Magnetic Contactors

Magnetic contactor $& over load relay ¢OlC:06006s08ag€ motor starter [gdelogpEs oo
[43B¢[g®SlaopSiMotor starter $& contactor o3sa0: Power circuit qpsogE switching 92[gd 320
a0pbi  Control current  oedanzezcodSze0dqaclycedimataodgliyodfgé:  (energized or
deenergized) [g968Ea0pbn The National Electrical Manufactures Association (NEMA) &
328¢luSeCadqodeaq Magnetic contactor 8320050 ¢ (q00dLGHE903 dlodamseudgts
[g05 eomadlgl:  33[036[036[groo8E et adadnddlodgEewntisCasmntgndaopdaopdondumn
[§620p51 Coil 03 Power cusglisé contact o3codcsieaoniqodeospogt Electromechanical relay

qP2$EardesoEHooomocydaopdiogpfepiges contactor gpseil contact point 20pd (make and
break) oo0[g€o[gEs [gepdea’ 15Amp load 2208 gjed8dgtiedesantdesign [gjapEaonzoopdi

Magnetic contactor 032005 control circuit o3 coil $¢s005a3050004F: power circuit o3 main
power contact $&s005a30500001 Fig.1 0gE Three pole magnetic contactor oo9a3edl[goopSi coil
terminal o3 2o&eagpoogd voltage cosdlon coil 3a0p8: current 8:08G: 95 Bod 005 pt:
[g9edeooobn ad¢ coil wodoodseax stationary iron frame o3 electromagnet og6 ©d
250805[gdeo0pdIGE:g6060030500 armature o3e3ua(Gistationary contact $& movable contact
o303aBanbeofGs power o3 line side ¢ load side a38:0E:c000051

Fig.1 Operation of Contactor (Deenergized and energized)
Contactor assembly

Contactor assembly Gmsc?m: clapper type, Horizontal action, Vertical action, Ball-crank o?)
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o3Fig.2 ogealfgdlaopbiMagnetic contactor o3@i operating mechanism gpzo cadcoOgraaogp:

§Eq Qeogs :§SoSodaeaniqupdi Operating mechanism [§6co0n stationary iron core $&
armature or moving core 0303 3200:6geg|S0c00:600005 (soft steel with high permeability and

low residual magnetism) [g&{gjopSaon:00p5icoil 0pE8:08eam agddielopé core ogEadeamnnd
60000503058lod[gded condlon elgedeanisé contact spring Glos:&3:03 GoyPRse)
armature o3a3m(Gs 0o0lonpds contact gpzademdeoagdi
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Fig.2 Contactor assembly

Air gap

Contactor armature 205 core 6dl0gEsaadEmmbagnioopdeeg§ogE laminated iron
$0693/03:03¢ air gap 009§ e520p503 Fig.3 0gteoy 82005 Coil 03 deenergized [grodadad
3005000 34,6000 [0gE:03§20059503058l0S (Residual magnetism) clo3p¢ a3006002:2005



6532000200600 65600 0p5103356[§3265$03070R00q$ 2030500050050 MLEBME
6$20pD3265320000 3004 (ground to close tolerance) cogG:00050063¢) Ground air gap

o?cupéseéT ooéu

MAGHET

Fig.3 Air gap

32§, contactor qpogE gair gap e$epag 2deadnda0pd (Non- magnetic metal) o3copogE: cons
[G: Permanent air gap vpealoopdi

Magnet Coil

Magnet coil o3 ohm meter ¢l 06o288[g¢ 03C:0006680:8E 20051 zero or infinity [gdloo short or
open [g8es4) 8200603qdlepd

Coil voltage qps0? 32008:2000235q) Ge:§EaSEaopdicoil 03 supply cosqepd voltage o
rated voltage [gO[G: 88saadd{gepd control circuit voltage $¢ 0305082005 coil 03 egegSqERd
Fig.4 03€[goonsaopd deenergized 33653000030 coil 03 power 060:20005¢ spring 3003603
agSq) contact m&gcdsa66000 voltage o3 Pickup voltage vr68l 20001000656000826532000:03
20050005a88:036:98c8com voltage o3 Hold-in voltage opesloopSiomen§sandqé(vertical
action) oce] hold-in voltage 20p5 pickup voltage coodso5:00p51 Supply system o3¢ dip esl
voltage drop [gogefopé a5c805elodsang§sans(8 hold-in saessaconie ©03§:8ET3[gI0dmag0:
2005 voltage o3 Drop out voltage vpeslaopSiCoil gpeoopd over voltage 10 percent 036§EqpS
& 15 percent under voltage o3 pickup and seal [g6[G: 3200500epdN Supply voltage 20p5
Ratedvoltage  coodsacg&qpdlon coil insulation gpaqodBsgecont 8E0pd [g€ [gEscoseom
05c805e3smalopE core qiod§o[gypegeddieo§EB: contact gpsclionadonsd odeodloopd
Under voltage sacg§qp:dlon vertical action 320305 pickup voltage o3eoqpe05copbs seal voltage
0GePoA pgecnazndElaopiedeanielgpdaopdsaognd contact gpizalgpdss0emba3 (over
heat & arcing) elo3p¢ contact point gps03adged8:e08Edoogd
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Supply voltage 2005 coil rated voltage &l 85 $& 110 percent 3203C:0000%:00&320p51 5
percent saodsaeagpelopE contactor e mOpd(gSsS0de[pEideoo0pdi Sgpiagit (98¢
cogpagCesiognoopdi deSeupodean speed sae|gplizacdelopE contact gpigSonigoddieo
2001

Contactor open
4
10 - Coil
- deenerngized
—
1L
—————

Air gap

Fig.4 Deenergized coil air gap

Magnetic circuit 0o903€ coil &1 impedance 20p5 cgq6od:a(o3pE:0395g§2005 (resist &
limit) Gosdloopdi Core so038: Gozazneom air gap (Fig.4) elopE impedance o3eagpojieooopd
adeloppé coil 08320p9380503¢ high current or inrush current s3o0pdi Armature 20p5 core $&
§:cc0 current $p5:ec0[gdG: Bandogng§oatieom aq68:a3 seal current vresloopdi Inrush
current 20p5 seal current & egpods0we00de0303§a0pdI0d6(opE contactor coil gpod adso
series 0e005qdlizamblg§eam coil (seal in or seat) O§8§0pE seal current [gog) e5:600 coil

3280:03Cemo8EGoxaliContactor coil gp:o? 32[g Parallel 0o5s0Cqepdi

DC circuit 0gE ohmic resistance 00088 AC circuit o3¢ resistance $¢& reactance ¢OlCsco0s
2000 impedance §20pd320305 DC coil gpzaopd AC coil gpesCopdagie s0odeqEangsqpsoopd
DC coil qpzaop5 resistance 0oo{gde) 0a3q$e 06§83 current oroopd

Contactor coil 03a8600n inductive load qp:a€ agd8:alopE:ad (turn off) So5c8o5dlmn
:20gS[gEuneom Szan: (spike voltage) 03cp0dapdolaopdigEod 8oodd[ge: (suppression) o[g|
c6dm deaont§faopdodeepad8Ef: PLC Module ojadeoon solid-state component gpzod
Q058600005 surges damaging current o3gdedleooopdi  omagudqSeaoged Fig.5 optedl[y
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aon20p9 RC module o coil $E33(GE (directly across) oobsoeaopdi Resistor $¢ Capacitor series
;20300 transient voltage [4Eooodgadesieag:e00000

L1 f\ L2
~o
\ )
Suppression |
module —=e o
L1
S Contaptor
coil
N MA/WJ
® c R
Suppression
® module
o
L2
PLC output
module

Fig. 5 RC suppression module

AC Hum

Magnetic effect o3 AC power 830:3203g[o0pd 0gpb:esoog) 5c80dalodaac|pEigacdopt
Mechnical vibration elo3p¢ Hum &8l p8:050g05ederp§oopdi

1. Supply voltage sacg$3[gE:(operating voltage too low)
2. Coil voltage cgusgcs

3. Core $C armature o3 006s0Cepopt alignment oa305[g8: odelopE oo (sligh hum)
0905200018090560003595 (louder hum) [g6dlon shading coil ofjfgodeselopE:o88E0a5
Contactor coil qpzod AC current [g&saadigepage coil eidlodosog€ort 25c305dlod(yo
e0la0pOIAC Power 20p5 QoSaegplicdesaond pulsating [gbq) cycle oodlodopE Byign zero
B58[036[g05005:0005103505§ 08 0305 eBmme00:e) armature [godoS zero cogPoopSst

[4$e82005150 cycle per second [96q odogr&op€as[aiconep [godmygClgsmogyds) oqed
coonCeomnpdiodfgdoopdict:ad contactor buzz or charter vpealoopdicdseogod contactor &

3280930Csqp:adqod8eoG: contacteioondonbiadcopdbicdeooopdi odadiofrqpiad 0mazudes
320905 shading ring or shading coil o3=aa%3(gjoopd
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SHADING COIL

Magnet coil
current

Shading coil |
current

Current
o

Fig.6 Shading coil and its effect

Shading coil o3 copper or aluminium [g€[geod[8s 0dlod (one turn) coojgd0pSIGE30305§e5
power coggC:o§o> (mounted to inductively couple with the contactor coil) o8),08e§esnt
006908 002:00001GEe10508056ld000dpEe0p5 relay coil $& out of phase [gb¢) relay coi zero
B[godg& 0zEgEse maxmium [gdG: core $& armature o333a8m0g3e0MEEO00N

AC Magnetic contactor gp: 20pSEddy current lose spS:eoq$ core and armature o3
Laminated sheet [&[gicpS (G DC contactor gpogE solid metal [g€[grodoopdicomEseon

contactor gpseil contact point o3 silver [g&[giepdaopSisilver 205 safgproogaqpoond 9desd: [B:
eq[Beoopdicontactor oogal size 20p5 cdcontact & ayEB:pdgi0d 200Sea0nEaB8:086:8E

20pbed00pd360l00pb8a0pdic(ogsomiedlopl egadaaqpbont (brazed or welded) condgEslgd[G:
egm0g08:03000068008q elogin arcing odoovdeamnemygpdeocopdisilver contact gpod
050D:003:008AIGe$a0pd3aepgPs0Rd  silveroxide (988 GEsncopSingiGoneomEiogndiyde)
20§ Eeegpde$end3501d8 Eqpbooaidypieomagt8iadaocdesmnlegls  sagEsadodess
e0gigCagEB05000033(0364pigtiadelopE contact gpiqodBif: Bodqecogpeomeanniyede
0q$&eoxali



Magnetic Contactors Part 2

The National Electric Manufactures Association (NEMA) §§ The International

Electrotechnical Commission (IEC) 0300p5 contactor gpasCdlodboondeom codspp$qodgpsyé
326p532603:03005:08650q20pdI00pe0m standard $690a050p5005 contactor gpzoopSELRd:
Rlopelapegndloogd
NEMA rating

NEMA standard o3¢ size [§$0005005¢] c00d00Eopgpioncdapbaod contactor gpod
00903[P:0093000:03:8 8§60 S ClaopbIodigaagp:00d  ogodsenonepopE  current, motor

horse powersé voltage o303038E8aa05c00d: duty cycle 0393 soadqye G60360B88Ea3[gde)
ed[g§eomsud dudeaad:08:038 cdermnndeomngdieannteqeaantddoodloogd

NEMA contactor size 320805 220d3{g|8€2005 Continuous currentrating $& motor horse
power codzpR8$q/0503 cal[golaodu

60 Hz AC contactor
NEMA rating oC ot
600 volts max _ hEMA s
- NEMA rating _
NEMA | Continuous .
) 600 volts max
size current -
NEMA | Continuous
00 9 ]
size amps
0 18
1 25
2 50 NEMA size 2
1 27
3 100 =
2 45 ol
4 150
3 90
5 300
4 135
6 600
5 270
7 900
6 540
8 1350
7 810
9 2500
8 1215
9 2250

Fig.1 NEMA contactor size guide



NEMA contactor qp:eﬁ continuous current §§motor horse power cg:ep
o€ operating voltage or rated voltage o3sa00:0q[gqepdipoensady rated voltage 600v
op¢ size 00 3pole contactor 20pS 9 Amp load o3sgp:00:03E:03 oG ICoopd: 20ud
ceont8Ea0pdicopper [g[gIrodo0pd contact 2005 H§2§00e00500060000: (gEBso0ud
eeonCea0d00pds contact tip qpsp[gCasaeepCalgpedgta copper oxide elgpCgsqp: ofgd
QOMNEMA contactor gpsoopd size $dlod[3ec0000d6e0088E6000 current capacity (03
eoolgdoopdicdelopé contact $EeagE3a8050305 Mechanism J[ofsoolgS size [0FigC
32§05c0p0:3[03: 20p5

Magnetic contactor gp:eisagud (rated carrying capacity) 2000
:20dg[oopdosaagizeon: (Type of load tobe utilized) edlogEaopbiponpboopdiload
G302 (Utilization category) o3ecoss58E0p5

< Nonlinear loads - lighting sacgoSsaadsgjoopdtungsten lampgpsi hot to cold
resistance ratio 10:10005(g¢[G: voltage and current in phase [gdeao0godsqp:

% Resistive loads - 8:320[9b632004go0pd voltage and current in phase 20pd
constance resistance Heating element gz

<% Inductive loads — lagging current ogoSsqpigdaopd industrial motors and
transformer qps

< Capacitive loads — leading current [g620p industrial capacitors and power factor

correction capacitors
IEC rating

IEC contactor ¢p:20pd NEMA contactor qpes§E:o0ddon  rating
0pRB80gi€ 3agudsaen: 33y po © Qo epizaadeo0:cud0pSIIEC rating 0g¢ coodapdapgp: 2005
Bogeomsradigepdesepeacd vonpdgooodeadoobiosmsean  Utilization Category s»0pC:
20&e05eo0n contactor rating o3 egqSaepdinjgpsapisnieom Utilization Category qpsd[gpsq)
contactor @i(make, maintain and break) sa§$qps§ aq68:00803:0300050050000n contactor
2090532002460 Category gpiaded[gdloopdi
AC Categorys

% AC-1 Power factor 0.95 $C=20c005 AC load 3a0:0:CloEoopdn (slightly inductive or
noninductive load)

% AC-2 Slip ring motor



% AC-3 squirrel cage motor aw$ewntfglaqofges closeing 3a§§0o¢ (inrush current)
normal motror current &1 Cksowqdsoaedi

% AC-4 squarrel cage motor inching and plugging
DC Categorys

< DC-1 All DC loads where the time constant (L/R) is less than or equal to 1 milisecond.
Noninductive or slightly inductive load.

< DC-2 Starting o€ norminal rated current &l J.§) S0s320p9 shunt motor

<% DC-3 Inching or plugging [§&322%:gjoopd shunt motor

<% DC-5 Inching or plugging [§¢saad:go0pd Series motor

Contactor size quegsqoS@&

Fig.2 LC 1D 18xx Schneider contactor

dopCaedl[goononpd Schneider electric 0oob LC 1 D 18 contactor o3€ith 32 Avpeal[goon:
Claopdi €005 AC 1 category [g62005 resistance load, heating load 02005 power factor 0.95
00058 2005 load qpe320305 32Amp aB23:8E2001



AC 3, 400 V 0g¢ 7.5KW wpedl[goonsep Squarrel cage motor 7.5kw ,norminal current
18Amp A8 eunCqS[gdoopdicontact qpzaopd mofged: 100Amp B98EGESGoolgE motor el
starting current elo3pEecd3a58EAl

Fig.3 CN-18 contactor

Contactor egqudepogl 88saadd{gepdload ol sajszaen: category o3o3dlilighting or
heating 320305{g®dlon AC1 or Ith 00§03:0332004q8EClaopSi CN18 contactor 330305 32Amp
[§63100p5n @oosdaR0582505 AC3 eanndemumnien TEC 220305 Squarrel cage motor Genl:qs
[§620p5188320%4{gjep) rated volt o3[o30d G380V 320305 11kw motor adad:8EclaopSimotor o3
inching or plugging $Ca%:0pd &3dn 11kw motor 320305030E CN18 coodonsod(Bieom
contactor 633203qqepd[gddloopdi

Size 1+ @ux:w NEMA $& 2000:00:q$[gd0o0pdi Standard $8900np30000200305 nema size

10005(08:00p50:a3c8[8: rated volt 320805 32034 g§Ea0pd Hp gpodedljgaopSiNEMA contactor
o361320g003e0oan8ES application catalogue 0o9o3Fig.4ogEaedl[goonsdloogdi



WVA Rating rnr......ehl
Tramsformar Primar
soeraowu 5
Wi Hl:aainun Ansista Jraru:lcrtr"m:-r:.z‘I "I'rnslnllm:ri
aximum EEpOwWEr B2 stance aving Inmasl aving Inres
Hnmp-nnr Ratiag — Tongsten Hm‘-:‘ Currents {(Worst | Cuerents (Waorst
nglfl gir PG 10 bl e oo Tan | Ootedd Theaey Rkt for
onplu &
e sagging Coivuus | Serdees | Inteared, nirared 20 Times Feak | 4D Times Switching
Inndn?nlnn uty Rating, Cument wl‘ts r Larmg Losde [ of G &Dﬂﬂl
KEWA | Load Eingl . ymp Singl Poty . i s'}.i"“"' Hﬂmh Single | Poly sf.;fm R:T s'lml:mm:;ﬂ
| ngle ingls - = 35, ingl - ¥- kg -
Sae Walts Flanse Phase Phase Phase Mlax, E * Fhase | Phese | Pnase | Phase | Phase | Phase KNAR
15 i L. 3 il 5
200 . 1 ] 1 5 -
o0 230 1 1% 3 11 5 ' ' . T ' “
380 .. 1 9 1 . . .
460 e 2 9 i . .
575 ? 9 1t -
M3 1 e Y2 L. 18 4 10 [ 03
00 3 1% 18 ) 10 s L 18 cea 03
o 230 2 3 1 1% 13 2 0 P 1z 21 0B 1.0
% EE: ;"k :g g: X 42 172 N
575 5 H i3 il L L. 3.0 5.2 15 | 28
13 2 1 27 a2 18 3 5 1.2 0.6
o T 3 2r 12 15 L a1 . 36 . 18
3 0 31 e 2 3 o a2 15 b 10 24 43 1.2 21
0 10 & 27 b4 16.5 iim
450 L 10 . & ar 32 B 12 0 4.4 a5 25 4.3
575 13 5 27 32 15 F 6.2 "o aa 5.3
e | 113 3 P 3% [H 4 o ; .
i) 5 . 3 36 42 24 Cua L . Cia
15 3 H L 45 52 20 5 8.5 2.1 1.0
200 10 . T 45 52 10 15.4 6.3 31
2 230 T 15 H ] 45 52 K] 0 17 41 7.2 24 3.6 ]
380 25 . 15 Ll 57 . i
450 25 15 45 52 e 2 £ ‘aa 14 42 1.2 16
575 25 14 45 52 Len 25 43 10,0 18 5.2 5.9 20
135 . a0 104 60 10 17 4.1 2.0 .
200 25 . 15 S 104 60 . H 12 g1 e
3 % % . g gg :a: 4] 20 ﬁ 81 14 41 7.0 Fij
60 & : ] an 14 o “ia & 18 ' a1 | 14 ]
EYE) 50 . 30 g0 104 Lo 50 B 20 35 10 18 &7
200 L) 25 135 156 150 Lo 45 - 20 n 10 v
230 80 0 135 15§ 120 30 52 14 F<) 6.8 12 40
4 380 75 50 135 155 BE.7 e
AGD 100 ] 115 158 ' B 0% ar 47 14 23 20
575 100 &l 135 15§ L. 75 130 34 59 17 249 100
200 75 1] on an 240 g1 a1 20
230 l% 1;: g’;‘g gn 240 G0 :gg 27 47 14 M4 50
3 jan 1 .
A&l it 150 ] an 120 210 54 g & 47 160
575 200 150 70 an 150 260 ] 117 3 BG 200
o0 150 125 50 621 40 182 [ o m
2 A0 150 240 G221 450 120 210 84 i a7 )
1) bz} 0 250 540 B21 342
450 a0 309 540 621 240 415 108 188 &4 94 320
575 400 309 5470 621 300 als 135 234 53 117 400
0 300 B0 o T8O E1E] 240
TAa 460 00 Bl 332 350 525 480
575 L GO0 810 32 450 775 . €00
Tables end foginoles are taken from REMA Standards. tha im am af cnnmr:l]n-g conductors may be sullicient for thiz purpose, When
t Ratings shown ars for applications mauiring repeated interuptions of stalled mokr gudtch tanks, the banks already on the lina ““!' be charged

current of repeated closing of high transient curmena encountened in rapid mosor
revargal, involving more than five opanings or ciosings par minela and mone than 1en in
@ tan-minute period, sush as plug-stop, plug-reverse or jogging duty. Ratings apply ta
single spaed and mult-spesd controlers.

# Par NEMA Standards paragraph |GS 2-321.20, the service-Limat gurrent senls the
FARETILT S SUrrant, N am| . which e coniroler may be expectad 1o carmy for
pratrached periods n mmalsﬁ-’iqp Al service-limil current ralings, lemperature rises
may excesd those oblzined by 1&sling the erlmﬂlnr at its continuows cumrent raing,
Tha ultirmate trip current of aver-gurrent [sval or ather mador pratactive
devices shall not excesd the service-Iimi uurunt rli Thr coniralker,

+ FLUDASSCENT LAMP LOADS — 300 VOLTS JNJ LESE — Tha characteristics of
Theorescant lamas are such that it |s not necessary to derate Class B502 contactors
helaw their normal contnuows curment rating. Cless 8603 contactars may also ba wsad
wilh Rusrescent lamp loads. For controlling tungsten and infrared lamp loads, and
rasslance heating loads, Class 8803 ac lighting comacions &re recommendead. Thaee

contactors are stcmc;bz«ded tor such loads and are appled at thewr full rating
as listed mithe G

i Fm-ngsapplymmummmmwmmhmmnlhmm

nect additio
and can supp!_.r addilml Mlﬂﬂ& shori-sirouit cusrant which should be conmidened
when selectng the impedancs to Bmil ke current.

This radings o capacior swiching above assume the lollowing maximum available

fauli currenis:

MEM# Size 2-3: E00DA mﬁym.

NEMA Sizo 4-5: 10,000 A AME

WEMA Size 6-7: 18,000 & AMS Sy,
1 avaslasle fault currenl i& groalss than thasa valuse, connect sulficient impedancs in
serias as noted in the previous paragraph.

The motor ratings in the above table are NEMA standard ratlngs and alﬂr
only when the code |etter of the motor s the same as or occurs sariler

the sl phabet than is shown in the lable below.

Motors Imm-?'em lettars aceurring fater In the slphabat may require &
larger control

veltage of e haat D'Ddur.lng element with a

of not mone than five openings lE" e,

cnnlnr."lurs.r' rated for resistance hoaling loads.
# When disshar .aoa acitor has nasentialy raro impadance. For repetites switehin

by W 3 shauld ba&,wﬂsﬂg:n senies to Emit inruesh ourn

ke it RS 1hun nn.m.n.n tha srrdastee ralad canfEaaie carrand e mang inetalladionre

Fig.4 NEC contactor application

Motor HP Rating Maximum Allowalils Motor Code Letiar
903 T&lm L and S lighting 12 L
5 K
iz & above H

Contactor gpzades0d32034{ggeeogodensolaelgesantontgoondloogdi saeo0:dod
lod[g$go50:00p58EqE (:0300E0m:000) IEC contactor pdf file 03s00dc0c560R00030M

Utilization Category gpssaa(o3pEse0050005008[gdlepdi
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