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'IFI @EJK8E:< @=:LIIKEK =CFNJ 8K 8 18K<F= 8DGJN?@C< MFCK8>< @J MFCKJ K?<E K?<:@
GFN<I 8K 8 I8K<F= 2
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I NF F= K?< =@I1JK K<IDJ K?8K N< N@CC :FM<I 8I< CFN MFGKSeF NUKEEIKE8>< GIFK<:K@FE
1 1+

.FD<K@D<J :8CC<; LHRCK8>< I<CiBd«voltage release (WR) @J 8 GIFG<IKP K?8K :@I:L@KJ ?8M<
N?<E LGFE 8 I<KLIEé#ltage=FCCFN@E> 8 GFN<I| FLK8>< CF8;J SLKFD8K@:8CCP KLIE 98:B FE

.FD<K@D<J :8CC<; LHRCK8>< GIFK<ig@altage protection (LVP) @J 8 GIFG<IKP K?8K :@Il:L@KJ
?8M< N?<E LGFE 8 I<KLIE F= MFCK8>< =FCCFN@E> 8 GFN<I| FLK8>< CF8;J N@CC EFK 8LKFD8K
8E; N@CC I<HL@I< =LIK?<| @EGLK =IFD K?< FG<I8KFI

J@DGC< <0O8DGC< F= CFN MFCK8>k |<BE8T¥N MFCK8>< GIFK<ki@®H 8 J@DGC< C@>?K@E>
‘@:L@K 8E; 8 ?FLJI<?FC; D@:IFN8M< $D8>@E< K?8K PFL 8I< 8K ?FD< ?<8K@E> JFD<K?@E> @
G<I1?78GJ 8 9LII@KF N?<E 8CC F=8 JL;;<E 8CC F=K?< C@>7KJ >F FLK LK EFK ALJK K?< C@>?K
8E; <M<IP <C<:KI@:8C ;<M@:< EFK GFN<lI<; 9P 8 98KK<IP @J ;<8;

+<1?8GJ 8 Kl<< ?8J =8CC<E 8:IFJJ JFD< GFN<I C@E<J -<>8|;C<JJ F=¥2K:@QIKKI8B=< K?<
GFN<I @J FLK /?@J @J 8 :FDDFE 8E; SEEFP@E> <OG<I@<E:<=FI LI 8CC 8E; F=K<E K?<I< @J E
C@>?K JFD< :8E;C<J 1<8; 8 9FFB 8E; N8@K

#FN ;F N< BEFN N?<E K?< GFN<I| ?8J 9<<E I<JKFI<; CC F=8 JL;;<E 8CC K?< C@>?KJ :FD< 98:B FE
K?<19¥8 9<<G =IFD K?< D@:IFN8M< C<KK@E> PFL BEFN K?8K K?< :CF:B E<<;J KF 9< I<J<K

[?7< C@>7KJ 8I< 8E <O8DGC< F= CFN MFCK8><4P<C<8uichesK?8K :FEKIFC K?< C@>?KJ N<I<
:CFJ<; N?<E K?< GFN<I N<EK FLK JK8P<; :CFJ<; ;LI@E> K?< GFN<I FLK8>< K?< G<I@F; F=WCFN
8E; N?<E K?< GFN<I N8J I<JKFI<; K?<JIN@K:?<J N<I< 8CC JK@CC @E K?<@| W*)X GFJQK@FE |
WI<C<8J<;X 8=K<I K?< G<I@F; F= WCFN MFCK8>< X

'FN MFCK8>< I<C<8l< @J M<IP LI<=LC =FI :@|:L@KJ N?<QIQ8KQ@FE 8=K<I| 8 91@<= FI K<DGFI8IF
CFJJ F= GFN<I @J J8=< 8E; ;<J@I89C< .FD< <08DGC<J @QE:CL;< C@>?K@E> :@I|:L@KJ JLDG GL
‘@lIL@KJ 8E; M<EK@C8K@FE :@I:L@KJ /?<J< 8I< <O8DGC<J F=:@l:L@KJ N2@QYKB<EXFB8@CL
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GFN<I ;@JILGK@FE :FLC; C<8; KF ;8D8>< F= GIFG<IKP JLDG GLDG FI <E;8E><ID<EK F= J8=<KP
M<EK@C8K@FE

[?< D@:IFN8M< N8J 8E <O8DGC< F= CFN MFCK8>< BIFKx K@HKI|":FEKIFCC@E> K?< D@:IFN8M<
J?LK EEN?<E K?< GFN<I N<EK FLK 8E; N?<E K?< GFN<I I<Bhti®] d¢ruit F= K?< D@:IFN8M<
N8@K<; =FI =LIK?<I @EGLK =IFD 8 ?LD8E FG<I8KFI

'FN MFCK8>< GIFK<:K@FEDJ ;<J@I89C< N?<E K?< JL;;<E 8:K@MBK@FE F= 8 D8:?@E< FI FK?<I <(
CF8; :FLC,; :8LJ< ;8D8>< FI @EADR <O8DGC<J NFLC; @E:CL;< 8EP IFK8K@E> D8:?@E<IP K89C< .
C8K?<J FI DFM@E> :FEM<PFI 9<CKJ /?<J< 8I< <O8DGC<J F=:@I|:L@KJ N?<<QQ8KI@ HE I< <E<I
'FLC; JLIGI@J< FI @EALI< 8 G<IJFE NFIB@E> E<8I9P

[?<I< 8l< DS8EP N8PJ K?8K :@I|:L@KJ :8E 9< <HL@GG<; N@OK? <@K?<| CEN MEEH8>< [<C<8J< '
MFCK8>< GIFK<:KI@F8_K KNF F= K?< J@DGC<JK8B=\M@IBE; thr ee-wire circuits
I<IG<:K@M<CP

J8ILC< @=8:@I:L@K LJ<J 8 D8>E<K@: :FEK8:KFI 8E; 8 ?FC;@E> :FEK8:K @K N@CC GIFM@;<
GIFK<:K@HE '

$= @K LI<J DB@EK8@E<; :FEK8:KJ K?<E @K DFJK C@B<CP GIFM@:<J CFN MFCK8>< |<C<8J< '

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=24
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A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=27

8<?=3 ?7<<08>

2?7<E 8 DFKFI @J =@1JK JK8IK<; 9<=FI< K?< J?8=K ?8J 8 :?8E:< KF G@:B LG JG<<; 8E; 9<>@E KF |
:?818:K<I@IK@:J F= K?< JK8KFI :F@C 8I< K?8K F= 8 J?FIK :@I:L@K J JL:? K?< DFKFI JK8IKJ KF ;I
M8CL<J &wrent /?7@J LII<EK :1<8K<J 8 D8>E<K@: =@<C; K?8K :8LJ<J K?< DFKFI J?8=K KF JG@QE

JG@EE@E> 8:K@FE :1<8K<J(8 :KLEKZ®:? C@D@KJ K?< :LII<EK KF @KJ EFID8C ILEE@E> M8CL<

[?7< @QE@K@8C ?@>? M8CL< F= :LIimtakKh@E ;88 8L < JI<M<I< C@QE< ;@JKLI98E:<J 8E; EL@J8E:<
KI@GG@reEse@BE; circuit breakers8I< EFK J@Q<; 8::FI;@E>CP

l@0<69,/

[?< K<ID WverloadX ;<J:1@9<J 8 DF;<I8K< 8E; >I8;L8C |@J< @E K?< M8CL< F=:LII<EK FM<I 8 I<C8K(
CFE> G<I@F; F=K@D< $K @J :8LJ<; 9P <0:<JJ@M< 8DFLEKJ F= :LII<BK2?@NEHEP DB BB FI

?2@>? 8JJ@0 K@D<J K?< I8K<; :LIIKEK /?@J @J :8LJ<; 9P KFF DL:?2EH& BPEADEKHH<:K<;
9Poverload protection relays 2?@C< FM<ICF8;J 8I< 8CCFN<; =FI 8 J?FIK K@D< LJL8CCP D@ELK<J
GIFCFE><; FM<ICF8;J N@CC LJ< K?<ID8C 8:K@FE KF :8LJ< 8 GIFK<:K@M< ;<M@:< KF KI@G

|@0<.?7<<08>

[?< K<ID WercurrentX JFD<K@D<J :8CC<; 8 J?FIK :@I:L@K FI 8 >IFLE; =8LCK ;<J:I@9<J 8 J?8IG 8I
|@J< @E :LII<EK FM<I 8 J?FIK G<I@F; F= K@D< =I8:K@FEJ F=8 J<:FE; @I:L@KJ 8E; <HL@GD<E
=IFD FM<I:LIIKEK J@KL8K@FEJ 9P =LJ<J FI :@I|:L@K 91<8B<IJ
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$E K?<J<:8J<J K?< MBCL< F=:LII<EK @J =8I >I<8K<| K?8E K?< EFD@E8C C@E< :LII<EK 8E; :8E (@
8EPN?<I< =IFD J@O K@D<J KF D8EP ?LE;I<;J F= K@D<J >I<8K<I| K?< EFID8C I18K<; :LII<KEK M8CL<

[?<I< 8I< J<M<I8C :8LJ<J F= FM<I:LII<KEK J@KLB8K@FEJ !FI <O8DGC< N?<E 8 9FCK<; =8LCK F::LIJ
C@E< KF >IFLE; FI 8 C@E< KF C@E< =8LCK /?@=k 813€18 M<IRICBK KF 9< ;I8NE 9<:8LJ< F=
K?< @EM<1J<CP GIFGFIK@QFESC I<C8K@FIESSi@&h0et\3 <@ I K 8E; K?< :LII<EK ;I8NE

EFK?<| C<JJ @QEKL@K@M< :8LJ< F= J?FIK :@I:L@KJ @J N?<E 8E @E;L:K@FE DFKFI JK8IKJ 2?<|
@E;L:K@FE DFKFI @J @K <E2k JK8KFI N@E;@E>J :FEJ@JK F= 8 M<IP CFN I<J@JK8E:< G8K?
8 M<IP C8{ @EILJ? :LIIKEK N?@:? @J @QE;@IJK@E>L@J?89C< =IFD 8 JK8E:8I; J?FIK :@|:L@K <O:<
HL@:BCP ;IFGJ ;FNE KF K?< I18K<; M8CL< F=:LII<EK ;ISNE 9P@I<AIEKEIKF K?< (!
:FLEK<kC<:KIFDFK@M< =Fl:< ;<M<CFG<; 9P K?< IFK8K@E> J?32kEFRC KR J IG@QEE@E>
8 (IC@D@KJ K?<:LI<EK KF J8=< M8CL<J 2?<E K?< DFKFI @J EFK JG@HEB@LEF8 NIHHERSI

@J ;ISNE =IFD K?< JFLI:< /?@J :LIIKEK @J JFD<K@bked:-8@6<curr ent 8E; motor starters

8E; FM<I:LII<EK ;<M@:<J DLJK 9< I18K<; KF J8=<CP ?8E;C< K?@J M8CL< F=:LII<EK

110.>=91 =39<> .4<.?24>=

I NF F= K?< D8@E E<>8K@M< FLKGLKJ F= FM<I:LII<EKJ 8I<

S Thermal energy #@>? M8CL<J F=:LIIKEK N@CC :I<8K< CFKJ F=?<8K N?@:? :8E ;8D8><
<HL@GD<EK 8E; N@I<J /?<ID8E 8E9< <OGI<JJ<; 9R $LII<EK JHLS8I<; K@D<J
K@D< VK?< CFE><| K?< =8LCK G<IJ@JKJ K?< >|<8K<| K?< GFK<EK@8C K?<ID8C ;8D8><

S Mechanical forces #@>? =8LCK :LII<EKJ :8E :1<8K< GFN<I=LC D8>E<K@: =@<C;J 8E; <O<IKk
D8>E<K@: JKI<JJ FE 9LJ98IJ 8E; <HL@GD<EK JFD<K@D<J N8IG@E> K?<D FLK F=J?8G
1<8K@E> FK?<I| GIF9C<DJ

'8l >< M8CL<J F==8LCK :LII<EK :8E :8LJ< ;8D8>< M<IIF HM&IBOIEEK GIFK<:K@M< ;<M@:<J DLJK 8:
M<IP HL@:BCP KF :C<8I K?< =8LCK /?<I< 8I< KNF D8@E :8K<>Fl@<J F= FM<I:LII<EK GIFK<:K@M=<
8E; :@I:L@K 91<8B<IJ
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Fuses

fuse@J 8 J@DGC< ;<M@:< K?8K GIFK<:KJ K?< :FE;L:KFIJ 8E; <HL@GD<EK F=8 :@I:L@QK =IFD ;&
?@>7?<I K?8E EFID8C =8LCK M8CL<J $K @J ;<J@>E<; KF 9< K?< N<8B<JK C@EB @E 8 :@l:.L@K

=LJ< @J 8E @EJLC8K<; KL9< :FEKS8@E@E> 8 JKI@G F=:FE;L:K@M< D<K8C =LJ< C@EB K?8K ~
GF@EK K?8E <@K?<I| :FGG<I FI SCLD@ELD /?< =LJ< (QEBRSINFBIUERD<EKJ K?8K :FE:<EKI8K< Kk
:LII<KEK 8E; :8LJ< K?< K<DG<I8KLI< 8K K?FJ< GF@EKJ KF |@J<

$E 8 I?FIK :@I:L@K K?< =LJ< <C<D<EKJ9LIE FG<E @QE ALJK 8 =I8:K@FE F= 8 J<:FE; /?<?@>7<I
=8LCK :LIIKEK K?< =8JK<| K?< =LJ< N@CC I<8:K

$E 8E FM<ICF8; JOKL8K@FE K?< =LJ< <C<D<EKJ :8E K8B< D8EP J<:FE;J FI <M<E D@ELK<J 9<=|
8:K@FEJ :8LJ< K?< =LJ< C@EB KF D<CK FG<E

ILJ<J :FD< @E KNF :8K<>FI@<J !8JK 8:K@E<=tBE] K@D< ;<C8P =GB /

ILJ<J LI<; @E DFKFI :@l:L@KJ ?8M< KF N@QK?JK8E; K?< @EK<EJ< @EILJ? :LIIKEK N?<E K?< DFK
JF N< LI< K@D< ;<C8P =LJ<J 8CJF BEFNE 8J W;L8C <C<D<EK =LJ<J X

97798 < ,>482=

CC FM<I:LIIKEK ;<M@:<J DLJK 9< FG<I8K<; N@K?@E K?<@I I18K<; M8CL<J /?I<< F= K?< DFJK @LC
8I< MFCK8>< :LII<EK 8E; @EK<IILGK@E> :8G8:@KP
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ILJ<J 8E; :@I:L@K 91<8B<IJ DLJK 9< I8K<; =FI 8K C<8JK KAoMBfelE<K2K?@I:L@K K?<P 8I<
<J@>E<; KF GIFK<:K

2?7<E 8 =LJI< FI :@!:L@K 9I<8B<I @EK<IILGKJ 8 =8LCK :LII<KEK @K DLJK J8=<CP <OK@E>L@J? K?
=IFD I1<<JK89C@J?@E> @KJI<C= /vsltegfel rali®yF= 8 =LI< FI :@I:L@K 91<8B<I DLJK 9< <HL8C KF F!
>|<8K<I| K?8E K?< JPIJK<D MFCK8><

IFI <O8DGC< 8 =LJ<I8K<; 8K 1-(. N@CC 9<8::<GK89C< =FILI< @E8 1 :@I|:L@K KF&yi<I
<0:<<; K?2< =LIFCK8>< IBK@E> KF LI< @K @E 8 1:@I:L@K

98>48797=/?>C $>482

Continuous-duty rating ;<J:1@9<J K?< D8O@DLD I8K<; M8CL< F= -(. :LIIKEK K?8K K?< FM<I:LII<EK
<M@:< @J ;<J@>E<; KF ?8E;C< FE 8 :FEK@ELFLJ 98J@J N@QK?FLK KI@GG @&npere<I8CCP JG<
IBK@E> F= K?< =LJ< FI 9I<8B<I J?FLC; EFK <0O:<<; K?< :LII<EK :8IIP@E> :8G8:@KP F= K?< :@I:L@!
<O:<GK@FEJ JL:? 8J :<IKB@E DFKFI :@Il:L@KJ

8>0<<?:>482 .,;,.4>C

2?7<E 8 J?FIK :@I:L@K FI >IFLE; =8LCK F::LIJ K?<:@I:L@K I<I@ FHBK@ NECRpRiE
:8LI@E> M<IPE€818CL<J F= :LII<KEK KF2Z@BNOKI<D<CP =8JK I@J< @E =8LCK :LII<EK :8E :8LJ< ;8D
KF N@I<J 8E; <HL@GD<EK K?IFL>? FM<I?<8K@E> 8E; DLJK 9< <OK@E>L@J?<; 8 HL@:BCP 8J C

/?< interrupting-capacity (IC) rating F=8E FM<I:LIIKEK ;<M@:< @J K?< D8O@DLD =8LCK :LII<EK K?¢
<M@:< :8E @EK<IILGK N@K?FLK ;8D8>< KF @KJ<C= (FJK :@I:L@K 91<8B<IJ 8E; =LJ<J ?8M< 8E {
8DGJ

IF1 JPIK<DJ :8G89C< F=C88LCK :LII<EKJ ?@>? ILGKLI< :8G8:@KP #- =LJ<J :8E @EK<IILGK :LII<
LG KF 8DGJ 9P LI@E> 8E 8I: HL<E:?@E> =@CC<I JL:? 8] J@QC@:8 J8E; KF ?<CG @EK<IILGK |
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A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontol/?p=31

$E <C<:KI@:8C JPJK<DJ N< LJ< K?< K<IDI WJIJ@E>C< G?8J<X 8E; WK?I<< G?8J<X =8@ICP F=K<E
<JI@GK@FE F= K?<D N@CC ?<CG LJ DFM@E> =FINS8I;

Single-phase systemBI< K?< J@DGC<JK <C<:KI@:8C :@I:L@KJ /?<P I<HL@I< FECP KNF C@E<J FI
>F @E 8E; K?< FK?<l @J 8 I<KLIE G8K? =FI :LII<EK /?<J< 8I< F=K<E :8CC<;'@E< 8E:'@E< FI'@
)<LKI8C LII<EK FECP ?8J FE< G8K? KF KI8M<C @E 8 J@E>C< G?8J< uantt@&ir 8HisACBK= K?<
N< N@CC 9< CFFB@E> 8K 8I< J@QE>C< G?78J<
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AC single phase @uit

Three-phase systenBl< 9@K DFI< :FDGC<O /?<P LI< K?I<< :LII<EK :8IIP@E> :FE;L:KFIJ :8CC<; '@E
'@E< 8E;'@E< N?7@:? 786M<8 R G?78J<J?@wt@ESZ<LII<EK N8M<=FIDJ 9<KN<<E K?<D
8:? F= K?<J< :FE;L:KFIJ 8I< :FEE<:K<; KF 8 K?I<< G?8J< CF8; C@B< 8 K?I<< G?8J< DFKFI

27<E @E FG<I8K@FE 8 98C8E:<; K?I<< G?8J< CF8; JL:? 8J 8 DFKFI ?8J <8:? F+IBEKK?I<< C@E<
M8CL<J :8E:<C <8:? FK?<| FLK 8E; JF @K ;F<J EFK I<HL@I< 8 I{RLIE CHBLIKSHE 9<
‘FEE<:K<; @BPZ FI <CK8 :FE=@>LISBK@FE N?@:? N@CC 9< :FM<I<; C8K<Il @E K?@J K<OK

3-phase cicuit

OE98CS8E:<; K?I<< G?8J< CF8;J 8I< DS@ECP :FEE<:H¥x BEF@%=I1A8K@FE N?<I< K?< :<EKI8C GF@E
LJ<; 8J 8 E<LKI8C KF :8IIP 8EP JKI8P I<KLIE :LIIKEKJ $E GI8:K@:< 8 DFKFI @J 8CN8PJ 8 98C8E:<; |
CFS8;

CC F= Kpsewer circuits K?8K N< N@CC 9< CFFB@E> 8K N@CC 9< K?I<< G?8J<
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C@:B GC8P FE K?< =FCCFN@E> 8L;@F GC8P<| KF C@QJK<E 8CFE> 8J PFL I<8; K?@J J<:K@FE

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=34

27<E 8 K?I<< G?8J< DFKFI @J =@AIR<EQK <OG<|@wiE1sh 8Hrr ent 8E; ?81J? JKSIK@E>

KFIHL< $= =FI <O8DGC< 8 DFKFI @J JG@EE@E> @E K?< =FIN8I; ;@I<:K@FE 8E; @J JKFGG<; 8|
I<K<E<t@Q<; @E K?< I<M<J< ;@I<:K@FE 9<=FI< K?< J?8=K F= K?< DFKFI ?8J K@D< KF :FD< KF 8
K?< DFKFI N@CC 9< J8@; KF ?8M< 9<<E WGCL>><; X
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A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
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FK? @QE;L:K@M< 8E; :8G8:@K@M< KPG<J F= GIFO@D@KP J<EJFIJ LJ< 8E FJ:@CCS8KFI :@!:L@K
=@<C; 8E; J<I@<J F= JFC@; JK8K< ;:<M@:<J KF J<EJ< 8EP :?8E>< @E K?< =@<C; N?@:? @E KLIF
<OK<IE8C :FEKS8:KJ

"39>9060.><4. =A4>.3

+?FKF<C<:KI@: IN@QK:?<J 8I< GIFO@D@KP JN@K:?<J N?@:? <D@K 8E; ;<K<:K 8 9<8D F= C@>?K
' $=K?<9<8D @J @EK<IILGK<; FI @EK<I=<I<; N@K? K?@J @J J<EJ<; 9P K?< I<:<@M<I 8E; 8 J@
8EFK?<I J<I@<J F= JFC@; JK8K< ;<M@:<J N?@:? @E KLIE K?<E FG<I8K< 8 J<K F=:FEK8:KJ O8I
J<EJFIJ FE 8LKFD8K@: ;FFIJ @E:CL;@E> <C<M8KFI ;FFIJ 8] N<CC 8J KFL:?C<JJ =8L:<KJ K?8K 8:
N?<E<M<I 8 G<IJFE GC8:<J K?<@I ?8E;J @E K?< J@EB KF 9< N8J7<;
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C@:B GC8P FE K?< =FCCFN@E> 8L;@F GC8P<| KF C@QJK<E 8CFE> 8J PFL I<8; K?@J J<:K@FE

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=55

zero-speed switch8CJF :8CC<; 8 GCL>>@E> IN@K:? @J :FDDFECP :FEE<:K<; <@K?<I| ;@I<:KCP
9<CK KF K?< J?8=K F= K?< DFKFI FI K?< <HL@GD<EK K?8K @K ;|@M<b8EcEKPEKRIKF= 8 J<K F:
8:K@MB8K<; 9P :<EKI@=L>8C =Fl:< =IFD K?< IFK8K@FE F= K?< J?8=K D<:?8E@JD /?< J<KJ F=:FE
8J <@Kmstmally open Fl normally closed 8:? J<K N@CC :?8E>< K?<@I JK8K< N?<E JL9A<:K<; KF J?
IFKBK@FE

.<M<I8C JPD9FCJ 8I< LJ<; =FI Q<IF JG<<; IN@K:? :FEK8:KJ 8E; K?< :LIM<; 8IIFN I<GI<J<EKJ K?< IF
F= K?< DFKFI KF <@K?<I FG<E FI :CFJ< K?< :FEK8:KJ ;<G<E;@E> FE K?<@I| EFID8C JK8K<

1?< K?1<J?FC; F= N?<E K?<J< :FEK8:KJ FG<E FI :CFJ< :8E 9< <8J@CP 8;ALIK<; N@K? 8 J:I<N K?IFL
IN@K:? ?FLI@E>

.@E:< K?<JC@>?K<JK IFKBK@FE :8E 8:K@M8K< K?< IN@K:? :FEK8:KJ 8E; @EKIF;L:< 8 ?8Q8I; JF
IN@K:?<J 8I< <HL@GG<; N@K? 8 JG<:@8C JFC<KfurF@eay.8&CEFBFLK I<C8P
@E:FIGFI8K<J 8 D<:?8E@JD KF ;@J89C< K?< :FEK8:KJ LEK@C K?< DFKE @¥J<C= ?8J 9<<E <E<I

4<IF JG<<; IN@K:?<J] 8I< LI<; @E :@!:L@KJ KF Gplild@ng 8®ETE DFD<EK8I@CP I<M<IJ@E> 8
DFKFI KF JKFG @iti-Blugging 8:K@FE GI<M<EK@E> K?< I<M<IJ8C F= 8 DFKFI LEK@C @K ?8J :FL

J8ILC< 8 Q<IF JG<<; IN@QK:? N@K? EFID8CCP FG<E :FEK8:KI N@CC GIFM@;< GCL>>@E> 8:K(
JG<<; IN@K:? N@K? EFID8CCP :CFJ<; :FEK8:KJ N@CC GIFM@;< 8EK@ GCL>>@E> 8:K@FE


https://opentextbc.ca/basicmotorcontrol/?p=55#pb-interactive-content
https://opentextbc.ca/basicmotorcontrol/?p=55#pb-interactive-content
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Zer-speed switch contacts.
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https://opentextbc.ca/basicmotontol/?2p=57#h5p-2

@ An interactive H5P element has been excludeadh fihis version of the textolY can view it online her

$= LI@E> K?< GI@BH <FFB :FGP F= K?@J 9FFB ESM@>8K< KF K?< 89FM< C@EB KF :FDGC<K<
#FN<M<IK?< HL@Q HL<JK@FEJ 8l< 8CJF GIFM@:<; 8K K?< <E: fc@F< $8EB G EFG@<J F=
28GK<I L@QQ<J



https://opentextbc.ca/basicmotorcontrol/?p=57#h5p-2
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'<BIE@E> *9A<:K@M<J

=K<l JKL;P@E> K?@J J<:K@FE JKL;<EKJ J?FLC; 9< 89C< KF

S <J:1@9< :FDDFE <C<:KI@:8C I8BK@E>J 8] K?<P 8GGCP KF DFKFIJ 8E; DFKFI JK8IK<IJ
S <J:1@9< 8E,; @;<EK@=P :FDDFE JKPC<J F= FM<ICFS8; GIFK<:K@FE ;<M@:<J
S <J1@9< 8E; @;<EK@=P D8EL8C DFKFI JK8IK<IJ 8E; K?<@| 8GGC@:8K@FEJ
S

<J:I@9< 8E; @;<EK@=P K?< :FDGFE<EKJ 8E; =LE:K@FEJ F= D8>E<K@: DFKFI JK8IKKIJ LJ<; =FI

JOE>C< ;@I<:K@FE 8E; =FIN8I; I<M<1J< 8GGC@:8K@FEJ
S <JI@9< K?< =LE:K@FE 8E; 8GGC@:8K@FE F=:FEKIFC I<C8PJ

S <JI@9< K?< =LE:K@FE 8E; 8GGC@:8K@FE F= K@D<I I<C8PJ @E:CL; @&E><EBR<C8P
I<C8PJ

I<C8PJ 8E;






l@0<@40A

C@:B GC8P FE K?< =FCCFN@E> 8L;@F GC8P<| KF C@QJK<E 8CFE> 8J PFL I<8; K?@J J<:K@FE

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=60

motor starter @J 8 ;<M@:< K?8K @J ;<J@>E<; KF J8=<CP JK8IK&E; GKINEB; P HKTH @ E>
overload GIFK<:K@FE

JK8IK<I :8E 9< 8 J@DGC< KNF N@I< DSEL8CSMEBRIEBFI< :FDGC<O D8>E<K@:8CCP FG<I8KX<;
=FIN8I; I<M<IJ< DFKFI JK8#>81;C<JJ F= @KJ ;<J@>E 8CC DFKFI JK8IK<IJ DLJK 9< LJ<; N@K?@E
voltage 8E; power IBK@E>J 8E; DLIK GIFM@ ;< FM<ICF8; GIFK<:K@FE *E< F= K?< N8PJ K?8K DFKF
GIFM@;< FM<ICFS8; GIFK<:K@FE @J K?IFL>? K?< LJ< F= FM<ICFS8; I<C8PJ *-

97798 $,>482=

[?<I< 8I< K?I<< J@>E@=@:8EK <C<:KI@:8C ISBK@E>J =FI DFKFI JK8IK<I3EVHBB8XR KA IJ<GFN<I
:LIIKEK M8CL<

[?< MFCK8>< IBK@E> F= 8 DFKFI JK8IK<I| DLJK 9< I8K<; =FI 8K C<8JK K?< FG<I8K@E> MFCK8>< F
‘FEKIFCJ /?@J IBK@E> @J JG<:@=@<; FE K?< DFKFI 8E; JK8IK<I EBD<GC8K<J

[?< 8DG8:@KP IBK@E> F= 8 JK8IK<I LIL8CCP I<=<1J KF K?< FM<ICF8; GIFK<:K@FE ;<M@:< /?< J<
GIFG<I FM<ICF8; ?<8K<I ;<G<E;J FE K?<!" =LCC CF8; 8DGJ :LII<EK ;I8NE 9P K&@d DFKFI

LILBCCP JG<:@=@<; FE RPEEDPKECBK< 8E; DFJK DBEL=8:KLI<IJ JLGGCP 8 K89@Q=FI| ?<8K<I
J<C<:K@FE

DI9I@<EK K<DG<I8KLI< :8E 8CJF ?8MKIH<FEM<ICF8; ?<8K<I J<EXISEHU@HR J?FLC; 9< K8B<E
N?<E FG<ISBK@E> DFKFI JK8IK<IJ @E M<IP ?@>? FI CFN 8D9@<EK K<DG<I8KLI< <EM@IFED<EK.

1?< ?FIJ<GFN<I IBK@E> F= 8 JK8IK<| DLJK D<<K FI <O:<<; K?< ?FIJ<GFN<I IBK@QE> F= K?< DFKFI (
@KJ C@JK<; FG<IBK@E> MFCK8><

#FIJ<GFN<I @J 8CN8PJ >@M<E 8K 8 JG<:@=@<; MFCK8>< IFI <O8DGC< 8 JK8IK<I I8K<; ?FII<G


https://opentextbc.ca/basicmotorcontrol/?p=60#pb-interactive-content
https://opentextbc.ca/basicmotorcontrol/?p=60#pb-interactive-content
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DLJK EFK 9< LJ<; KF :FEKIFC 8 ?FIJ<GEN<$EJIK<8; @K NFLC; DFJK C@B<CP 9< I8K<; =FI FECP
?FIJ<GFN<I 8K 1
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C@:B GC8P FE K?< =FCCFN@E> 8L;@F GC8P<| KF C@QJK<E 8CFE> 8J PFL I<8; K?@J J<:K@FE

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontol/?p=66

E overload relay ?8J KNF 98J@: G8IKJ

?<8K<I| <C<D<EK K?8K @J :FEEBeesN@K? K?< GFN<| C@E< KF K DHKEK
;IBNE 9P K?< DFKFI DLJIK G8JJ K?IFL>? K?< ?<8K<I| <C<D<EK

J<K Fmormally closed contactK?8K 8I< :FEE<:K<; @E J<I@<J N@K? <@K?<I K?< C@E<J -
K?< DFKFI D8ELS8C JK8IK<IJ FI K?<:F@C F= K?< D8>E<K@: :FEK8:KFI D8>E<K@: JK8IK:-

KPG<J F=1<C8PJ DFJK :FDDFECP J<<E 8I< K?< 9@D<K8CC@: JKI@G 8E; K?< D<CK@E>
8JJ<D9CP

470>,664. %><4:

[?<9@D<K8CC@: JKI@G :FEJ@JKJ F= KNF ;@JJ@ D@ €BKD<BE@EH@HExEIK] J K?<P ?<8K
K?<P <OG8E; 8KsI@EK I8K<J N?@:? :8LJ<J K?<D KF 9<E; FI ;<=FID 8K 8 Gl<J<K K<DG<I8KLI< /?@.
9<E;@E> 8:K@FE :8E FG<E FI :CFJedhthdtsF=

2?7<E LJI<; @E 8E FM<ICFS; ;<M@:< K?<9@D<K8CC@: JKI@QG @J D<:?8E@:8CCP C@EB<; KF 8 Js
<C<:KI@:8C :FEK8:KJ 2?<E 8E FM<ICFS8; F::LIJ K?< 9<E;@E> 8:K@FE FG<EJ K?< J<K F= EFID8CC
‘FEK8:KJ @EK<IILGK@E> K?< :LIIKEK KF K?<:@I:.L@K


https://opentextbc.ca/basicmotorcontrol/?p=66#pb-interactive-content
https://opentextbc.ca/basicmotorcontrol/?p=66#pb-interactive-content
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Bimetallic contact in a normally closed position

#<I< K?< EFID8CCP :CFJ<; :FEK8:KJ 8I< SCCFN@E> :LII<EK KF G8JJ K?IFL>? K?<D N?@C< K?< ?<
9<>@EE@E> KF ;<=FID K?< D<K8C

Bimetallic strip in open position

[?< ?<8K JFLI:< ?8J :8LJ<; K?< >I<P J?78;<; D<K8C K?< G@<:< FE K?<9FKKFD KF <OGS8E; =8JK<I K
9CL< J?8;<; D<K8C K?< G@<:< FE K?< KFG 8E; JF ?8J FG<E<; K?< J<K F= EFID8CCP :CFJ<; :FEK¢
@EK<IILGK@E> K?< :LII<KEK =CFN KF K?< DFKFI



0503 5$35(34%/" 0/5%$&5034

06>482 %96/0<9>

Solder pot closed contacts

[?< D<CK@E> JFC;<I GFK :FEJ@JKJ F= 8 ?<8K<I| <O3BKBRJI8DSEBIKIP<K N?<<C 8E; 8 J<K F=
EFID8CCP :CFJ<; :FEK8:KJ

JGI@E> @J ?<C; LE;<I KKEJ@FE 9P K?< I8K:?<K N?<<C $= K?< N?<<C @J 8CCFN<; KF JG@E K’
GLJ? LGN8I;J 8E; FG<E K?< J<K F= EFID8CCP :CFJ<; :FEK8:KJ /?< N?<<C @J ?<C; @E GC8:< 9P K
@EJ@;< K?< JEEKBJII<DI@P=<I<EK C<M<CJ F= K@E 8E; Q@E: @E K?< JFC;<I :?8E>< K?< D<CK{
K<DG<I8KLI< 8CCFN@E> =FI LJ< 8&DBEHP.[@<EK ISBK@E>J 8E; 8DI@<EK K<DG<I8KLI< J<KK@E>

$= 8E FM<ICFS8; :LII<EK @J J<EJ<; 9P K?< ?<8K<I| <C<D<EKJ =FI KFF CFE> 8 K@D< K?<E K?<8CC
C@HL@; 8CCFN@E> K?< JGI@E> KF GLJ? FG<E K?< EFID8CCP :CFJ<; :FEK8:KJ /?@J :8LJ<J K?:
KI@G FG<E 8E; @EK<IILGK :LII<EK =CFN KF K?< DFKFI



7 (3-0% (-$:4

Solder pot open contacts

FK? K?< 9@D<K8CC@: JKI@G 8E; DGHKAECRIFE KP<IDSEKERIKI@G K?<@| <C<D<EKJ JJL:? 8
'‘FFC ;FNE G<I@F; @J I<HL@I<; 9<=FI< K?< :FEK8:KJ :8E 9< I<J<K *E:< K?< I<C8P :FFCJ K?<9@D
N@CC I<KLIE KF @KJ EFID8C GFJI@K@FE FI K?< D<CK<; JFC;<I N@CC JFC@;@=P 8E; K?< I8K:?
:CFJ< K?< C@E< :FEK8:KJ 8>8@E

1>30< &C:0= 91 !@<69,/ $06,C

.FD< DF;<IE DFKFI :FEKIFC JPJK<DJ @E:FIGFI8K< I<8C K@D< :LII<EK KI8EJ=FID<| DFE@KFI@E>
K?8K LI< @EK<>I8K<; :FBdbltdktircuits KF GIFK<:K 8>8@EJK DFKFI FM<ICF8;J /?<J< JPJK<DJ :8E
@EK<I:FEE<:K<; N@K? E<KNFIB8E+FK?<I J8=<KP <HL@GD<EK

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=66
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87,6 9>9< %> <>0<=

892260

.D8CC =I8:K@FES8C ?FIJ<GFN<I DFKFIJ 8I< F=K<E :FEKIFCC<; LJ@&# @ @& BFKFCx=C<
IN@K:? JK8IK<IJ 8I< I8K<; 8K DBO@DLD ?FIJ<GFN2k8KD8P 9< =FI J@E>C< GFC< FI ;FL9C<
GFC<IN@K:?@E> 8E; K?<*) 8E; *Il GFJ@K@FEJ 8I< :C<8ICP D8IB<; FE K?< C<M<I

?<IN@K:? @J J@D@C8I @E 8GG<8I8E:< KF 8 JK8E;8I; C@>?K INGKE.<0QK K?8&@&E ;@=
starter ?8Jhorsepowerrated contacts N?@:? D<8EJ K?8K @K :8E J8=<CP D8B< 8E; 91<8B K?< :LII<EK
;IBNE 9P K?< DFKFI

$K 8CJIF :FEKS8@EJ 8 K?<ID8C FM<ICFS8; :<M@:< KF GIFM@:;< FM<ICF8; GIFK<:K@BRBP J<EJ@E>
EFID8C :LII<EKJ ;ISNE 9P K?< DEKBIDFKBVerload F::LIJ K?< <0:<JJ :LII<EK ;I8NE 9P K?< DFKFI

:8LJ<J K?< ?<8K<| <C<D<EK KF ?<8K LG N?@:? 8LKFD8K@:8CCP KI@GJ K?< IN@K:? :FEK8:KJ 8I
:@I:.L@OK /?<?8E;C< DFM<J KF K?< D@;;C< FI KI@GG<; GFJQK@FE 8E; 8=K<I 8 :FFC@E> G<I@F
JN@K:? :8E 9< I<J<K 9P GLJ?@E> K?< C<M<| @EGF XK @QFEHTEFK?<E INQOK:?@E> @K FE 8>8@

[?<:FDG8:K :FEJKIL:K@FE F= K?@J D8EL8C JK8IK<I IN@K:? 8CCFNJ @K KF 9< @EJK8CC<; ;@I<
D8:?@E<IP 8E; @E K@>?K JG8:<J

"?=3-7>>98

+LJ?9LKKFE DFKFI JK8IK<IJ 8I< LJ<; =FI J@E>C< G?8J< DFKFIJ K?8K 8I< KPG@:8CCP I8K<; 8K 8 I
?FIJ<GFN<I 8K 1/?<P 8I< J@D@C8I @E FG<IBK@E> GI@QE:@GC< KF KF>>C< IN@K:?<J <0O:<GK
J<G8I8K< 9LKKFEJ KF 8:K@M8KF R :K2< DFKHI<JJ K?< JK8IK 9LKKFE JF K?8K @K DFM<J @E

mechanical interlocking device=Fl:<J K?< JKFG 9LKKFE FLKNSI; *E:< 8:K@M8K<; K?<J< 9LKKFEJ
I<D8@E @E GFIJ@K@FE LEK@C K?< FGGFJ@K< 9LKKFE @J GI<JJ<;

$=8E FM<ICFS8; F::L1J K?<:FEK8:KJ :8E 9< I<J<K 9P GLJ?@E> =@IDCP FE K?< JKFG 9LKKFE 8=Kx
‘FFC@E> G<I@F;

<?7 %A4>.3

[?<;ILD IN@K:? @J 8 IFK8IP 8:K@FE J<C<:KFI IN@K:? K?8K @J :FDDFECP LJ<; KF DS8EL8CCP :FE
8E; KF :?8E>< K?< ;@I<:K@FEJ F= DFKFIJ /?< ?8E;C< @E K?< :<EKI< 8K K?< KFG :8E 9< DFM<; I8;
M8I@FLJ GFJ@K@FEJ KLIE@E> 8 :<EKI8C J?8=K /?< DFM@E> :FEK8:KJ FE K?< J?8=K :FEE<:K K
'FEK8:KJ FE K?< G<I@D<K<I F= K?<;ILD
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27<E LJ<; KF :FEKIFC J@E>C< G?8J< DFKFIJ K?<P 8I< KPG@:8CCP I18K<; LG KF ?FIJ<GFN<I 8K
?FIJ<GFN<I 8K 1

[?<;ILD IN@K:? ;F<J EFK GIFM@;< FM<ICF8; GIFK<:K@QFE ;;@K@FE8C FM<ICFS8; GIFK<:K@FE D
@EJK8CC<; N?<E LI@E> ;ILD IN@K:?<J

CC D8ELS8C JK8IK<IJ ?8M< DS@EKB@E<; :FEK8:KJ $= K?< GFN<I| =8@CJ N?@C< K?< :FEK8:KJ 8l
GFN<I @J I<JKFI<; K?< CF8; N@CC SLKFD8K@SCP 8<<E<I8C ILC< DSEL8C JK8IK<IJ GIFM@;<
KNF N@I< :FEKIFQ®tyoltage release (MVR)



280>4. 9>9< %>,<>0<=

IFI K?< :FEKIFC F= K?I<< G?8J< DFKFIJ D8>E<K@: :FEK8:KFIJ 8l< LJ<; KF FG<E 8E; :CFJ< K?< GF|
'FEK8:KJ @E C@E< N@K?/R@IBAITHNJ =F| J<G8I8K @EdhfFsl KR<uit =IFD K?gower

circuit GIFM@;@E> >I<8K<I J8=<KP =F| K?< FG<I8KFI 8E; <8J< 8E; :FEM<E@<E:< F= N@|@E> =FI
(8>E<K@: :FEK8:KFIJ 8CJF Gt@ltage protection (LVP) @E K?< :8J< F= 8 GFN<I FLK8><

(8>E<K@: :FEK8:KFIJ DLIK 8CJF ?8M< 9L@CK @E FM<ICF8; GIFK<:K@FE @= K?<P 8I< KF 9< LJ<;
DFKFIJ /?< DFJK :FDDFE :FEKIFCC<IJ =FI K?I<< G?8J< DFKFIJ 8I< K?< 8:IFJJ K?< C@E< D8>E<K(
D<8E@E> K?8K K?< DFKFI @J JK8IK<; N@K? =LCC C@E< MFCK8><

@:

J2< ;@=<I<E:< 9<KN<<E ) ( 8E;$ :FEK8:KFIJ @] @E K?<@!| :<IK@=@:8K@FEJ 8E; ISK@E>J ) (
)8K@FESC C<:KI@:8C (8EL=8:KLI<IJ JIF:@8K@FE @J I<:F>E@Q<; @E )FIK? D<I@:8

NEMA motor starter

$ SEK<IEBK@FESC <C<KIFK<:?E@:8C :FDD@JJ@FE @J I<:F>E@Q<; @E 9FK? )FIK? D<I@:8 8
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IEC motor starter with overloacktay

J 8 ><E<I8CILC< ) ( <HL@GD<EK @J DFI< <OG<EJ@M< 8E; IFOLJIK K?8E $ <HL@GD<EK 9LK $
<HL@GD<EK @J DFI< M<IJBK@C< E; 9<:8LJ< @JF=K<IHOTEBEEK @J DFI< :FDDFECP J<<E @E
DF;<IE @EJK8CC8K@FEJ

98>,.>9< 98=><7?.>498 ,8/:.0< ,>498

D8>E<K@notor starter ?8J KNF 98J@: G8IKJ K?< D8>E<K@: :FEK&\«dtl@itt @iay

[?< D8>E<K@: :FEK8:KFI @J 8 JFC<EF@; I<C8P :FEJ@JK@E> F= JK8K@ FE8I|Ps&ta6Bi IKL?8K 8l<
K?< C@E<J KF K?<BBRRELL:K@M< :F@C NI8GG<; 8IFLE; 8 D8>E<K@: :Fl< &EnF&89C<
8KK8:?<; KF DFM<89C< :FEK8:KJ 2?<E 8E <C<:KI@: :LIIKEK @J G8JJ<; K?IFL>? K?< :F@C F= N@I-
=@<C; @J :I<8K<; 1?7@J =@<C; @E KLIE ;I8NJ K?< 8ID8KLI< KFN8I:J @K :8LJ@E> K?< DFM89C<
91@;>< K?< >8G F= K?< JKBK@FES8IP :FEK8:K3 8K KE<IDFERFDE> @J :FEJKS8EKCP KIP@E> KI
FG<E K?< :FEK8:KJ 9LK 8J CFE> 8] Wtage@K8<EK 8K K?< :F@C D8>E<K@: =FIl:<J N@CC FM<I:Fl
JKI<E>K? F= K?@J JGI@E>
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Contactor coil de-engiized

Contactor coil enggized

2?7<E K?<I< @J 8 GFN<I FLK8>< ?RMsM2K :LII<KEK K?IFL>? K?< :F@C ;IFGJ 9<CFN 8 K?I<J?FC; K?:
JGI@E> N@CC GLJ? FG<E K?< :FEK8:KJ $= GFN<I @J I<JKFI<; K?< DFKPI(@BE&; NEO@ERK I< <E:
@EJK<S; IKHL@I< =LIK?<| @EGLK =IFD R IFKRBKF+ :FEKIFC @J :8CC<; K?I<< N@I< :FEKIFC 8E
GIFM@;<J CFN MFCK8>< GIFKx:K@FE '

IFI K?< :FEKIFC F= K?I<< G?8J< DFKFIJ :FEK8:KFIJ 8I< 9L@CK N@ise pRhesrdted F=

contacts ;;@K@FE8Giliary contacts :8E 9< @E:CL;<; 8 N<CC -<C8P :FEK8:KJ 8I< LIL8CCP J@CM<
GC8K<; KF @DGIFM< K?<@!I :FE;L:K@QM@KP 8E; 8CK?FL>? J@E>C< 9I<8B :FEK8:KJ 8I< LJ<; DFJ!
HLBC@KP I<C8PJ LJ< ;FL9C< 9I<8B :FEK8:KJ KF @DGIFM< K?<@I| @EK<IILGK@E> :8G89@C@KP



$*/(5,& 0503  5$35(34

F@CJ 8I< ><E<I8CCP :<J@>E<; KF 8:K@M8K< 8K 8GGIFO@D8K<CP F=K?<@I I8K<; MFCK8>< ¢
<8:K@M8BK< LEK@C K?< MFCK8>< =8CCJ 9<CFN 8GGIFO@D8K<CP F=K?<I8K<; M8CL< 0JL8C
N@K?JK8E; 8E FM<IMFCK8>< F=LG KF N@K?FLK ;8D8>< KF K?<:F@C

Question: $= D8>E<K@: :F@CJ 8I< GFN<I 9P NRKFHEX¥| :FEK8:KJ FG<E 8E; :CFJ< K@D<J|G<I
J<FE;

Answer: .FD<K@D<J K?<P ;F $=8 D8>E<K@: :FEK8:KFI @J DS8B@E> 8E LEE8SKLI8C W:?8KK<I@E>X JFL
D8P 9< :8LJ<; 9P 8 CFFJ< FI =8LCKP J?8;@E> :F@C .?8;@E> :F@CJ 8l< J@DGC< :CFJ<; CFFGJ F=:FE;l
D8K<I@8C K?8K N?<E <OGFJ<; KF K?< :?8E>@E> D8>E<K@: =@<C; F=8E :@I:.L@K :1<8K<J @KJ FNI
=@<C; N@K? 8 JC@>7?K ;<C8P @E G<I@F; /?@J 8CCFNJ =FI 8 :FEJKS8EK D8>E<K@: 8KKI8:K@FE 9<KN
DFM<89C< 8ID8KLI< 8E; K?< :F@C F= K?<$:FBKEEKBLKFI @J W:?8KK<I@E> X @K D8P E<<; @KJ J?8;@E
F@CJ I<G8@I<; FI I<GC8:<;

[?< FM<ICFS8; I<C8P *- @JJ@D@C8I @E ;<J@>E KF K?8K LJ<; @E DBEL8C DFKEKIKBIK<IJ /?< B
@J K?8KriKPraally closed contactd= K?< *- 8I< N@I<; @E J<I@<J N@K? K?< :LII<KEK K?8K =CFNJ K?|
K?< 8ID8KLI< F= K?< :FEK8:KFI :F@C /?@J <EJLbvHKE8KFRaIH BB E 8EP F= K?< K?I<< GFN<I
C@E<J JLGGCP@E> KZIHHBBCCP :CFJ<; :FEK8:KJ F= K?<*- N@CC FG<E 8E; K?< :FEK8:KFI
JLGGCP@E> GFN<I KF K?< DFKFI @J ;@J:FEE<:K<; =IFD K?<:@l:L@K

/?< B<P LK@QC@KP :FD<J @E J<G8IBK@E> K?< :FEKIFC :@I:L@K =IFD K?< GFN<I :@I:L@K (8>E<
=FI <O8DGC< :8E 8CCFN K?<:FEKIFC F=8 ?FIJ<GFN<I 1 K?I<< G?8J< DFKFI K?<GFN<I|:@I:L
J@DGCP =BQ@E>8 ICFS;

1?7@J :FE:<GK F= DFKFI JK8IK<IJ 8J 8 CF8; K?8K :FEKRKEICIHBKI?@ LBKP KF FLI =LIK?<I
LE;<IJK8E;@E> F=98J@: DFKFI :FEKIFC

97-48,>498 %>,<>0<=

FDO@EBK@FE JK8IK<I I<=<IJ KF 8 JODGC@=@<; DF,LC8I :<M@:< K?8K
'FEKS8@EJ K?I<< G?8J< ;@J:lBk&cident GIFK<:K@FE D8>E<K@:
:FEK8:KFI 8E; FM<ICFS8; I<C8PJ

Combination starter



O<A,</ $0 @<=0 %>,<>0<=

NEMA Forwad Reverse motor starter with OLR

=FINS8I; I<xM<IJ< D8>E<Kmmtor starter @J :FEJKIL:K<; =IFD KNF I<>LC8I :FEK8:KFIJ @EJK8CC<; N@
mechanical interlock K?8K GI<M<EKJ 9FK? :F@CJ =IFD GLCC@E> @QE J@DLCK8E<FLJCP

Forward/Reverse power @uit

[?<P 8I< :FEE<:K<; JF K?8K LE;<I EFID8C :FE;@QK@FEJ FE<:F@C N@CC :FEE<K' N@K?/ ' N@}
" N@K?/ 2?<E K?< 8CK<IE8K< :F@C@QI<EWE<J 8E; 8I< @EK<I:?8E><<ND@BLCJ 8E;

8CCFN@E> =FI 8 G?8J< J?@=K @QE K?< G?8J<:@I.L@K ;@M@E> K?< DFKFI 8E; :8LI@E> @K
FGGFI@K< ;@I<:K@FE
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Reversal of thee-phase motoiotation

FK? :F@CJ GFN<I :FEK8:KJ =<<; K?IFL>? 8 J@QE>C< J<K F=*- KF GIFM@ ;< ILEE@E> GIFK<:K@FE
@I<:K@FEJ

| F GIKM<EK LE@EK<EK @BERKGHE F= 9FK? K?< =FIN8I; 8E; I<M<IJ< :F@C 8K K?< J8D< K@D< K
8I< <HL@GG<; N@kally closed contactsN?@:? 8I< K?<E N@Ise@EN@K? K?< FGGFJ@K<

@< K@QFE®C KF 8:K &letffrical interlock /?7@J D<8EJ K?8K @= K?< :F@C K?8K ;|@M<J K?< DFKFI
=FIN8I; ;@I<:K@FE @ia38<| 8 EFID8CCP :CFJ<; J<K F=:FEK8:KJ N@I<; @E J<I@<J N@K? K?< I<N
N@CC GI<M<EK K?8K :F@C =IFERQQ B3 €EEP> 8J) K?< =FIN8I; :F@C I<BD&QE) <E<I

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=80



https://opentextbc.ca/basicmotorcontrol/?p=80#pb-interactive-content
https://opentextbc.ca/basicmotorcontrol/?p=80#pb-interactive-content

98><96 $06C=

Control relays8I< D8>E<K@: ;<M@:<J K?8K 8I< LJ<; KF I<DFK<CP JN@K:? CF8;J /?<P 8I< =LE:K@F
@;<EK@:8C KF 8 D8né&toKg&larter J8M< K?8K :FEKIFC I<C8trsepdverrated contacts8E;
IL@CKo@Hoad GIFK<:K@FE

Control relay.

.@E:< D8>E<K@: DFKFI JK8IK<IJ 8l< C@D@K<; @&iikifark ldktti€a contacts :FEKIFC I<C8PJ
8l< LJ<; N?<I< 8;;@K@FES8C :FEK8:KJ 8I< I<HL@I<; KF IN@K:? CFN C<M<C fdillot Eghe&F8;J JL:? 8J
DFKFI JK8IK<IJ FI FK?<I I<C8PJ

.FD< :FEKIFC I<C8PJ 8I< K?< C8K:?@E> KHEKIBKBRK @M E> K?< :F@C K?< I<C8P :FEK8:KJ
I<D8@E D<:?8E@:8CCP C8K:?<; @E K?< :CFJ<; GFI@K@FE <M<E 8=K<I GFN<| @HSBEM<; =IFD
K?< I<C8P :FEK8:KJ K?<:F@C I<HL@I<J K?< DHR{BKEFEH<t 8 J<:FE; :F@C KF LEC8K:? K?< :F@

/?< 8;M8EK8>< F= K?@J KPG< F=I<C8P @J K?8K @K @J EFK E<:<JJ8IP KF B<<G@Q<;F@C :FEK(
N?@:? I<ILCKJ @E HL@<K<I FG<IBK@FE 8E; C<JJ :LII<EK;I8NE =IFD K?< JFLI:<
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A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=83



https://opentextbc.ca/basicmotorcontrol/?p=83#pb-interactive-content
https://opentextbc.ca/basicmotorcontrol/?p=83#pb-interactive-content

&470<=

/A0
ON DELAY OFF DELAY

s

4
D1X D1Y D2X D2Y e

O 0 0O

o

N.O.T.C N.CT.O
[
A1X A2X A3X A4X H :
0. %%9_

A1Y A2Y A3Y AdY

Pneumatic-timingelays.

27<E<M<I 8 DFKFI @J JK8IK<; @K ;I8NJiaER.IghE@KemB8G= J<M<I8C DFKFIJ 8I< KF 9< JK8IK<;
J@DLCKBE<FK2€H :FDI@E<; @EILJ? :LII<KEKJ :FLC; :8LJ< C@E< ;@JKLI98E:<J K?IFL>?FLK K?< J
8E; :8LJ< EL@JS8E:< KI@GBw®EuFent <M@:<J

$= KNF FI DFI< DFKFIJ 8I< :FEKIFCC<; =IFD Kashi8iton JKBK@FE @K D8P 9< ;<J@189C< KF GIFM(
8 K@D< @EK<IM8C 9<KN<<E K?<@I| JK8IK@E> *E< F= K?< N8PJ K?8K N< :8E 8::FDGC@J? K?@J
I<C8PJ

/| @D<1J 8I< J@D@C8I @E :FEJKUnK@ FiayE@E K?< J<EJ< K?8K K?<P ?8M< 8 GFMAMKFEK8><

8E; :F@C K?8K FG<EJ FI :CFJ<&énla&tdN?<E <ExI@Q<; /?< @IJK@E:K@M< HL8BC@KP F= K@D<IJ
8;;@K@FE F= JFD< JFIK PB<s£B8 JD K?8K Gl<M<R#XilkKPyx contacts =IFD :?8E>@E> K?<@|

JK8K< =FI JFD< Gl< J<K 8DFLEK F= K@D<

[ @D<IJ :FD< @E KNF :C8JJ<J *E ;<C8P K@ B8Pk, k&@D<IJ
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18 06, C &470<=

On Delay

5 seconds

s A

Instantaneous contacts

To T
N.OTC N.CTO

On-delay timer contacts

/?<J< 8I< :FDDFECP LJ<; @E :@I:L@KJ N?<I< N< D@>?K N8EK KF JK8IK KNF DFKFIJ =IFD K?< J8C
GLJ?9LKKFE JK8K@FE 9LK N@K? 8 JC@>?K ;<C8P KF D@QE@D@Q< C@E< ;@JKLI98E:<J ;L< KF
‘FEK8:KJ =FI K?< FE ;<C8P K@Dx<I :8Ergrm@li{ Dplen, timed to close (NOTC)FI normally

closed, timed to open (NCD)

*E ;<C8P K@D<IJ ;<C8P K?<@I| 8:K@FE N?<E K2@BQ SEAXNEH KF K?<@I| FI@>@E8C JK8K< @E
N?<E ;< <E<dl@Q<; .FD< K@D<IJ N@CC ?8M< @QEJKBEK8E<FLJ :FEK8:KJ @E 8;;@K@FE KF K?<@

2?7<E CFFB@E> 8K K?< J:?<D8K@: JPD9FC =FI K@D<; :FEK8:KJ K?< 8IIFN?<8; @E;@:8K<J K?< ;@
K@D@E> 8:K@FBcdratic drawingsJ?FN K@D<; :FEK8:KJ 8J @EJK8EKS8E<FLJ :FEK8:KJ @;<EK@:
N@K? K?<@| K@D@E> 9<?8M@FI
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111 06, C &470<=

Off Delay

5 seconds

- -

Instantaneous contacts

T "
N.OT.0 N.CT.C

Off-delay timer contacts

J2<J< 8I< :FDDFECP LJ<; @E :@I:L@KJ N?<I< N< D@>?K N8EK KF JKFG KNF DFKFIJ =IFD K?< J8D
GLJ?9LKKFE JK8K@FE 9LK 8CCFN K?< J<:FE; DFKFI KF ILE =FI 8E 8;;@K@FESC G<I@F; F= K@D-
@J :FDDFECP LJ<; @E =LIE8:3P3K<DJ 8E; :FEM<PFI| 9<CK :@I:L@KJ /?< K@D@E> :FEK8:KJ =FI K
F= :<C8P K@D<I :8E 9< <@K?<| EFID8CCP FG<E K@Dx: RFEFERECEP :CFJ<; K@D<: KF :CFJ<

)/

*==,;<C8P K@D<IJ :?8E>< K?<@| FI@>@ES8C JK8K< @HIRSEKEPICBEKE®| 8:K@FE N?<E K?<
F@C @J <=@Q<; .FD<K@D<IJN@CC ?8M< @EJKBEK8E<FLJ :FEK8:KJ @E 8;;@K@FE KF K?<(

2?<E CFFB@E> 8K K?< J:?<D8K@: JPD9FC =FI K@D<; :FEK8:KJ K?< 8IIFN?<8; @QE;@:8K<J K?< ;@
K@D@E> 8:K@FE

.FD< J:?<D8K@: ;ISN@E>J J?FN K@D<; :FEK8:KJ 8] @EJKBEKS8E<FLJ :FEK8:KJ @;<EK@=@<; N@
9<?8M@FI
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https://opentextbc.ca/basicmotontol/?2p=90#h5p-3

@ An interactive H5P element has been excludeadh fihis version of the textolY can view it online her

$= LI@E> K?< GI@BH <FFB :FGP F= K?@J 9FFB ESM@>8K< KF K?< 89FM< C@EB KF :FDGC<K<
#FN<M<IK?< HL@Q HL<JK@FEJ 8l< 8CJF GIFM@:<; 8K K?< <E: fc@F< $8EB G EFG@<J F=
28GK<I L@QQ<J



https://opentextbc.ca/basicmotorcontrol/?p=90#h5p-3
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'<BIE@E> *9A<:K@M<J

=K<l JKL;P@E> K?@J J<:K@FE JKL;<EKJ J?FLC; 9< 89C< KF

S <J:Il@9< :FDDFE D<K?F;J F=;ISN@E> GFN<I 8E; :FEKIFC :@I:L@KJ

S <JI@9< K?< #@<EK 8GGC@:8K@FEJ F= J:?<D8K@: 8E; N@I@E> ;@8>18DJ

S GGCP 8 ELD9<I@E> JPJK<D KF :FEM<IK =IFD FE< JKPC< F=;@8>18D KF 8EFK?<I
S $;<EK@=P 8E; :FEE<:K K?I<< G?8J< E@ES8KE<8CK8 NFLE; DFKFIJ







%.307,>4. @= )4<482 4,2g9=

*E< F= K?< DFJK =I<HL<EKCP LJ<; :@8>I8DJ @E DFKFI :FEKIFC NFIB @J K?< C8;:<l :@8>I8D 8CJI
schematic diagram /?@J ;@8>I8DJ LJ<J JPD9FCJ KF @;<EK@=P :FDGFE<EKJ 8E; @EK<I:FEE<:K@
@JGC8P K?< <C<:KI@:8C :FEK@EL@KP F=8 :@I|:L@K

'8::<l ;@8>18DJ J?FN ?FN 8 :@I:L@K NFIBJ CF>@:8CCP 8E; 2XTEKBLICP?’FFK@E> FI
<J@>E@bntrol circuits N< LI< WCS8;:<IX FI WJ:?<D8K@:X ;@8>18DJ KF I<GI<J<EK ?FN K?<:@I:.L@
9LK K?<J< ;:@8>I18DJ ;F EFK J?FN ?FN <HL@GD<EK @J G?PJ@:8CCP C8@; FLK EFI ;F K?<P I<Gl<
8I< N@I<; W@E K?< [<8C NNHCFRGFE<EKJ D@>?K 9< |@>7K E<OK KF <8:? FK?<I| FE K?< C8;;<| ;@
8E; D<KI<J8G8IK @E K?< I<8C NFIC;

Start
Stop
elo o_I_ [
—{—

Schematic drawing

Wiring diagrams 8CJF :8CC<; :FEE<:K@FE ;@8>I18DJ /AF-NHN<IFN <HL@GD<EK @J C8@; FLK 8E;
K?< :FEE<K@FEJ 9<KN<<E K?<D N@I@E> ;:@8>18D J?FNJ K?< I<C8K@M< C8PFLK F= K?< :FDG
N@I< :FEE<:K@FEJ 9<KN<<E K?<D /?@J KPG< F=;@8>18D J?FNJ K?< G?PJ@:8C I<C8K@FE F= &
JPJK<D K?<:FE;L:KFI K<ID@ESK@FEJ 9<KN<<E K?<J< ;<M@:<J 8E; 8I< :FDDFECP LJ<; @E DFKF
@EJK8CC8K@FEJ
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Wiring diagram
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Control circuits :8E IBE>< =IFD K?< M<IP J@DGC< KF K?< <OKI<D<&ildeFDiagra®s J?FN
?FN 8 JPJK<D NFIBJ 8E; 8I< LJ<; =FI KIFL9C<J?FFK@ BEWBht=kdgtams J?FN N?<I<
<HL@GD<EK @J 8E; ?FN @K @J :FEE<:K<;

<@E> 89C< KF :FEM<IK =IFD FE< JKPC< F=;@8>I8D KF K?< FK?<| @J 8E <JJ<EK@8C JB@CC =F
G<FGC< NFIB@QE> N@K? :FEKIFE SQFD@EB®JI? K?@J N< LI< i@beslg system

[?< ELD9<I@E> JPJK<D @J 8 N8P F= @;<EK@=P@E> S8EI¥¢ERRIY EDMRBITCGFQEK @E 8
@IL@K N@I< @J :FEJ@;<I<; W<C<:KI@:8CCP :FDDFEX N@K? 8EFK?<I N@I< @= K?<P J?8I< 8
'FEE<K@FE N@##tEResFI CF8;J 9<KN<<E K?<D

FEJ@;<I K?<:@I:L@K 9<CFN

L

Start
Stop
1 . | .2 2 .J—._‘a'

2 3
A three-wie numbeed circuit

$K @J 8 J@DGC< K?I<k< N@I< :@I:L@K N@K? J@EsHDutixRG BE B8R ?8J< GFN<I @J JLGGC@<;
=IFD '@E<J 8E; 8E,; 8 DFKFI :F@QC @J K?< CFS;

KBIK@E>8K'@E< N<C89<C K?<=@IJKN@I<W X 2?<E N< ALDG K?IFL>?KPra@®@I1IK ;<M@:<
closedJKFG 9LKKFE N< ALDG LG KF K?< E<QKHELDRBE,; 8l< EFK <C<:KI@:8CCP :FDDFE

FD@E> FLK F= K?< JKFG 9LKKFE N@K? N@I< ELD9<I N< 8I<=>A@HCBEKNF/R=@IIJK @J K?<
normally open JK8IK GLJ?9LKKFE K?< FK?<| @J K?< EFID8CCP FG<E @EJK8EKS8E<FLJ :FEK8:K .(
EF CF8;J FI ;<M@:<J 9<KN<<E K?< CF8; J@;< F= K?< JKFG 9LKKFE K?< C@E<J@;< F= K?< JK8IK
?FC;@E> :FEK8:K K?<J< GF@EKJ 8I< :FEJ@:<I<; <C<:KI@:8CCP :FDDFE 8E; :8E 8CC J?8I< K?< J8
%LDG@E> K?IFL>? K?<J< ;<M@:<J N@I< ELD9<I @J :FEE<:K<; KF K?< CF8; J@;< F=9FK? EFIDE
;<M@:<J 8E; Kf?stor starter @KJ<C= 8E; JF K?<J< K?I<< GF@EKJ 8I< 8CJF <C<:KI@:8CCP :FDDFE

*E:< K?< :FEKIFC :@Il:L@K ?8J 9<<E ELD9<I<; N< :8E LJ< K?8K @E=FIDS8K@FE KF ?<CG :FDGC<K
;@8>18DJ FI ;<K<ID@E< K?< ELD9<I F= :FE;L:KFI1J E<<;<; @E :FE;L@QKJ =FI @EJK8CC8K@FE GLIG



6.%(3,/*  :45(.

$E JLDD8IP

S ' 8E;' FI' 8E;) 8I<LI<; KF ;<J@>E8K< K?< :FEKIFC :@I:L@K GFN<I
S JJ@>E ELD9<I| KF K?<=@IJK N@I< <EK<I@E> K?<:FEKIFC :@I:L@K

S /18:< K?IFL>? K8shematic diagram@E:I<8J@E> K?< ELD9<1J >@M<E KF N@I<J <8:? K@D< PFL G¢
K?IFL>? 8 :<M@:<

S "@M< K?< J8D< ELD9<I KF 8CC N@I<J K?8K 8I< <C<:KI@:8CCP :FDDFE JGC@:<; Fl {FEE<:K<; K
K<ID@ES8C

Numbering system
[Schematic to wiring)

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontml/?p=98
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/?< numbering system:8E 8CJF 9< LJ<; KF ;<K<ID@E< ?FN D8EP N@I<J N@CC E<<; KF 9< GLCC<; |
K?<:FE,.L@K KF :FEE<:K <8:? :<M@:< GIFG<ICP

FEJ@;<I| K?< =FCCR@iet circuit 8E; GIFGFJ<; :FE;L@K C8PFLK

3¢ I
PDisconnect
Conduit A
Start/StopAog
(o) Condvit B Conduit C Control
(o] Pull box Relay
Junction box
(o]
Stop Start | Conduit D
._L. . J [ {cr)
Jog J- \_J 3 ¢ Motor starter
I CR With
® T [ M \ Control
|J U transformer
—
CR M Conduit E

A schematic diagram of a jog cirit utilizing a contol relay and the mposed layout of the installation

$=K?@J @J K?< GIFGFJ<; G?PJ@:8C C8PFLK F= K?< <HL@GD<EK ?FN DS8EP N@I<J DLJK 9< GL
G@<<F=:FELOK

FE,.L@KJW X 8E; W X N@CC ?8M< FECP K?< G?8J< GFN<I :FE;L:KFIJ @E K?<D FE;L@K W X N(
K?l<< GFN<I :FE;L:KFI1J 8] N<CC 8J J<M<I8C :FEKIFC :FE;L:KFIJ $K @J G<ID@JI@9C< =FI :FEKIF(
J?8I< 8 :FE;L@K N@K? GFN<I :FE;L:KFIJ GIFM@;<; K?<@| @EJLC8K @ikJdel3B|< K?< J8D<
K<DG<I8KLI< IBK@E>J

| F;<K<ID@E< ?FN D8EP :FEKIFC :@I:L@K :FE;L:KFIJ N@CC E<<; KF 9< GLCC<; K?IFL>? <8:? :FE;
8GGCP K?< ELD9<I@E> JPJK<D
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I@IJK ELD9<I K?< N@I<Jggiteiatic 8:? GF@EK K?@lked@itally common><KJ K?< J8D<
ELD9<I%LDG LG KF K?< E<OK ELD9<| <8:? K@D< PFL >F K?IFL>? 8 :<M@:< FI CFS8;

se ||

Pisconnect

Conduit A
Start/StopAlog
(o] Condvit B Conduit C Control
(o] Pull box Relay
o Junction box
1
Conduit P
3 ¢ Motor starter
With

Control
transformer

Conduit E

A numbeed schematic diagram

*E:< K?< J:?7<D8K@: ;@8>I18D @J :FDGC<K< KI8EJ=<| K?< ELD9<IJ F=<8:? ;<M@:< KF K?<@!I :FlI<.
CF:8K@FE @#rikgdiagram 8:? GF@EK K?8K ?8J K?< J8D< ELD9<I E<<;J 8 N@I< :FEE<:K@E> K?<
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Pisconneet

Conduit A
Start/StopAlog 112,13
1,2,3 4 (3 wires)
Condvit B Conduit ¢
o 12,34 2,345N
(4 wires) (5 wires)
o Pull box Control Relay
Junetion box
(o]
Condvit P
N L4&5N
Stop Start (4wires +11,12,13)
1 2 2 | 3 3 N
m 3 & Motor starter
QJ_I ® J ® \C_R/ With L&56N
0
9 13 Control transformer
CR N
2 4 14 4 6 6
Conduit E
TL12, 713
2 I:I 2 (3 wires)
CR M
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Conduit fill determined in the wiring diagram with numbers transi@flom the schematic diagram

&EFN@E> K?< KFK8C ELD9<I F= N@I<J KF GLCC K?IFL>? 8 :FDGC@:8K<; ILE F= K?<:FE;L@K @J
8::@E> N@I<J 8=K<IN8I;J :8E 9< @DGI8:K@E@CLEK ;@=
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:FDGC<K<wiring diagram :8E ?<CG N@K? K?< G?PJ@:8C @EJKSCETBB@FBEKRDI<] /
;<M<CFGD<EK F=8 N@I@E> ;@8>18D @K @J LIJ<=LC KF JKkBHeN@K dikgraraBH, @Y
numbering system

IRRE
R

100 N
() .

HAAE

A wiring and schematic drawing

FEJ@:<| K?< =@>LI< 89FM< $K @E:CL;<J 8 K?I<< N@I< J:?<D8K@: ;@8>I18D 8J N<CC 8J K?< <HL
:FDGFE<EKJ 8E; g@wer circuit $E K?@J <O8DGC< K?<I< @J EF :FEKIFOKNEMBIDLI9<

K8B@E> :FEKIFC GFN<I ;@1<:KCP =IFD K&bntt@E&ircut<GFN<I @J K8B<E =IFD K?< CF8; J@;< F= K?
overcurrent :<M@:<J 8E; K?< C@E< J@;< F= K?< GFN<I :FEK8:KJ
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*E:< K?< J:?7<D8K@: ;@8>I18D ?8J 9<<E GIFG<ICP ELD9<I<; <8:? :<M@:< N@CC ?8M< KNF ELD9<I.

@.<EK@=P@E> @K FE< N@I< FE K?< C@QE<J@:< 8E; FE<FE K?<CF8; J@:< IFI<O8DGC< @E

K?< JKFG 9LKKFE ><KJ N@I<J 8E; N?@C< K?< JK8IK 9LKKFE 8E; K?< ?FC;@E> :FEK8:K <8:? ><
8E; 7?7<E:< K?< K<ID2MB8 contactV

L LD

—_ le los

oL
o T
P

Schematic and wiring diagrams with numbers

*E:< 8CC K?< ;<M@:<J ?8M< 9<<E GIFG<ICP ELD9<I<; N< J@DGCP GC8P :FEE<:K K?< ;FKJ 8:? C
J?8I<J K?< J8D< ELD9<dl@frically common8E; E<<;J KF 9< :FEE<:K<; KF>€K2<IKI8@>?K C@E<J
8E; FECP :FEE<:K N@I<J 8K K<ID@EBC GF@EKJ FE <HL@GD<EK
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Schematic and wiring diagrams B complete.

(8B< JLI< K?8K 8CC :FEE<:K@FEJ ?8GG<E 8K K<ID@ESK@FE GF@EKJ FI WK<ID@ES8C KF K<ID@
LILBCCP FECP :FEE<:K 8 DSO@DLD F= KNF N@I<J KF 8EP FE< GF@EK 8E; E<M<I D8B< 8 W=I<<

[?< =@>LI< 89FM< @CCLJKI8K<J <8:? F= K?< JKI<E>K?J K?8K N@I@E> 8E; J:?<D8K@: ;@8>I8DJ °
:@8>I18DJ 8l< <8JP KF 1<8; 8E; LJ<; KF CF>@:8CCP KIFL9C<J?FFK 8 :@I.L@K N?@C<N@I@E> ;@
<HL@GD<EK @J G?PJ@:8CCP :FEE<:K<; KF><K?<I|

Schematic and Wiring
diagrams

A BCcampus element has been excludmd this version of the textol can view it online her https://opentextbc.ca/
basicmotocontrol/?p=108
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1?1<< G?8J< DFKFIJ LI< :F@CJ F= N@I< KF :1<8K< D8>E<K@: =@<C;J 8E; GIF;L:< IFKBK@FE

.K8E;8I; G?8J< DFKFIJ LI<J@O @E;@M@:;L8C :F@CJ KNF =FI <8:? G?8J< /?< @EK<IE8C :FEJKI
'FEE<K@FE F= K?<J< :F@QCJ @QEJ@;< F= K?< DFKFI @J GI<;<K<ID@E<; N?<E K?< DFKFI @J D8E
8I< KNF :C8JJ<J F= G?78J< DFKPKISE, <CK8

%
LS e

Pelta Wye
configuration configuration

Wye and Delta configuration

[?1<< G?8J< DFKFIJ 8I< 8CJF :FEJKIL:K<; KF FG<I8K<8KE#Fka@s 8E; JF K?< :F@CJ :8E 9<
'FEE<:K<; @QE <@K?<I K?<@I| ?@>? MFCK8>< FI CFN MFCK8>< :FE=@>LISK@FEJ

$E K?< ?2@>? MFCK8>< :FE=@>LIBK@FE K?< KNF :F@CJ F= <8:? Gegés8@KESB<K<K@REIF
K?8K K?< ?@>?<| M8CL< F= JLGGCP MFCK8>< @J JGC@K <HL8CCP 9<KN<<E K?<D 8E; I8K<; :LII
<8:? NQE;@E>

$E K?< CFN MFCK8>< :FE=@>LISBK@FE K?< KNF :F@CJ F= <8:? GRaH|8INBEKE<xRL, kKE<I
JF K?8K K?< CFN<I M8CL< F=JLGGCP MFCK8>< @J J?8I<; <HL8CCP 9<KN<<E K?< :F@CJ 8E; 18K
K?IFL>? <8:? N@QE;@E>

)FK< K?8K K?< CFN MFCK8>< :FEE<:K@FE N@CC E<:<JJ8I@CP E<<; KF ;I8N KN@:< 8J DL:? :LII<E
JFLI:< 8] K?< ?@>? MFCK8>< :FEE<:K@FE (FJK DFKFIJ N@CC C@JK KNF M8CL<J F= MFCK8>< €
E8BD<GC8K<J $K @J @DGFIKeaKriskai@8E; K?<@lerload relays98J<; FE K?< <OG<:K<;

M8CL< F=:LII<EK K?8K @J KF 9< ;IBNE 9P K?< DFKFI 8K K?< MFCK8>< @K @J LJ<; 8K
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8:? F=K?<J@0 @E;@M@;L8C :F@CJ ?8J KNF C<8;J ILGGCP@E> @K =FI 8 KFK8C F= KN<CM<
K?< P< 8E; <CK8 :FE=@>LIBK@FEJ K?I<< F= K?<J< C<8;J 8I< :FEESEKIF@EKRIEGUEC<8;J

8I< 9IFL>?K FLK F= K?< DFKFI =FI :FEE<:K@FE /?<J< C<8;J 8I< ELD9<I<; U BE.8BEIEK® 2
=FCCFN 8 JK8E:8I; ELD9<I@E> :FEM<EK@FE JKBIK@E> 8K K?< KFG F= K?<;@8>I18D N@K? N@I-
8E @ENSI;.CP :<J:.<E:@E>JG@I8C =IFD <8:? :FEE<:K@FE GF@EK 8J:<E:@E> KF K?< E<OK ELD9:¢

<G<E;@E> LGFE K?< @EK<IE8C :FEJKIL:K@FEKP<IKB<BRKBE 9< ?FFB<; LG @E FE< F= =FLI
N8PJ #@>? FI CFN MFCKB=<2?@>? FI CFN MFCK8>< <CK8

/08>41C482 )@ 9< 06>, A4>3 ,813770>0<

$K JFD<K@D<J 9<:FD<J E<:<JJ8IP KF K<JK FI :FE=@ID K?< :FE=@>LIBK@FE F= 8 DFKFI 9<=FI< =
$=8 P< NFLE; DFKFI @J :FEE<:K<; 8] 8 <CK8 NFLE; DFKFI FI M@:< M<IJ8 K?< DFKFI N@CC EFK
GIFG<ICP

FEJ@;<I K?@J JOKLBK@NI< E@E< C<8;J :FD@E> =IFDY BRFE; @:8K@FE F= N?<R<| @KJ 2
FI <CK8 NFLE; P LIJ@E>o8EmeterKF ;F 8 J@ADGC< :FEK@EL@KP :?<:B PFL :8E ;<K<ID@E< K?<
'FEJKIL:K@FE KPG< F= K?< DFKFI

$= @K @ RFLE; <8:? F=N@I<J 8E; J?FLC; FECP ?8M< :FEK@EL@KP N@K? FE< FK?<| C<8;
I<IG<IK@M<CP /?<K?I<< C<8;J N@K?FLK :FEK@EL@KP KF N@I<J 8E; J?FLC; 8CC ?8M< :F
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FONSZO
®

O,

ROEEENO
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®
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Wye motor connections
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$= @K @J <CK8 NFLE; <8:? F=N@I<J 8E; J?FLC; ?8M< :FEK@EL@KP N@K? KNF FK?<| C<8;.

S/ ?8J :FEK@EL@KP KF/ /
S/ ?8J .:FEK@EL@KP KF/ /
S/ ?8J :FEK@EL@KP KF/ /

'S @ ©
@ ® ®

~©

&
é

Delta Motor Connections

$K @J @DGFIK8EK KF EFK< K?8K K?<J< GF@EKJ I<GI<J<EK K?< @EK<IE8C :FEEERIKDFE F= K?<
?FN K?<P 8I< KF 9< ?FFB<; LG KF MFCK8><

)C 0 9880.>498=

9A @96>,20)CO

$E K?@J :FE=@>LISBK@FE <8:? G?8J< @J 9IFL>?K KF KNF :F@CJ K?8K 8I< :FEE<:K<; @E G8I8CC
/| <ID@QES8CJ 8E; 8I< K@<; KF><K?<I KF D8B< 8 J<:FE; E<LKI8C :FEE<:K@FE
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3 2

Low-voltage We connection

' ‘ ' | @< KF><K?<|
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423 @96>,20)CO

$E K?@J :FE=@>LISBK@FE <8:? G?8J< @J 9IFL>?K KF KNF :F@CJ K?8K 8I< :FEE<:K<; @E J<I@<J

1

2 P< DFKFI ?@>? MFCK8>< :FEE<:K@FE

| @< KF><K?<|

u u

06>, 9880.>498=

9A @96>,20 06>,

$E K?@J :FE=@>LIBK@FE <8:? G?8J< @J 9IFL>?K KF :<EKI< :FEE<:K@FE F= KNF :F@CJ 8E; KF Kk
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423 ( 96>,20 06>,
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https://opentextbc.ca/basicmotontol/?p=119#h5p-4

@ An interactive H5P element has been excludeadh fihis version of the textolY can view it online her

$= LI@E> K?< GI@BH <FFB :FGP F= K?@J 9FFB ESM@>8K< KF K?< 89FM< C@EB KF :FDGC<K<
#FN<M<IK?< HL@Q HL<JK@FEJ 8l< 8CJF GIFM@:<; 8K K?< <E: fc@F< $8EB G EFG@<J F=
28GK<I L@QQ<J
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'<BIE@E> *9A<:K@M<J

=K<l JKL;P@E> K?@J J<:K@FE JKL;<EKJ J?FLC; 9< 89C< KF

S $;<EK@=P 8E<@EK@8K< 9<KN<<E 8 GFN<I 8E; 8 :FEKIFC :@I:.L@K

S <J1@9< M8I@FLJ JFLI:<J F= JLGGCP =FI :FEKIFC :@I:L@KJ

<J:I@9< 8E; @;<EK@=P :FDDFE KNF N@I< 8LKFD8K@: :@I:L@KJ

<J:I@9< 8E; @;<EK@=P :FDDFE K?I<< N@I< DS8EL8C :@I|:.L@KJ

<J:l@9< M8I@FLJ AF> :@Il:.L@KJ

<J:I@9< M8I@FLJ =FIN8I; I<xM<IJ< :@l:L@KJ 8E; K?<@I| J8=<KP :FDGFE<EKJ
<J:1@9< MBI@FLJ :@I:L@KJI N?@:? LK@C@Q< K@D<I I<C8PJ =FI J<HL<E:< :FEKIFC
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2?7<E ;@J:LIJJ@E> DFKFI :FEKIFCJ K?<I< 8I< KNF :@l:L@KJ K?8K E<<; KF 9< N<CC LE;<IJKFF;

[?7< =@1IK @psiver circuit /?@J :@1:ILA@K @J I<KCBK@M<CP JKI8@>?K=FIN8I; $K @J 8 G?8J<:@!I:l
GFN<IJ K?< DFKFI 8E; :8E FG<I8K< 8J ?@>?8J 8K 1 FI<M<E 9<PFE;

[?< J<:FE; @J Keentrol circuit /?@J @J K?<:@I:L@K N?@:? :FEKIFCJ K?< GFN<I :@l:L@K /?7@J :@
9< 8J J@DGC< 8J 8 KNpiN@levice FI @K :8E 9< M<IP :FDGC<O N@K? DS8EP @EK<ICF:B@E> =<8K
DLCK@GC< JK8IK<I 8E; K@D<I :F@CJ /?<:FEKIFC :@I:L@K N@CCJoithige&l FCSKaH N8 E BPN<I
GFN<I:@l:L@K

2 <N@CC 9< JG<E;@E> K?< D8AFI@KP F= FLI K@D< ;@J:LJJ@E> :FDDFE :FEKIFZI® KEQK ;<J@
JKBIK N@K? 8 HL@:B FM<IM@<N F= K?< GFN<I :@I:L@K
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[?< power circuit F= 8 K?I<< G?8J< DFKFI :FEJ@JKJ F= K?< =FCCFN@E> @K<DJ

S +./K?I<< G?8J<;@J:FEE<K

S Overcurrent GIFK<:K@FE

S Horsepowerrated motor starter contacts
S *M<ICF8; I<C8P ?<8K<IJ

3PST 0C Power Overload
Pisconnect Protfection Contacts Heaters

$E GI8:K@:8C 8GGC@:8K@FEJ K?<J< =FLI| :FDGFE<EKJ NFLC; F=K<E 9< DFLEK<; @E 8 :FD9@E:!
N?@:? D@>?K ?FlcircBit breaker 8E; motor starter @E K?< J8D< :89@E<K

$E FI;<l =FI K?< DFKFI KF FG<I8K< K?< G?8J< ;@J:FEE<:K DLIKf@sesIHI¥ $LQE >FF;

NFIB@E> Fl;<| 8E; K?< GFN<I :FEK8:KJ DLJK 9< :CFJ<; /?< JK8IK 8E; JKFG 8:K@FE F= K?< DFKFI (
<K<ID@E<; 9P K@rtrol circuit N?@:? <B®Q<J K?< D8>E<K@: DFKIGLUE8IEE> @E FI ;IFGG@E>
FLK KZ2ematur e K?8K K?<E FG<EJ Fl :CFJ<J K?< GFN<I :FEK8:KJ

[?< :LIIKEK K?8K >F<J KF K?< DFKFI K?<E ILEJ K?IFL>? K?< ?<8K<| eX&x D&l Keldy- 32K ?<
DFKFI ;I8NJ KFF ?@>7? 8 :LII<EK =FI KFF CFE> K?< ?<8K<I| <CrarxtlyildsddBcontactKF
FG<E N?@:? K?<E @EK<IILGKJ K?< :LII<EK KF K?< DFKFRIK8IK}J K@ GFN<I :FEK8:KJ KF
8LKFD8K@:8CCP FG<E 8E KR+ HKFI

12@J I<C8K@FEJ?@G 8CJR@Wit@yeprotection (LVP) @E K?< :8J< F= 8 GEN<I FLK8>< (FKFIJ
‘FEKIFCC<; =IFD D8>E<K@: JK8IK<IJ E<<: KF 9< D8ELSCCP I<J<K =FCCFX@¥ge 8 G<I@F; F= CFN
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/?< DFKFI JK8IK<IJ K?8K N< N@CC 9< =F:LJ@E> FE 8I< W8:IFJJ K?< C@E<X D8>E<K@: DFKFI JKE¢
KF K?<D LI@E> =LCC C@E< MFCK8>< KF JK8IK K?< DFKFI

:IFJJ K?< C@E< DFKFI JK8IK<IJ #MEBh currentsN?<E <Ex@Q<;F/D@E@D@Q< @EILJ?
'LII<EKJ 8E; J<M<I< JKBIK@E> KFIHL<J JFD< :@I:L@KJ LI< 8 M8I@<KP F=WJF=K JK8IKX ;<M@:<
<M@:<J 8I< 9<PFE; K?< J:FG< F= K?@J K<OK

+FN<| :@1:L@KJ 8I< @;<EK@:8C =FI DFJK G7?8J< DFKFI JK8IK<IJ JF @K @J :FDDFE EFK KF I<=<|
schematic drawings
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FDGS8I<; KF K?gower circuit K?<ontrol circuit @J N?<I< K?@E>J ><K @EK<I<JK@E>

FEKIFC :@Il:L@KJ :8E 9< J@DGC< KNE Ndlled <E K28k @tntdtor starter Fl K?<P :8E 9<
DFI< @EMFQGNtr<e-wire circuits N@K? DLCK@shBstton CF:8K@FEJ 8E; DFKFIJ K?8K JK8IK @E

J<HL<E:<

*E< F= K?< B<P 8;M8EK8><J F=:FEKIFC :@|:L@KJ @J K?8K K?<P :8F&iyd BR8 B K B<UPNFI

K?8K K?<P :FEKIFC /?@J 8CCFNJ 8E FG<I8KFI KF GLJ? 8 1 GLJ?9LKKFHaNX@ & KP<E <E<I
JK8IK<I :F@C NétidtactsK?<E :CFJ< FE 8 1 DFK®# 8 ;8E><IFLJ =8LCK F::LIJ K?<?@>? MFCK8><
IN@K:?@E> ?8GG<EJ @E 8 CF:8K@FE 8N8P =IFD K?< FG<I8KFI

.@E:< K?< M8CL< F= MFCK8>< 9<KN<<E :FE;L:KFIJ @E 8 G?8J<JPJK<D :FLC;9<8J?@>78J 1!
'FEKIFC :@I:L@K @J LIL8BCCP 8 J@E>C<G?8J< 1 :@l:L@K JFD<=FID F=:FEKIFC :@I:L@K MF
8MB@C89C< +FN<I =FI K?< :FEKIFC :@I:L@K :8E 9< JLGGC@=£@EKE8H}- K?I<< ;@=
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Control Power Separate Soee
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[?@J JPJK<D :8E GIFM@;< 8 CFN<I MFCK8>< =FI K?< :FEKIFC :@I:L@K 9LK I<HL@I<J 8;;@K@FE¢
91<8B<I1J KF 9< @EJK8CC<; 8K K?< DB@E CF8; :<EKI< KF JLGGCP K?< :FEKIFC :@I:L@K

4<0.> 1<97 >30 480

u L3

| |1
-\
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Control Power

Control Power Diect flom the Line

[?7@J JPIK<D ;F<J EFK 8CCFN K?< :FEKIFC :@I:L@K KF FG<I8K< 8K 8 CFN<I MFCK8>< K?8E K?< (
8;M8EK8>< @J K?8K EF 8;;@K@FE8C :@I:L@KJ E<<; 9<;I8NE =IFD 8 CF8; :<EKI< +FN<| @J K8B<I
K?< GFN<I :@I:L@K 8=K<I| K?< K?I<< G?8J< ;@¥eE&E+«#BEIFK<:K@FE /?@J <EJLI<J K?8K @=

<@K?<| F= K?<J< FG<EJ K?<:FEKIFC :@I:L@K N@CC 8CJF 9< ;@J:FEE<:K<; =IFD @KJ JFLI:< F=,
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98><96 &<8=19<70<

u L2
Control Power

Control power with contl transformer

[?< :FEE<K@QFE @J J@D@C8I KF N?<E GFN<| @J K8B<E ;@I<:KCP =IFD K?< C@E< 9LK @EJK<8
;@1<:KCP KF K?< :FEKIFC :@I:L@K K?< C@E< MFCK8>< @J =@IJK JK<GG<; ;FNE LJL8CCP KF
F= K?< :FEKIFC KI8EJ=FID<I K?<E 8:KJ 8J K?< JFLI:< F= JLGGCP =FI K?< :FEKIFC :@I|:L@K 8E; DLJ

JL=@:@<EK J@Q< KF JLGGCP GFN<I KF K?< DFKFI JK8IK<I 8E; 8EP FK?<I 8JJF:@8K<; :FEK8:KFI

8Jcontrol relays K@D<IJilot lights

W I The Electric
ACADEMY

Motor control

Power circuit vs Control circuit

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/

basicmotocontml/?p=130
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CJF BEFNE 8wo-wire circuits 8LKFD8K@ntrol circuits :8E 9< :FEKIFCC<; DS8EL8CCP =IFD J@DGC<
KNF N@I< *) *Il KF>>CswitchesFI 8EP ELD9<I F= KNF Ni@dkdevicesJL:? 8] K<DG<I8KLI<
JN@K:?<J FI =CF8K JN@K:?<J

$=K?<I< @J 8 GFN<I =8@CLI< N?@C< K?< IN@K:? @J @E K?<*) FI :CFJ<; GFI@K@FE K?< DFKI

1<JK8IK N?<E GFN<I I<KLIEJ /?@J @J 8E 408RGIGgEwlease (VR) .FD< <O8DGC<J @E:CL;<
JLDG GLDG :@I:.L@KJ 8E; K<DG<I8KLI< :@I:L@KJ

&A9 )4<0 &07:0< ,>?<0 4<.74>

Two-wire contol circuit

[?<;@8>18D 9<CFN ?8J KNF :FDGFE<EKJ K?< EFID8CCP FG<E K<DG<I8KLI< IN@K:? 8E; K?< D8>
'FEK8:KHP< K?I<< EFID8CCP :CFJ<; :FEK8:KJ K?8K I<GI<J<EK K?< *'- GIFK<:K@FEiHeSFEE<:K<; (
N@K? K?< DFKFI :F@C 8E; JF :8E 9< KI<8K<; 8J 8 JQE>C< ;<M@otoriidets: Ik@K<BFECP ?8J

KNF <OK<IE8C :FEE<:K@FE GF@EKJ 8ay8lta@iaktdERFCEE<:K<; @E J<I@<J /?7@J

8IIBE><D<EK 8CCFNJ =FI K?< :FEKIFC F= K?< D8>E<K@: :FEK8:KFI 9P K?< FG<E@E> 8E; :CFI@E
K<DG<I8KLI< IN@K:?

[?2< IN@K:? :8E 9< ?FLJ<; @E 8 J<G8I8K< <E:CFJLI< =IFD K?< FE< ?FLI@E> KNAGH-RFDFEK8:KFI
KPG@:8CCP :CFJ< KF K?< DFKFI @K :FEKIFEERIF@E<ERIKE! .<G8I8K< ?FLIJ@E> F=K?<
G@CFK <M@:< K?8K :FEKIFCJ K?< CF8; @J LJ<=LC =FI I<DFK<CP DFE@QKFI@E> JOQKLSK@FEJ
<M@:<J @K @J LI<=LC KF bchehidti€@dragramsBE; K?«aumbering system

?7@J :@I:L@K K8B<J KNF N@I<J *E< :FEJK8EK ?FK =IFD K?< JFLI:< 8E; FE< IN@K:? C<> KF :FEK
?<E:< KNF N@I< :FEKIFC
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$= K?< 8DI@<EK K<DG<I8KLI< :8LI<J K?< IN@K:? :FEK8:KJ KF :CFJ< N?@C< K?<I< @J 8 GFN<I =
N@CC S8LKFD8K@:8Ce® B<IELE GFN<I| I<KLIEJ N?@:? @J 8E <O8DGC< F= CFN MIFCK8>< I<C<§

$E GI8:K@:8B@KR<DG<I8KLI<K IN@K:? :FLC; 9< I<GC8:<; N@K? 8EP G@CFK ;<M@:< 8E; K?< <JJ<
F=K?<:@l:L@K NRLCEE¥< /?< DB@E C@D@KB8K@FE F=LJ@QE> FECP 8 JQE>C< G@CFK ;<M@:
CF8; @J K?< I8E>< F= J<EJOK@M@KP F=K?8K J@QE>C< G@CFK <M@:<

FEJ@;<I K?< E<OK :@I:L@K N?@:? LI<J KNF =CF8K JN@K:?<J KF :FEKIFC 8 GLDG DFKFI
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K?l<< GFJ@K@FE Js@#diB8P 9< LJ<; KF GIFM@ ;< <@K?<| DS8EL8C FI SLKFD8K@: :FEKIFC 27?<I
IN@K:? @J DFM<; KF K?<#) GFJ@QK@FE K?< D8>E<K@@RK8IKK@I@HE+I<=LC =FI K<JK@E> K
‘FE;@K@FE F= K?< DFKFI 8E; M<I@=P@E> K?< ;@I<:K@FE F= IFKSBK@FE 27?7<E K?< J<C<:KFI JN(
0/ *GFIQK@FE K?< D8>E<K@: JK8IK<I @J :FEKIFCC<; 9P K?< FG<E@E> FI :CFI@E> F=K?< =
:FEK8:KJ

[?<;@8>I8D 9<CFN J?FNJ 8 JLDG GLDG :@I:L@K N?@C< K?< =@>LI< I<GI<J<EKJ K?< K8EB K?8k

Hand 0ff Auto

[HOAszifch. (M) IFIFIF

FS 2 FS 1

T -
=

L NA N

Sump-conwl circuit

$= K?< N8K<I C<M<COBKTECF8K IN@K:Bad8ily open 8E; K?< DFKFI ;F<J EFK ILE $= K?< N8K<I

C<M<CI@J<J . N@CC :CFRI<=@IJK 9LK K?< DFKFI N@CC EFK JK8IK LII<EK :8EEFK ><K G8JK
EFID8CCP F@uhkiliary contacts $= K?< N8K<I C<M<C |@J<J KF =@CC K?< K8EB 8E;!. :CFJ<J K?<I
N@CC =0D< 8E; JK8IK GLDG@E> N8K<I FLK F= K?< K8EB 8E; M<IP HL@:BCP!. N@CC FG<E 8>

?7@J @J N?<I< ?8M@ RitoKdEvicesBCCFNJ LJ 8 >I<8K<I IBE>< @QE J<BEKEK@MEKP FG<EJ
8CDFJK @DD<;@BR<BGRO@C@8IP :FEK8:K B<<GJ K?< DFKFI ILEE@E> LEK@C K?< K8EB @J =LC
I. FG<EJ 2 @K? FECP 8 JQE>C< G@CFK ;<M@:< K?< DFKFI NFLC; FECP ;I8@E 8 JD8CC GFIK@
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NFLC; 9< JL9A<:K<; KF DLCK@GC< JK8IKJ 8E; JKFGJ 0J@E> KNF G@CFK ;<M@:<J KF :FEKIFC K
DFI< <=@:@<EK FG<I8BK@FE F= K?< DFKFI

?7@J :@I:L@K J?FNJ K?< 8IISBE><D<EK =FI| 8 K8EB ;I8@E =LE:K@QFE J@DGOrt&BIIBE><D<EK F=
GIFM@;< 8 KBEB =@CC =LE:K@FE 8J N<CC

Sump Control Circuit

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=136
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Hand 0ff Auto
(HOA) switch

® M

g FS 2

Reservoir Contrl Circuit

K?I<< GFI@K@FE Js@#dKFRJ 8>8@E LJI<; KF GIFM@;< <@K?<I D8EL8C FI 8LKFD8K@: :FEKIFC
J<C<:KFI IN@K:? @J DFM<; KFKZRIG@K@FE K?< D8>E<K@: JK8IK<I @J :FEKIFCC<; 9P K?< FG<E
:CFJ@E> F= K?< =CF8K JIN@K:? :FEK8:KJ J@D@CS8ICP KF K?<JLDG GLDG :@I:L@K GI<M@FLJC

/?< B<P :?8E>< @J @E K?< E8KLI< F= K?< IN@Q KRS KBERBSHICC :@I:L@K FLI =CF8K IN@K:?<J N
?8M< K?<@I :FEK8:KJ N@I<; EFID8CCP :CFJ<; /?@J D<8EJ K?8K 9FK? IN@K:?<J N@CC :CFJ< 8K
8E; FG<E 8K 8 ?@>7? C<M<C CJFdtixifiang?88tor contact @J EFN @tllel N@QK? !. FIK?<

CFEN C<M<C JN@K:? /?7@J <EJLI<J K?8K K?< DFKFI JK8IKJ GLDG@E> C@ HLEES@BKDKSKPKSEB |
8E; ;F<JEK JKFG LEK@C K?< ?@>? C<M<C JN@K:? @J FG<E<;

>8@E N@K? piMEdevices FLI :@1:L@K ?8J 8 >I<8K<I IBE>< F= JEJQK@M@KP K?8E @K NFLC; N
J@QE>C< =CF8K JN@K:?
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Reservoir control circuit

A BCcampus element has been excludmd this version of the textol can view it online her https://opentextbc.ca/
basicmotocontrol/?p=139
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D8EL8C :@I:L@K @J FE< K?8K @J JKFGG<; 8E; JK8IK<; 9P 8 G<IJFE /?<J<:@I:L@KJ D@>?K ?8N
=<8KLI<J JL:? 8] FM<ICFS8; GIFK<:K@FE 9LK K?<@| D8@E =<8KLI< @J K?8K K?<P I<HL@I< JFD<
8 ?LD8E FG<I8KFI

/?< DFJK =LE;8D<EK8C D8ELSC :@I|:L@K @J KIredkiE@ iBiit =@ID LE;<IJK8E;@E> F=K?@J

@ILOK @J E<:<JJ8IP 9<:8LJ< D8EP F= K?< =<8KLI<J F= K?< K?I<< N@I< :@I:L@K J:8C< LGNS8I;J
:FDGC<O :@l:L@KJ

,=4. &3<00 )4<0 4<.?4>

Start
Stop
.J_. o_I_ o
—{—

A basic thee-wile schematic drawing

/?< :FDGFE<EKJ @E K?< :@|:L@K 89FM< reEda@yclesé&d DFD<EKS8IP :FEK8:K JKFG

pushbutton 8 normally open DFD<EKSIP :FEK8:K JK8IK GLJ?9LKKirBt@tst8rter /?7<J<

‘FDGFE<EKJ D8P 9< ?FLJ<; @E K?< J8D< :FDG8IKD<EK FI K?< GLJ?9LKKFEJ :FLC; 9< @EJK8CC:+
=IFD K?< DFKFI JK8IR&«DFKFI JK8IK<l @KJ<C= @J :FE&rekN@BR K?< K?I<< EFID8CCP :CFJ<;
overload relay :FEK8:KJ

[?< LE@HL< :FDGFE<EK F=K?<:@I:L@K @E;<<; K?< ;<M@:< K?8K 8CCFNbi/vol@d¢ @K KF GIFN
protection (LVP) @J K?< EFID8CCP FG<E @EJKBEK8E<FLJ :FEKBdfald B@XK? @I JK8IK
9LKKFE /?< EFID8CCP :CFJ<; JKFG SkKKHEFRGGFI@K@FE KF K?< =CFN F=:LII<EK

2?7<E GFN<I @J FE 8E; K?< DFKFI @J EFK ILEE@E> :LII<EK :8E G8JJ E<@K?<I K?< EFID8CCP FG:
EFI K?< EFID8CCP FG<E :FEK8:K 8E; JF K?< DFKFI ;F<J EFK JK8IK
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2?<E 8E FG<I8KFI :FD<J 8E; GLJ?<J K?< JK8IK 9LKKFE :LII<EK @J 89C< KE@8IGtERIH>L K?<
ILKKFE @J ;<Gl<JdJ<; [?@J :FDGC<K<J K?< : @ @@K BE?<ERQ@C F= K?< DFKIHOE 8= @E K?<
armatur e /?< K?I<<horsepowerrated contactsN@CC :CFJ< 8J N<CC 8J K?< EFIR8IEryG<E
contact @E G8I8CC<C N@K? K?< JK8IK 9LKKFE

[?< EFID8CCP :CFJ<; :FEK8:KJ @E J<I@<J N@K? K?< :F@C 8I< :FEKIFCC<; 9P K?< K?<ID8C 8:K@!|
[<C8PJ 8E; EFK K?< DFM<D<EK F= K?< 8ID8KLI< JF K?<P I<D8@E :Cle¥erida =3 BFRE
F::LI

*E:< K?< EFID8CCP FG<E :FEK8:K :8CC<; 8 ?FC;@E> DS@EKS8@E@E>FI U :FEK8:K @J:CFJ<;
@J EFN =I<< KF [<C<8J< K?< JK8IK 9LKKFE /?<:LIIKEK N@QCC :FEK@EL< KF ?8M< 8 G8K? K?IFL>
B<<G@E> K?< JK8IK<I H@Q<xEpl I<8C@KP K?@J 8CC ?8GG<EJ @E 8 =I18:K@FE F= 8 J<:FE; 8E; .
?FC;@E> :FEK8:K N@CC 9< :CFJ<; 9<=FI<¥2aHE<IBRE :FD= K2< JK8IK 9LKKFE

)FN K?< DFKFI N@CC :FEK@EL< KF ILE LEK@C :LII<EK KF K?< DFKFI JK8IK<I @J @EK<IILGK<; /[
K?< FG<I8KFI GI<JJ<J K?< EFID8CCP :CFJ<; JKFG 9LKKFE FI @= 8E FM<ICFS; F::L1J 8E; FE< F= K%
:CFJ<; *-:FEK8:KJ FG<EJ LG $=8 GFN<I FLK8>< F::LIJ ;LI@E> EFID8C FG<ISBK@FE K?< JK8IK<I :F
;IFG FLK 8E; K?< DFKFI N@CC JKFG 8J N<CC

$E 8EP J@KLBK@FE N7?<I< K?< DFKFI JK8IK<I 9@} SE K2k 8ID8KLI< @J GLJI?<; FG<E 9P K?<
JGI@E> @EJ@;< @K 8CC :FEK8:KJ 8JJF:@8K<; N@K? K?< :F@C I<KLIE KF K?<@I EFID8C :FE;@!
I<IK8IK N@K?FLK =LIK?<I @EGLK =IFD 8E FG<I8KFI 8] K?< ?FC;@E> :FEK8:K N@CC ?8M< I<KLIE
FG<E JK8K<

2 @K? K?< @EJKBCCBK@FE F=8E 8LO@C@S8IP :FEK8:K @E G8I8CC<C N@K? K?< DFD<EKSIP Jk
GIFM@;< CFN MFCK8>< GIFK«.K@FE '

Start/Stop Pushbutton
circuit
(Basic 3 wire)

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=141
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Stop Stop Start

—{—

Multiple pushbutton cauit

?7@J @I L@K @J =LE:K@FE8CCP @rdad@SCikeHkBIM@FLICP ;@J:LJJ<; 9LK 8CCFNJ :FEKIFC
F= K?< DFKFI =IFD KNKJ@EK CF:8K@FEJ F=K<E :8CC<; WCF:8Cp.8BhUieiDFKE@ FEJ

J 8 ILC< 8 DFKFI :8E 9< :FEKIFCC<; =IFD 8EP ELD9<I| F= CF:8K@FEJ GIFM@;<; K?8K N< =FCCFN |
ILC<J

2 @I< 8@emally closedJKFG 9LKKFE2@EN@K? <8:? FK?<I

2 @I< 8@emally open JK8IK OLKKFpa@El N@K? <8:? FKEE]|

FEE<K K?< ?FC;@E> :FEK8:K @E G8I8CC<C N@K? K?< JK8IK 9LKKFEJ

IFI K?< 89FM< <O8DGC< N< N@CC FECP :FEJ@;<I KNF GLJ? 9LKKFE JKBK@FEJ 9LK K?< GI@E:!
LG KF @E:CL;< 8EP ELD9<I F= GLJ?9LKKFE JK8K@FEJ

2 @K? 8CC K?< :FEKIFC :LIIKEK >F@E> K?IFL>? K?< EFID8CCP :CFJ<; :FEK8:KJ F= K?< JKFG 9LK
FE<N@CC @EKK<IILGK K?< :@I|:L@K 8E;mabF&arek K2d?@E> 8EP JK8IK GLIJ?9LKKFE N@CC
GIFM@;< 8 G8K? =FI :LIIKEKX®RQEKI?< DFKFI JK8IK<I

*E:< <E<P@Q<; K28 holding contactN@CC :CFJ< 8CCFN@E> K?< JK8IK 9LKKFE KF 9< [<C<8J<; 8
:@I:L@K N@CC EFN ILE N?@ Cho@irdt@yeoiection (LVP) LEK@C <@KR<r®Ed F::LIJ FI 8
JKFG 9LKKFE @J GI<JJ<;
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Multiple pushbutton
stations in a 3wire
circuit

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=144
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&3<00)4<0 4<.24>)4>3 "469> 423>=

Start
Stop
ol .J_ A @ H—

W A=K

S O

Three-wie contol circuit with pilot lights

(FKF1J 8I< F=K<E @EJK8CC<; @E CFL; <EM@IFED<EKJ FI 8K I<DFK< CF:8K@FEJ 8E; JF J@DGCF
JFLE; F= 8 ILEE@E> DFKFI KF K<CC 8E FG<I8KFI @KJ JKFKE@ON@KIZE@BION</.8E :FEE<:K

pilot lights @E FEbntrol circuit KF @E; @:8K< K?< ILEE@E> JK8KLIGEBROEKFF?KJ K?8K 8l< @EJIKS!(
@E K?< :FEKIFC :@phh@ke@EDK? K?< DFKFI JK8IK<| N@@DP<; KBP<E K?< DFKFI @@ QEXI

/?<J< 8I< F=K<E I<=<II<; KF 8] DFKFI ILEE@E> C@>7KJ

+@CFK C@>?KJ DLJK) 1 - 9< @EB&BesN@BE DFKFI JK8IK<IJ K?< DFKFI JK8IK<I D@>?K EFK ?8N\
<EFL>%oltageKF GLCC @E 8E; @= K?<=@C8D<EK @E K?< G@CFK C@>?K 9LIEJ FLK @K N@C(
N@K? K?< I<JK F= K?<:@l:L@K

(FKFI JK8IK<IJ F=K<E :FD<au@lik?y contacts 9<PFE; Ksormally open 2-3 holding contacts
8E; @= EFK D8EP JK8IK<IJ :8E ?8M< 8;;@K@FE8SC 8LO@C@8IP :FEK8:KJ 8;;<; KF K?<D

$= 8 DFKFI JK8IK<I ?8J 8 deifrfadly closed contactK?<J<:8E 9< N@I<; @E J<I@<J N@K? 8 G@CFK C
J CFE> 8J K?< DFKFI JK8IK<| @ HFR<EKP< :FEK8:KJ N@CC I<D8@E :CFJ<; 8E; K?< C@>?K N@C
1?7@J :8E @E;@:8K< KF 8E FG<I8KFI K?8K 8 DFKMHI @@€8 ®B<F+E,@K@FE
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Stop

Pressure switch

N P

Start

1
- 04@%

—j—

Lube oil pump
motor

Main drive
motor

&

Lube oil pump system

[?7@J CFFBJ C@B< 8 JikBEglyire circuit =FI ;@M@E> KNF DFKFIJ 9LK LGFE :CFJ<I <O8D@ESK@F
J<< K?8Hotor starter ( @J :FEKIFCC@E> 8 DFKFI GLDG =FI CL9I1@:8K@E> F@C /?< DS8@E ;|@M<L

(2 —4p4p 40—

‘FEKIFCC<; 9P DFKFI JK8IK<I ( @J :FEKIF@@raly 8pen GI<JILI< IN@K:?

P GI<JI@E> K?< JK8IK 9LKKFE DFKFI ( N@CC JK8IK KF GLDG CL9< FEKF K?< 9<8I@E>J F= K?<
*E:< K?< GI<JJILI< D<<KJ K?< D@E@DLD K?I<J?FC; 8E; :CFJ<J K?< GI<JJLI< IN@K:? :FEK8:KJ DF
9< 8CCFN<; KF JK8IK /?7@J 8IIBE><D<EK <EJLI<J K?< DFKFI ( N@CC EFK #@:@=<KR<I< @J @EJL:

CL9I1@:8K@FE GI<JJLI<

1?<:@I:L@K N@CC :FEK@EL< KF FG<I8K< 8J 8 JK8E;8I; K?I<< N @tw:@lia@gp@iEMan @ E>
(LVP) LEK@C <@K?<I K?< JKFG 9LKKFE @dvBitkat:: EllBES= 8E FM<ICFS; F::LIJ @E DFKFI (
K?<E ( N@CC :FEK@EL< KF ILE LEK@C K?< GI<JJLI< IN@K:? ;IFGJ FG<E $=8E FM<ICFS8; F::LIJ (

JKFG N?@C< DFKFI ( N@CC :FEK@EL< KF B<<G CL9I@:8K@FE GI<JJILI< LG

Lube oil pump
System
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A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=150
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92 4<.74>=

FD<K@D<J :8Cchivig X AF>>@E> @J K?< K<ID >@M<E KF K?< DDR8K@FPKE=<I8 DFKFI FECP
JF CFE> 8J 8E FG<I8KFI @J GI<JJ@E> 8 9LKKFE

jog circuit @J 8 :@I:L@K K?8K 8CCFNJ 8E FG<ISKFI KF <@K?<IjdHR8IK AR X BEE 181
:FDDFECP LJ<; =FI DFKFIJ :FEKIFCC@E> :FEM<PFI 9<CKJ KF 8CCFN =F| GI<:@J< GFJ@K@FE@E

EP motor starter K?8K @J LJ<; KF AF> 8 DFKFI N@CC 9< JL9A<:Kinr idh e @K Id<?

:8E :8LJ< FM<I?<8K@E> F= K?< GFN<I :FEK8:KJ $=8 DFKFI @J <OG<:K<; KF 9< AF>><; DFI< K?8E
@E 8 D@ELK< K?< DFKFI JK8IK<I J?FLC; 9< @E:I<8J<; @E J@Q< 8E; ?FII<GFN<I IBK@E> =FI K?(
FG<ISBK@E> :FE;@QK@FE

| F8:?2@<M< 8 AF> =LE:K@FE K?<I< 8I< J<M<I8C :FDDFE :@I.L@K ;<J@>EJ <8:? N@K? K?<@I| FN
8E; ;@J8;MB8EK8><J :FDDFE =<8KLI< K?8K 8CC AF>:@I:L@KJ ?8M< @J K?8K K?<P ?8M< JFD< D
;@JB9C@EhMN@g contactLI<; @E Kixee-wire circuit /?7@J @J LIL8CCP 8::FDGC@J?<; 9P GLKK@E
JFD< :FDGFE<EKs@ESN@K? K?< ?FC;@E> :FEK8:K slitBJFBDFD<EKS8Ipushbutton

92 4<.74> A4>3 %060.>9< %A4>.3

StartAog
Stop |
.J_. ® *—
M
Start/Aog

Selector switch

Selector switch jog corf circuit

[?< DFIK 98J@: F= K?< AF> :@I:L@KJ K?@J @J <JIJ<EK@8CCP 8 KRS NIEE XD kLG K @K? 8E
J@QE>C< K?IFN JN@K:? :FEE<:K<; @E J<I@<J N@K? K?< ?FC;@E> :FEK8:K

$E K?< :CFJ<; GFI@QK@FE K?< .+./3IN@ERFHEGGFI@K@FE KF K?< =CFN F=:LII<EK 8E; K?< :@I:LC
9<?8M<J K?< J8D< 8J 8 JK8E;8I; K?I<< N@I< : @lon@ely/8pen GLI? OLKKFE @J 8:K@E> 8J 8 WJIKS8IK
FI WILEX 9LKKFE
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$=K?< .+./IN@K:? @J FG<E<; K?<E @K ?8J @EKIF;L:<; 8E FG<E @8 hsldhgldo@&RK?<
<=<.K@M<CP I<DFM@E> K?<D =IFD K@KE@HLIKKR<2?FC;@E> :FEK8:K K?< DFKFI JK8IK<I N@CC
<E<t@Q<; 8J CFE> 8J 8E FG<I8KFI @J GI<JIJ@E> K?< EFID8CCP FG<E GLJ?9LKKFE N?@:? 8:KJ ¢
@E K?@J GFIJ@K@FE

S /?< D8@E 8;M8EK8>< F=K?@J :@I'L@K @J K?< <8J< F= @EJKBCC8K@FE 8E; K?< :?<8Gl

S /?< D8@E ;@J8;M8EK8>< @J K?8K PFL DLJK :?8E>< K?< GFJ@K@FE F= PFLI J<C<:KFI JI
K?< =LE:K@FE F= PFLI 9LKKFE

Jog circuit with a selector switch

A BCcampus element has been excludmd this version of the textolycan view it online her
https://opentextbc.ca/basicmotontrol/?p=155

,820<97= 92 4<.?4>

Stop Start
e C M
Jog
M
—|-
.__

Dangebpus jog contl circuit

[?< E<OK AF>:@I:L@K N< N@CC CFFB S EKBKH ®EBKIEKS8IP GLJ?9LKKFE 8J FLI W%F>X 9LKKFE
[?@J 9LKKFE ?8J FE< asknatly closed contactdN?@:? 8I< N@I<; @E J<I@<J N@K? K?< ?FC,@E>
‘FEK8:K 8E; FE< J<K F= EFID8CCP FG<E :FEK8:KJ N?@:? 8I< @E J<l@<J N@K? FECP K?< JKFG 9
DFKFI JK8IK<I

$E EFID8C FG<I8BK@FE K?< JKFG 8E; JK8IK 9LKKFEJ GIFM@;< K?<@I JK8E;8I; =LE:K@FEJ @E 8 |
8JK?< ?FC,@E>:FEK8:K @J @E J<I@<J N@K? K?< EFID8CCP :CFJ<; :FEK8:KJ F= K?< AF> 9LKl
9LKKFE @J GI<JJ<; K?< EFID8CCP :CFJ<; :FEK8:KJ N@CC FG<E 8E; K?< EFID8CCP FG<E :FEKS8:}
GIFM@; @E> 8 G8K? =FI :LII<EKaKB<K2& DFKFI JK8IK<I
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27<E K?< DFKFI JK8IK<| @@&@<] 8CC :FEK8:KJ 8JIJF:@8K<; N@K? @K N@CC :?8E>< K?<@I| JK8K
?FC,;@E> :FEK8:K 9LK 9<:8LJ< K?< AF> 9LKKFE @J 9<@E> ;<GI<JJ<; K?< ?FC;@E> :FEK8:K :8E
GFN<I KF K?< JK8K<IK?<AF> 9LKKFE @J I1<C<8J<; K?< DFKFI :FD<J KF 8 JKFG

?7@J :@I:L@K @J JFD<K@D<J I<=<II<; KF 8] K?< W;8E><IFLJ AF> :@I:L@KX =FI I<8JFEJ N?@:? D
FOM@FLJ ESNK?< AF> OLKIFFEYBCCP :CFJ<; :FEK8:KJ 8I< 89C< KF I<KLIE KF K?<@I EFID8C :FE;€
9<=FI< K?< DFKFI JR8H{ratur e ?8J ?8; 8 :?8E:< KF ;IFG FLK K?<E K?<:F@C N@CEBDE@E <E<I

8E; K?< DFKFI N@CC :FEK@EL< KF ILE /?@J @J ;8E><IFLJ 9<:8LJ< @= 8E FG<I8KFI GLJ?<J 8 AF:
<OG<:K@E> K?< DFKFI KF JKFG N?<E K?<P I<C<8J< K?< 9LKKFE 8E; K?< DFKFI :FEK@EL<J KF I
@EKIF;L:< 8 ?8Q8I; KF 8 G<IJFE :8t>MBIF$E J?FIK N< E<M<I N8EK D8:?@E<J KF JLIGI@J< G<FG(

S ?7@J:@l:L@K ?8J K?< 8;M8EK8>< F= 9<@E> J@DGC< KF @EJK8CC 8E; ?8J J<G8I8K< 9L
JKBIK@E> 8E; AF>>@E> K?< DFKFI

S /?< D8@E ;@J8;MBEK8>< @J K?< ?8Q8I; @EKIF;L:<; 9P K?< HL@:B I<KLIE F= K?< AF> 9LK
EFID8C JK8K<

The bad jog circuit
(Contact racing)

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=155

02 4<.?4> A4>3 98><96 $06,

Stop Start

.J_. J_ N\
.J ® CR
Tl X<
e Ommiin
H—i—
CR M

Jog circuit with contol relay

DFI< JFG?@JK@:8K<; AF>>@E> :@ch@IldadyBJ J?FNE @E K?< =@>LI< 89FM< FEKIFC I<C8P.
9<?8M< ALJK C@B< DFKFI JK8IK<IJ 9LK C8:B FM<ICF8; GIFK<:K@FE 8E; GFN<I :FEK8:KJ FEKIFC
K?8K DLJK 9< :FEE<:Kpa@Eel N@K? K?< DFKFI JK8IK<I KF <EJLI< K?<P >¢Klt§ge@I I18K<;
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$E BEBchematic diagram K?< :LII<EK DLIK =@E; @KJ N8P =IFD '@E< KF 'Q@&@ BE-EER FE<

CF8; 8CFE> K?< N$@K:?<Jfd <@K?<| @ Be@saBaN?<E K?<P 8I< FG<E Fl Q<IF I<J@JK8E:<
N?<E K?<P 8I< :CFJ<; JF JFD< ;<M@:< DLIK C@D@K K?< :LII<EK KF GI<M<EK J?FIK :@I:L@KJ )F
‘LIIKEK K?8K G8JJ<J K?IFL>? K?< :FEKIFC I<C8P ;F<J EFK G8JJ K?IFL>7'K®<J DERED XK&EK<I

K?<P N@CC 9FK? ><K K?<@I I8K<; MBCL< F= MFCK8>< 8E; GLCC @E K?<@]I 8ID8KLI<J

J8ILC< N<)1-:FEE<K CF8;J @E J<Il@<J

OE;<I EFID8C :FE;@QK@FEJ @= K?< JK8IK 9LKKFE @J GI<JJ<; :LIIKEK N@CC 9< 89C< KF :FDGCx«I
<E<t@Q< K?< :FEKIFC'EE8P< I<C8P @I>@&Q<; K?<KNF EFID8CCP FG<E :FEK8:KJ 8JJF.@8K<; N
@K N@CC :?8E>< K?<@I| JK8K< 8E; :CFJ< /?@J N@CC GIFM@;< &@8K2IH MAKEKIKBIKEKI
‘CFJ@E> K?< ?FC;@E> :FEK8:KJ 8E; ILEE@E> K?< DFKFI

[?<:@I'L@K N@CC :FEK@EL< KF FG<I8K< 8J 8 JK8E;8I; K?I<< N @tw:-@lia@p®iEdtian @ E>
(LVP) LEK@C <@K?<I K?< JKFG 9LKKFE @dveitlohiks:-: I SE

$= K?< AF> 9LKKFE @J GI<JJ<; N?@C< K?< DFKFI @J ILEE@E> K?<I< N@CC 9< EF :?8E>< KF K?

$= ?FN<MKI?< AF> 9LKKFE @J GI<JJ<; N?@C< K?< DFKFI @J EFK ILEE@E> @K N@CC GIFM@;<
<E<t@Q< K?< DFKFI JKBIKKII<EK N@CC EFK 9< 89Cx@®R <K< :FEKIFCBECHBPFE: < K?< AF>
ILKKFE @J I<C<8J<; K?< JK8IK<I ;IFGJ FLK 8E; K?< DFKFI :FD<J KF 8 JKFG

S /?< 8;M8EK8>< F= K?@J :@I:L@K C@<J @E @KJ J&83M®@ BE ;HKNEQ@ESEEHR WRPKKFEJ =FI
WILEX 8E; WAF>X =LE:K@FEJ @E:1<8J<J <8J< F= :FEKIFC =FI K?< FG<I8KFI

S /?<;@J8;MBEK8>< @J K?< 8;;@K@FES8C :FJK 8E; @EJKBCCBK@FE K@D< 8JJF:@8K<; N
8E; 8;;@K@FES8C :LII<EK ;ISNEc@iF &l &ircuit ;L< KF K?< J<:FE; :F@C

Jog with a control relay

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=155



https://opentextbc.ca/basicmotorcontrol/?p=155#pb-interactive-content
https://opentextbc.ca/basicmotorcontrol/?p=155#pb-interactive-content

O<A,</ $0 @<=0 98><96 4<.?4>=

$= 8 K?I<< G?8J< DFKFI @J KF 9< ;I@M<E @E FECP FE< ;@I<:K@FE SH(HKO®K JOBRE@KPEBE; <
KF 9< IFKSK@E> FGGFJ@K< KF N?8K @J ;<J@I<; 8CC K?8K @J E<<:<; @J KF @EK<I|:?8E>< 8EP |
C<8;J =<<;@E> K?< DFERI:8E 9< ;FE< 8K mdtor starter FI 8K K?< DFKFI @KJ<C=

Line A LineB LineC Line A Line® LlineC

Tl 12 T3 Tl 12 T3

Motor

N N

CCW rotation CW rotation

Three-phase motootation

*E:< KNF F= K?< C@E<J ?8M< 9<<E IN@K:?<; K?<;,@I<:K@QFE F= K?< D8>E<K@: =@<C;J :I<8K<;
EFN :8LJ< K?< J?8=K KF JG@E @E K?< FGGFI@K< ;@I<:K@FE /?@J @h&erdiatdnhI<M<IJ@E> K’

$0@<=482 ,280>4. %> <>0<=

$= 8 DFKFI @J KF 9< ;I@M<E @E KNF ;@I<:K@FEJ K?<E @K N@CC I<HL@I< 8 !FINBI@ “ZM<IJ< DI
?8J KNF K?I<< GFC< ?FII<@BRN<IFEK8:KFIJ 18K?<| K?8E ALJK FE< 8] @E K?< :FEM<8R@FE8C JK8
F= K?< KNF=Q<EK DFKFI JK8IK<IJ GFN<IJ K?< DFKFFNIGKKR 8 78< IFKSK@FE

27<E K?< =FINS8I; :FEK8:KFI @3@Ex; GFN<I:FEK8:KJ :FEE<:K C@E<' KF/ C@E<' KF/ 8E; C@E
" KF/ 8K K?< DFKFR2?<E K?< I<M<I1J< :FEK8:KFI @®<E<;l K?< GFN<I :FEK8:KJ :FEE<:K C@E<"' KF
| C@E<' KF/ 8E; C@E<' KF/ 8K K?< DFKFI
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!

Forward Reverse

Forward/Reverse power @uit

.@E:< K?< KNF DFKFI JK8IK<IJ :FEKIFC FECFFEER BEKBKK F= FM<ICFS8; I<C8P ?<8K<IJ E<<; 9<
LJ<; /?<I<KLIE G8K?J =FI 9FK? JK8IK<I :F@ CJséifeskt @ @B@rmally closed contactd= K?<

overload relay JF K?8K @= 8E FM<ICFS8; F::LIJ @E <@K?<I| ;@I<:K@FE K?< JKSIKE@K®CI N@CC 9
8E; K?< DFKFI N@CC :FD< KF 8 JKFG

)FK< K?8K K?< KNF :FEK8:KFIJ Bleditti@slly 8E; mechanically interlockedJF K?8K K?<P :8EEFK 9<
<E<+@Q<; J@DLCKSESEIQREP? JK8IK<| :F@CJ 9<:$IRGE<I@DLCKSES8RRKIR:@I:L@K N@CC
F:LIN@K? GFK<EK@8CCP ?8Q8I;FLJ I<JLCKJ

IFIN8I; 1<M<IJ< JK8IK<IJ N@CC :FD< N@K? KNF J<KJ F= BExDaGCfo @sts KF 8:K 8J
?FC;@E> :FEK8:KJ @E <8:? ;@I<:K@FE /?<P N@CC 8CJF :FD< N@K? KNF J<KJ F= EFID8CCP :CF
‘FEK8:KJ KF 8:K 8J <C<:KI@:8C @EK<ICF:BJ

0.3,84.,6 8>0<69.5=

IFIN8I; I<M<IJ< JK8IK<IJ DLIK E<M<I :CFJ< K?<@I| GFN<I :FEK8:KJ J@D2CHKBN8PIKIEP

GIFM@;< K?@J @J K?IFL>? <C<:KI@:8C @EK<ICF:BJ N?@:? GI<KM<EK K2@G<;.B2®24-D 9<@E
FK?<l @J <E>8><; =8@CLI< @E <C<:KI@:8C @EK<ICF:B@E> :8E :8L3Q4pK B @BIIRPY< <E<I
K@D<

$= 9FK? 9<:FD< <H&IQ<; JFD< =FID F=D<:?8E@:8C @EK<ICF:B @J I<HL@|grkla@i<¥I<EK 9FK?



,3&6,54

=IFD GLCC@E> @QE -<Gl<Jséheméiic diagrams3J 8 ;FKK<; C@E< 9<KN<<E K?< KNF :F@CJ 8
D<:?8E@:8C @EK<ICF:B @J 8 G?PJ@:8C 98ll@<I| K?8K @J GLJ?<; QEHB3I4CHK K< FE< :F@CY
DFM<D<EK F=K?< 8;A8:<EK :F@C /?@J D<8EJ K?8K <M<E @>@®2;.H@CB BE<®RIBKLI< N@CC
9< 89C< KF GLCC @T=<<ECuPK?8K @J GI<M<EK<; =IFD GLCC@E> @QE N@CC D8B< 8 K<II@9C< :?
8J @K KlI@<J KF :FDGC<K< K?< D8>E<K@: :@I|:L@K

(<:?8E@:8C @EK<ICF:BJ J?FLC; 9< I<C@<; FE 8J 8 C8JK I<JFIK =FI GIFK<:K@FE

60.><4.,6 8>0<69.5=

C<KI@:8C @EK<ICF:B@E> @J 8::FDGC@J?<; 9P @EJKBCC@E> K?< EFID8CCP :CHI&CFEKS8:K F
@E J<I@<J N@K? K?< FGGFIQ K@ I8K®KEX M<IJ8 /?@J <EJLI<J K?8K N?<E K?< =FIN8I; :F@C
<E<t@Q<; GLI?@E> K?< pudkthitton N@CC EFKQ@HEIK K?< I<M<IJ< :F@C /?<J8D< JQKLB8K@FE (€
<=<:K N?<E K?< I<M<J< :F@C@Q<ESRE 9FK? J@OKLBK@FEJ K?< JKFG 9LKKFE N@CC E<<; KF 9<
< <E<P@Q< K?< ILEE@E> :F@C 8E; I<KLIE 8CC @KJ 8LO@C@8IP :FEK8:KJ 98:B KF K?<@I FI@>1
FGGFRI@K< ;@I<:K@FE :F@C :8E 9< <E>8><;

$O0@<=482 98><96 4<.?4>

.J_n— -oJ_o ,'::’ &

F

—— >
-.J_. ):r @

——

R

Forward/Reverse condt circuit

27<E ;<I@>E@E> K?< :FEKIFC J:?<D8K@: =FI =FIN8I; I<M<lJ<:@I:L@KJ N< JKEHdd@K? K?< JK¢
wir e circuit 8;; 8 J<:FE; EFID8CCP FG<E GLJ?9LKKFE 8E; 8;; 8 ?FC;@E> :FEK8:K 9I8E:? =FI K?< J<:
F@C J@E>C< JKFG ILKKEE@XEK KF ;@J89C< K?< DFKFI @E 9FK? ;@I<:K@FEJ

[?< KNF :F@CJ 8I< D<:?8E@:8CCP @EK<ICF:B<; 8E; K?< EFIDS8CCP :CFJ<; @EJKSEK8E<FLJ :FEK
<C<:KI@:8C @EK<ICF:B@E>

$= K?< =FINS8I; GLI?9LKKFE @J Gl<JJ<; 8J CFE> 8J K?< I<xM<IJ< :F@QC @J EFK <E>8><; :LII<EK N¢
K?IFL>? K?< EFID8CCP :CFJ<; I<M<IJ< :FEK8aBR< ¥« =FINS8I; :F@C :8L3@Eec®CC
8JIF:@8K<; N@K? K?8K :F@C KF :?8E>< K23dbliBt coftactN@CC :CFJ< 8E; K?< EFID8CCP
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:CFJ<; <C<:KI@:8C @EK<ICF:B N@CC FG<E $=K?< I<M<IJ< GLJ?9LKKFE @J Gl<JJ<; N?@C< K?<
<E>8><: :LIIKEK N@CC EFK 9< 89C< KF ><K G8JK K?< =FIN8I; EFID8CCP :CFJ<; :FEK8:K 8E; EFK"
?8GG<E

$E FI;<I KF J<E; K?< DFKFI @E K?< I<M<lJ< ;@I<:K@FE K?< =FIN8I; :F@@ QkH;BKr@E<I
K?< JKFG 9LKKFE DLJK 9< GI<JJ<; K?<E K?< I<M<IJ< GLJ?9LKKFE R@Q€ RZBBCAKK <IEHaIC

-<>8l;C<J) F= K?< ;@I<:K@FE K?< DFKFI @J JIG@QEE@E> @E K?@J :@I:L@K N@CC FG<I8K< 8J ¢
@l L@K GIFM@w@ittage protection (LVP) LEK@C <@K?<I K?< JKFG 9LKKFE @dvetkatk; Fl 8E
F::LIJ

"?=3-7>>98 8>0<69.5=

Stop Forward Reverse

I
F R

Forward/Reverse pushbutton interlock

+LJ?9LKKFE @EK<ICF:B@E> I<HL@I<J KPEKSKREPKEKSIP GLJ? 9LKKFEJ N@K? <8:? GLJ?9LKK
?8M@E> 8 J<K F= EFID8CCP FG<E 8E; EFIDS8CCP :CFJ<; :FEK8:KJ

| F 8:?@<M< GLJ?9LKKFE @EK<ICF:B@E> J@DGCP N@I< K?< EFID8CCP :CFJ<; :FEK8:KJ F= FE<
J<I@<JI N@K? K?< EFID8CCP FG<E :FEK8:KJ F= K?< FK?<I GLJ?9LKKFE 8E; K?< ?FC;@E> :FEKS:
‘FEE<:K<; @#&rallel N@K? K?< 8GGIFGI@8K<EHIRBEEP FG<E :FEK8:KJ

?7@J :@I:L@K JK@CC I<HL@I<J K?< @EJKBCC8K@FE F= <C<:KI@:8C @EK<ICF:BJ

+LJ?9LKKFE @EK<ICF:B@EFk@HY K?< DFKFI :F@CJ KF 9< ;@J<E>8><; 9<=FI< I<KM<IJ@E> ;@I<
9<:8LJ< K?< EFID8CCP :CFJ<; =FIN8I; :FEK8:KJ 8I< @E J<I@<J N@K? K?< EFID8CCP FG<E I<M<IJ:
M@:< M<IJ8 +LI?@E> FE< 9LKKFE J@DLCK8E<FLJCP ;@J<E>8><J FE< :F@CHPIAC<KSIK@E>
I<M<1J8@lugging :8E 9< ?8I; FE K?< DFKHALK @= HL@:B I<M<1J8C F= K?< DFKFI @J I<KHL@I<; K?@J
:8E 9< 8 JFCLK@FE
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Forward and Reverse Circuit

A BCcampus element has been excludmd this version of the textol can view it online her https://opentextbc.ca/
basicmotocontrol/?p=159
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2?<E 8 DFKFI @J ;< <HaQ<; K?< J?8=K :FEK@EL<J KF JGQE LEK@C @E<IK@8 8E; =I@.K@FE :8
;FNE 8E; :FD< KF 8 ?8CK $=K?@J :FE;@K@FE @J LE;<J@I89C< =FI <O8DGC< @=N< N8EK K?<
@EJKBEKCP N< :8Bpluygihg circuit N?@:? IKHL@I<J 8 =FIN8I; I<M<IJ< DFKFI JK8#¢rd-8E; 8

speed switch

CK?FL>? K?< DFKFI FG<I8K<J @QE FE< ;@18 KRB @EESDS>E<K@: JK8IK<I @J E<<;<;

Start
Stop | 2
.J_.——O e JF @7
:: \

*
*

: F ’
e #+—)
R

Q<IF JG<<; IN@K:? @J 8 IN@K:? K?8K @J 8:K@M8K<; 9P :<EKI@=L>8C =FI:<J 8E; @J 8KK8:?<; <
M@8 8 9<CK KF K?< J?8=K F= K%31BMkdakigging 8:K@FE K?< Q<IF JG<<; IN@K:? DLIK 9< N@I<;
normally open JF K?8K 8EP DFK@FE F= K?< DFKFI J?8=K NGGLCtHB<HE>< K?<@| JK8K< 8E;
:CFJ<

/ Fplug 8 DFKFI KF 8 JKFG K?<:@Il:L@K DFD<EK8I@CP I<M<1J<J K?< DFKFI N?@C< @K @J IFK8k
;@I<:K@FE 9LK K?<E >@@<J @K 9<=FI< @K :8E 9L@C; LG 8EP DFD<EKLD @E K?< I<M<lJ< ;@I<:

OE;<| EFID8C FG<I8K@E> :FE;@K@FEJ K?< DFKFI @J JK8IK<; @E K?< =FINS8I; ;@I<:K@FE 9P GI<
ILKKFE /?@J =@0<J K?< =FIN8I; :F@C 8E; :CFJ<J K?< EFID8®CHIRE santact@parallel

N@K? K?< JK8IK 9LKKFE 8J N<CC 8J FG<E@E> K&ledEfidBISOERdES® BeriesN@K? K?<
I<M<IJ<:F@C

/?< DFKFI N@CC :FEK@EL< KF ILE 8E; K?< :@|:L@K N@CC FEréeKkwi@Brduis M@ ; @E>
low-voltage protection (LVP) LEK@C <@K?<I K?< JKFG 9LKKFE @dvetloht<:: fEllBE
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2?7@C< K?< J?8=K F= K?< DFKFI @J JG@EE@E> K?<:FEK8:KJ F=K?< Q<IF JG<<; IN@K:? N@CC
8E; K?< =FIN8I; :FEK8:K N@CC :CFJ< /?@J :FEK8:K @J N@I<; @E J<I@<J N@K? K?< I<M<IJ< :F@
<E<t@Q< @K JF CFE> 8J K?< <C<:KI@:8C @EK<ICF:B I<D8@EJ FG<E

2?7<E K?< JKFG 9LKKFE @J GLJ?<; K?< =FIN8I; :F@@@) ;{<E3@E> Frkh@ié /?7@J
:8LJ<J 8CC K?< :FEK8:KJ 8JJF:@8K<; N@K? K?8K :F@C KF I<KLIE KF K?<@I EFID8C :FE;@K@FE
EFID8CCP :CFJ<; <C<:KI@:8C @EK<ICF:B

.@E:< K?< J?8=K F= K?< DFKFI @J JK@CC JG@EE@E> @E K?< =FIN8I; ;@I<:K@QFE ;L< KF @E<IK
Q<IF JG<<; IN@K:? :FEK8:KJ 8I< 9<@E> ?<C; :CFJ<; /?@J D<8EJ K?8K K?< @EJK8EK K?< JKFG 9
K?< I<M<IJ< :F@C ><K@€Es| DFD<EK8I@CP J<E;@E> K?< DFKFI @QE K?< I<M<lJ< ;@I<:K@FE 8E;
FLK 8CC F= @KJ =FIN8I; DFD<EKLD K?LJ9I@E>@E> K?< DFKFI KF 8 ?8CK DL:? HL@:B<lI

[?7< @EJKBEK K?8K K?< J?8=K F= K?< DFKFI 9<>@EJ KF DFM< @QE K?< I<M<lJ< ;@I<:K@FE K?<?
'FEK8:KJ F= K?< Q<IF JG<<; IN@K:? FG<E 8E; K?< I<M<IJ<@@€; @FEKI<EZ< DFKFI :8E 9L@C,;
LG 8EP DFD<EKLD @E K?< I<M<lJ< ;@I<:K@FE

/?< DFKFI ?8J EFN 9<<E GCL>><; KF JKFG $E GI8:K@:< K?@J 8CC K8B<J GC8:< @E 8 =I8:K@FE

Plugging with a zero
Speed switch

A BCcampus element has been excludad this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=162
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$=8 =FIN8I; I<M<lJ<:@I.L@K @J EFK ;<J@>E<; FI I8K<; KF N@ K@@ &'t SEMIHHL<J

8JIF:@8K<; N@K? JL;;<E I<M<IJ8CJ @E z@bt<spedasviitchiN@I<normally closed:8E GIFM@ ;<
K?@J =LE:K@FE

FWD
; v
—T—o o ' F
1 I \
\
L | I .
l *
T REV ’
1 F I,
1
10— ol { R )_
F R
|
1

*E:< K?< Q<IF JG<<; IN@K:? @J 8KK8:?<; KF K?< J?8=KHaHIKR DEBEP :CFJ<; :FEK8:KJ 8I< K?<E
N@I<; @&iesN@K? K?< FGGFIJ@K< ;@I<:K@FEJ :F@ X $ER.& J @ BHES B IKEtH At
interlocks 9LK GIFM@;< 8E <OKI8 ;<C8P =LE:K@FE N?@C< K?< J?8=K F= K?< DFKFI JK@CC JG@E

[?@J D<8EJ K?8K <M<E 8=K<I| K?< JKFG 9LKKFE ?8J 9<<E GI<JJ<; K?< I<M<IJ<:F@C :8EEFK 9< <
K?< DFKFI ?8J JKFGG<; IFKBK@E> @E K?< =FIN8I; ;@I<:K@FE 8E; M@:< M<IJ8 *E:< K?< DFKFI ?
I<IK K?< Q<IF JG<<; IN@K:? :FEK8:KJ N@CC :CFJ< 8E; K?< DFKFI :8E K?<E 9< <E>8><; @E K?< F
@I<:K@FE

Anti-plugging with
A zero speed switch
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A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=165
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.F =81 8CC K?<:@I:L@KJ N< ?8M< 9<<E CFFB@E> 8K ?8M< 8CC LJ<; @EJKBHKBE<FLJ :FEK8:KJ
starters 8E; control relays?8M<ontactsK?8K :?8E>< K?<@I JK8K< 8J JFFE 8J K?=@@C @J <E<I

$=8:@I:.L@K I<HL@I<J JFD< JFIK F= ;<C8P @E K@D@E> 8:K@FE G<I?8GJ =F| J<HL<E:< :FEKIFC
GLIGFJ<J K?<E K@D@E> I<C8PJ :8E 9< LJ<; KF GIFM@;< K?@J =LE:K@FE !FI <O8DGC< 8 :FEM:
D@>7K ?8M< J<M<I8C DFKFIJ @EJK8CC<; @E @K .K8IK@E> <8:? DFKFI 8K K?< J8D< K@D< :FLC
C8i<inrush current FE K?< JPJK<D *E< N8P KF D@E@ D@R3 K2K2<J< @EILJ? :LII<KEKJ @J KF
JK8>><| K?< JKBIK@E> F= K?< DFKFIJ N@K? FE ;<C8P K@D<IJ

$= K?@J J8D< :FEM<PFI 9<CK JPJK<D N8J ;<J@>E<; JF K?8K <8:? J<>D<EK =<; FEKF K?< E<OK 8
K?< NFIB ;8P <8:? :FEM<PFI| J<>D<EK 7?8; KF 9< :C<8I<=L3@I>K@D<IJ NFLC; 8CCFN K?< :@Il:L@K
KF 9< 8II8E><; JF K?8K 8=K<I GI<JI@E> 8 J@E>C< JKFG 9LKKFE <8:? F= K?< DFKFIJ :FEK@EL<;
C@D@K<; K@D< LEK@C 8CC GIF;L:Kk K83DBC<8I<; F=

| @D<IJ :8E 8CJF 9< LJ<; KF GIFM@Is98F¢§BE; anti-plugging =FI :<IKB@E :@I:L@KJ $E;<<; K?<
ISE>< F= 8GGC@:8K@FE =FI K@D<IJ @J E<8ICP C@D@KC<JJ
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i .J_ ® @—}HHH
—IMI— _@

5 Sec

TR
(N.0.C)

Definite sequence on-delay

[?< 89FM< :@I:L@K J?FNJ 8 JKiBEe#:wire circuit =FI 8 J@Ewm©tor starter ( $E parallel N@K?

( @J 8time-delay relay (TR) N?FJ< EFID8CCP FG<E K@D<; KF :CFJ< )*/ :FEK8:KJ @;<EK@=P @K
FE ;<C8P K@I<lJ< K@D<; :FEK8:KJ 8ter@&N @K? DFKFI JK8IK<I ( /?< 89FM< IN@K:?@E>
8IIBE><D<EK N@CC 8CCFN KNF DFKFIJ KF 9< :FEKIFC@ushitBténliRBk@FE 8E; N@CC
>L8IBEK<< K?8K ( <H&IQ<J =@M< J<:FE;J 8=K<I| C@D<E<E:< 9FK? DFKFI JK8IK<IJ 8I< <E>8><;
K?< DFKFIJ N@CC :FEK@EL< KF ILE LEK@C K?< JKFG 9LKKFE @J Gl<JJ<;

$=8Bverload F::L1J FE DFKFI ( K?<E FECP K?8K DFKFI N@CC JKFG 9LK @= DFKFI ( ;<M<CFGJ 8|
FM<ICFS8; 8E; @KR contactsFG<E K?<E K?< :F@C N@&@ Q<8 E8tolding contactN@CC

FG<E ;@J:FEE<:K@E> K?< K@D<I :F@C =IFD K?< JH:kKP=< HES&CEHP .F@C @I @KJ
:FEK8:KJ N@CC I<M<IK KF K?<@I FI@>@E8CDRRRK(@EIKEEBCTHE 9< ;> @HIK;

$= DFI< K?8E KNF DFKFIJ 8I< KF 9< J<HL<E:<; @E K?@J =8J?@FE N< NFLC; J@DGCP J:8C< LG K
8IIBE><D<EK 9P :FEE<:K@E> 8;;@K@FEB8C K@D<I I<C8PJ @E G8I8CC<C N@K? <8:? DFKFI JK8IK
DFKFI JK8IKJ @K 8CJF 9<>@EJ 8 :FLEK;FNE =FI K?< E<OK FE< @E J<HL<E:<
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Time Delay Relays
(On Delay)

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=170
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Start

N

R

;

o
o«
©
3

-/
®
%

TR
(N.00)

Definite sequence cowmtroff-delay

[?< 89FM< :@I:L@K J?FNJ 8 JKiBEe#:wire circuit =FI 8 J@E>C< DFKFI JK8IK<péraiiel N@K?
( @J 8time-delay relay (TR) N?FY EFID8BCCP FG<E K@D<; KF FG<EEKS8:KJ @;<EK@=P @K 8J 8E
F=;<C8P K@I<lJ< K@D<; :FEK8:KJ 8te@&N@K? DFKFI JK8IK<I (

1?< 89FM< IN@K:?@E> 8IIBE><D<EK N@CC 8CCFN KNF DFKFIJ KF 9< :FEKIB@CHonlFD 8 J@E>Cs
JKBK@FE $= K?< JK8IK 9LKKFE @J Gl<JJ<; 9FK? DFKFIJ ( 8E; ( NQ2@ JKBIKQFEIKSERCP
normally open contacts8JJF:@8K<; N@K?KZECBR :F@C N@CC :?8E>< K?<@I| JKBK< @EJKS8EKCP N
F@C @J>@4€<;

*E:< 9FK? DFKFI JK8IK<IJ 8I< <E>8><; K?< DFKFIJ N@CC :FEK@EL< KF ILE LEK@C K?< JKFG 9LK
*E:< GI<JI<; K?< ( :FEK8:KFI 8E; K?= <C8P K@D<I N@CC 9=@QE<8E; K?<@I :FEK8:KI N@CC
I<M<IK KF K?<@I FI@>@E8C JK8K<

IFI K?<motor starter, K?@J N@CC ?8GG<E EIKBEK@D<; :FEK8:KJ 8JJF:@8K<; N@K? K?< K@D«<I
N@CC ?8M< 8 ;<C8P F==@M< J<:FE;J 9<=FI< K?<P FG<E ;LI@QE> N?@:? K@D< DFKFI ( N@CC :F
@J @DGFIK8EK KF EFK< K?8K <M<E K?FL>? K?< K@D<I :F@C ?8J 9<<E ;:@J:FEE<:KQKIFD @KJ .
JK@CC G<I=FIDJ @KJ K@D@E> =LE:K@FE $K ;F<J BIPKKE<<G8PKRIEBT-EE8IKJ KPE&RIXKE<I
JKFI<; @E K?< KIQDBCCP 8J :FDGI<JJI<; 8@! Fl JIGI@E> K<EJ@QFE
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$=8Bverload F::L1J FE DFKFI ( FECP K?8K DFKFI N@CC JKFG 9LK @= DFKFI ( ;<M<CFGJ 8E FM<
8E; @KLR contactsFG<E K?<E K?<:F@C N@S@QExI@KJ ?FC,@E>:FEK8:K N@CC FG<E
@J.FEE<K@E> K?< K@D<I :F@C =IFD K?< JFME<K2IISGCBP :F@QC @J =@, @KJ

‘FEK8:KJ N@CC ;<C8P =Fl = @M< J<:FE;J K?<E I<M<IK KF K?<@I| FI@>@E8C JK8K< JF DFKFI( N
=Fl =@M< J<:FE;J 8=K<I DFKFI ( ?8J JKFGG<; ;L< KF 8E FM<ICFS8;

$= DFI< K?8E KNF DFKFIJ 8I< KF 9< J<HL<E:<; @E K?@J =8J?@FE N< NFLC; J@DGCP J:8C< LG K
8IIBE><D<EK 9P :FEE<:K@E> 8;;@K@FE8C K@D<I I<C8PJ @E G8I8CC<C N@K? <8:? DFKFI JK8IK
JKFGJ FE< 8=K<I| K?< FK?<I @E K?< GI<J:1@9<; J<HL<E:<

Time Delay Relay
(Off delay)

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=173
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=FIN8I; I<M<IJ< :@I:L@K :8E LI< KNEGBP K@D<IJ KF GIFM@ ;< 8EK@ GCL>>@1r 8:K@FE @E 8E
plugging circuit

Forward

o J_ R 02

P s n O £
F \
.
10 sees A
[ s
| F 7
™m ’,
B (%)
R _/
_I 10 secs @
/

?7@J :@1'L@QK LKQC@Q<C8NFECJ KF GI<M<EK K?< =FIN8I; 8E; I<M<IJ< :F@CI=DO<@E> <E-
LEK@C K<E J<:FE:J 8=K<| K?< JKFG 9LKKFE ?8J 9<<E GI<JJ<; [?7@J N@CC >@M< K?< J?8=K F=k
N@E; ;FNE KF 8 ?8CK 8E; GIFM@:;< 8E 8EK@ GCL>>@E> =<8KE I8 2@ < K@ELIaK’< EFID8C
control circuit =FI 8 I<KM<IJ@E> D8>E<K@: JK8IK<| @J DF;@=@<; JC@>?KGP 9P3FKRRIOEESE F:
parallel N@QK? <8:? F= K?< :FEK8:KFI :F@CJ

.@D@C8I KF ?FN K?< EFID8CERcBEEatinterlocks 8I< :FEE<:K<; @E K?<:@l:.L@K K?< EFID8CCP
:CRJ<; K@D<; KF :CFJ< )/ :FEK8:KJ F= K?< K@D<I :FEE<:K<; @E G8I8CC<C N@K? K?< =FIN8]I; :F
‘FEE<:K<; @&riesN@K? K?< I<M<IJ< DFKFI 8K8M@:< M<IJ8

$= N?@C< K?< DFKFI @ >EFRB<xBL?< =FIN8Bishbutton @J :CFJ<; / 8E; K?< =FIN8I; JK8IK<I N@CC
<E<+@Q< 8E; K?< DFKFI N@CC 9<>@E KF JG@QE @E K?< =FIN8I; ;@I<:K@FE

$= N?@C< K?< DFKFI @ FEFB<BL?< I<M<IJ< GLJ?9LKKFE @J :CFJ<; / 8E; K?< I<M<IJ< JK8IK<I N
<E<t@Q< 8E; K?< DFKFI N@CC 9<>@E KF JG@E @E K?< I<M<lJ< ;@I<:K@FE

$= K?< DFKFI @3@E¥; @E K?< =FIN8I; ;@I<:K@QFE K?<:@I|:L@K 8IIBE><D<EK <EJLI<J K?8K =FI K
8=K<I K?< JKFG 9LKKFE ?8J 9<<E GI<JJ<; K?< DFKFI :8EEFK 9< J<EK @E K?< I<M<IJ< ;@I<:K@FE
:FEK8:KJ N@CC I<D8@E FG<E )FK?@E> ?FN<M<I GI<M<EKJ K?< DFKFI =IFD 9<@E> J<EK @E K-
@I<K@FE 8>8@E 8J K?< K@D<; :FEK8:KJ =FI/ I<D8@E :CFJ<;
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$= K?< DFKFI @J J<EK @E K?< I<M<lJ< ;@I<:K@FE K?<E JKFGG<; /| N@CC <EJLI< K?8K K?< FG
K<E J<:FE;J 9<=FI< K?< DFKFI :8E 9< J<EK @E K?< =FIN8I; ;@I<:K@FE

OE;<I EFID8C FG<IBK@FE K?@J :@!:L @KI@DEagi-Mdestion (LVP) 8E; K?< DFKFI N@CC ILE
@E <@K?<| :@I<:K@FE LEK@C <@K?<I K?< JKFG 9bN&a@E:GlkJJ<; FI 8E
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@ An interactive H5P element has been excludeadh fihis version of the textolY can view it online her

$= LI@E> K?< GI@BH <FFB :FGP F= K?@J 9FFB ESM@>8K< KF K?< 89FM< C@EB KF :FDGC<K<
#FN<M<IK?< HL@Q HL<JK@FEJ 8l< 8CJF GIFM@:<; 8K K?< <E: fc@F< $8EB G EFG@<J F=
28GK<I L@QQ<J
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'<BIE@E> *9A<:K@M<J

=K<l JKL;P@E> K?@J J<:K@FE JKL;<EKJ J?FLC; 9< 89C< KF

S $;<EK@=P :FDDFE GIF9C<DJ 8JJF:@8K<; N@K? <C<:KI@:8C :@I:L@KJ
S 0J< 8E F?DD<K<I =FI :FEK@EL@KP :?<:BJ @E 8 :@I|:L@K

S 0J< 8 MFCKD<K<I =FI KIFL9C<J?FFK@E> GLIGFJ<J

S <J:1@9< ?FN KF LJ< 8 MFCKD<K<I KF :?<:B K?< JK8KLJ F= =LJ<J @E 8 K?I<< G?8J< ;@J:FEE<:K







97798 ==?0=

[?7@J :?8GK<I N@CC 9< =F:.LJ@E> FE KIFL9C<J?FFK@E> :FDDFE GlaGeDIEROBIr@ E K?<
circuits / IFL9C<J?FFK@E> DFKFIJ 8E; K?< D<:?8E@:8C JPJK<DJ K?<P ;@M< @J 8E <OK<EJ@M<
K?< J:FG< F= K?@J K<OK

DFKFI D8P EFK JK8IK =FI 8 M8I@<KP F=I<8JFEJ &EFN@E> N?8K KF :?<:B =FI 8E; N?<I< KF 9<>(
M8CL89C< JB@CC K?8K :8E I<;L:< ;FNEK@D< N?<E 8 =8LCK F::LIJ

0JL8CCR?<I< 8I< KNF =LE;8D<EK8C JK<GJ @E KIFL9C<J?FFK@E> /?<=@IJK @J 8 :LIJFIP M@JLE
=FCCFN<; 9P 8 DFI< @E ;<GK? <O8D@ESK@FE N@K? K<JK@E> <HL@GD<EK 8E; I<=<I<E:@E>J

(FKFI :FEKIFC :@I:L@KJ ?8M< J<M<I8C GIFK<:K@M< ;<M@:<J IL@CK @EKF K?<D KF GIFK<:K N(
@J 8CN8PJ 8 >FF; @;<8 KF JK8IK PFLI M@JL8C @QEJG<:K@FE 9P :?<:B@E> FM<ICFS8; 8E; FM<I:LI|
M@JL8C @QEJG<:K@FE JFD<K@D<J HL@:BCP CF:8K<J 8 =8LCK Fl @;<EK@=@<J JQKLBK@FEJ |
<0O8DGC< PFL D@>?K J<< 8 KI@GG<; @di;@iBkirddkeBswitch Fl overload relay -<J<KK@E>
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8E; K8B< D<8JLI<D<EKdDKage 8E; resistance8K B<P GF@EKJ F= K?< FgH:K@®J/ N< LJ<
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13770>0<

@J:FEE<K :@I:L@QK =IFD GFN<I JLGGCP =@IJK <sifwlei@EBE:@I:L@K LJ< 8 MFCKD<K<I KF
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A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontmol/?p=183
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27<E K<JK@Bses@E K@ewer circuit JLGGCP@E> 8 K?I<< G?8JNDEIFKTiSscross
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/?< horsepowerrated motor contactsDLIK 9< FG<E 8E; K?< K?I<< G?8J< ;@J:FEE<:K DLJK 9< :CFJ<;
Fl;<I KF FOKB@E GIFG<I I<8;@E>J
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Three phase fuses, fuse C is blown
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K?IFL>? 8 =LJ< $=K?<=LJ< @J @QE >FF; :FE;@K@FE 8J =LJ<J 8E; 8I< K?<E N< 8I< D<8JLI@E>
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Criss Cross method
Of testing fuses

A BCcampus element has been excludmd this version of the textolY can view it online her https://opentextbc.ca/
basicmotocontrol/?p=188
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Troubleshooting contd schematic
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EFID8CCP N< :8E ;<K<ID@E< N?8K 8CC K?< D<K<IJ NFLC; 9< I<8;@E>

$= JFD<FE< N<I< KF GI<JJ K?< JK8IK 9LKKFE K?<E FECP MFCKD<K<| NFLC; I<8; C@E< MFCK8>
parallel N@QK? K?< KNF CF8;J
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@ An interactive H5P element has been excludeadh fihis version of the textolY can view it online her
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[?< G8IK F=8 D8EL8C DFKFI JK8IK<I N?@:? J<EJ<J DFKFI FM<ICF8; :LIIKEK @J K?<
#@>? COD@K IN@K:?



+$ -
.FC;<IGFK 8JJ<D9CP
*M<ICFS8; :FEK8:K
#<8K<I| <C<D<EK

$=8LKFD8K@: JKBIK@E> 8=K<I 8 GFN<I =8@CLI< I<GI<J<EKJ 8 J8=<KP ?8Q8I; =FI 8 DFKI
J?FLC; 9< <HL@GG<; N@K?

'FN MFCK8>< [<C<8J<
=C8J?@E> I<; C@>?K
'FN MFCK8>< GIFK<:K@FE
NSIE@E> J@>E
E FM<ICFS8; I<C8P K?8K LJ<J 8 JKI@G F=;@JJ@D@C8I D<K8CJ @J :8CC<; 8 7777777 1<C
(<CK@E> 8CCFP
[?<ID@JKFI
.FC;<I GFK
@D<K8CC@:

-<=<||@E> KF K?<;ISN@E> 8JILD@E> K?8K =LJ< @J9CFNE N?@:? G8@I| F= GF@EKJ |
1<8;@E> F= Q<IF MFCKJ N?<E K?< MFCKD<K<| @J :FEE<:K<; 8:IFJJ K?<D

1 3 5
—

A B C
[ —
@2 ® 4 ® 6

| F :FEE<:K 8 DFKFI JFC<CP =FI AF>>@E> FG<I8BK@FE K?<:FEKIFC :@l.L@K N@CC
0J< ?FC;@E> :FEK8:KJ
FEE<:K ?FC;@E> :FEK8:KJ @E J<l@<J N@K? K?< JK8IK 9LKKFE
FEE<:K ?FC;@E> :FEK8:KJ @E G8I8CC<C N@K? K?< JK8IK 9LKKFE
)FK LI< ?FC;@E> :FEK8:KJ



$4,& 0503 0/530-
| @D<; I<C8PJ 8I< K?< 9<JK D<K?F; KF GIFM@ ;< GCL>>@IEx EFE8QI<KFI
[?< <C<:KI@:8C @QEK<ICF:BJ @E 8 I<M<IJ@E> D8>E<K@: JK8IK<I 8I<
FEKIFCC<; 9P K?< K@D@E> I<C8PJ E<:<JJ8IP =FI :@I:L@K FG<ISBK@FE
$E G8IBCC<C N@K? K?< =FIN8I; 8E; I<M<IJ< GLJ?9LKKFEJ
)FID8CCP :CFJ<; :FEK8:KJ
)FID8CCP FG<E :FEK8:KJ
*M<ICF8; GIFK<:K@FE =FI DFKFIJ @J 8:?@<M<; 9P :FEE<K@E>
[?<ID8C J<EJ@E> <C<D<EKJ @QE J<Il@<J N@K? K?< DFKFI
<J<K I<C8P @E J<Il@<J N@K? K?< DFKFI
8IKI@;>< =LJ<J @E J<I@<J N@K? K?< DFKFI
J<K F=) :FEK8:KJ @E J<I@<J N@K? K?< DFKFI
2 @K? 8 K?I<k< N@I< :FEKIFC :@I:L@K N?<E GFN<I @J I<JKFI<; 8=K<I 8 CFN MFCK8>< J(
E FG<I8KFI DLJK I<JK8IK K?< DFKFI
[?< DFKFI N@CC GFCPG?8J<
[?< DFKFI N@CC 8LKFD8K@:8CCP I<JK8IK
[?< DFKFI N@CC 8LKFD8K@:8CCP I<JK8IK 8=K<| 8 K@D< ;<C8P

8=A0<=

8E;

8E; I8CJ<
8E;

"469> 0@4.0= E %00%%

#70=>498=

$E 8 DFKFI :FEKIFC :@I:L@K N@K? DLCK@GC< JK8IK JK8IK GLJ?9LKKFE JKBK@FEJ K?
9< :FEE<K<; @E 777777 8E; K?< JK8IK 9LKKFEJ NFLC; 9< :FEE<:K<; @E 7777777

| F KIFL9C<J?FFK 8E <C<:KI@:8C :FEKIFC :@Il:L@K K?< 9<JK ;IBN@E> KF 9< LJ<; NFLC; ¢
. ?7<D8K@:



+$ -
2 @QI@E>
+@:KFI@8C
-$J<I

;FLIC< :FEK8:K GLIJ?9LKKFE @J @CCLJIRIBK=;PEEFNK<; 8J 8 JK8IK 9LKKFE @E K?<
'FEKIFC :@!:L@K F= 8 D8>E<K@?@K8I&8[@| F= K<ID@ES8CJ 8I< EFID8CCP LK@C@Q<;

] 2

3@ ®,

| @D<; I<C8PJ 8I< K?< 9<JK D<K?F; KF GIFM@;< GCL>>@IEx EFF8QRKFI

8=A0<=

<l@<J G8I8CC<C

8E;
1I8CJ<

9>9< %>,<>0<=,8/ 98>,.>9<= E %060<&

#70=>498=

[?< D@QE@DLD ELD9<I F=:FEKIFC :@I:L@K :FE;L:KFIJ KF 8 JKFG =FIN8I; I<M<IJ< GLJ?9Lk
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8E 9< ;@>@K8C FI 8ES8CF>L< 8E; D<8JLI< <@K?<| FI
Ampere (A)

[?< LE@K LJ<; KF D<8JLI< <C<:KI@:8C :LII<EK $K @J <HL8C KF 8 =CFN F= FE< :FLCFD9 G<I .
8CJF 9<:8CCx<; 8DG

Anti-Plugging Cir cuit
:@IL@K K?8K @J EFK ;<J@>E<; KF JL;;<ECP JKFG FI I<M<IJ< 8 DFKFI LEK@C K?< J?8=K 78
Armatur e

2 @K? I1<JG<:K KF D8>E<K@: :FEK8:KFIJ K?< 8ID8KLI< FI GCLE><I @J K?< DFM89C< G8IK F=
:@I.L@K 2?7<E 8 :F@CXIQEH?< 8ID8KLI< @J GLCC<; @E FG<E@E> 8E; FI :CFI@E> 8 J<K |
:FEK8:KJ

Auxiliary Contacts

FEK8:KJ FE 8 D8>E<K@: JK8IK<I K?8K 8I< EFK #FIJ<GFN<I I8K<; 8E :FD< 8J <@K?<I EFID8C(
FI EFID8CCP :CFJ<; 8E; :8E 9< LJ<; 8] DB@EKS8@E@E> :FEK8:KJ <C<:KI@:8C @EK<ICF:BJ FI
G@CFK C@>7KJ

Circuit Breaker

E SLKFD8K@: ;<M@:< K?8K @J ;<J@>E<; KF J8=<CP :@J:FEE<K :@I:L@KJ LE;<| =8LCK :FE;(
@ILA@K 91<8B<lJ GIFM@ ;< *M<ICFS8; 8E; *M<I:LII<EK GIFK<:K@FE FERKk BKJI;&BE 1
#FIJ<GFN<I
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Cir cuit Diagram

:@8>I18D K?8K LJ<J C@E<J 8E; JPD9FCJ KF J?FN K?< <C<:KI@:8C :FEK@QEL@KP 8E; :FEE<:k
‘@IIL@K 8E 9< LJ<; <@K?<I =FI KIFL9C<J?FFK@E> J:?<D8K@: ;@8>18DJ Fl :FEE<:K@FE GL
N@I@E> ;:@8>I18DJ

Contact
[?<:FE;L:K@E> G8IK F= 8 IN@K:? K?8K D8B<J FI 9I<8BJ 8 :@I:L@K
Continuous-Duty Rating

[?< D8O@DLD I8K<; M8CL< F= -(. :LII<EK K?8K K?< FM<I:LII<EK ;<M@:< @J ;<J@>E<; KF ?8E;(
'FEK@ELFLJ 98J@J N@K?FLK KIQGG@E>

Control Circuit

$E :FEKI8JIK KF K?< +FN<I @I:L@K K?< FEKIFC @I:L@K :FEJ@JKJ F= @EGLKJ @E K?< =FI
GLJ?9LKKFEJ FI G@CFK ;<M@:<J N?@:? N?<E 8: K@M8K<; BKIBIKZX<S8;08=<EBID:

DFKFI JK8IK<E<+t@Q< 8 CF8; /?< FEKIFC @I:L@K F=K<E FG<I8K<J 8K 8 CFN<I MFCK8>< K?8
@l:.L@K =FI J8=<KP 8E; <8J< F= @EJK8CCBK@FE

Control Relay

0J<; N?<E 8;;@K@FES8C 8LO@C@8IP :FEK8:KJ 8I< E<<;<; @E 8 :FEKIFC :@l:L@K 8 :FEKIFC I<
D8>E<K@: :FEK8:KFI N?@1? @@ >E<; =F| K?< x@<)8K@FE F= DFK&b&SBEpt?8M< IL@CK
@E FM<ICFS8; GIFK<:K@FE

Crisscross \6ltmeter Method

[?<:1@JJ:IFJJ MFCKD<K<I D<K?F; @J LJ<; KF KIFL9C<J?FFK =LJ<J FE 8 COM< :@I:.L@K $K
?7<:B@E> K?< GFK<EE@IE< @<KN<<E K?< C@E< 8E; CF8; J@;<J F= =LJ<J :EEEEK<; KF ;@=
G?8J<J @E 8 K?I<< G?8J< =LJ@9C< ;@J:FEE<K

Current (1)

[?<18K< F= =CFN F= 8E <C<:K¥@:DRBULI<; @E 8DG<I<J FI 8DGJ 2?<E FE<:FLCFD9 F=
:?81>< DFM<J G8JK FE< GF@EK @E FE:< J<!FE; :LII<KEK @J J8@; KF =CFN 8K 8 I8K< F= FE< 8
LIIKEK =CFNJ =IFD E<>8K@M< GFK<EK@8C KF 8 GFJ@K@M< GFK<EK@8C K?IFL>? 8 CF8;

Electrical Interlock

)FID8CCP :CFJ<; :FEK8:KJ LJ<; @E =FIN8I; I<M<IJ< :FEKIFC :@l:L@KJ K?8K GI<M<EK 9FK? ;@
'F@CJ =IFD 9<@BE>@RBX<!; 8K K?< J8D< K@D<

Electrically Common

-<=<|I@E> KF KNF FI DFI< GF@EKJ @QE 8 :@I:L@K N?@:? ?8M< EF CF8;J FI IN@K:?<J 9<KN<s
?8M< EF GFK<EK@&SBE;@8<KN<<E K?<D
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Fuse

E @EJLC8K<; KL9< :FEKS@E@E> 8 JKI@G F=:FE;L:K@M< D<K8C K?8K ?8J 8 CFN<I D<CK@!
‘FGG<I FI 8CLD@ELD $K GIFK<:KJ 8 :@I:L@K =IFD ;8D8>< 9<:8LJ< @K N@CC D<CK @E FM<I
FM<I:LIIEK J@KLB8K@FEJ 8E; 91<8B K?< :FEE<:K@QFE N@K? K?< I<JK F= K?<:@l:L@K

HorsepowerRated Contact

J<K F=:FEK8:KJ K?8K ?8J 9<<E ;<J@>E<; KF D8B< FI| 9I<8B K?< =CFN F=:LII<EK KF 8 DFKFI
?8E;C< CF8;J LG KF 8 JG<:@=@<; 8DFLEK F= ?FIJ<GFN<I 8K 8 JG<:@=@: MFCK8>< /?<J@Q:
<K<ID@E<; 9P K?< J@Q< F= K?< DFKFI K?<P 8I< :FEKIFCC@E>

Inching

1?< K<ID >@M<E KF K?< DFD<EK8®E«® Fetl 8¢ dVIFCK8>< F= 8 DFKFI FECP JF CFE> 8J 8E
FG<I8KFI @J GI<JI@E> 8 9LKKFE

Inrush Curr ent
[?< QE@K@8C ?@>? MBCL< F=:LII<EK GIF;L:<; N?<E 8E @E;L.K@@QEFS; @J =@I1JK <E<I
Interrupting-Capacity (IC) Rating

[?< D80@DLD =8LCK :LII<EK K?8K 8E FM<I:LII<EK ;<M@:< :8E @EK<IILGK N@K?FLK ;8D8>< K
:@I:L@K 91<8B<IJ 8E; =LJ<J ?8M< 8E $ IBK@E> F= 8DGJ

Isolating Switch

IN@K:? K?8K @J LJ<; KF CF:BFLK 8E <C<:KI@:8C :@I|:L@K FE:< 8 DFKRKP&IEHK+E @K ) F=
'FDGC<K<CP ;< 2@Q<; )FK ;<J@>E<; KF @EK<IILGK K?< =CFN F=:LII<EK

Jog Circuit

'FEKIFC :@!:L@K K?8K 8CCFNJ 8E FG<I8KFI KF <@K?<I JK8IK K?< DFKFI FI W%F>X K?< DFK
8J 8 GLI?9LKKFE @J ;<Gl<JJ<; 8E; 8I<:FDDFECP LJ<; =FI DFKFIJ :FEKIFCC@E> :FEM<PFI 9<
8CCFN =FI GlI<:@J< GFJ@K@FE@E> F= D8K<I@8CJ

Jogging

/?< K<ID >@M<E KF K?< DFD<EK88PQE® il BIKCK8>< F=8 DFKFI FECP JF CFE> 8J 8E
FG<I8KFI @J GI<JI@E> 8 9LKKFE

Kir chhoff@ Current Law
[?< JLD F= K?< :LII<EKJ <EK<I@E> 8 GF@EK DLJK <HL8C K?< JLD F= K?< :LII<KEKJ <O@K@E:
$E 8 I<I@<J :@|:L@K K?< J8D< M8CL< F=:LII<EK =CFNJ K?IFL>? <8:? :<M@:< 8E; K?< JFLI:<

$KFK8C $ $ $
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$E 8 G8I8CC<C :@I:L@K <8:? @E;@M@;L8C 9I8E:? N@CC :FEKI@9LK< @KJ :LII<EK KF K?< K

$KFK8BC $ $ $
Kir chhoff@ \wltage Law
[?< JLD F= K?< MFCK8>< |@J<J DLJK <HL8C K?< JLD F= K?< MFCK8>< ;IFGJ @QE 8 :@I|.L@K

$E 8 J<I@<J :@l.L@K K?< KFK8C MFCK8>< 8K K?< JFLI:i< @J <HL8C KF <8:? F= K?< @E;@MC(
8EP CF8;J

KFK8C
'F8;J :FEE<:K<; @E 8 G8I8CC<C :@I:L@K N@CC <OG<I@<E:< KXIJBB< GFK<EK@8C ;@=
KFK8C
Ladder Diagram
<< .:?<D8K@: @8>I8D
Locked-Rotor Curr ent
[?<:LII<EK ;IBNE 9P 8 DFKFI N?<E K?< DFKFI @J EFK JG@QEE@E>
Lockout Relay

JG<:@8C JFC<EF@; :F@C @E:CL;<; @E 8 GCL>>@E> IN@K:? 8JJ<D9CP K?8K ;@J89C<J K?
DFKFI @KJ<C= ?8J 9@ QExI

Low-Voltage Protection (LVP)

@lIL@KJI N@K? CFN MFCK8>< GIFK<:K@FE N@CC EFK 8LKFD8K@:8CCP KLIE 98:B FE N?<E
=FCCFN@E> 8 GFN<I FLK8>< 08DGC<J @E:CL;< K?< D@:IFN8M< FI GFN<I| KFFCJ

Low-Voltage Release (\/R)

@I:L@KJI N@K? CFN MFCK8>< I<C<8J< 8I< ;<J@&HIX IBEKFBBKI@:8CCP N?<E MFCK8>< @J
I<JKFI<; 8=K<I 8 GFN<I FLK8>< 0O8DGC<J @E:CL;< C@>?KJ FI K?< B@K:?<E =l@;><

Mechanical Interlock

G?PJ@:8C 98lI@<I K?8K @J GLJI?<; @EKF K?< G8K? F= FE< :F@C J 8ID8KLI< 9P K?< DFM<D
8;A8:<EK :F@C @E 8 =FIN8I; I<M<IJ@E> DFKFI JK8IK<I

Motor Starter

<M@:< K?8K :FEKIFCJ K?< =CFN F= <C<:KI@:8C GHN<@KFE8IQFEHH; KF J8=<CP JK8IK 8E; JK
8 DFKFBE; GIFM@gwerload protection
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Normally-Closed (NC) Contact

‘FEK8:K K?8K LE;<I EFID8C :FE;@K@FEJ ?8J :FEK@EL@KP K?IFL>? @K 2?7<E K?<:FEK8:K:
JK8K< @K @EK<IILGKJ K?< =CFN F=:LII<EK 9P FG<E@E> @KJ :FEK8:KJ 8E 9< 8JJF:@8K<; I
G@CFK ;<M@:<J FI D8>E<K@: :FEK8:KFIJ

Normally-Open (NO) Contact

‘FEK8:K K?8K LE;<I EFID8C :FE;@K@FEJ ;F<J EFK ?8M< :FEK@EL@KP K?IFL>? @K 2?<E K*
:?78E><J @KJ JK8K< @K G<ID@KJ K?< =CFN F=:LII<EK 9P :CFJ@E> @KJ :FEK8:KJ 8E 9<8JJ
GLJ?9LKKFEJ G@CFK ;<M@:<J FI D8>E<K@: :FEK8:KFIJ

Numbering System
0J<; KF :FEM<IK 9<KN<<E N@I@E> 8E; J:?<D8K@: ;@8>I18DJ K?< ELD9<I@E> JPJK<D @J 8 D
@.<EK@=P@E> 8E; C89<CC@E> <8:? <C<:KI@:8CCP :FDDMNFGFRIEKSBREFRE@ k@K /
<C<:KI@:8CCP :FDDFE @= K?<P J?8I< 8E <C<:KI@:8C :FEE<:K@FE N@K? EF IN@K:?<J FI CF
K?<D 8E; JF NFLC; 9< 8JJ@>E<; K?< J8D< ELD9<| @E K?< ;@8>18D

Ohm

[?< LE@K LJ<; KF D<8JLI< <C<:KI@:8C I<J@JK8E:< [ $K K8B<J FE< MFCK KF GLJ? FE< 8DG |
F?D F= I<J@JK8E:<

Ohm@ law
LIIKEK 1FCK8><:@M@:<; 9P -<J@JK8E:< FI$ -
Ohmmeter

;<M@:< LJ<; KF D<8JLI< K?< I<J@JK8E:< F= 8 :@l:L@K *?DD<K<IJ DLIK EFK 9< LJ<; FE C@N
*?DD<K<IJ :FEE<:K 8 JD8CC @EK<IE8C MFCK8>< JFLI:< KF K?<:@I:L@K K?8K @J 9<@E> D<
8E; ;<K<ID@E< K?< M8CL< F= I<J@JK8E:< FI :FEK@EL@KP 9P D<8JLI@E> N?8K M8CL< F=:L
K?IFL>? K?< D<K<I

8E 9< <@K?<| ;@>@K8C FI 8ES8CF>L<
Overcurrent

J?8IG 8E; =8JK |@J< @E :LII<EK FM<I 8 J?FIK G<I@F; F= K@D< =I8:K@FEJ F= 8 J<:FE; N?<I:
F=:LII<EK @J =8I >I<8K<| K?8E K?< EFD@E8C C@E< :LII<EK

Overload

DF;<I8K< 8E; >18;L8C I@J< @E K?< M8CL< F=:LII<EK FM<I 8 I<C8K@M<CP CFE> G<I@F; F=}
:8LJ<; 9P <0:<JJ@M< 8DFLEKJ F= :LII<EK ;IBNE 9P 8 DFKFI ;L< KF KFF DL:? CF8; 9<@E> GLK |
DFKFI
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Overload Relay (OLR)

?<8K<I| <C<D<EK G8@I<; N@QK? EFID8CCP :CFJ<; :FEK8:KJ K?8K FG<E FE:< K?N8K<I ><K.
KPG<J F=I<C8PJ 8I< K?< 9@D<K8CC@: JKI@G 8E; K?< D<CK@E> JFC;<I GFK

Parallel
$E <C<:KI@:8C K<IDJ I<=<IJ KF 8 :FEE<:K@FE N?<I< :LII<EK ?8J DFI< K?8E FE< G8K? KF =CF

'F8;J :FEE<:K<; @E G8I8CC<C N@CC <OG<I@<E:< K?< ISD<EGF KBS ;@K D8P ;I8N
:@=I<EK M8CL<J F=LII<EK ;<G<E;@E> LGFE K?<@| @E;@M@;L8C I<J@JK8E:<

Phase Rotation

1?< . @I<:K@FE K?8K 8 K?I<< G?8J< DFKFI JG@EJ @J ;<K<ID@E<; 9P K?< G?8J< J<HL<E:< F=
@DGI<JI<; LGFERKM<II< K?< :@I<:K@FE F= K?< DFKFI N< J@DGC< I<M<IJ< K?< G?8J< J<H
JN@K:?@E> 8EP KF C@E< C<8;J

Pilot Device

E 8LO@CSIP ;<M@:< K?8K GIFM@;<J @E; @:8K@FE FI :FEKIFC F= 8 &@#GCBH kiVB& KG<I8KFI
@E:CL;< SLKFD8K@: IN@K:?<J JL:? 8] =CF8K 8E; GI<JJLI< IN@K:?<J 8] N<CC 8J @E;@:8K(C

Pilot Light
JD8CC C8DG :FEE<:K<; @E K?< :FEKIFC :@I:L@QK KF @QE;@:8K< K?< JK8KLJ F= 8 DFKFI FI Fi
Plugging

2?<E 8 DFKFI @J JG@QEE@E> @QE FE< ;@I<:K@FE 8E; @J JKFGG< @)L @BEERRP4< <E<I
FGGFI@K< ;@I<:K@FE 9<=FI< K?< J?8=K F= K?< DFKFI ?8J K@D< KF :FD< KF 8 :FDGC<K< JkK

Plugging Circuit

‘@IL@K K?8K LK@C@Q<J K?< DFD<EKSIP I<M<IJ8C F= K?< ;@I<:K@FE F=8 K?I<< G?8J< D
8 JL;;<E JKFG 8E 9< M<IP ?8I; FE K?< DFKFI 8E; 8EP ;I @M<E <HL@GD<EK

Power
[?<18K< 8K N?@:? NFIB @J ;FE< $K @J Dwid M@ EI joules per secondJ/s
Power Circuit
$E :FEKIBJIK KF K?< :FEKIFC :@l:L@K K?< GFN<| :@I|:L@K REDL} €XHPRCEB>< 8E; :LIIKEK

LJ<; 9P K?< DFKFI @KJ<C= (LIK 9< <HL@GG<; N@K? FM<I:LII<EK 8E; FM<ICF8; GIFK<:K@FE
?FIJ<GFN48K<; :FEK8:KJ @E K?< :FEKIFC ><8I <HL8C KF K?< MFCK8>< 8E; :LII<EK IBK@E>J F
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Process ¥driable

D<8JLI<; M8CL< F= 8 G8IK@:LC8I G8IK F= 8 GIF:<JJ K?8K @J 9<@E> DFE@KFI<; FI :FEKIFCC
K<DG<I8KLI< Gl<JILI< CQHL@; CSNK@KDHNFI GIFO@D@KP

Pushbutton

DFD<EKSIP :FEK8:K ;<M@:< K?8K ?8J 8 9L@CK @E JGI@E> KF I<KLIE K?< 9LKKFE KF @KJ E
FE: < 1<C<8JM8@CB89C< N@K? <@K?<I EFID8CCP FG<E EFID8CCP :CFJ<; FI 9FK? J<KJ F=:F

Resistance (R)
[?< FGGFI@QK@FE KF K?< =CFN F=:LII<EK @E 8E <C<:KI@: :@I:L@K D<8JLI<; @E F?DJ |
Schematic Diagram

;@8>I18D K?8K J?FNJ ?FN 8 :@I:L@K NFIBJ CF>@:8CCP 88K 13<XKIRDSECPKF @;<EK@=P
‘FDGFE<EKJ 8E; @EK<I:FEE<:K@E> C@E<J KF ;@JGC8P K?< <C<:KI@:8C :FEK@EL@KP F=
LJ<; =FI KIFL9C<J?FFK@E> GLIGFJ<J CJF BEFNE 8J 8 C8;;<| ;@8>I8D

Series
$E <C<:KI@:8C K<IDJ I<=<IJ KF 8 :FEE<:K@FE N?<I< :LII<EK ?8J FECP FE< G8K? KF =CFN

'F8;J :FEE<:K<; @E J<I@<J N@CC ?8M< K?< K?< J8D< M8CL< F= :LIIKEK =CFN@E> K?IFL>? K
K?< KFK8C MFCK8>< 9<KN<<E K?<D .N@K:?<J 8E; FM<I:LII<KEK <HL@GD<EK @J :FEE<:K<; (C
<HL@GD<EK KF :FEKIFC 8E; GIFK<:K @K

Single-Phase System

1?7<J@DGC<IK <C<:KI@:8C :@I:L@K $K I<HL@I<J FECP KNF C@E<J FE< =FI GFN<I KF >F @
I<KLIE G8K? =FI :LII<EK /?<J< 8I< F=K<E :8CC<; '@E< 8E;'@E< FI'@E< 8E;)<LKI8C LII<El
FECP ?8J FE< G8K? KF KI8M<C @E 8 J@QE>C< G?8J< :@I|:L@K JL:? 8J 8 :FEKIFC :@l:L@K

Switch
<M@:< =FI D8B@E> FI 9I<8B@E> K?< :FEE<:K@FE @E 8E <C<:KI@: :@I:L@K
Three-Phase System

E <C<KI@:8C :@I:L@K K?8K LJ<J K?I<< :LII<EK :8IIP@E> :FE;L:KFIJ :8CC<; '@E< '@E< 8E
N?@:? ?8M< 8 R G?8J<J?@=K @E K?< MFCK8>< 8E; :LIIKEK N8M<=FIDJ 9<KN<<E K?<D /?<
@l:L@K F= K?I<< G?8J< DFKFIJ @J 8E <O8DGC< F= 8 K?I<< G?8J< :@l:L@K

Three-Wr e Circuit

$E DFKFI :FEKIFC K<ID@BRCI=PN@I< :@|:L@K LK@g@igsdador starter N@K? 8
?FC;@E> :FEK8:K 8CFE> N@K? DFD<EKSIP :FEK8:K GLIJ?9LKKFEJ K?I<< N@N< :@I:L@K GIF
voltage-protection
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Time-Delay Relay

control relay <HL@GG<; N@K? 8 ;<C8P D<:?8E@JD K?8K :8E 9< LJ<; KF 8EKRXK<&K@D@E>
J<K F=:FEK8:KJ /?<I< 8I< KNF M8l@<K@<J F=Gi@iatyisig3@]? ?8M< K?<@I ;<C8P 8:K@FE
N?<E K?<P 8I< <H&IQ<; 8E; I<M<IK KF K?<@I FI@Q>@ES8C :FE;@K@FE QHIHKEPH GEE ;< <E
off-delays N?@:? :?8E>< K?< JK8K< F= K?<@1I :FEK8:KJ @ EJKSERERATFRKKEABM< 8 ;<C8P
9<=FI< IKM<IK@E> KF K?<@I| EFID8C :FE; @ K @K Q&k® FE<E<I
Two-Wir e Circuit

$E DFKFI :FEKIFC K<ID@BROER@I< :@:.L@K LK@OB@Qwatdr starter N@QK? 8
DS@EK8@E<; :FEK8:K KNF N@I< :@!:L@W-GoRM@ relkase

Voltage (E)

[?<;@=<I<E:< @E <C<:KI@: GFK<EK@8C 9<KN<<E KNF GF@EKJ N?@:? @J ;<=@E<; 8J K?<
LE@K F= 28KF DFM< 8 K<JK<?84KN<<E K?< KNF GF@EKJ $K @J D<8JLI<; @E MFCKJ 1

Voltage Rating

[?< D8O@DLD 8DFLEK F= MFCK8>< K?8K 8 =LJ< :@IN@IK BDb<8B I DFKFI JK8IK<I :8E
?8E;C< /?< MFCK8>< IBK@E> F= 8 =LJ< FI :@I:L@K 91<8B<I DLJK 9< <HL8C KF FI >I<8K<| K?8l
MFCK8><

Voltmeter

<M@:< K<JK@E> 8E; D<8JLI@E> K?< GRIKEK @BCKB=< 9<KN<<E KNF GF@EKJ '<8;J 8I<
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Zero-Speed Switch
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