Does not open

>
_>

I
Ny
‘:’7'
|

B Does not open

C Opens

YIYTUSH
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Selectivity techniques

Zone selectivity
Requirements for Zone Selectivity

» a shielded twisted pair cable
» an external source of 24V
» dedicated trip units

|, up to 100kA for MCCB

|, up to I, for ACB

It is possible to obtain zone selectivity between
MCCB and ACB

Zone 2

Inde

‘\; I(:UT
\l
+1OUT

1
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Selectivity techniques

Zone selectivity

Pros & Cons
Pros
Trip times reduced
ZO Low thermal and dynamic stress
NE S High number of hierarchical levels
EL E Can be made between same size circuit breakers
Cons Cr, / W \
Cost and complexity of the installation r y
Additional wiring and components

YIYTUSH
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il ) BaCk-Up Protection (Cascading)

What is Back-Up protection?

Back-Up protection (or Cascading)

Is a type of coordination of two protective
devices in series which is done in electrical
installations where continuous operation is
not an essential requirement. B

Back-up protection
excludes the use
of selectivity!!!

YIYTUSH
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AR TR ASBOHATION BaCk-Up Protection (Cascading)

Standards definition
The definition of back-up is given by

IEC 60947-1

IEC 60947-1 Standard: “L [t ' t
andar ow voltage equipmen dof. 2.5 24

Part 1: General rules for low voltage equipment”

“Back-up is a coordination of two overcurrent protective devices in series, whe
protective device on the supply side, with or without the assistance of the o
protective device, trips first in order to prevents any excessive stress on
devices”.

“wunrsendszarunuvesgunsalllosnunssuainy 2 79!@ﬁﬂ'aaynﬁln"’ufﬁqulnsafzfnsw’)"')udeW%z/am

1AL IeIsNATUR D vian NIl aw’?’n7514°7\17u°zf'78151/i§'an°’u°z/a\1é;Unmfi’]aan‘”uﬁw?aZ&iﬁmy ”
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Back-Up Protection (Cascading)

Back-Up protection
Basic concept

Back-up is used by those who need to contain
the plant costs

The use of a current-limiting circuit breaker on
the supply side permits the installation of lower
performance circuit breakers on the load side

Both the continuity of service and the selectivity
are sacrificed.

YIYTUSH
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Back-Up protection
Example

l

T4L 250 T4L 250

N N

10 N 4

T4L 250 T4L 250 T4L 250 Ilcu = 120kA TIN160 TIN 160 T1N 160

YIYTUSH
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Back-Up Protection (Cascading)
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Back-Up protection table
‘MccB-mccB @415V

Supply S.| T1|T1|T2|T3 |14 |75 |76 | T2 | T3 | T4 |T5 |78 |T7 | T2 | T4 |T5 |16 | T7 T4 15| 16| 177 | T4 | T5
Version | C N B H L L
130 | 100°
50 50 | s0 85
85 |85 | 70|50 [130

Char | I, [kA] |25 38 50 65
B 16 |25|36]36[36]|30]30[20]50]5036[26 28 70|40 40 | 40
25 36| 3636|3626 [36 50|50 [40 405050 70] 6565 [65 ][50
50| 50|50 |s0|s0]s0|70]|es]|6s|es|s0]as]100foo] 70| 50 |200
50|50 |50 |50|50]50]|70]|6s5]6s|6s|6s]|as]i00foo| 85| es 200
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TR SETN Supply S.| T1|T1 | T2 | T3 | T4 [T5 [T6 [ T2 |T3 | T4 |T5|T6 | T7 | T2 [TATS |T6 [T7 [T2 [T4 [T5|T6 | T7|T4|T5|
Version | © N S 11-[IH L L L v

Load 8. | Char | I, [A] | 25 36 50 65 (85| 120 | 100" | 200

T1 B 16 | 25|96|36|26]20]20(30|50|50|36|36|36] |70|40l40[40| |as|s0(s0|50] |&s]65

T1 C 25 36 | 36 | 36 | 36 | 26 | 26 | 50 | 50 | 40 | 40 | 50 | 50 | 700 65 ||65 | 65 | 50 | &5 | 85 |85 | 70 | 50 [120]100

65 | 50 | 85 |100[100| 70 | 50 |200[120

65 | 65 | 85 |100[100| 85 | 85 |200[120

65 | 50 100(100)100( 50 1200120
65 | 50 100100 65 | 65 |200(120

65 | 50 100( 85 | 65 120
65 |40 70|50

70|70 [ 85 |100(100) 85 | 85 |200(1.30
70 100100100 200150
70|70 100100 85 | B85 |200(150
70 (70 100] 85 | 85 150
70 85| B85

a5 |120(120| 85 | B85 | 200150
120(120)100(100|200(180
1201100100 180
100( B85
120120 200180
200(200
200 100
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m Low voltage selectivity '™

Back-Up Protection (Cascading)

Back-Up protection
Pros & Cons T

Pros
Economic solution

Bac./“U Quick tripping times
P p,.
Cons Ol‘@C )
No selectivity t’on
Low power quality
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Coordination types cross comparison

Time

Back- C t E Z
ack-up urren current nergy one
@)

©

Feasibility

Discrimination Study
Selectivity limit

Nr of selectivity levels
Tripping speed

Thermal stress on the plant
Service quality

Safety

System cost

Plant cost
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“IP(Ingress of Protection) Aazls

ABANNEINNIAlUNITAUYDIMAT NUING (VBILTY) vasaunsal

ATUNUINIZIU IEC 60529 %39 U9N.513-2553

IP XX
=5 (-7 -7
L | UINDNNANEUZNITUDINUVD LAY
IEAIN 2 é’ua’lmmﬁﬂé’umﬂaLLﬁqUﬂﬁsﬁ’ﬁuﬁﬁqﬂﬂﬂ‘Lu
o o o 2 o  at =Y <
SUEARNMN 1 vannaaneuen15UaInuIng ve vaduds
é’umwmﬁﬂé’umqaLLfi@ﬂ'jﬁﬁﬁUﬁﬁ@ﬂﬂﬂ’Lﬂ

105

WIYSHIR w-1 8/ ACPE 01242-TH



IEC 60529 or udan. 513-2553 _ |

IP[ Ingress Protection ] Code

r:Jwru'us:m:rrn.l..lrd.:rfu P [ngress Protection] Code rnufr.rﬂ'ruum*!.giu oiN 4005051980 wa- IEC 529

swaeaf 1

FTHAWNH AR SRS

0 laifinnsUaviu Ne Protection

1 & mm asnlovivopeuBoilfifudmaudnat
., HINNTMSaM Y SO WAL
b wenluUle Large foreign bodies, diameter

greater than or equal to 30 mm.

2 o @ fﬂuTinﬁaI.:ﬁ‘u‘nauuﬁuﬁﬂﬂudnuquﬂﬂmu
.”. : HIANTTMIaw Y 12 u.
it luUlg Medium-size foreign bodies, diameter
greater than or egual to 12 mm.

e ﬂ"m"l'inﬁﬂ-.:lﬁ'wnaml.ﬁuﬁﬂLﬁ'mi"mquﬂnmu
f."r'f winnimSaiaiu 2.5 uu,

EAlUle Small foreign bodies, diameter
greater than or egqual to 2.5 mm.

H"lm'inﬁauﬁuﬁauuﬁuﬁﬂLﬁumuquﬂnmu
winnTmiaindu 1 4.

Ml e tenluUlg Grain-shaped fareign bodies, diameter
greater than or equal to 1 mm.

I aanUaariue e
< T Dust deposit
& s Asouaeiugduldotanysoiuuy
. M Ingress of dust
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lafinsUaviii No Protection

ansnlaaiuifanavsnsni il
Vertically falling drops of water

&1 m‘snﬂnuﬁ'u‘t_ﬁ‘lﬁﬂnﬂu HIT R TAUKRLAZRTWE 107
vinyufuuwuasalaifiv 15 oavAnle

Obliquely falling drops of water up to 137
cowards vertical

T s ¥ - T [T e ol
H'laﬂ'.inﬂuun‘tja.u'|1-1Flnﬂ'l.m17;1'1r1|:-1'11+‘|_m|.|.ﬂ:F|'1'|.+t|'|1.m
viuiuuwiAalaifiv 60 ovAnla
Spray water up to B0° towards vertical

) - % - T -
H"IH"I'iEI'IJEIHJI"I'I-LHHFI'H.‘I'I-"I'EEIH’I'I.l']ﬂ"llill-l"lil"lﬂ‘f‘}ﬂﬂﬂ'ﬁ'!l‘lﬂ"l\!
Splash water from all sides

asnlauiunTsiauIInniiynn
Jets of water

. .
aunsnlasiuaduivziauazmstadiouwse
Fower jets of water

ausndauiudunsiaaniyandaas e
Partial immarsion

dsmlauiuauasieainemislaonuos
Immersion T
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1 Protecton against sold matter of S0

2 Protecbon aganst sold matter of 12
mm diameter or greater

3 Protecbon against sobd matter of 2.5
mm diameler or greater

4 Prolectbon against solid matter of 1
mm diameter or greater

L T

No protecion

Protected aganst vertcaly falkng water
drops

Protecied aganst vertically faling wader
drops when enclosed tiked up 1o 15

Protected aganst water faling up to 60e
off the vestical

Protecied against water faling from al
e

Protecied aganst water failng from all
drectons

Protected aganst powerful water jts
Profected against mmersion

Protected against prolonged immersion
under pressure (depends on conditon)

Note :

No profection

Shockproof to 0.225 joules
Shockproof to 0.375 joules
Shockproof to 0.5 joules
Shockproof 1o 2 joules
Shockproof to 6 joules

Shockproof to 20 joules
1J=10.2 kgf-cm

ACPE 0124




In case of only protection of persons is needed, the 2
replaced by x. Example: IPxxB.

B Additional letter (optional): protection of persons agai

3T i 0 8 | 2 e contact with live parts:

Q(g \ﬁ ® A: protect againts access of the back of the hand

® B: protect against access of fingers @ 12 mm

® C: protect against access of a tool @ 2.5 mm

® D: protect against access of a tool @ 0.1 mm.

IEC Type
Enclosure IP23 IP30 | IP32 IP55 | IP64 IP65 IP66 IP67
1 )
2 ®
N ----------------------------------------------------------------- -
il I S I e e
M e ) oo oo o e s e o :
A 3s o
4 ®
T ax @
Y ---------------------------------------------------------------- -
P . (OO ® |
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