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ENCLOSURE-TYPE 0 SERNO

RATED VOLTS @ REF.STDJECAS

PH IPIW @ FREQ s-ome‘ RATED AMPS
TEMP ) @ SHORT CIRCUIT

NO. OF CELLS { @

YEAR OF MANUFACTURE @

P.O. NO/DATE

S
Al e s ENCLUSURE TYPE \
Gl Qo) aga RATED VOLTS \
(L1 — L2 — L3 — N - PE) &3l L shai 2xc PH Y
23 il FREQ. ¢
3l adl da o TEMP. °
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Aol il o ) YEAR OF MANUFACTURE v
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Protected against Protacted against
1 solid foreigngobjects @ 950 mm 4 solid foreign objects AN o1 mm
larger than 50 mm l{f’ \ larger than 1 mm | ‘
\ f
O / e ’
\ - -
2 Protected against 5 Protected against dust
solid forsign objects & @12,5mm (dust protected)
larger than 12.5 mm ¢ ™.
‘O
I
P
3 Protected against G Dusttight
solid foreign objects T @2,5 mm

larger than 2.5 mm ’ x
9 (O

Degrees of protection against solid foreign objects Y Js&)
indicated by the first characteristic numeral

1 Protectad against IR 5 Protected against

vertically falling watar |:| il i Y
drops (condensation) M E?fc%fntg from al N <

Protectad against 15% |17, i
2 vertically falling water 'r, | flr,‘ ! B Protected against

i - 1
7 powerful water jats . P
drops when enclosure \L'.! e f) S
. | i from all directions
tilted up to 157 ;
v AN

\‘___ et T
3 Protected against , Protected :
) ' againstthe - — — —
spraf'_.qng viater Li'p to Dﬂ?‘ﬁf f;"."’;‘, 7 affects of tamporary -
607 from vertical N N immersion in water
) o
4 Prote-c_ted against . ‘\"n | IE 8 Protacted againstthe o _
splashing water from R / - effects of continucus
all directions _:“:_O{‘:_ immersian in water
g T .,
E TR
/., RIS

Degrees of protection against ingress of water: ¥ Js&ll
indicated by the second characteristic numeral
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= IK Gleal) a0
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code IK: protection against mechanical shocks
code IK according Vs

to EN 50-102
(new designation)

additional letter (in option)
protection of people against access
to dangerous parts

code IK shock energy designation
00 non-protected A | protected against access of the back of the hand
o1 0,15 joule B | protected against access of a finger
02 0,2 joule C | protected against access of a tool - @ 2,5 mm
03 0,35 joule D | protected against access of a tool - @ 1 mm
04 0,5 joule additional letter (in option)
05 0,7 joule specific information on the product
06 1 joule designation
07 2 joules
08 5 joules H | high voltage material
09 10 joules M | movements during water test
10 20 joules S | stationary during water test
W | bad weather
. Te yu
IK S Ip O 4 e
Againstsolid Againstliquid Against mechanical striking
IP Testing 1P Testing 1K Testing
0o - No protection o ~£-- No protection 00 -z No protection
1 Can against exceed 1 Can against 01-05
\ | 50mm solid harm , perpendicular Striking 1 JOULE
/ eg . Suddenly drop
- touch with hand v |
2 Can againstexceed | 2 Can against
12mm solid harm , directly spray ,
/ eg . Just like 7 which under
the size of finger 15° with
perpendicularity 06 Striking 1 JOULE
direction. 5009
20cm
3 ) 3 ) 8
Can against exceed Can against spray ,
2.5 mm solid harm, g which have 60°
eg ( small tool , angle with
thin wire) perpendicularity
direction.
07 Striking 2 JOULE
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5009
4 f\ Can against exceed 4 Can against spray , 40cm
1mm solid harm, 7 which comes from I~
eg ( small different directions.
tool,thin wire ) -
5 e, . Can against 5 Can against 08 Striking 5 JOULE
o e dustharm . / low pressure 1.7k
_____________ spray , which =249
‘Lo il ) " " comes from 29.5cm
ull e il different T
R directions .
: 6 : :
Can against Can against high
dust harm pressure spray,
completely. which comes from
e different directions| 09 Striking 10JOULE
LV
S5kg
20cm
7 15cm min 7
AVAVAVAY. Can against effect
/ when immerged
im “j'.',:“"j“‘ from15cmto1m
l 10 Striking 20JOULE
1im 5kg
8 : 40cm
Can against effect é
when existed A
pressure and
immerged for long
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B = Main busbar

C = Distribution busbar

D = Outgoing device

E =Terminals for external conductors
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Protection of persons against contact with live parts upstream of outgoing
devices and, protection against ingress of solid foreign bodies
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Form 2a: terminals for external conductors  Form 2b: terminals for external conductors

are not separated from the busbars. are separated from the busbars.
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Protection of persons against contact with live parts upstream of outgoing devices
and, limitation of the risk of faults between each of the functional units (propagation
of electric arcs).
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Form 3b: terminals for external conductors Form 3a: terminals for external conductors
are separated from the busbars. are not separated from the busbars.
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Protection of persons against contact with live parts upstream of outgoing
devices and, limitation of the risk of faults between each of the functional
units (propagation of electric arcs).
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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
( 1 ] compartments that are separated
and closed.
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Busbar Size (mm)
Quantity Width Thickness

1b 20 10 250
1b 30 10 400
1b 30 10 600
1b 50 10 630
1b 55 10 800
1b 60 10 1000*
1b 70 10 1000
1b 85 10 1250
2b 55 10 1600
2b 70 10 2000
2b 85 10 2500
3b 85 10 3000
3b 100 10 3200
4b 100 10 4000
4b 150 10 5000
5b 150 10 6300

*or MCC only
Design BusBars for MCC

¢ All sizes mentioned in the above table are subject to manufacturer’s technical
recommendation changes.

eIn case of higher ingress protection over IP 43, forced ventilation is
recommended.

eIn case of ratings of 4000A and higher, forced ventilation is recommended.

e Maximum allowed size for the vertical busbar (VBB) feeding multi branch
breakers :

Maximum size for the (VBB) = 3b x 85 x 10

Where: 3b means three blocks.
Juadl araaill d 2355 (Current ampacity) bl GEKl 4l e 5a a8 4le
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Main busbar

- J

Distribution busbars

A: Incoming device - D: Outgoing device
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Frescumentn 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 I 1080 [1130 |1010 (1060 |940 (990 |@®
1 bar 60 x10 mm 1550 [1400 |1470 |1320 |1400 I 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 ¥|1850 |1930 (1740 (1810 |1610 [1690 |@®
[2 bars 60 x10 mm 2350 |2270 |2420 |2140 |2300 |2000 |2170 |1870 |2030 (1720 [1900 |®
2bars80x 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.

5l A a ) sil) capal (i e kg je Jlaal U530 e uxy 1 (Diversity Factor) ciddll Jalas
o LS il Jalae e B 4y oy Jleal oB) laad ddlisdl) Gl il a8 sea JOA Ge Al
sl Gl e aaay O s 53 (1) Lkl A Aledl) (4 axdd aille J sl oa g

The order of the busbars is usually N, L1, e Example
L2 and L3:

- from the front to the rear of 2
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.

z

At any event, follow the order recommended =
in the technical guides. :ﬁ

Whatever the order chosen, the bars must
be marked.

® o o o e vwe e e
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/ If the installation requires several bars per / Install the busbars (bare or insulated) in such

phase, leave enough space between them away as to eliminate all risk of short-circuits,
(at least the thickness of the bar) to enable in particular by complying with:

optimum ventilation of the busbar.
- clearances,

- creepage distances,
- the number of supports to install,
- the rules for securing these supports.

e
» c

& A

>

Depending on systems installation, other
technical choices can be implemented.
These were tested for validation.
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Equipotential bonding
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Potential or voltage transformer (P.T) or (V.T) — Current transformer
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Hiinlllee:

Copper Coated Lugs Steel / Galv. Lugs

Brass Cable Lugs

35 mm 120 mm

= 95 mm
3

7O mm

_-> SO mm

= 35 mm
35 mm N

\’y R ==
=

<=
% somm S 7o mm
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1- Miniature Circuit Breaker MCB

2- Molded Case Circuit Breaker MCCB

(7p)

)

E 3- Air Circuit Breaker ACB
©

: 4- Oil Circuit Breaker OCB
(«b)]

—;é 5- Vacuum Circuit Breaker \VVCB
(€D

E 6- SFs Circuit Breaker SFe
= C.B

-
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=
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Specificaitiort of circuit Breaker: -—

(1) Operating voltage of C.B

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

(3) Instantanceous short circuit cuarent (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 @blall Juadill aga -

Iror In bl adl Ll -Y

& sally Aladl) Undll L 4 Jiad — (KA) - 16 ke Laalll juadl) jlidas Y

Ml o ’SQLA&«J;J&QMUL}SMM—(KA)JCU 5 38 adalall e Uaiuy) dad - €
Cally o (050 adaldl) aleaty jual LS il 5

Bl g 5 -2

aa Yl aae 1

time
(Sec) > Sae
Owertoad Protocticon SO Prosoctcoes
I Loswg Terme Doty Shaowt Terwee Dolay
so.o |
i
l thermal cices
i
10 i i
i i
I Magnetic clcer
o1 — l I
f i
ooy — 8 It}
100, crrent (A)
Ir Ic.s Ic.u

- rated : Depending on KV A of load.

-l sc & | c.u: Depending on size of impedance Z ( Cables — Busbar - Transformer ).
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Operating voltage of C.B

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

Low voltage C.B

Moulded Case C.B (16~40004) Miniature C.B (6 ~125A)

So, how to select the suitable type?

The answer is where the location of C.B in the network.
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6300A

(1)
@)
G)
(4)
)

If CB
H €B
If CB
If CB
If CB

4000A

630A

Ik=6Aorl6 A

125 A<Ir<630 A
4000 A <Ir <6300 A
16 A<Ir<125A
630A <Ir< 4000 A

125A

M.C.B

M.C.CB

ACB

may be M.C.B or M.C.C.B
may be M.C.CB or AC.B

o ealadl ) oha s e ST gl B by o) s aasill QU8 i gl a3 ) 134
, (Metallurgy) ¢abeall 4l ja ale JAA (e adal g8l duial) Cliial gall 5 aniiall) L ol 65

.angﬂ\cktﬁﬂaaiuaA\CJSJJﬂ\gnm;QAGJ

TAP OFF

100A

LIGHTING
1 Spare

SOCKETS
1 Spare

1 Spare

Must be MCCB

iy

N

M.C.C.g

380V, 30 +N+E,50HZ, KA

Transformer

. =
A.C.B
B.B.
ACB M.C.C.B

ALL PROJECTS USED IN CASE OF DUST

{Cement Feclories)
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Tripping lover Electro-magnetic protection PR ¥
3%'33.’m o glaL! 3 yilo S Hoi
Thermal
protection
Operating Aawadll o gdll &8 HE 9 SliwadUI
mechanism
5 Sss
Operator Jass Sailsan yio3e
i = il afiy dulaadl 3342}
—
Fixed D: i
contact
Movi 3 yalad) bl Laubaatft el jalyl : Jsidl
Moving Slall ol Laluad) o5t : Jsid
Lower lerminal DIN rail holder
Earth leakage C.B
4) 3 Phase - 4 Pole C.B o 3
(3) 3 Phase - 3 Pole C.B (4.3 Fh: LeELCE 3 ELCB
=X S Sy me— e :
— F S
e e ¢loleops
.
’
]
T r
L ] LOAD
C
B -
Lout
i =Lt —m8 > Normal Operation
Iin¢Iout —_— Eal‘th Leakage
So.

Iin — Io =t 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.
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G UL Ll g gl g sanall Aliasal) Cluas (ELCB) adalil o s 4n s 5N SUail b
lele Lo sacaall daill (5 sl ol pe ST A 53 Jaladll Coyhay Jomana HLi 55 e () il 1316 4 Y1
G o YY) Alaad aoding (5 AT 5 o 8V dlead aadiidi o) il a5 | Jaadlly adalill o 53 adalall
Okl Jeanall Ll A

LOAD

-NoNalc
g

Iz + L+ Ir = Iny = Zero » Normal Operation

IR+ L+Ir=Iy=Value But Iz +I +Ir +Iy=Zero ——————» Unbalance
R+L+Ir=In+ ILeakage or R+L+Ir+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

Main function of EL.LCB

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

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

B EFFECT OF THE CURRENT ON THE HUMAN BODY ACCORDING TO IEC 604791

ms
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2 g R B EHE
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3 e : \ v
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o 200 1 ~ th

® 100 - b ATV

a : ‘\\ !

S i : o

(] I - 1 1
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15) 1oz % 10 20 100 200 500 W00 2000 S000 Y0000
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2

o

>

a

Current passing through the human body
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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%

C3 : Probability > 50%
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Im="3:5"IN

doalsie) Jlaa¥ Adaall COLKI AE S jliay : "C Snial
Im="5:10" In
Al Badail) L il Jlaal Ldrall SN 4B 1 Jlisy : "D, K" sl
(S jaall 5 midiall agall &Y sax)
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A el S jaall 48 ja Gl 4 51 i, - "MA" Al
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Miniature circuit breaker MCB : alalall ahalill 458l ciliia) gall

Lallall Aadai¥) J (e Al e g Arima dpnhaline 54l ja (fidlen e adaldl) (g giny O g -

. IEC/EN 60898 , VDE 0641

Apsedayn fet a0 allda -

. el alia 53 31 el Jeall § 55 coa e a5 (B, €, D) mstbliis oo slavia ool sall o34 () 5S3 -
] ddac Vo u e adal ll L SulSual) el -
G I Y] ) 08 Ol il £ o LS el S el

Ll fevn s ) agall LAl -

RO B L ICN PPN S REIWENGA -SYCA P 1 £ PYE S | IV

Apelia Gl 2 Y axdid o AN da Al (g 1 Gl As 50

A A g aal g an g allail) Caua e clgh €00 /YY s Qi) aga -

. IEC/EN 60898 alai (335 10 KA - sual sl€ Vo sl jlsi-

ol e e adal gall A0

. MCB @l sill 438 dald (giall (Bausa) @l L e il slll G aal sal) A3 i -
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;(B,C,D)Ql.‘é&ﬁggem"MCB&&&J\‘_,E(L&\&LW' i

DL e aall (B aadid g Aaiaiall adal g8l Lé s a3 Miniature Circuit Breakers (MCB)

dleall 8 aadiis LS Final Distribution Boards dsledll a ) sill s o) 8 48Uall a5 5y peadll

dariivuall adal gally 45 jlie Lgana jaa Lgfian i (e gy s bl Baly 5 ia )Y pusil) &l i (4

(MCCB) s 4y ganll w351l cila 5l a

) e 61125 A ox Rated Values Ll el JLall o = ol 555 Leatd (S Y 4 suSa (555 o
.10 KA o= J& o) sy Y Short Circuit Capacity b das Jealis Ll cziadll

das 230 Y e selal) g0 dlaad junal Vo 3 8 adald aladiial 2y ol Sl 5 ) ) 5 Clieal gal il o
Jae 1,0 e QIS aladid aa (+,A 338 Jalae 2ie @l g VT 0) el il Yov s e 50
JaaY,0 Gilie S5 aned VY adale aaad jaal 11/ 0 akald aadiind 2l Alls é L

i ) Jaadia aladiul Leie JSUADE W Hedl 438 e ST dlia S Rated MCB Value sl o
ks Jull adaidl Waum gy SN 5B, C, D curves oo <l oda g el cuubiall Jaall Lgia JSI Al
JEC Standard 4sellall 4puldll Cliial sall

TRIPPING CHARACTERISTICS (IEC 898-1995)
Time/Current Characteristic Curve for B,C, & D Types.
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1152345 10 20 304050 1152345 10 20 304050 1152345 10 20 304050
Multiples of rated current Multiples of rated current Multiples of rated current
TYPEB TYPEC TYPED
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Electronic

Module Options
Auxiliary Switch (AX)

Alarm Switch (AL)

Shunt and Undervoltage Trips
(SHT) & (uvT)
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Under Voltage Release coil

b bl Jua g ey Sy adaldll Jalo 4 a5 Cale s
bl Gkl e A 568 5 L3 J gy Alla

Juadll cala Shunt trip coil

b oSl il oy ALl £ LS J20s 40 i o Cile sa
bl Gal syl e A 568 5 L J g g Al

ablil) Juad Cila ¢l ) gile Motor-mechanism

Ll e alaldll (S (i (alall ) gl ) ) sile o g8y
iomdl Jaailly

el S8l Baclwal) LaMAUXiliary Switch

a5 sl adal il Jala LeaS 3525 N.C s N.O 4k &

Ayl A L Joadll Ao Ll JenY) sie oS 5 1) o8 5 Cat A Al oL
.(Energy selectivity) 4& ks Alall oda & Jadll | Cat B 24 (1 adalsll as

(e abldl) ae &5 Haall ST ey A L Juadl) delainl Eua | Cat B 43 (e akaldll
(Time selectivity) 4%k Alall 238 & Jiadll | Cat A 4l
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e Number of poles Jaa sill U] dae
e Cascading = Al abaldll Ll Aad (e 2all
e Continuity of service : danall 4 ) et

O Selectivity Lany)

O Withdrawability ol 41

e Trip unit (TM Or Electronic)  (fmsblize 4yl s ol g yI) Alaadl 5 Jacadll 32s
e Accessories & Interlocking dalaill e Alaall 5 claalall
e Mechanical & electrical endurance (=l 8Y) seall) dn el 5 ASlShall Glleal) 2e
e Network monitoring (Communication) Juaiy) 5 48l jall 4y
- What is meaning of " Ics = Icu or Ics =100% Icu "?

The circuit breaker carries out three successive disconnections of the Ics
current (0-3 min—-CO-3min-CO).

Aaasy adalsll L) Cang g il G (90 58S O Laghn

= B curve
tA | @ o Tripping: 3to 5 In (IEC 60898);
) protection of generators, persons, long cables;
\ no current peaks
= C curve
X o Tripping: 5to 10 In (IEC 60898);
B lc b MA & circuit protection (lighting, power outlets)
general applications
- = D &K curve

3.5 5.10 1014 125 - = Tripping: 10 to 14 In (IEC 609472);
@ protection of circuits with high currentinrush;
transformers, motors

m 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
(nothermal overload protection).

T
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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
® Interlocking & Network monitoring

e Up to 630A Category A - This clause is too important
Above 630 Category B

How to choose a breaker ?

e 1-Basic Criteria : 4wl juladl)

- Rating (U, I)
- Breaking capacity E%p I
Icu > prospective Isc
- Number of poles (Neutral distribution system) Load current| | <= ,
g «~~ Prospective Isc
- |EC Standard
- Type of Load to be protected :- (Generator, Motor, Direct current,......... ect.)

e 2 -“Continuity of service “ Criteria : 4wl 4 ) ainl Hulza

- Selectivity
- Withdrawability
- Maintainability

e 3-“Performing “ Criteria: ¥ julas

- Cascading ( limitation of current )

- Reverse feeding without reduction in performance
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e 4-“Comfort “Criteria: 4=l 1 jules

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

- work monitoring and communication

Low voltage coordination techniques oaiidal) dgad) Gall il
Optimising LV electrical distribution oaddlia) agall Al sl a3 sl Ga

through 3 actions at the Protection Plan Level  4jlaal)l dbi ¢ gima Jo Sigl ) ¥ DA (a

1 - Discrimination to guarantee continuity of supply = Jexdl &) aiul laual "aglamyi” -

2 - Limitation to reduce constraints 3 gl Jadsi] "apasll - Y
3 - Cascading to optimize performances REVEC i v

Co-ordination of protection devices :

1- Discrimination : :

e Levels of Discrimination e 4 Types of Discrimination AN
e Total discrimination e Current N—
e Partial discrimination e Time |
e No discrimination e Energy Wil E
e Logic open B( ¢
P AN ) Sl (e il gne ADE SIS - i: ‘

D O g% =Y ol sl -Y Jalll ) -
L AEDY) o il cpa plgil Aag i an g LS -

Ghidly ¢ 5Ll -y i gl oY Sl -
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1- Current Discrimination: (JLilb Juadll g Jusail)

B Total discrimination B No discrimination

Upstream
r (X ) CB
CB1 CB1\ N
CB2trip
=== Sage
- ‘ - /1 . Downstream
X 052‘\, .’%;2/682 X CBz\" ‘ CB
: / : /
' ; :
2 2 ~) =)
4 ) 4] ¥
A 9 Lo L9

The power supply to
the other feeders is still
ensured

The power supply to
the other feeders is no
longer ensured

Down ) = _lls (Up stream) (ot )l adaldll o (380 53 3 g2 g SIS (3 Dl Jima Uia ey -
duadll e JsY1 Jsial 58 (C.By) abldll o s<s Gusall JS3IL Uad f Jlae & gas e Cus (stream
Lal | danall 4 ) el (38a5 L (e s Aaaddly Jlea¥) il Jhi g Jandl e Lol dadaiall elli J e
Laddl) 4y ) yaiasl (3ia al L 5 Jead) dilaidd JalS J e 5 Uadll Juad uaa 388 Cuaa U (I
sl Luiary s acdal gl G Adlisall aey Al 8 4Gy Hhal) o2 padiad G adal gl (380 53 aad | ki
AS He O J3A (e Lguiany s il Sl

e Total discrimination e Partial discrimination

CB3 CB2 CB1 No CB3 CB2 CB1

w) o D3 D2 DI intersection .,, D3 D2 D1
CcB2
CB3

1/in intersection | threshold 1/in
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B An 3 - At S Ala (uiga
=| saidiall agall ala gl Alua I=
(e ey s (C.B1 — C.By — C.B3) ol 58 433 (pa 311 5 bl (G 483l Jiay i) JSN) JBA (45 -
dilaie da gyl ) slaall JSN 5 | AN adal il (s adalds Aikaie 3 ga g aded JulS i sy Y1 IS
Dl 2 s¥ 5 JSAI 13g) S0 D aa g JUlb (C.B2 and C.B3) bl (Ul adaldl fy aldalis

BT
Installation design Discrimination tables
Protection Upstream: NSA160, NS100to 630
discrimination Downstream: NS125E, NSA160, NR
NS100to 630
@ Q QD
Upstream NSA160N m M : 520N/ :
decl. TM-D trip unit THD decl. TM-D trip unit Th-D tripunit T
- Rating 63 |90 |100 125|160 16 |25 |40 |63 |80 | 100 |80 Wwwm—mw
Downstream
NS125E trip unit TM-D 2 2 2 3 T [
décl. TMD Z_12 2
40 2 2 2 1
m £ & &
80 2 2 2 ¥ [
1] 2
125 : —i8 ¥
- =EE =
10 T i
125 i
: ;? 05 |05 053|038 2 |2
D e S Emcyran = E <
ﬁo tripul‘?TM-D —— &[]’i 3 §—§ y
g 03 F s_rg : ; S )
@ , 05 |08 s 1 2 P ?‘ . - -
Sxi |EE trip unit Th-D : 05 |0 % : : f ; : e | L
& 8 2 12 12 12 1% 136 (% |
2 2 gig,g__

Jias Cum a8 Aallal) S0 anY A 50wl il (3o e pama s A8 iy ol 1aa -
(Down stream) e jill adal sill ol 1) 5 saladl Jiays (Up stream) Lyl adal all 8891 5 galal)
el dgas e dabaiuall JAIy QiAW) Jad Jilise b Gladaliy ol ) bads 8 b il
slina 138 5 (T) Jebaiusal) Jaks o giSall Cojalld e gall JUiladl 58 LS e 35a s a2e ol Ja ol JalS
ebly (250 A) Amu 53 oty 2B G Jsaall 83l 5 (Totally discrimination) JalS uai 3 ga

- el ASEEY) (e ole s @lia of s W ety Ul (16 A) das 53 oo
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1- Total selectivity : "*Service of continuity"’

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.

Oaliaia 231 31l aua Alea adald il ga g Jl ¢ a0 311 ) Aglan) e 5 e 1 JgY) £l
sl
deaills jaaall (e cu A8l alaldl sl () 53 Juallly oo AN ) Jaad) o A @bl o 53,
L (e
- el A )l el (38T
2- Partial selectivity :
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.

umm\}\)w\“aﬁu;cbﬁuﬁ\ Jﬁjdkﬁc@;ﬁ\}\)w\@mﬂuca)hn :s:'m\ﬁjﬂ\
s
Gl adalall g )50 il Alma ad s Jualilly o il 5l Jaall (e ) adaldll g8y

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 electivity
7 -
/
(\ (

\l N
7/
-
4
S
[ \
\ ]
~ 7/

no s
\
!
3 E:
y \
\
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2- Time Discrimination: (cx3lb Jadl) gi Suail) )

Ssas Al b e 48kl 028 () s gl G all 4ol W) ALl Ay 5kl e Saaill 48 hall o34 4l
0S8 adal @l (Ig) ad Mills sl ol adal 8l (g 8 aS ddlise 2258 Y (gl Al Lt 3 adal 8
Jead 3o 53 Ddaall GV ot ) adalBll (0 5S5 Cum I A (e pall Uin Ll yamy (40 Ay 8
Losac 5 (oot Nl adaldll cpa JB Jomd (jo ) 53 Jaad) (e i jill oo il adalill g o il akldll o S|

. (Category B) 4l (ya (45 Led Juadll (403 3 aSaill 2y il ool il ple (S

3- Energy Discrimination: (A8ualb Jadl) o juaill)

Jeadll lyiniay puadll HU) alaall dall addi ol jeadl) Ll duledl) Lol 4l Aa 5 AT il e
APEEY) (e A5kl o2 A Ll (el o Ll ) ) e AAEEY) 408 oladiul o4 (Tripping curves)
Okt Aad il iea (Reflex tripping) dM& e @iy pualll L e dleally Jaadll ddee o35 O
zeal s (Overriding current) Cas s L 7 seall (5 gl datl) ladd 8 sl o (& el
Culadi 98 Ll Aad OF e e el aalil) ciluaie o Ll clisie JUA e Aleally Juadl)
agall e da jAallg las B uSll juadll s dadl Ay | (Tripping curves) Jusdll Cliisia Al je
R b e mib b s dlle 2K i 43Ua (Mechanical repulsion energy) asi
D36l (533 Laa (TRIP) gy (Yl @alall Sy sill il plal 4 ja oL ALl 43 ) ya Al Cilasil 5 (2 568
o sall il daia gall Al I jpeaill L dad (mid ) (505 Jeadll Gleal laa alle daslae
RSyl i akald o) pd (e Yoy il Liads 06 02Ky 5 peadll il J e 5 daad Ciany JUll

Tl kll) Jeail) ek alasial

override current

Isc
Prospective . _
peak Isc P 4 « Prospective Isc
’ “
Prospective ,’ N
rms Isc ? Y
A
! \
Limited | ! \
peak Isc Limited Isc \
1
Y
)
|
1 t
Energy discrimination Limitation of the prospective short-circuit current
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) (ki Jwadll i juaill- Logic or Zone Discrimination: ¢

4 : :
pllotwire 11 sse,y it uia MRS

D1 & Electronic trip unit ) g5l e
o) i)— . asi O Tae e a8 Cus (release

I Jwob (Down stream) ehlall

Blocking Order ] )

D2 -————d s e e) & (Block) &bl

P i s sty (Up stream) pbldl )

R : dhall s 5l el LS Jeady

Blocking Order ] LSPY\ dLa;Y\ ‘-“J‘ Joasill e

D3 . i (o) Jakaie e a3

Logic discrimination

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 Maechanical : Reduction of deformation and/or breaks
e Thermal : Rise in the life span of trunking
, al) bl 5 lall YY) Jali prandis 405 g8 -2 yaadl)
ol 8 el e udaling s s (381 il Ul el o (gl (g a3 b -
C sl Gl (8 sl ) SailSaal) o g3l e aaig -

L O 5 la sill al Y yesl) e 3 -
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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 S
(Limiting upstream C.B) (st )1l abaldll aeluy -
zdll Je(Downstream C.B) = il adaldll
miaial) dgal) Ll g sl AAISS Sy cmansy 4k -

[Ev—
Pt

Pé—e
e
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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 =

NS250L * : Frospecuve
220 A sc peak
—— =% o

/ N~ — prospective

P current
\
\ prospective
\ lsc
NS100N Isc = 50 kA \
63 A | / limited \
isc peak \
_ actual

current
limited

Isc

lee = 24 kA
CE0N gt oshes t
25 A \f

-1 aalidl) a,.\ml& -

Upstream , Downstream C.B) : adal sl (o Lad a5 53l A glaial 3 5Ll dad) dpast 30085 andid
(C.B

Pl el ol jree s Jullyy | peadl) 3 Aad (KA) 2okl dxaadly 5 sucitall
. (Downstream C.B) - Jél &, ,La e Hlis) JDA e AalSEl) Js -
sl plamd e SolSaall ki) (s -

LS e g all il Jlis -y
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(bl B eal 5 ol il 52) G (prandaline s sgSU Al Jilis -

Current Limitation:

* The aim:

« To limit the fault current crossing downstream the breaker

'“ lec
* Advantage : | e
grospetctive
urren
To reduce : / \
/ \\ frospective
* Electromagnetic effects (Measurements ) / .
) / limited \
* Mechanical stresses ( Bas bars ) o Isc peak
dorene \
¢ Thermal effects ( Conductors ) linisd \
\ L.

tc t

MCCB’s revolutionary design is equipped with dual
contacts placed in a rotary configuration or roto
active breaking that enables the device to provide
the highest available interruption ratings in the
smallest possible size. When the breaker reacts it
does so with more than twice the speed and force of
conventional breakers, thus providing excellent
current limitation. This results in low peak current
and energy values in the circuit and leads to lower
electro-dynamic forces and thermal stress values in
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the protected electrical conductors, downstream protection devices and equipment.

a5 ol il v lle 8 533m 555 "MICCB" : g sl (s ol sill A3 3l leaedUdl v 2o

el s e Jlead) (Ray Cuny (5 i (S8 (B 5 Aasd e A8y sy Jragill 5 Jaadll Bl Casana Cua

Ao ju Canu (e JiSh @l Jady 4l adaldl) Jeliyy Ladie | (San ana paal (8 daliall g UaiiV) Y ase

30l 8 ddall y Hlall dcasdie ol D (o iy Ll | les 13 g Lae ¢ Al adal g8l 3 68

5 enl 5 Tpenall Al oS Cila sall b (ol sal) deaY) a5 2Saalinn g oS (o sl Laliai) Y s
.(Downstream) Jua¥l (e 4y 8l Alaall Cilanag

Current limitation with new technology (Roto active or Dual contacts
rotary configuration)

ol sl L o 55 Claaind o5 " jeail) - Ja gill - Juadll " oL Adlad) i) 4 A1S0e e sl
Dual contacts rotary ) 4 53 3e 4 Jua 5i s Juad Lldi 0l (4585 iy (MCCB) 4 siall
e s sl i€l &l Jalay L i (Roto Active with mobile contacts) sf (configuration
Gl ol S 038 2a3 Cun " il - Jaa sl - Jadl) "ol Ll A o 2a) g el s o] 635
Al s s e Al ol il g 3 (55 LY

Al a3 l3e

Basas Lilje 1o pas Ll Sasas 3 510l abol o3 alad il

sl HLall Sasae 3510 absl o3 Slaas Al dSu Al Jewd Dol
550l e S i Eass I NS5 il 3 i

B 3,y 5 (e 5) 3 ol il 5 G
| Al jac o ol el

055 uubliz s g pesll SUGI dan il (5 o8l dasilsull o 5ol Julipy
) Sladlall 15 31 aly Jaiall 33ailly o s all ol s S g 3,k eo

oubadll 33eai e (548l A0l cablids g el Aol a0 LSS
oY lasy! ‘L’c:i_’ _)-“34-"_9
:g_'i'w olaii) (s olead aalus 034 3 510 abl oS .l

. dhylj Q‘)..]L&".

vl Bl SIS (5 Lo AL

coabaas Sl slan I JSS Gl 13gd g ¢ Juadll g Juo ol 354l
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Ieu and Ics performance

31kl

Icu (kA) 380/ 415 V

1600 1600 2000 | 2500 : 3200

In 100 160 | 250 . | 400 : 630 . 630D

4
CategoryA CategoryB
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8 elld Cuany g Auiial) e il Ll addy Laxie @lldg g ) jall Juadll of djleal) dilaia aws dilaie
, Okl @l Jead e a5 S J sl s adaldll (555 Lale Jo gacaal) el Cans e (ama (1)
OS5 ilally sl & gan Al @l g dalinal Juadll i dleal) didaie audi 5 ,aY) ddkia) L
JsY) Jsisall g Ja g adalall ay S yall Gl Cra e 58l ey 5l aad L) Al sda 3 i)
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- I2.t
Cable

———————— Th. & Mag.

F—— Protections
11
P 1
i #
I I
1 i 1 I
1 g ' g o =
B [] I e
Ivt 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 £l gl A ) sl g Aglaad) cilaa g £ 65 LA Cpag

.(thermomagnetic trip unit) (TM) 4le dles 2a 5 -)
.(electronic trip unit) 4 5 i< Ales 3as 5 -¥
.(micrologic trip unit) 4dkais ales sy =¥

alall il sally (IEC 947-2) daallall Zdial sall (aid5 Cus -2 ALC.B (Al 9¢d) adaldl)
DAl JSAN A e S Sl sy 5 A sed) @il s 5 A 5eSU) adal 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

DA all 23 g€ danadiiall S LAl aaY A sel) adal il Lalal) Cilival sall
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" IEC 60947-1 ; 2" sallal) alaill (3395 yida g daiian g danac @

" IEC 60664-1" sallad sl Coun " 4" Euglida 3 JanilBaec @

"4 Poles - 4eli," § "3 Poles - 405" bi¥) 2 @

" Ui=1000/1250V ": ) fs e

M Uimp = 12kV " : o=l jide

" Ue=690/1150V " : oY) Jaall s @

_o3kel 3y sSAd) Auaidl Lasi " Suitibility for Insulation " J ) 3 jue pdaldl) 38ss @
"+ 500C " W yate dddaimad ) pada j) dle ASEaa " T " dsenY) &) L) @

"B ": " Utilisation Category " al33iu¥) dc g @
.Drawout § Fixed" gslle

o9 ¢ Agthadl " In " dsen) & Lol A8 dudasil Ml adal gl 030 g @
. 800, 1000, 1250, 1600, 2000, 2500, 3200, 4000A " : " 1" Js¥! Lulall @
. " 4000, 5000, 6300A " : " 2" SUll Lulall @
SMgE5096 M LAJ‘.J;&L}L&MBJ\P&;JJMG&A&:\MY‘ LLJ\JL_!:L“ 4a< =)
2 g : " Ultimat Breaking Capacity - Icu " dsabel) akdl clelsii) @
DP9 ¢ A glhall adadl) e Uaind A8S | aat S

."N1:42,H1:65,H2:100,H3:150,L1:150, H10:50" :"kArms""1" @

."H1:100,H2:150":"kAms""2" e
" 220/415/440V - 50/60Hz " 55 dic dsina s ) sSaall adual) cileUatuf o
4dls) 5 glii ; " Breaking Capacity in Service - Ics " 4eadl)l 4 adaill dellin) @
" Tos = 100% Iou " odkei by gSaall adsl)
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: "' Rated Short-Time Withstand Current - Iew " ¢ sl Jaaill i@
"1 ksl e
"KArms"" 1sec" sl o
"N1:42, H1:65,H2:85, H3:65,1.1:30, H10:50"
" KArms"" 3sec" sl e
"N1 :22; H1:36, H2:50, H3 65, 1.1:30, H10:50"
2" ksl e
:"KArms"" 1 sec" sl o
" H1:100,H2:100"
:"KArms"" 3sec" bl e

"H1:100,H2:100"

o 2levels of performance for each AN

lcu (kA) 220/ 415V | lc_w (kA) /_ 0-_5 s

L1 L1

H1 42 H1 42

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

630 | 800 | 1000 1250 : 1600 630 | 800 | 1000 1250 : 1600
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¢ Slevels of performance

lcu (kA) 220/ 415V
L1 SO
H3 150
H2 100 150
H1 65 100

N1 e

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

o 5levels of performance

| lcw (kA) / 1s
L1 SO
H3 | 65
H2 85 100
H1 65 100

N1 e

JSEL mmge 2 LS wibiall saany (a3 sl padl Jeall s aily | Jow <y s (e Tl U S5 LeSa
adle
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"IEC 9472 " pallall Al Caiea 585, 205 @

" 800: 1000: 1200: 1600: 2000: 2500 3200: 4000: 5000: 6300 A " : 4zl &) HLal o

cpkill dcllid daal " HI ; H2 ; H3 : N1 : L1 : HI0" 4% o

s len gy o pa ol QLA S (S s ¢ "3Ph ; 3Ph+N": il s o
c skl Lo das e S0 g okl Lo dadl k) jlodes caadld s S das

S &= " Micrologic .... " 35 ublinal 5 g ) jal) jlall AL 4 g 5<N Ailaa Cilas 53535 50 @
c bl Al ¢ Slellaiui g ) jlall g e Al e el lall ;s AnlSal G gn

"42 : 50 ; 65 : 85 : 150kA": abill clellil @

" iam V) Jhael) e Al ) Adalil Al M ey Ll Glaall saa g gl Les @
el JiS i) sl e Jleall A8 o S5

¢ 33 0o Jead pildy ¢ Jhe el ¢ Baclue Gl Jie Cladia adl gill 03] Giliay ) Sy @
LA ) A0S AKalSe CDla g ¢ Al S IS jaa ¢ g Laga aildy

: 4l <yl " Micrologic ... " dlile (e dleall Claa g judi @

Al e A A Aglaa s " Protection" e

CAL HeSY AL BN palie L " Metering " e

. Gaadll Sllany oSl o A0S 48) e " Management "

CAaadll Ay ) Haiud Cenimy Les Juadl) dlan) s " Continuity " e

SOl ¢ cllaally Gald W) ¢ Aalladl (it Gpend e Claagll 238 sl
elal Je Gallae i Y Glulaly paldll aual) Jhad i Gy ¢ clulaly jald
CSblaald)
e VA TED's " (e ! igal g e i JdiS st @
MIr, Isd | Ig" ablsl Juail (gl g3l Jlaall g
Ap " ala dle e VAl o
" Overload Alarm " A geall 330 3 J3) @
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pand ALYl 4 slhadl clleall Lagd zilai 20 4laall Clang (e & 5l 13gd 2a g @
S AUl A" G g ol " Adlaly il 02 Caialig ¢ 5 AY il gl
Ll g e ANAI "2 56,7 dY & e
" Version " 43wl a8, e AVAll™ " G 350 o
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" Micrologic ... " alile : Ajlaal Glaa g

Micrologic

Cilulal g gil
PO ] —
alanll CJ  gad 7 ;_g

mes e
T teees w33

%E“

Long time 1 <~L,
Current setting (A) Ir=Inx... 04 05 06 07 08 09 09 098 1 £ o
Tripping between 1.05and 1.20 x Ir Other ranges or disable by changing long-time rating plug g
Time setting tr(s) 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 071 1 2 R 8 12 16 20 24
Accuracy: 0to 20% 7.2xIr 0.7@ 069 138 27 55 83 11 138 166

Thermal memory 20 minutes before and after tripping Isd

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

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

Accuracy: 10 %

Time delay Max resettable time: 20 ms

Max break time: 80 ms
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" Micrologic 2.0A " : 4alaall Glas

sl Slleall 23 gaill 138 (e Sl @
A ¢ lrmgand Je"Ir=04 ... 1 In" JLlldE" Long time " L)) » Lles @
."04,05,06,0.7,0.8,09,0.95,098,1"
Ll s ¢ lmeny aud o lall Qs " Time delay " L) yal) Lleall e ,uli @
oxIr" deal aic 3" 0.5, 1,2, 4, 8,12, 16, 20, 24 sec "
o* ¢ Glmmy aud e "Isd = 1.5 ... 10 Ir " bl 218 " Short time " dwullize Lles @
."1.5,2,25,3,4,5,6,8,10" 4l
EB g3 7 lie ddaud 53 (e golaall ladll Alaa la ¢ " 3PN " ol day i 53 alalil) ) S5 Lavic @
"4P3d , 4P3d+N/2 , 4P4d" » Gl
; Al Gl 3 gadl) 138 (e s Ll @
38 Ju LS ¢ LELEN e " T1, 12, I3, IN " gabnl) Ly ADEN ) L) il L a8 jlelly s @
&) ) LU " Bargraph - LED's " dlau) 5 4 siall dplly jlall das e 23 5ail
"1>20% In" ol Ll dad el 1Y s jla D3an e aaldala Y
. il Gl g ¢ bl ¢ el - 48 2l " Communication " Ju<iy) @

- Gllaall 3 pilas

D A0 Al daad G g 43l djlead) Bas 98 ey ALl U

ol T Lk Lhe

Bl Bttt Hoill

C(@ans ) ¥ Gl e leall 4 glladl) 4ol @

(@) Y il Gedleall 4 gllad) dagdll @

¢ L@chﬁ);;d‘tm}c_\;yd\@\umegc%La;dﬁﬁuﬂ‘wmjcLAJ:_)
el I ) el e 8

¢ uothall ALY o LaSa jdigall pda g g 4ld " Ay g il " cllaal) o2 Q’iq;_o
COostale e ) G pdisell g Hema Y (6l

Aol Jlacall dalal) 3 1aY) - Auall G pal) g o pdd) olsal Aagldl) AS yid)



S a3 - il S ilpem (peiga

% oaddla) agall cla gl Llua g

il ¢ LL\\,)L«J\ 5 plaa

zisaill (e dxig 5K Ales a9 jeae " NW4H0-HI-3P " obld 3sa g sajiv @
cadull all e o yumd o glhadll ¢ " Micrologic 5.0A "
"2850 A" A Al @
"= 50% " iy Al gan 33L ) 2ie " 100 sec " Ll al Alaall iyl @
" 17300 A " Apallizal 4l @
" 100 msec " Amablidl Llaall i) 5ali @
" 26000 A" i) i) @
@ lbaadl o3gd Lpa jall 2l ) a3 ) €A Alaal) Baa gl Al 5 Al Bl @

;:l:\]\'_'\l\
" . xIn": i)l o
W o R Y 3 dnnblizagl Qs o
L3 C T i WAl e

G lall Jo Jpanll W jued Caa gl adll ubne.\..gc:\_..m‘).«]\ e_._\ﬂ\&é)uéz,\.
Dk LS 4 glladll
"0.7 " e dleall jued Sl " 2850 = 4000=0.71": Ayl sl Al e o
"6 " o ddlasdl et Al " 17300+ 2850 = 6.07 " Anabllia il e o
"6 " o Lleall Huei A6l " 25000 +4000=6.26": ANV Al e o
s adal <l Haad) ad e Juan Wild ¢ 4y gund) adll o < jlall Jasia 2y

"0.7x4000= 2800 A" : i) Sl o
"r " e adls lesll fas ol Al 5 il B3 gallyg ¢ Ay ) jall Aleall e il juail @
" 1.5xIr " Al 2ic " 100 sec " e puali Al A 4 e
"6x2800=16800A": Lupllizal Ll o
Lun g ald el sas o 4yl 5 p5all 55 gallyy ¢ Aumblinal Glaall il il il @
("t ddaal Jaedl 50 J ae )" 100 msec " @l ¢ " 0.1 " Sle " tsd "
"6 x4000=24000 A" : i WAl o
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Instantaneous - &diallldlasli3 ) slas Long time — a_'u\‘)ai\ z\ew\ 5 ymlra

©

Ii = 6 x 4000 xIn - @l
1i=24000A Ir = 0.7 X 4000 tr=4 (@ 6Ir)
I = 2800 A tr =100 sec (@ 1.5Ir)

Short time — 4swwalizall Alasl) 5 yilaa

Isa tsd

x Ir
Isd = 6 x 2800 tsd=0.1
Isd = 16800 A tsd = 100 msec

- Albleall 3 pilaa

Mokl alA e o ¢ Alaal) Bang sl ¢ AV akldll ld) de I ladie
;@tﬁ‘@jcsﬁu\c\ﬁjdﬁﬁﬁ\&éls.u:\.\.;:g;}‘gﬁ}é‘
It A el Al das @
(s )"t Al sl Aleall a3l el das @
M Isd " Aspklizall Alsl dad @
(@) " tsd " Ablina) Alaall el el das @
LAY Al des o
I " Aam Y Jae Y (e djles)) Ak @
(s ) " tg " Anm ¥ Jae Y (e leall a3l palill das @
JAn " Y il Jael (e djlaall 305 @
_(-;‘.:;}Qj)"At"t;_.ajﬂgyﬂ\du,oiwlgu;ﬁ@)‘llpiﬂlw.
(S el alalall K13 ) gabiall Lall djlanll 408 @
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" Contactors — gskiissl) " - ) pSial) Jualll g Juua o) eiilda 7
e i Vs dlaadl 3,8l Juaill 5 dia sl Clplaad axiing unlaline 5 ¢S #lida sa: Cay il
Adles Al

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.
sl Sl
Main contacts (Fixed - Movable) — (4S_alie — 43 ) dawd 5 <l ki -
Iron core — Armature (saall lall Y
Coil - el -¥

Auxiliary contacts (Normally open — Normally close) — (dalae — 4x 5ida) 3aclue Jalds -

Contactor and there Accessories:

A8l Liaalt Jalatt & UVt anall (8 walla oo il alial danalt d< it
Jsad 4
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4. Over current 3. Side auxiliary 2. Surge 1. Contactor
relay contacts suppressor
7. Pneumatic 6. Front  four 5. Front single
timer pole pole auxiliary
auxiliary contacts
contacts

(T2 — T4 - T6) z sl il kbl — (T1— T3 = T5) dsaadl Gl ki 1 Jaa ill 4yl il LY o
dpala¥) dgall o (S 538 jaie Ll 6l ) Sl oSl s e (oS 5 Al Ll L) ¢ sae L) L)

Single pole ) cle sl 22 9 (Normally open NO — Normally close NC) _ siSti <Ui
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=| sadidial) agall cila of Alua I=
el & s e i) Cabie Apalal) sac bl Llaill e oy o) Sey LS (— Multi poles
. (Pneumatic timer)
2l Y JISE s Lilady @

Gy Cua I ade AY) 5 Eulie da ) sy g (S Sl Qliall (e 338 ) (e plany ; guaall QI o

Aplalinall Co2al) 5 58 () 5S5 Gy adaie dalise 5 Cld] ddey peaV) ulail) e piiay s s (o 5eSH Cild) @
Sl ey Gy & i 3l ada 368 e calall e 508 Cald) Gl hal e aga Jals e 2550
Caldl il phal e e dgadl a8 A0a 3 Jeall il Sl ey s AS jaiall s 456N Cal laY)
bl A8 jpaiall 5 Al Cal phaY) (2o il Juany s dpnslalinall Codad 358 e o i 3l a8 5 58l
— V)V - V) ddina oy (Ac or De ) W) aldl e gadaall agall 5 6Sh 5 Jaall iall Jlsll 55 5a
S 53l pall a8 gl ) giall dgall dad s e 65 ana o Calall sl (i gy Sl |l 8 (YY
4 )5St Sl)

ol Y e Al Cal ) Sl 4ty o 5 48 jaiall g AU Cal LY G aal g s sl T nsl e
cadlhl e e agad) a8 DA e Lzl g sall Calal) a8 ddaal 84S jaiall
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Transient voltage suppressor

Control circuit with
electronic coil interface.

Wiring Diagrams

A1l A1 —
|
|

C C N !
:I

g

A2 A2 2

Transil diode Varistor

Al il
| |
] 1
L oL
AN EE
RC type
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Auxiliary contacts ss sl wall LLA I N

Jsaiall) g sill ¢y Saclusall Lhtill puats dun LI o wpsall ucluall LI
eSS I e lalal dyy I Ludaall o g g 0L LLE (N/O Bale

S (1) ettt g gl a€aill 308 a3 e Lusall ol uats LS
B Ly 5

Saebaall LU (o Lyt y ¢ 13 B a0

:N/O 3ule (OUndYI La giis) L gunio Labiad Buc e Jaun g3 LLE3 B

S I (e St oy Lowie Sue Luall bolaill sia (ol 383) Joais
bl <1 553 I EL335 e (LSl 3L3) Bn  pua it g <l
- =Sl Ll

: N/C sole (UUQBYI lis) dituas Lia Suclius Jungs bl B
2538 K e Ll ady Lavie Sueluwall LA sia (GLbdl 3153) Giuas
ol L g I S5 2335 wie (Ll 183) oy s bliia g4 <
s Lk
: /0 Ll a3 Llaad Suclius Jun g3 Ll B
ALl Moy NIC a5 1a § NIO Jyam g5 L e e Luwall LGl 51 (5 583
GV cyo ¢ 1530 L35 Ly gl Sue Lunall oLl o g . o Lagiia JSI 6yl
(ks cipb Lt ol )
g 5l o Bule) Laie) Bue e Jallihy Ly daliin 5 Il oy 538085 o<I g3 el ) i)
i Ll b gf g bl g <0 30 I L35 wie Lol Lgilla Jusss (301 (C/O
o2 T n Al s Loyl ool 5,55y 0Ky Lo Le . Bk 8,58 4930 0y (1
- b Lo g S p3SLas U
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{0000 R
"Te)

5 > B >

11 32 513

Al 1L1J ELZJ 5L (I (I (I _ -
. Without auxiliary

E::F\\ _ j ﬁ S] contact

a2 2milat2l e 211 412 673

13NO 1. 2y ¢
14NO built-in auxili:

1NC . .
one built-out auxi

With auxiliary
contact

- oSl ol ALEY ciliial gall
( Rated operational voltage : Ue) 4wl <ol )50 Juadil) aga -

( Rated insulation voltage : Ui ) Jal alasiy (3l agall

M olal el " J i o pda b giSL S A Leaty JL il sa g ol ) -
(Conventional free air thermal current)

( Rated frequency "F" : Hz) ¥,elh oaallaa il -

( Rated operational current : le) Jesll g o8 e 8 gh g ctall Jadill s -

(Making capacity) dJea sl Je € &l deUainl -

(Breaking capacity ) dwadll e iS5 <l dellain) - -

( The type and value of the coil voltage) «alall s dadye 6 -

( Mechanical endurance) 4SSl Cilleall 2o -

( Electrical endurance) s Sl lieall sae -
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el 9SS o< Al ) clitall

s lasds 3ot e 3Lt J olgall Syo JS Taaal s asas
E eV o @ el Tl o oiiny

< AC=T Riaol XaglBay Jras Jan S oS3l )

cZaegl Jlaad 3 aSanmll Lulaay wlEahes Saaaslly Lasuall alss aas
Cro Aeala Ui 5,6 ol 53855 oS aluasil Jlas 5 alsnll s3a £33
S0 LSS e Jals suay Jlaa¥ Sule Laasddl AC-1 & ol
el 5 Juansl

:AC-2 (Slip ring motor) =135 =Gla, 5,50 elana 3 oSl (o)
gl Go A a LLAA 55,4 S ol 038155 S Slaa sl sda (03 anssen
seaall ol Jloall gemall 3,500y Batiailly A< all fu g reaws 311) AC-2
(s =WEla, Lol el aall Jalsall 3a30 byl 5 el

AC-3/AC-4 laiuw o33 (53 5830 done 3 aSasll (=)

: (Squirrel cage motor)
Cro Taaalalisie 5, ¢<H =, 53 <I55 o <I Lol e lEaydaill sda 3 ausi
Lol 5 (ool FLC J oSt Jaall 505 alass .311) AC-3 ¢ 5l
P PP DU | SR | .o JYRVNE SR IS | NG| EN. PO TR PR | D N |
SIS elie one s 4% Lagh o @i WA e al) sy alpi, Jde calay
Slaaay o ele aal ols aule 5. deludl 3 Jasdl 3G /ey o lalac

Reactive loads i, .50 Jlaal 3 a<a311 (0)
: 3530 ucme e Lglin 53 aie Tulle 5 Laas) al,les old

J_g;l\,..&\g C.JyJA_A.U 3._3_"';|43_3¢Y| oslatlall ‘_;9 2__3‘):\_:5((_"\_“ d\.a;%‘ sla &A:\S
Beain ) a5 S5 Bl s s (@l and M) 358 i Lalins fiaves
olaaiul e 3,008 wablias 5,45, 35 o<1 (Making capacity)
._:,‘L_Ja_'s")U 4 C‘,—.é—su_o‘)—_.!._.ﬁ .Jl.A_'SJ! S G908 s3A &u@y' g‘.‘.\l‘)\___ﬁ
sbasal Jelge ‘usl s (Making capaC|ty) MI e u\_s aule
.u\_g:\_,kgl sl b Rt Uiy 5eSiliel 5355 55X
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o lasss . 3asl sl te L3ttt Jolgall o JS Laaal watas
R M e ) Tl f i

: AC-1 Luo gl dayliay Jias Jan 5 oS3l (1)

SESOP DU g PXSRTTE IUOLJEAE UL JANCOIRT PREERCTIN A et
Cro Aaealalina 5 g <IN ol 53S0 <IN aluasil Jlas 5 alsill sia o83
Sl oS8 e JalE iy Jlaa Bals Tuawaidi AC- & ol
el 5 Jaaisl

:AC-2 (Slip ring motor) 153 =lala, 5,850 dias 5 oSa3ll (o)
gl Go dpuablin 5 9,45 o, 5385155 S lEnkasll sda 5 ausSen
seaall gl Sloull geimall 5,500y Bauailly IS all su gy peaws 31l) AC-2
(s oGla,y L,slall ol Gaall Jaljall 3a50 bayall 5 cn sl

£ S 1) i) Al il g AL

3-pole Contactors

Wy [
e l\i |
a u | |
a L,

CNTENTN ETRTITN [CRCHTY ECTY TN [T [ G m—m
(i e | s o i Jiem i ] sk e | v s Jeze wmn e

400 1650
Motors IEC
AC-3 ,';t.:,';' g<s5ec 40V kW 4 55 75 11 15 185 22 30 37 45 55 75 90 110 140 160 200 250 315 400 475 560
Rated  0<55°C40V A 9 12 7 % & &7 50 65 75 % 40 445 185 20 260 05 400 460 580 750 80 1080
AC-3 operational 8<55°C 45V A 9 12 41 % @ ¥ 0 65 75 9% M0 5 185 210 260 N0 400 460 50 7% 1050
cument  0<55°C,60V A 7 9 10 A At 4 4% 65 & 10 M 210 20 B0 X0 40 50 60 80 %0
IEC
Rated 0<40°C, 690V A% a 30 45 55 60 100 115 125 145 160 250 215 350 400 500 600 700 800 1050 1350 1650
AC-1 operational 8<55°C,6%V A 2 25 71 4 % 60 85 %5 105 135 15 20 250 300 B0 40 50 60 0 5 150 450
cument  0<70°C60V A 18 2N B R W 42 M 8 8 115 130 180 180 240 200 W5 40 40 50 70 100 120
oWihoonductorcosssectonalarea mm2 25 4 4 (6 0 16 (% 50 50 |5 M 20 150 (185 240 0 |2x15 2x240 2040 Srm eem wiom
o Rated operational vottage: v 690 1000 690 1000
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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 |,
acc.to IEC 60947-4-1, open contactors, 8<40°C A 26 28 30 45 65 65 100 100 125 125 145 160
with conductor cross-sectionalarea mm? 4 4 < 6 16 16 35 35 50 50 50 70

Rated operational current |,/ AC-1
forairemperature cose to conacior { 0<40°C A 25 27 30 45 55 60 70 100 115 125 145 160

U, max. 690 V - 50560 Hz { 6 <55 °C A 22 25 27 40 55 60 60 85 95 105 135 145
0<70°C3 A 18 20 23 32 39 42 50 70 80 85 115 130
with conductor cross-sectionalarea mm?2 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)

tpnasemors  220-230-240V A9 12 17 26 33 40 40 53 65 75 9% 110
| 380-400V A 9 12 17 26 32 37 37 50 65 75 9% 110
)/ 415V A 9 12 17 26 32 37 37 50 65 75 9% 110
M 440V A 9 12 16 26 32 37 37 45 65 70 93 100
™
Rated making capacity AC-3 10 x I, AC-3 acc. to IEC 60947-4-1
Rated breaking capacity AC-3 8 x l, AC-3 acc. to IEC 60947-4-1
Mechanical durability
- millions of operating cycles 10 (5 for AE... and TAE... contactors)
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).
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Millions of Q‘bfb% Q‘%

operatin Y X ) D $HLO O .S S

c)?cles ? & 4 2P > % s S S SR S &
& f %ﬁvg & & GGG
( ‘/ (

10 N\ N\ ANAN N\ AN \
N AN ANJER N N N AWNAN
N X AN NN ;
N N TENNER .
. NN X NN |
NG EASUAN N N ¥ |
s FIANANIANAN \\\\\ AN N\l
4 N \\ \\\\
2 .- TE \\ \ \ \ %&\ N \ \ e
SRR R NN NN
o 1t N ] \5& k AN
L b . ¥ SN\ N N AN NEAY
\ N\ N\ ANRAN N NN
\ N N AR ANN N N
X ANVANIANIAN
0.5 , ANN
136579 13579 Hu%m % Breaking
03 _|_|_|_|J_|_|_|_|_|I .I.I.LIJ.LI.I.IJ I l 13579 current Ic (A)
02 ! 1 3 5 7 9[ N : ! 1 3 5 7 9|
2 3 5 10 20 30 50 100 200 300 500 1000

Switching of 3-phase Cage Motors

AC-3 utilization category

f When making,
the motor current
is about 6 x I,,.
Breakingwhile the
motoris running at
I, motor F.L.C.

Switched-on current 6 x I,

Switched-off
current = I,

\Timf

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".
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Contactors for Capacitor Switching

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

1S8C5 8779 4F0301
1SBC5 8776 4F0301
18BC5 9144 4F0302

Technical Data

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

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

Gl s b Aalal) ¢l ¢3S &)

( Electrical protection system ) 4t <l dilasd) s 48 ol da ghiia .8
Sl ¢ Jall Gl G ) Ak el ABUal S S Alea JU A 300 Sl dunigll g g 58 (e g D 58
s Aglaall adai (e Caagdl | Al 5eS ASLE e A sharall o) a1 J e IAA (e Jae Y e (s
sl 3 3eal Gk e Lad (aniall) s larall o 5ol e SR e 8-S ol o Lia
Grhat oy UL 5 Al eI A3l (e s AV o) 3aY) (Ll Ayl il e Cumy ¢ Al yeS)
ol JRal ol JUac VY gale 5 (o e o Auleall Lalad
- S Qo ad A S Ao slaially Uadl) (ha 3ase £ 5if ellia o ey 4l Sbaal) Cay paill (4a
(Over load current) ¢ssdl asll e bl 35 -]
(Short circuit current) Juil) dad 8 laa S gl ) ) g3 Lae Guadli 5l pald Cigan 2D
(Terminal voltage) Laluall agall (252 5 p2e / (aladsl /el ) -3
- Al aa Y Al Sl Sas 4
ol Ja¥) B ol pSe
£ LeSl) gl Luld Clolac b i g f i Cgaa
Electromagnetic ) 4rwshliza s ;S COUAIS 3 ga o dagi hla I8 A leall 3 jgal e -5

e 3 5lae 3 3¢l 0 (interference
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Thermal Overload )l aaldll ; ¥ i

@ <

o .

:0verload ) Al adal@lly iy il
o s ing Cua Al il Ll e apeSl) Ll 323 g L)) e s gal) laad aadii 3l e 3 ke s
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over and under voltage relay
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Voltage input

1 Power supply
- ACTDC
Alarm

= I éy@éa

| @6
12 .
Signal output gggz‘sl?nal
24 ﬁ/'—( )21

22

| Load '

a5 iy ol Jalaill o yda Jiaa 53 2y Ll 5 Sleadls agr palal) GLSally as ol B o 5 o)
cdeall Jeaiilly Galadl ) 53SL oS Cale g (5l NO 4 sidall adadill
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Three-phase Phase-sequence Phase-loss
Relay Using Voltage Detection Method

+— Terminal block
(See notes 1 and 2.)

PWR
Power indicator 3
RY
Relay status indicator — -
3P.Sequence.
oes Ry
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Positive Temperature Coefficient (PTC

Negative Temperature Coefficient (NTC)
)/ da ey s 55 a5 duslalad) Cilaaall 5 4 Sl DS adl cilile 5 )] ja da )3 lad aaddin Al
a3 )l ja Ala py die Jeall Jiadl 28831 5 jila dlia ¢ &5 4 ala

((acaall b gl sl s A )a Jie) 3 s A o Ol (A p235all PT100 ) Adlal,

Lo ) 531 S, ilaallall g S jaal) 28T dlaaldl i 50 L aaaind 3 A €I @l Sl (g 2

| 3 PTC sensors;
! & one in each phase

PTC sensors
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Relay Jaall/s3 ) .9
g Giadai IR (e L yeS 4 Sl (S il lie (e ()5S 2 68/ S8 paie e 35l
ol 3 (Coil) eSh) ) Gl yhal e 3y S 5 LY aal g8 die | alalay 2 g sall Cildl e
oSall Al I A gide (g Lgilla gy (Uil Jalial 45 yal) Calyla¥) iy (udaline ) J aiy 43
A relay is an electrically operated switch. It consists of a set of input terminals for a .

single or multiple control signals, and a set of operating contact terminals.

An electromechanical relay is an electrical switch that is typically operated by using
electromagnetism to operate a mechanical switching mechanism.

]
Bottom View

Relay 3l Js& 1 o Jeddl

Jablsal) 5 510 5 Relay Dkl cilisla : 1 JS&Y)

Armature Armature

Aedzase soiing

— Movable Contacts

Spring _—Stationary Contacts

Electromagnet

s}
Contral Signal

Q
Coil terminals Fiwed NG Fixad NG
contact  contact

Coil & Contacts 3kl (Al Jeidizv Jedl)
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Construction:

Relay 3l s iy daad oty (s

aie 5103y 220V, 24V, 110V ... JUal due o) (0 ,)) cale i aga aaaa o
(Sl B s

Y (L 1) aa e*Y) Sy il LY aa c 2 FRPG I
(Contacts) Ll—& Vo2 e N el —waWla e J Sl do—w (o le
oyl V) =Y ca bl cal pdal 4 (F kY Lbal aa o) g thaall (o3 Al Gl y ks e 5 S
(NC <k, NO <k, COM k) <l skl ¥ e 3 ke adaiill ()5S

el Vo a) A e ddaiil) Leleai A el Ll e

Culiall aaall g ol 43, )l o

NC NO NO  NC NO NC NO NC NO

l{ SIS

:

Common C c C C C C
Relay SPST SPST DPST SPDT OPDT
Coil (NO) (NC) (NO) (B-M) (BE-M)
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(Timers) <3l 10

G o pSail) Lol dubia) Adda ) 5 Al 5ol i) ally 53 s gall <l 5Sal) aaf (o e Sl U allyie
it g (el — s ST el — (SilSaall) B gall Lgia sae gl sl 2 g5 Jlaa DU Jadi
DOty (e s () paadly s a8l gl 5 sl (8 5 SV g il 35S

On delay timer — Jalial Jua sill céiga -]

Off delay timer — _aliall Juadll cd5e -2

ElectronicTimer

Digital

smas e goallala g Al 4y dlby jalidl Joagill e o dua (On delay timer)
e Lo gl oy ) e 4l 5_LaY)

Oy 3 yaar b8l Al any 40 @l g JAliall Juadll Ciiga e S (OFf delay timer)
adde Lo grinall fe 3 Clialy o gy 43l 5 LEY) Caedali) 1308 adde 5 LaY) il LS @lIXS 8y 5 40 5 LaY)
ol 15 am Jaadl 8 ey 45Y @l g J2a0 5 5L (e Alitiwe 4385 Uny g oill 138 5 7 AN Juady o
LBy

n Indication of operational states
U: green LED — Control supply voltage applied

R: red LED - Output relay energized

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

B3 Rotary switch for the selection of the timing function

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

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

Pulse former: 1I'1==], triggering via control input A1-Y1
Impulse-ON: 17 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
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Measurement instruments and accessories
1- Ammeter 2- Voltmeter 3- Multi meter
4- Signal lamps 5- Selector switches
85 (L Lgriad (el - Akl ) (8 heal () il Lim 5l 535 Cum (50 (uldll 6 g ¢ i
" el 58" ey g ol o eI agall (3,8 Ly La Leia 5" el oy sual (Al peSH Ll
DAl Al Sl Tl e B ma el Sl BTl WAl ay e g Al el g
(V-A-Hz-KVA-KW - KWH - KVAr - KVArh —Cos ® - THD )
STABAN () 5S5 ia Sy L JBT () 555 g ey oL@l 8 Ul A () 55 o Do ageall £ 23 (s
13 2y Lggle dlaie ) (S ULl Ll satl e il &l 328 5 1 5 Apalaie Y1 3 5 Lee L5 oS0 e
Lz oSl 1l Gl Lo JS Y el g cildanally ooV ol e Jidas 8
JSall A las Al iV e "Accessories 4l e a5l s ol Aalal) claalall aad SIS
Coa e L Lalad) Jraliill S alaia ) gy A<y "Finish" 4aib_esll a5l s ol bl
S "INAOOr" & sSas a5l A gl (a4 yra DA (e @b sy 5 Loy Lalall ainall 3ala 5 uliall
s Aa gl s slal s gl e cilBalally (uldll 5 el g s Cus (g0 i il S5 "Outdoor”
Cun (e )5l Dl gl sy Lalad) PM dad 8 088 Caaay Y s alSaY) ds o5 S il 45y )l Gl
-l gudl 5 Adall alua¥) J i

Digital Voltmeter
Digital Ammeter
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3 positions 7 positions
Selector switch Selector switch

Off pushbutton On pushbutton Lamp
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Jeadll & S jaddl Tagy iy WS Lgtdig ol aae 3 aSadl 5 300 Tag 5 (getting de-energized)
cerhal) e Jleb aadll e s caa LY
e sa¥) EOUKH g Bl gall Galie g ol e 23 Jeatl) Asgi aidsy o (Say alail) aea g
PV
Jsaall g 3080 jolias @BLIS Glaw Gand o 3 Glaxe ddlia) oo AISAl 03] LA il
Leiad g sl Jlaal) el e g5 )8 (5aa
Gt ) il 13 agad) old JBaSy 8 b Amitie 5 pa g ) (5o amisiall salld
2 S JE Ggw (heat out put) daslill 5 ) el b il paic ddde acadl agal)

Grounding ¥ aa Gaadal) .V .
(control supply) JsiisSll sras Ge cpe st Wl 05% of oSa
(grounding) .z VL Juais (neutral) 4y (alad) Jabeiall <okl o6 Laaaal -
4 3aae 402 LaadS 5 o VL Judie e 4y palad) Jabaiall calall 058 a1 g sy -
& (control transformer) Js sl Jsae (o Js sl jaae ik sl Js¥) g sl b o
miniature ) o ;s daul g alea S Jo Sl juae e S Goplall g YU Alua s
oSy 4l LS L3k of die jaadll jasd Jeadl (e adl 45, ) 238 5 3w (Circuit breaker
sanall Caigy sady el G Uha sy Laxie 255kl eda (5 i V1 ae Gulilly 4iand
Aallaig Jhaall s s
b aluadi 2id (ungrounded) Q;_@fyl__. Juaie e (Neutral) J Cua Ul g gl iy @
5l Z Yl e
3 ylall o3gd V) pa uadlS Caa o S Jaall B eis oSatl) 5 8s oli g sl 1 By e
G gy sy Las dals ol el Gigan 2 i Gl et i z Y1 ol 30 L
aY (control supply) Js sl Jaas e g sill 1aa g aadlal g 4l 3y Jlaall e Gl
Oke el Ge 3ok Ol By oY) pe Gadl Gigas s Olull e Lo g i 2sas e
PS5 iy eage sa LS Y1 e puadl e sa Js Sl saan i (e gl il
-JLally
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0 Forward Reverse Brake  Ground detector
lights

Fig. 10.2 Control circuit having ground detector lights
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