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Co.uon motor circult protectioan has conuictod of
thercnal overl. . 1 3¢ scnge potor overcurreant and o whort
cireuit protective dovicee which acts after o elootropric
condition Lo0 oceurred. Jhile tho prooent oeioery proviides
ad: (Late protection for the o3t conmon coter ond Letor

eirculit probloeza.

Cornzon motor ond cotor cireuit probloat, tie circult
varioaees that vecur ond the uas of wirnon doviciu unicr
thoose esnditions wrec diooussed. It has lecn onowa that how
o solid atote logle ﬂ???ﬁuﬁh.ﬂﬂﬂ sepmge thoon carcult vario-
neos and results in ocono:y. rurther how 00 upplicution
of solld sia”te logic apyroach resulte in igproved pretoo
tion, ooordinstion ond cony nppilceution lielp $0 2lizirate
or rinicive iuoy due to pany of theae co= on proble 3 hno

teon diccizisgde

in sdiirior o therons apd ovorcarreat proteoetion,
iupedinot otarting circult han locn provided o ledk after

Jozeing orollel of Anduction potar.

Yoy soirze fo febriontdéd and teoted for toe protec~
tion of oinzlc phnoge fnduction wotor and for Lhreg 00
tnduction wotor o celoco hoo Wern suggooted. bubgrn:ary
rosusto ottadned wore ocntinfactory. |

.4 the end tho conoluoiono haﬁe toen h:auéxt o4t on
tho oup ricrit, of tiue prosent Coueno Over 6 LOUWLU® 4G .

cut by Ootheoro.
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An elcetric coter 4o the £undazehnal eleneont ¢f on
eloctric derive. Ie mont of the proctical applications tho
inluction ootor. ore widoly uoced and honeo the jucoction of

their protoetio.. 10 of vitel ipportence and nocesuity.

1.1

Groapin
geeas

e 00 srtbloss
teosion;

«op the probleonn of underwork, ovorwork or cieply
act wort in induction motors occur, thoy lsad to looo of
production, ogulipnon? dossge aad oorotlnes coteotropnic

donn _<Cle

Generclly the probless e¢an be prouped into followlng

catogerics which boelp in dafdning tho nature of the probleot.

ke probloco indaccd by lond may givo rios to docrouoe
or incrcaoe i povor desond of motirs  4Rce input posoer cuet
be oqual to output power heonet tho net offcet Lo chango

in power conguuned by cotor.
Genorplly, tho ;rodlons induced hy loed are

Ye2.% Froblesn of ovaplond

An oleetric potor roguiren moro powor if ito load io
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incrcusod. Lloctric power As the product of curront, voltogo
cnd p.wor factor but voltugo gnd power factors are rolutively
co, stunt for o porticulor poxer pourceo, ructkor of motoro angd

other leoad: oa the lire, therefore the only voarinble re.ainod
10 teo current to incronpe the powoer dewanded by o pnrédicularp

fuloR 7 ¢ o

Inercape in powor resulto i{n incrosee in curront
draun oy the pot.rs  Jut thoye 1D a licit Yo whick tho
currcnt con W droen by toe notor, if the forcer 1o ozccoded,

tha zotor may gobt dornapod bocanse of cxeessivo honting.

Thus, t6¢ protost tho mcotor on ovorlondo, need bocores
of overcurrent pratection. Comson rotlod avoilodle for thin

$o tho therzal overlond protoction.

£hio problen poy orice ot tho timo of breskcse of
fon boll or when the sotor 1o bodn: uood o8 a4 punp ond suction
gete over. Thiu problea weculto in ocechanicol dasngen o the

equipnent.

Thuo, to proteet the rotor on andoerlond, neoé Lococoa of

underlond reluy. Coouen ootbod avollabtlo io brokon bolv 1indt

swlteh.

Zhio probioz wny csce boeause of biocuasc of rechandcnl
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load or AT tho boaring frooszeo upe Thio problen ropoulto ir
jnotantaneogus incronco in current which o0 approzimntoly 6CCTE.
loched rotor value ord which in turn results into dosage of

tho ©otor oo well oo danago $0 tho oguipceont.

Thuo, %0 protoot tho motor, thore is n need ¢of a relday
ubkich oon quickly ¢lear fromu thia prob;e@. ihe cormon methed
available i0 the tuorcanl ovorlond rolay which Lo vory slow in
oporation for thio probicn.

1.2.4 ponn Accolaration Timo ¢

Thio problon gon ccce when the rotating load o large
1nértia dun to waich ootor hoo 1o carry ourront, whaich 4o
(4>
approxiuately 600+ lockod reotor volue, for long tino cnd hopgo

it 15 likoly thaot the oot ooy get burant ocut,

The comzon cothod avedlable for thio 1o tho thersanl
ovorlood whiceh io not quite odojgucto. lence thoro 10 o neod

¢f botter protoction.

1.3 oecurce Induced frxeblcr ¢

+onotines the £otor 10 not ablo to malieo uso of the

ingouing powvor officicntly svhen the lotier io oscillating.
Jenorally, tho probicoms induced hy the source ure
1.3.9 xhonge laro

Thio prodlics moy orice duo to hlown cut of tho fueo
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in o phage Or Locaupoe of tho loosoe connoetiono. Yhis reoulian
in burn out of cotor conduotors ac the RO phace current hoo

q
declined Ainotontanesudly. 7

this problem ou zedtn thoe need of o phaco'fuilure

reley for protoctin, tho motor.
1.%.2 Cyver volta. o @

Thie problcm‘aﬁmcs duo to bhighor lino volingo uidchk
results lower copper looncs but inoroased sagnotic flux which
in tarn resulio in bhignor Srom leosos (unwontod circuloting
currctt). Line voltoge codeotly above norool roduces tLo
current drosn by tho motor, but on céaisiqial inercnoo in
voltoge cauoced paturntion of the lroa and o consequont steoy

rioe in current. Lhio #ioe ip curront ooy burn oat $ho ootor.

T0 protoct the cotor from this nproblen cozmonly ov.r
veltogo relay 4o uwoed which Lo an oxpensive protoctioun. Shig

problen ean 0loe to toben care by on overcurront protoction.

11.3.3 Und. r Voltnao @ tq

ibio problon coy come 1f thoe gourceo have Xow voltofo

or Aine voltege drope particulorly ot inruck. Iﬁta probulen
resulto in incrcace in tiree poooo runnin, current {(In thiﬁ
cone aralyclc 1o oimilor o the caso of ovorlend excopt thnt
hore power royuirencnt 10 conotant and the veltagoe dipo .t the
oxzonpo of tho current.) which may barn out the cetors (pain
thie grodlen con bo overcone by oornsing tke incroace in currant .

thot 1o Wy providing con overcurrcpnt protoetion.
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Yhis problox cun rosult in domego 0 ko rotor Af
cotor runs in incorroct phooe soguences .haoo seguencoc relay

¢an bto uoo: to protoct the wotor froo thio prodlcnk.

10395 Unbnlr ed Vol k4

Tho problen of unkalanced thres phose voltugtu cop
rezult in current unbalaneo upto fif£eon timagnthe valtoge
satalapces. .hen o three phope motor i subjected to unbalunced
vodtuges, a ne. otive peguence sagnetice £ield (fiddid oppocing
zotor rotatlon by produsing opposing torque) is estatlished in
' pddition to the exiating positive soguence fiold (riﬂlﬁ enud ing
thé zotor to rotato by  roducing forwvard tergue). dinco
pdiddtioned turgue iz roguired by the pﬂﬁitivé seguence field to
ovaercone the torgue produced by the no ative scgusnce field,
incrensed line carrento will bo &rﬁwn. fotor overhonting will
rosult 4L the volisgo unbnl.oneo 1o groot enoughe. Jinco ootor
ovornioating 10 o funotion ¢f inorocscd line curront honeo
overcurrent relay can digconncet tbe motor from tho line. %ho
domoge by thio problem ecn bo burnt out of tho gotor. .1oo
' dvtorﬂéan be protectod by thormal overioand relay hat it proﬁtﬁcn

enly marginal pretectios.

o1tose | N
1.3.6 ¥ 1§Qfﬁ ﬁ, BOO & . ‘
/

‘otor follurce eauded by voltago curgeo due to lighthing,

arching faulte, suitching, fune blowing eto., are uvounlly
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extroncly Gifficult to diognopo, although thoy acecount for
rore follureos toon goncrolly realiged. inco thercal hooting
i pot cimificont or t40 duration of tho hesvy current
poroisting ic not lorge Guring voltone opikeo, overload or
gverourrent relay 4o nod colleod upon to funetlion. bven 1
relay could aet, tho iphorent drop out time of o startor,
coupled with the lonjor arc duration across the contact {(duo
to the voltoge opikes) would most libely allow tho coter to
facl the full inpaet of the opiko.

lAghtoning arrootore, surge capacitor or e cosbinotion
of tho txo ean bo uwood to offer good protection. Batb thooe are

not ccononlienl unlens such surgap oro coumon in tho particular

B0

These problens include conditiono that canco tho }
Eebieds current into 1o cotor to greatly excood full lond -

L.“ ‘
current, oven whon tho running current ie loas than ¢r ogqual

-

yj\“\g\rr

%o full iond currcent. The opecific nppliontiono are ¢ J}M v“”
v !

R 2

1‘4';

dJogging or highor production applications neod operate
notoro at opesds bolow normol. iinge sotors drow higuer thon
nnrz&l currcnt at otorting, cotors caperiencing theso duty
eyeles will bo frogjuontly cubjocted o higher than normnl

currentas. Gver curront roloys will dotect thooe high currents. .
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[ v
sloo thernul overlosnd rolay con bo uood to protect tho
cotor froa thio problece In thio oszn0 thormal ovoerlosd

provides agood protectiog.

1.4.2 4_doyesod

In rapid rovoroing agoin cotor gporated ot opeed
balow normel. Lionce it 1o oxametly the cnoe of ligh (n=0Gff

guty cyecle. Thoyeforo ocome protoction can he appliod.

1:4.3 ¥l gvorains

Auain in thio case cotor opernton nt opeed bolow
porcal. Henee the pretoction nppiicabic iu high on=03f duty

cyele will bo applicadloe for it.

1.% Zoad wiring inducod probleng

Yhese genorally produce dacage to the metor controllior
or cauge other condlitiono such oo cingle phooing of tho cotor.

The moot cocmon imducod problocs are !

Thie prevblom 40 couood bec-use of the inouiantion manufac
turin;, defecto, Thﬂvinsulatian defeots reoult 48 ito hronkdown
and theroby groundo or ghorts. Ovorload, ovoreurront rolays
do net offor protoation egolinst theoo O CEUITCnCen., Inotan~
tancous circuit bronhor ond pricary fuson aro oootly usced 0o

proteot tho wotor froo this probdblen.



1«5.2 locse connenticno problem

T“bic preblen may orisc boeauce of improper inctollotiecn
nnd ¢an dotage tho cotor. 1L thioc condition conos, fuses,

breakoro ond ovorlond relaoy can offer ceme protootion.

1.6 letor indugod preblemo

She problc:io fnduced by the wotor oro i

It Loo already boon licted undor lond wiring induced

problen and 1o one of the privary leass e@péitiaau and thercefore

it 1o dosirablo to protoot aguinot,

t.6.2 JFonring fgglago_g

improper lubricoticn, foroign motorials, wear,
dafoctive parto, otc., con cause suddon boaring failuro within ¢

Botor.

Lverloaé roloy }ipit the ootor decngo impooed by |
ingronced nechonical 'dropg ' but oan not provont conveguent

fault danogoe.

Combinntion of inpcdonco starting roloy onl thercol

protoction can bo o botver colution for thio.

1.6.3 XYibrotion @

Bearing fofluro, nowlation flexing, flazing or

rubbing, foilluroe of fujpregnanto to sccure winding, and daspge
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to other msochanieol conpononto way be duo to vibraQian,
resulting in chorto or groundc. Hotor can only bo protocted

agoinet tkio dofoet by proyor inotallation ond nalintonnneo.

1.6.4 Juocited Ventilntion 3

%hio 1o oles one of tho eoane of potor fatluro phore

thornol protesiion ¢n bo ugchd €0 protoot the notor.

vhen air pasosases within the rotor bocone clogiod duo
t0© lint, dirt, duot ond othor foreiyn mottor, the noturcl
cooling cffoct ¢f the zotor diminiohos. [In oddition to the
obviouo incronse in vinding tomperature, incroceod Izr
lossco pooult from on ineroenso in vinding resiotonce vhieh in
turn rcagltﬂ the high r taomporaturo. Hince in this ﬁéae 1ucrés
in iinc curront, 6 thoe cotor can be protocted boot froo thic

probticws by inheront thorool protection.

Thoush the caoicot cond most ocononicol selution to thie
problen 16 proper oclection of the motor onaluauke couplod uitl
a poriedic clooning progrsnco. 1f motorp pre properly
oncioocd and porisdienily clooncd, thormal pxatoctxan viil
rnet bo rojuired. Lot 4f tho condition oaénro tiio protoction

ean 8orve tho purpLil.

¥hepo dnclude 3
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Jinoo current c.tor winding reciotances by crogting
heat, it follows thot o hich acbiont teoporature will prouuss
the onme effoct as thot by increaced currort. This coenc cotox
1ife vill bo roduccd in hich cobiont onvirornmento. Thorool
protection can orfor (ood protogtion Ain cuch oocgurrcaces if

penzoro ore properly nppliod to conponosto for notor onticnt.

I\\\\\ N

$e70d Hirx tudo ¢ (

The lowor alr donsity ot high altitudos reduicos thoe
coeling effootivenvaso of tho svernyo cotor ® incroaso by
' : (2)
approzinstely fivo por cent for ooch 160 £4. of slevation.
Shernal protoetion io thy bettor nnswer for thio

provles.

1.7.3 [ojoture :

“his problom contriltutes 0 rotor follure 4n S0

woyo t

{1) obould o loyor of ceisture form on tho wurfuce
¢f the inculotion, duoe $0 highor husidity, tcnye-
raturo chan o, or direet oproy, the inculotion
surfaco 1oy tacéma hsphldy conductive apd (ot

brokons

g
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(41} ﬁa;}md.&n@ upen tho porooity of tho iopulating
matorial, nolisturo noy bﬂ oboorted and couse

inoulotion bronkdown cover a period of tico.

Harmonice rolay, lookoge rolay 46 the beot golution
for this problan.

‘gagu;a%;og”xg;;urg ovor i%ﬁ ngwgggé poriod

{ageing effacta) ¢

7he offect of hont on motor insulation rogsulto its
doteriaxati&u, wotor lifo is approginately halved for cvery

iﬁa 5‘33 rise in tcoporaturec. -

Uvercurrcat ond tioraal relay holp to provont ropid

invulotior detortorntion caused by oxecosive hoat.

Tho ponernl uoture of the problon conditiono hou boen
definode. Yobly ¥ gives o ready gicnce ot cach probich, tho

oircuit variances {ron noreel thot are causced by the probicn,

problom, prodableo loco 4fF tho problon is not dotectod nnd

protocted in time, traifitionnl protootive dovice uscd, ommonte
on tho adogquacy of the troditionol protectivo devicos to
miniciue or olininate the prodviem and Jestly the ddvices uool

or supgcated for prooont acheco.
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s e

A theoronl avarlada rolay snd chort circnit protoctivo
devices, bdreakoro or fudco, to protect ogoinet wariouo condi-
tions havo to couecinte tenditionnily with the sotor to b

protoctesds Lhove dovicco hove been chegen for $w0 roacono 3

(L) fTnoy must bte opplicd {vith o few specific
oxcopiions) to comply with tho fiationol elcctrico

c0do (lielwCe)

(14; Thoy do a roc:consble job o. proventing or
cintnlicin: 1oos due to the moot comnhon probloen

conditiono whon proporly applicd.

uhilo dovicoo o provide pood grﬂtectiaﬁ for all of
thoese conditiono have becn amvoailoble for years, but tuedir
cenernl apulication boo keon livitod by coot. Gonorolly bsoic
theroal overldond roloy nnd chort circuit devico paciuse are
the noin applicationd for thooe conditions rectification. [Lut

vhat hup boon fol$ froc the follovinsg peoint of viow 3

{47 1t should ba oconouiwvnl cnough to apply on oven

snall lList's COtOYO.
{it} It ohould bo casily applienble

(£31) coordinnto with the short oircuit protoetivo
dovica.
Lvery protociion ochoce designor ohould look at thooe

criterin for obtainin; o bettor cotor ciroudt protoctive dowid
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CHAPR b = 11

CLILOY TALTACelVo | DTHOLS 1N Ul

Overioad rolayo are ugually tho baoic eleconto

proviiing protoction o eloctric motors.

Yo definition of overlond reley ae per LML
(Lutional Llectriesl Monufacturcrs fsccciation) standard
IC~1053 ic 'in Lverload reloy L8 an ovorourrent relay vbich
functions at o Qrﬁﬁaiwrminod valuoe of overcuxraé& tC cowne

diseonnection of the lond fron the pows: cource'.

2.1 T0 bs more opeeific, 0vureuriant ﬁp@t&ﬂtionAean be

atvided intoc two poanges.

in thio the motor 15 protoctod fron tho foulto in
whiok the carreant frcroaces atove 605, 0 o mamizun of
1300.. of tho moter full lend currnnfl it fv noesocory to
protoet the cotor, sotor controller, and contuetors frono
chort oircuits ;nﬁ cround foults 4 any portion of thoe branch

acircait.
N\

2.1t The dovicoo whieh ore in common prootico arce fusoo

gnd tko instantancous trip eircult brenkera.

242

Lapericnee ir cotor foikluros indicates t.at nost
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6f tho faulto occar at relotively low levelo of fault current
Juot atove locez rotor values rathor than ot hifpker lovels.
Jotor ovorcurront protection provonts 4dacage o0 the uatar;

notos conmtrollor, ond condueltors duoe to cotor overlonding.

Thue by conbining theoe two ronpen oxtensive davnpge

40 cotors a9 woll 00 to control oyuipmentoc can bo (reatly

ragucad.

Ovoarlond rﬁlay'praﬁ@ctian 48 ovalliablo for alogst sll
neter applicationt and hnevledge of differont typec and

varieties of overlond rolays 18 o necossity for projor coter

protectior.

Overcurrent ie tho booic eauce of slmost all sotor
overboeating. Tho dovieco desjijned to protect motorc fron
srcocoive bheatinyg oituer bepce current or the hont. [The soajord
of oll overload relays in use teday are therpal dovieos vhich
roly oo the line curront Lleving to o motor for a cimilnr
hoating offeet. To proporly protect o motor rolayo éhauld
pocueor Sherznal cunractoristics clesely rosendling thoge of

the cotor,

Pig. 1 80 o conpnricon of the thorool characteriotic



current

Full (oad

°/o

Comparative curve showing motor

heating and thermal overload relay
operating characterstics.

500

400 \

300 \ T

_ \ Motor heating curve time
\(re{ired to reach 55°C rise

P ——

200 — -
N T
— \h___

Thermal overload relay time o
required to trip ambient temp 40 C
l

A A D R R I T e

- L SV S— |

0 3 6 9 12
Minutes

Fig. 1 - Motor heating and overload relay curves

15
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of o typicol motor and typienl ovesrlood volay. Shobpe eurvaﬁ(z)

ohow that tho overiord rolay wili trip {dicconncct tho motor
Lron ¢tho line)} junt ﬁriar‘ta woter overhenting for all values
of excsooive curront. UHipghor current not only eausos wotoer
overheoting to take ploce in o shorter pordod of time, but
olso puuood aarlzar:tripping ef ovorlosd reloys. These
charasatoristics form replice Govicesn inverse $ine choragter-

iotic relayo.

ﬁaszC&)

fiolting nlioy overlond rolays (Pige 27 consiot of o
hooter olouent, eutcetie olloy, olley pot, ratchbot wvhoel,
gawl, oprirg and contuctics Yho intonsity of heat discipoated
by ¢he heater vorloes diroctly with the dine aupront ond neto
upon tne cutectic alloy (olloy with o precios low nmolting
poinths The opring londed powdl oporates tho contocto In vuch
& manrer thnt the ¢pntooto aroe foreed opon unlocs tho powl ia
held in place. ihio ic the function of the ratcbed whoely to
secure the pawl nnd theo force the contnet ciouocd.e Singe the
ghaft of thoe ratohel wheel io cecured by the velidifioed |
~outcetlo alioy, the contoet resuin in clesed pocrition. whon
the cotor drav  OXeIooivo surrent for o long onouph poriod of
%ia93 the heat dionipotod by tho heator woll the outoctic

clloy, cllowing the ratebet wheol to opit. Gho cpring iondod

pawl Lo thon froe <o cove, nllowing the contaeto to open



Thermal relay unit
c)
3’“;5
D—T—\‘@—%—L\—@—m--—h Motor

— To Magnet
coil

Fig.2 -Melting alloy overload relay

|

=
5

A

e

AANNAANNNANN N

Fig 3 - Typical magnetic overload relay
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vhich, in tur., docnorgico tko control circuit ond drop out
the otertor. 4fter the alloy hoo cteled and herdencd, the

a4t can bte zanunlly reoot,

Thore are tuo ty-oo of celting alloy ovorloend relayo

vhich havo been ranufacturcde

{4) Cno typo eorbiceo all the parte in ono unit,
orcept tho heoter, and utilizoe n completo romge of hoptero %o
provide o wido ronge of trip currcnis. with thioc ty,e of
aclting alloy unit it io only neconpory to soloet tho heator for

& parti&ular application.

{11) f%ho ocoend type of meqkoniosn conmbinos oll tho
forevontioned parto except the hovter, ratchot whool, amd
eutootic alloy, which ore combined in £ cooond unit. Uy
gonbining tho hanter ond $ﬁtcct&c alloy in ono unit acouroey |
io increacod. Alco, the nlloy and hootor ean beo tosted and
calitrated ao o unit, providing additionol accuracy. Juot 0o o
gomplete range of heatero 16 provided for tho firot tyno of
mcaﬁenlcm, 8 cabploete ronpge of thio socond unit {tharoal uniy)

i provided for tho soovnd type of noehonisn.

Leerioad apocsnblico nroe aloo canufootured vith contacto

W oy e roplaecd wvitiout replacing tie conpleto ovorloasd Llock.

2.2.2(b) Figetnllip ove

«hiu typo of overload reloy olop contoind a hoator
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which 1o senscitivo %o line curront. 45 tho 1ino curront
increavas and the hoator disolpotes core hesot, o bismeotnllic
otrip 10 hested inotend of £ cutoctie olley. Thio. bnctallie
strip 16 decigned to £lex o prodotornined diotsnce whon it
rcackeo o speeific Scoporature, o tenperoture corrocponding

to tho point ot vhich tho metor ghould bto disconnonted from the
liro to nécxa azccooivo bonting. Lhen tho birotal otrip

rondo thic prodotorminod 4istanes, foroo o opplicd to the
contoot mechanien ond tho contacte open to disconnect tao

rnotexy fron the Yino,

As compared to meltdng alloy overlond roloys, bWceta-
ilic bac both sdventogos ond dicadvantages. One ndventoge o
that the bimotnllie everlocd selays eon bo converted froo
gntial repet to outomptic and vigco-verga by mercly roving o
opring o¢r lesver. Tho dravbtack of this adventage Lo thel
gverload rolays ohowld uorcally Ye ¢f the ronual ropot ty1o
to coll attention te an overloadins, motor in ordor to locute
thze troubles It 4o extresely cany for o tucy nointonnnce casn
t0 cet an ovorlend rcoloy of thin tyre to outocatioenlly reoot
itoodf c;tgé 10 nnif%stﬁﬂrﬁés Then alloving the notor protlow
to resain waoolvod ond oaucing unnecoosary cotor doteriorntion.
Lpothor Gangor o aho‘paﬁﬂibiklﬁy of nn oveelond rolay toing
get Lo nutonaticaily rceoet {toelf on o 2=wiro control ochono
vhere peruonnol injury could rcooult from a motor ouddenly

btﬂrting vithout varning.




The outonntie ropet festurc, hovover aldo in

protecting: o netor that io

(1) tuclatou, ouch ao in on 04l fiela wisre
perconnol eould e reguired to travel o
e cideratlc dlstanco Lo reset the devigo

or

{11) controllins oquipoent ouch o a refriceraio
vhen 1t vouldd be pore d4ocirableo to Sotoricow
tho ootor than howe Lt dioconnested from th
iino unit, perzonnel are im otteondinca.
Bioeonnoction koul& reoult in lods of the

rofrigeratod (Godo.

iho oocond advantoge of bimetollic overioad
rolayse 10 tho adjustoent of trip point «hich oan be pott
fron opprozx. 8%to 115. of the uvltircate trip turruutsm.
woodn, this featuyrl onve dravbacsiio. .?hQ ndjLotont 10
provided to allov o gottlng, worc cligely correaponidlng
to cotor londin, cnd/ér roting. Uﬁfortunately; it i no
unceszon for cefntonance oyconnel $0 adjuct such o
devico t0 a settin; i _Lor tran cllowvoble for o
particular cotor 1n ordor to prevont poriosiic tripping,.
Loually, thio poricdic tripping chould bo cllcwed to
tzke ploes. Dzmese @ tae cotor ooy ool 1Y the trip

voint 1o set too hi L. [lelting olloy overlocd roloye



23

which aro adjustable only by replacing the thermal unit or
Leater and not b, charging ‘tip. pocition of -tue, heater

prevent such OCCurroncod,

In genersl, dimetellic overlend relaye are nov as

aocurate® as welting alloy overlond roloyd bocause of

(1) Variations in the distance travolled by t.e
biretal
(2) Variation in the thickness of the bimstsxl

{nanufacturing vYolerances), snd

(3 Variations in the relative poeitioning of the

binetal 8nd heater.

shenever gutosatic reset ¢or adjustasnt 48 not
required Tor the particular applicstion melting alloy relays
are suggested,

202;2(0} .;‘g lﬂt _ 176 )
pyveriond re H

Hagnetic Gverlaaé reianys {{i.. 3) sre differeriinted
fron the tharmol yype of replice overload reloay by thelir
'princi:le of oresrations iheve overload relpoye ere cor ly
current sensitive device. with an arcature which ie atirccted
by the induced maguetic field as current prasses throuch a

coll. Thq arzature actuantes the contact cechanism ag it



600
Slow trip type
Standard trip type

500 (Melting atloy or bimetallic)
5 —— Quick trip type
I3
£

[
- 0400
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23
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L2300

-U_o
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22
S 00k
© 200

100 ] L | | | | |

0 20 40 60 80 100 120 140

Tripping time in Seconds

FIG. 4 - Typical inverse time characteristic trip curves
for standard , quick and slow trip over load

relays.
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conpletoo 1to upvard govorcnt. 4An Anverse ticg charnoior-
iotic ip mbtnl&ed by attockdng o piﬁtﬁﬁ to the arcaturo.

Thio piston coves throuch on oil) fiold choobker (torcod oo

§aab pot} and the timo delay ean do ndilucted hy opening o
nuzber of holoos &n the ploton, thuo controliing tho rato of
¢il flow tirough tho piovon. Difforecnt trip ocettingo {currcav,
are obtained by adjusting the #nitinl pooition of tho arcature
and by aqlﬁeting-th& Procer eoil.  Hand or outocatie rovet iu
availoble, with additional ndvontagos being tho vide raonge

of trip sdjustoont, adjupteble time dolay, ropont goturocy,
and the ingsensitivity to ontkonmt tooperaturcs {whon applica-

tion pornitol.

(£} ek T:4p ~ Utondard inverce %o charscteriotic
overload roipys protoct the grent zajority of cotoro inm upe
fcdny. ﬁﬂwavay, ooro opplicationo or tyroo of motorn rogulirs
ovorlond rolays which will trip in & chorter poriod of time £0:
the oame valueo 9f line curront. Such devices wro tormed guich
trip overdond rolayo ond hove sn inesroc tine eﬁ&raetér&atic
eurve repenbling of tho nﬁaéﬁard unit, oxcopt tho curve iv

ohifted in poottion {(#ig. 4.

Viotors uiiceh esnneot otond cxcesnive carionts for as

groat a tice puriod no stopdord general purpesoc ©otos., thoso
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¥ith o locied rotor aurront wuch leou norcal {such oo

4CG0 -~ 450 por cent of full load aurrang%. and 1ntermiﬁtentiy
rated or chort tino cotors oy rogquire guick trip oveorloud
reloys.  In glittion to potors rojquiring qulek trip dociuoe
of inheront dcaise conoidorationn, nre cony of thoso arpliod
10 hermeoticnlly soaled compracsor uniso oy sulnereibio punpo.
Such motoro are artificlially cno;eﬂ by tha rofeipgeration
collont oy ligquid an it poooes over, moking it poooiblo to
operate ot 12% - 140 por went the rating of an eguivalent
standord motor. «ith o runping currcont of upto 40 grestor
thon ot.pndord cotore, the leoched rotor currcnt cay bs only 400
or 450 of the runaing current. Tho ovoerlocd relasyo ohevld
disconnaet the mutor fron tho line ot thio locked rotop curran!
in oboat thoe sacse time period o otuanderd notor 1o dioconnooted

wvhen draving 6005 punning surrent.

{11) 3low Trip - [igh inertis loods roguirc on
veeeloretion perdod grooter than norcal during which tho cotor
will drow curront npprooching looked rotor intoooity for
approx. TCU of tuo accclerction tim;? tho highor the lnorti:,
the longer tho nceccleration tive. Jtandard sotors can not‘ﬁ%%%
vithetund thic duty. 4 cotor orvnble of pecelernting cuch o
load vithout dncurring dorese will protably be dioconnectod

due t0 nal-tripping &L otondard overlondo ore uoed.
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Pripping of ovorlond relayo under thiso type of
oitantion 1o not lisited to the acceleration poriod tut zny olo
cocur aftor tho motor rooches rumning opecd snd tho current
hre reasched $0 nornole Fhin 4o 4 result of the tis.mald
otorase choracterictiic of therzal overloado ond this, along
with col-tripping during the acceleyation period, will cnuce
to pelect otondard thoirmal unite ono oize longer thsn
dcoiratio for brnpor‘grutactianu luch a neloction will rot
provide proper running protoction, ealov t2ip ovorlosd rolayo
ppould bo uwoed, Slow trip overloond relgyp trip ofter o longer
poricd of tiwo thou stonderd trip uniic for the oane values
of iine curront ond have an Aoveree tics chnracterigtic curve
resanbling thot of tno ot ndard unit, excopt thiat it i

okifto: $a position Joc Pi,. 4 ).

Ledting clloy ood blmetallle ovorload rolayu sro
available in tho quick i ond slow trip vorpions cnid hove
the v .&¢ savantanon and Hooadvantosoes oo provicusly contioned
for the otoadord version. lLognetic quick tpip and olos trlp
overload relays ore phyoieally the pomo ne the ntandard
voraion, excopt for difforences in tho number of bolos oponod

1o tre pleten and poooidly the vioesoit; of tho oil.

2e2.2{0)

snblent conponnated overiond rolays aro probably tho

goot widely pmioundersicod nnd, congeguently, cicopplied
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veroion of overload roloyo. There arc punber of votor

fallurse thot arc the reoult of thic oloopplicatiaop.

Tho hoating of notor wirdings and of thormal overleoed
rolayo 1o cooprisod of two eonponcato , {1} %ho heating offect
of tho carrent, and {2) She ambdient tocpernturs of the
surrounding otcoazhoro. SAﬁcd the highor acltiont tcoporoliurss
reducing tho ooxdaus current whiceh ¢on flow without incurring
overload tripping, hoo lod t¢ misconcepiions that ambiont
cenpensated ovorlond roloye should be uoed in oll high
ombionto. Juch ic not tho eaoe. The cotor wiil oaleo incur
henting from this aabznnt-tmmyoratura, nnd winding lifa‘ﬁlil
e halva&pby approxinatoly overy 16° ¢ Junt aa'xﬁ ﬁaulﬂ iro.
an inereces in Senporature duo to currceant, Loncompensated

gvordoad realoya, thereford, offor propor protection.

If tho mobiont teoperoture 1o high onough to gauso tho
sveriond reloys to re,oatedly disconnedt tho cotor from tho
iine, elthor a higher crade notor inoulation or o larjor motor
should e usod. snoblont eonponsniad overiond reloyo should
not ko uscd, nor ocuould longor pige non-ctmporoatod doviced,

oinco decrenced ~otor 1lifo will rogcult.

Anothor pinconcopiion Lo tho unc of andbiont conpcnuntod

overloud relayc to adjiuot for the henting offect of the otarter
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Fig 5-Ultimate trip current in ambients other than 40°C
can be calculated by multiplying ultimate trip
current at 40°C by correction factor taken from
graph.
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or other cooponentc An be controller enclogurc. uvaricod
relay selection tadle tldeow fo. this huotirg effegt, and
sxntient cosrenssted overlond releye should not be used for
108 reascnd provegusly mentiosed. cloerlion tobles ure
ovelsable for a.nlld, poxiun and loarge onclosures with
varyins enount 62 clsatriw&l conpondnto.

Sotor apd Contrpller in diffopent asbionts
Seratant te; cepture differenen)

hen the zoter and the ovorlond roloys are i Giffon
a.ble b, bat the teoperature difforonce beotween theso acbie:
is relatively conetont, norcompencoaled rolays ocoouid bo
utilige .. .03 oxporde & oeparate cetor contrel cunteo roon
or tLe otor contrellcr Welng in e &iffﬂrant ambient for apy
ronicl.  Jor aueh applicaticnu, t.0 scleotion of toe pverlow
role,d must bo allowad sicllar w0 thal shown In tobic i or
Flee 5 (Lable I ouowu tie seloction of overdead relajye wnin
a0tor ane controller ocro in 4iffeorent anbiontc uits conatont
teaperature Jifforencu). ooiient corpuncated deviges saould
not be used for t.o sime yespound thoat epbly wkon e -otor

end overload rolaye ore leosted dn the buro axblont.

vetor urd Controllor o oted »
Q?mr&&b&ﬂ Lonpsrature ﬂifﬁnranan; 1

ur the relpfsively dn-froguent applieation oI o ceton

anu 14a protcotion iloe~ted in daifferoent asbhlents aml wlth the
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terperpturc diffcronee botusen thece azbiento having 2
pronounced varistion, eabiont coopensated roloyo chould

be uged to grovont mal»trzpping vhon thq'aofor anbiont 1o
lower and to pr.vent cotor fullurs whun the contrelior |
ambicnt 1ﬂV10uer thoan norond. For ocaseple subrorsibio pumpo,
where tho controlicr ic wubjectod to slreat sunli bt, or
wvhonover the cotor 4o locotod indoors and tho averlaad‘

proteootion eutdoerts

Lobient conpenoated bimotallic overlend rolajo arﬁ
avallabie for thege applieatione reyuiring suck a devica.
fhooe dovieos morely woe a compordating binetal which o
scnoitive only o the ocombicnt tﬁmﬁoﬁ&tnre gnd which drivoeo
tha govable contuets in & direction cpposite to that of tue
courrent senoitive bimetoln. ﬂaguaﬁie overlondo are inlorentl)
axbient tegporature csoponontod winco the ctil on such a
dovice aonsos only carrcnﬁ ars 1o not sffected by the enblong
teaperature. Tho aumerous advantoson of o zmupnotice ovorlcad
fregquently ruko suchk o dovigo prefercble anéh ambicent compen~

pation is roguired.

2.2.2(%) CQUther

Time Leg ropen i

Tho natiunol clootrical codo (11..C) pormits the uco of

fusoo rated upto 1<t - of roted currcht (ocrvice faetor 114,



31

gensrul purpose wolors) ag running over curront dovieos.
These fuseo do not cffer adeyuvnte motor protection since
their weluing chura@tefgfdo not mateh potor heotin; charagw
terietics., weiection 0f o fuse ollovin: o motor O atart
will not protect agoinsl alight overloads. 7o protect
fractional .o, £otors, t4ce la, Tuses hove been used

widely. Inte;ral lake m0l0r8 cro not uoanlly provected

by thia oaone.

2.3 rent Soior i ¢ X

Inberent motor proteoctors are the devices placed
inside the sotur he.oing whieh dircotly cense the tesporo~
ture of the sotor windings. The devicen wmay be &nbedded in
the windiny slotes, attached to the end turn of the stator

winiding,, or say be attached to the froase.

In this way devicen are respuneive not only for
conditicnes of motor overtecrerature teosuee of increnged
cotor current but oduo Jor conditions of potor overtonpers

ture tecaune of othervise.

Jeverul typeu of inkerent protectors are availobie
whiotr use difforcot types of venoors to coacure the aftor
winddng temporaturec. Ihernistors or miniature senled therco-

state ore moat coimondy uped. Loth ity oo omay have contueto



Fig.6- Characteristic of a NTC thermister

Response
temperature

Fig.7- Characteristic of a PTC thermister



Fig 6- Characteristic of a NTC thermister

Response
temperature

Fig.7- Characteristic of a PTC thermister
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in the control circait just oo coavontional ovoerlouds or

on srall cotero cay bo line break dovieceo.

Recative Seopornturo Contfletont shernistors

These are nothing et the geulconductor rosigtinees.
The cheracteriotic of‘it Ao ohown in 3.6 wiich lo
exponentinl botwve-'n rosiotinece and teaporature 4.0. rocin-
tonce 10 veducod by ceveorsl orders of marnnitude as thoe
tenporature 1noreacele. Paforo the introduction of
pooltive to.peraturs cocfficlent thernistor (41Q) oris

wasS in cczmon usc.s Xho iiret full thoroal proteciicn

oyeters built in Jurope woro dovoloped by dieceno and
used NTC,

pafficiont Sherriator

In contrant to .0 treralescro, the rouiotunce of
70 elerentu rexmainc conotant upto the eritical teooperaturo
and then rises voery ctecply. “ho crorecterictic Lo ohown ir

Pige 7

I?C sherniswiu ure propared froo barium ond
strontium ti%anate corazle pamplog fired in the precence cf
oxycen. Tha oxyson penctrotes the porou of the onmplos ond
is absorbed on tho eryotul cerfucen. suovh o coriuin teape-
roture, calied too caril toperoturs, tho ox,oen attrapto

oloetrons froc iLe eryotol)l curfaco nd ‘oros oiectrical
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Fig.8- Typical characteristic for PTC thermisters
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potential barriers, ulilchk cause the oxtrs resistance of |
the thercistor. D8low the Curio tecperature the cryotal
has weak negailve tenperature coefficlent (n.te.c.) ot highe.

. (3) .
texperature (166° to 200° ©) the electrons captured ot the

boundaries are litrated ond o now n.t.c. region OCCuUTd.

¥ig. 8 chows a typieal characteristic.

?59 characterisiic of o.p.Yece thornistcr 4is apeci-
fied by owitch temperaturo, doefined ms the tempsrature ut
which the rﬁaiaﬁénce iv twlcoe tont at 25° ¢, and ta; resio-
tange at two po.nts {a} gt 25° ¢ ond (b) at a temperature

abdove the switch tenperaturec.

For wmotor control work, however, it 18 only ihe
craracteriailc above the switeb tomperature .hich is of
intercaty, and in sractior it is sufficient to otato the
required cperating (ex .erature. ikbe resistonce at switeh
tezperature is usunlly bvetwoen 100 and 150 and at ogeratin
temperature 300 to 106C s thls represente 8 tunp. differend
of 2 to % dop € for tho usunl tyues of e.t.c. theraxator:\

Thernietorn are aleoo given a wattoge rating or have o
disaipation congtunt (uotcd. Tentatively, 1t can be expected
tist the emaller tho tuormiptor the amaller the therial time
lag will B when the units pre used as sengors in n o.tor

viniding. Shus for motor protection 0.5 w therzistors with a
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d;muiyatian constant of about 60O w/deg C in freo alr oro
usually used., Thio plocos o 1ioit of ebout 5 V and the
volta,e thati can be up.lied ocroon the thercictor. atove
thioc voltoge thero ioc o tendoncy for the thernistor to scll-
heat.

4y
£t the proodnt tice, FTC theroistors aro available

for reoponce temporaturcs betnoon 9¢ and 13&” C odth opacing
of 10 deg, and aleo for 17@° Ce It 58 intonded to oxtend
ti.e range to includo olecento for tomperatures from 60 to
126° ¢. «ith thooo thorniotors, it will bo possible to oe
tnia syetém fur otuer Loachine parto ad wels, such as vleavo
bdoringe «Logo wnnicw tioperatured mogtly vary betooon

60 ond 80° ¢,

Core detalled .focuoniono ¢f pot.c. thormistor
applications and chorastersictic can be found from the -

noaufooturer®os hand book,

The mont evuszon thermistor in use ot ;rusent is the
popitive tesperature ¢oofficient thernistor. Theruistoru
hove been c¢hosen an the moot satinfactory tenperaturs cepoors

for the following roo.ono

(1) Shey bave u omaller therzal mape than {oay)
thoral owviteho ond vornitor the tosperature core gloocly
by reducing heat trancfor, tice log and overshoot ¢ o

minfous.
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{2) They Leve ¢ trip point which ocan be aharply

defined and conujstently held (+ig. 5)

(3) Thuy ore not eanlly doonged snd whoir trip
point cnnnot ce accldently sltered during inserticn int.

windings.

{4) They ore o all in cize ond ohope nkout 10 oo
longy 3 op wide aed 2 op thiohk) nlliew for escy inocertion into

8 poaching,

{5) Thoey can be fnserted in o machine before the

winiiage are lojregnated witnout being adversely affected.

{6) Thoy fail %o oafety on open circult (a reason
for using the poeitive itenperaturs coefficient reaictor type

of therciedor.)

The stondard proteciion unit utiliges tnree thermistois
connected du aseries {0 . rotect a three phase wotor sgainet ainy)

phasing and one theruistor i¢ protect o single phaoe zotor.

VThe densors ore uwcuelly snstalled at the end windings
at the top of the .rivo. It i@ algo pomoible to instsll then
on the windiag ourfage 9: n conpleted rotor, althou h thie
increases tha texnorature overshoot during fault, Cinco
thermiclors are ploced iu the Aumcdiante proxiuity of tue live

winding ¢onductors, they are ;rovided with un insu.ation
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wvhick roesicty the coricun voltage to frome ccocurrins undor
€xsoting conditsionsy cape ut compoaratively bigh tesporotures.
in cddition to tho Ligh pmaoture ro.istange cad o good
trermal conductivity, tue cechanical otrongth of the toopo-
rature detectoro o of gront igportance., Qo0 provent donnge
jto the detocotor insulntion c.g. during instullotion,
provision of a particulardy ligh wochaniesl otironsth 1o given
specisld attontion wwwn tho detectors nro monufactured. For
this rarpose, the Jdoteetor elecernt and o phort sceticn ¢f the

co. neeting leado are covered by n tube of gleos fibre, the

resul ting aollow cpace bvoing filled with costing rosine

»ell ecuring rosins with s good thormal conductivity
npro ugsed cs £illing coupeundo, the proporiics of which are
unnffected by coemparntively high tempcraturco. 7o provont
hollov spaees frox forcing wacn the detoclorn are f;llad, the
compouns 1o applicd under vacuun, The temporstiure dotcctors
ure inczloted fron adjacont parto for o voltase of 600 V. The
test voltogpo 40 3 ué? Thormicteorn with o ouwitoh temp,
suitable for o psriicuior MOLOT §nsulntion clron are ploced
ouo in cach phodd. Lcerupo tho reoiotancea characteristie
is nlimost flat telo. tao ﬁniﬁﬂh_tﬁmﬁuf&%%?&. angd oteep
{typlonlly 153/do.;. a?\nhcvo it, the thermiptors ean be
conncoted in soried witlout any dangoroue inacecaradico in

temporature coenourcenent teing intevoducod. This aloo provides



Fig.9-Tripping unit
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Fig.10 - Basic circuit of a full Thermal Protection
system.
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s automatioc trippin, 1f the censor circuit is interrupted.

2.3.1 Iiethod of Lperation :

The detector ro.ictunce 48 evoluated in & tripping
anit, ($1,5.9 ). This Ancorperates a d?e. excited rclay whose
coil circuit 1o comnected &n series wita the tempercture
detectore. The rotary mruatu;@ of the rela; agtuates an suxilic
ewitch by meana of whicu iie centrel eircuitse ore operated.

‘he powe. suppdy is obtulneé {rou a truncfortser whooo pricary
wlnalng fg coancetod W o 22U~V slogle prase s.o. supply, the
secordery foedin. n rﬁggégégggﬁsig.ﬂ)}. The resistonce
diffcerenco yeoulting 1f tirer or six coriep~conteonted dotectors
are ueed is conpenonted by vurying thm.aecaﬁdavy vultage. This
onn é@ ea311§ be affocted on the t{ripping unit by co neeting

terninals 4, 5 and 6.

when tne ratel reaponee tecperature iu reached at a
point where o deoteotor io embodded, the detector resistance
incre:ces rapidly. ibe re.ulting current 4rcp causes tue relay
to Jdrop out und the auzlliary awitch t¢ be nctuateg. Lhie
gontrol aire.it of the motor eircuit bresker i thereby
interuptec aunl the cotor digconnected froam the supply. lcr
initioting thio proee.u,the resintsnee risce in one detector
ie sufficient su tout throe pbase cotors in which one punse

winling hos falled ecin bDe relinbly protected.
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vhon the dotccetor Lus coeoled down hy cbont 6° ¢
(G5
alter tripping, the welay io automationlly ro-cnergioed. The
aagilinry owiter 10 chanped over ond tho Dotor eireuly

breaker can b raclosed,

Thoe ﬁripﬁinu unit can bo inntallied peparntely from
the cotor 4m the cordrol boords. It ie wirtuelly incenoltvive
toc vibration and ¢.erates rolistly ot shoelte of tin order of

ten 4izes the nceeoclerntion duo o rravity.

2ull thormald protection agetecs .olag £7C Snor.intors
nxe nrizorily esployou for lowevoltaoge throo phnao gguirrel
0840 LDLCrT. |

cy

2.3.2 ouck of the Thermintor Heaponao

tho effeed object of the proviouve diecuasion koo
boen to ebow that application inforuantion on w0 dxportont

sapects of therm.otor nrotcection hoo co {nr beon lacking.

(n) InSorsution c¢u the effoet of the thorpol
inertis of the tuerulator winding oysten, ond the effoetivenaia

of thernisters inat liod, for ezample on tie winiing ourface.

(b} Fothode of teoting Por ond cvasluating the

'abﬂvao

s oaorion of toats cam bto corried oud on o woto.
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vbich con b0 opeeianlly rovouna with thercioctoro in and on

the windin s i crdor thot thooo aopecto could bo ctudiaod.

If o bateh of boivods thermistore are calibrated
againot toemperature bofore teing vounted 4o the motor and 4F
inorcacing vo;tnga i gp.died to spy tvo thercistors froo the
oarno batch &n crdor to find Low thoy fulled, thon tie roculis

should be ¢

{a} The doviotion from the canufacturer's curvoes
should be negligible for both the resiotuncc teoperature snd

voltage current charseteriotic.

(b} fThersis.ers wounted in mutors are nost unlikely
to bhe denaged by tho mubor overheatling or by L. norsol bosiay
of the winding altor loprocnation, aiécﬂ they curn sarvive o
Ior bigner teoporature durdn,, the teate tLom uinding

inculntion could csurviva.

(o} Thoy con Lo douaged by selfehesating esusecd by
pzoesuive voliage. sbe Llrot atage of foud lure woald bu a
wolted track butwecn the tormicnlo. Lfter thiv tho
therniotor churacte.ic ic will retoln fto tmee, olthough
the reciotonco at oll teoperotures 1o ki hor. iho fioal otaje
vould be the srsching of the ¢ryotal after wvhich tho thernintor
wils loue iis diotiretive oharsctériotis but ratsin sono

realiot.ngo.
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The calitrated thorzletors cop bBo uounted io the
sonvertionnl moter, ono pet of throe cileded one per phnoe,
inoidé the conlugior tundle in the ond turss (maunﬁad
tefopre impregnation) nnd ome pet on this outollc ourfneo
of the motor. %ho rotor 0f tho motor 1o loghod, and toot
1o onde te digeover the relation of winding temperaturc,
theraiator temporatura, and moetor cugrent wlth regpect to

time.

The retpunse of the theraintor can o meads.rod with

&n ultravieiat'ranor&ar.

The winding tecporCoture can be onlibroted frow
ronietance seagurencnt cade lemediotoly bofore olurting

and after tripping, wodng tho woltoge and current e thed.

Tho wotor c.rro.t ¢on be veaturcd wits &8 conventional

Cote amzotor Syoic ..

About two'ﬂaricu of teots ochould bo carricd out,
with the cotor fol fron tuwo hooos oend three phages
k@npcctively. ioacure cato witu tho moter wth hot ond

cold con be porforced.

Then, mathonoticnl todel of the thernistor
yooponoe con be devolopca by analoyy with an elestricol

nerics rosistunce erpucitonce ecircuit fed by o ranp
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voita e function. ibe voltage acrose the capaocitor at time
t can de taken ¢0 te annlogous {0 the tezperature senasd

by the tbermls‘wm, 1.8,

T + &

- . "
o 't = td;cfdﬁ) + 7

©

where ”i = rate of wirling tenper:ture rice
3 s thersal tico constant of the motor

(amadiogoun to GC in tle clect. coss)

Tc m beApCratulre peaned

?o = actiert Ly initinl ten,ernture.

The go:uticn to tbhis coaotion .a

T F ' - i [ a
T, & kit = Uk o+ T (A\»Eg_;é) . (v}

Ky it whouzed to vary by tee aguore of the mutor current,

e
80 V2% k‘ o I ﬁ,“ for conditions withioc the vew;e of the
gxporiment, vhore 4 tecoceéw o coratant for ¢ purticular motor,

repredenting tine opecific rote or winding teoperatire.rise.

«uén the thermistore nre pelf-haated o o tez.ersture
To + 4+ and allowed to co0l while the surroundings are otiil

at temporature Tb. the cooling characteristic will be

£ ™ - A0 .
iy = ‘exp{ t/0) + o

when + = §5/2
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It 15 not veocececary to start measuring ot the instant
the grsten starts cooling. Consider thot censurepent gtarts
& seconds ofter tilo iuotant, 1.0, at ¢ = x

~y

Then T, = g/o) - 1/2 + Ty

@xgk

= 0614 Tex.p {~ .r':/b) + Tg

7he eqn. (%) ignores all cooling effecto, and io thus

applicable only while the zmoter ia heating rapidly.

tho axgraagian k.t 48 o weasure of the averaue

i
winding temporature, and kth iz 6 neamsure of the tempcrature

difrfersnce batween the winding and the thermistora.

The egn. 1o ruolinsbly aaccurate when t 1s large
compored to Wt ccall coupored the thermal time cenutant

of the motor body.

2eFed c of ti¢ unl]ﬁgm Conptant J

The C-volue for the intornal thérmistoerc should be
reproventative for thornistors in all motors, oince the thermal
resistance ond capaelty of the thermietor systen should not

alter oignificantiy with different motoro.

The uU=-value of cztcrnal thermiotors can be expected
te vury with the oige of the rotor, eince the thermpl recictance

sn6 capacity of the¢ windin, and cethed of mounting are
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signilicant. 1t gecie pooceilble to oentimabe this cffect, on
tho asooucpticn tant the current cencity in the winding doos
rot vary significantly fron ﬁotor to notor ond thnt the
therpictors oro oimilardy counted. Thio ocpumption vave
suppori of (a){Blvzcniary teat bYooke on metor douign ond
{%; panulooturer's doto thoat aillownble ata;ting tine for
toter of the so.e YL3pe but difforent nimeﬁfzumn.

Or this apsusytic: tho hent penoratod per unit
volune of the winding. uwill e coastont, but tac ourfuce
area of the winding por unit woluno will bo 4ia inveorue
proportion to the curfett raiing and hoengo the sieo. IIt,
a0 in the alemontry toxt bocks we assune, tbe cooling offoct
io linear with tesyera ure {0t least in the end turno), then
the surfoco toaperagture of tae windipg vill iteroune with
inercaving cotor 0ipoe Thus aurfues wounted thovrnistoro

can be eapected to reoet core roplidly with lorscer motorua

The relotion {1) hno beon derived becluce the
thercel copacity of the tecporature dotoctors ond t.e Leat
tranafer reciotnnec of the inouiating loyero betweon the
dctoctors and tha coppor conductorn of the winding csuves
o delay batweon the temyperature risg in tho winding ond thot

in the délectors. Fig.ll



Tripping temperature

Off

Winding
temperature

Detector
temperature

Tk = Coupling time
(time lag of temperature rise
between detector and winding.)

Fig.11 — Temperature rise in the stator winding of a
3% squirrel cage motor with
The broken line shows the temperature variation

of the PTC thermister in the winding-up to the
moment of tripping through the protection

system.

locked
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#1g.11 ohous tho tenperature riss in the stator
windiny of n %nree Hhageo eéuirrol~caga potor with locked
rotor. ihe broken line shows the tecperature variation of
the ;.0 therniatoro in the windimy upte the mormont of
tripping throu b the protecticn ayetoz. ?k = goupdiing
tine {2ime iag of tox; erature rice between detiotor und

winding).

In e¢onoe ¢f heavy etorting coerditions or chort-~tive
boavy overloads qaupdng o rapid temperature rise in the
winding, Tor insiunce, the winding reaches o hi(;:imr tenpe-~
rature tShan the Lexsgjerature detectorn. Thio tenjerciure
asfLerence norsolly vmr&egbbGtWQ&n 1é and 40 deg. depending
on the rate of rine unich varies in proportion to the squere

cf the cuarrext denuit, .

The severaest cuuvo of loading of motors could be.
If woiore of ﬂirfere@t output ratings and ochort-clrcuit
current don. ities fitted «ith ..7.C thoarmiotors arc hoanted
from the cold gtato under chort~circuit conditions until the
pretection oystem recporoe. lIn thio condition t.o eurve
between mean stator winding toupuratidre and short alrecult
currd. t density (extrapcloted to the triuping inoiont) will
Le oo obown in Fig.12 « The curve goes upwards t.oc. the
toeuperasure differsunce tocokes larger, ae the short-circuit

current density lucrensce.



Limit for temperature
peaks permitted in the
winding for short periods.

Response temperature of
full thermal protective
system.

temperature

Mean winding

Short circuit current density

g.12 - Mean stator winding temperature of a three
phase squirrel- cage motor with locked rotor
on response of the protection system,shown
here as a function of the short circuit
current density
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To kaop shoe temperoture difforence ccell, tho velume
of th. detector uné thao dto thorsnl capocity oboald bo

redugeld (o 3 uinlcui.

24 asnctal.mtion and codntensnee

©ho conventionnl taermal overioad rolay is reasonobly
rotust, chesp, rolioblo, md provon by cony years of pervicoe.
Sipce L% 1 usunlly dostolled togother with the cotor contoctor

tho inostallation o220t 40 very omoll.

Coxzienioning and routine teating of ouch 2 fclny
conDicto of cheoeldng tkc tice %o trip at one ¢y two pointo on
" tho senufzctarer ' G ourvo. Lomo induotridl usars mako thio
chock durin. coznicolonianrs ar'nample chodk roinys on delivery,
byt reny are agatiosfied o rely on the cnhorfo fooctory tioto

alono, Very Zew, if oy, coko pyotematic moutine choors.

Tho hostor woil of the dimetoadidc clenont i uonuliy
the weulkest par: of tho rolay, ond Lo cosparativoly onolly
daragod by mechonizal recss  and short-cirouit CUrronts.
Lecausae of thiu, mognotie ovowrluads of thoe doohpst type ore
ueod in cevere onvironzonto, in opitc of thoir genornily

poorer churactorictioo.

In ecovparivon, tuorcistors ore test inotnlleod 4n tho

wotor durdng manufoeture, bWolure the windingd ore iupregnated
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It su focoible to ocunt thoen on the winding curface,
althou k thic vill roduco the hest transfor froo the
wiriing:, ireresun th o thercal inersio of tho cysten

and irereasce the teorerature overshoot durdng faulto.

Cxtro control vires axre reguired botwoeun the .otor
ond contootor, irreupcetive of wacrc tho thorpiotor relay

is r.ounted.

the volay 1t0elY 40 the wezkodt link in the
pritoctive chndn, oineo it usually cetpricet o ooall
eloetrozoonetie roloy cnd elcetronie componcnts. llouover,
ty rocaanchbla de3lirn (co0e 28 adoquntoly robuot rolny
vultuble for indudipicl ornvironronto, ond oilicdOn conpow
nonts) the anit con bo nade yroofvnbzinet vidralion,
pochunienl dannpo, uud over témpﬁratura, ond By soporoting
the pover and conoins eircuite with or iooluting trong-
forner, eleoctricol faultl ent o loccliced. lorcover,
ther-iotor unite am uﬁuniiy aircngeﬁ to ‘poor' their
eparntion at onch storter function oo diotinet fron tho
overlocd reloy which only operates durina foulto.
Thertistor protection equipment can thug e on rotast
ond reliable as the toot of the orher types of ovorlond

reloys.



o tucrawsl overload 4o«d not provido mdoyuste
protection, acciret any of tae followilng givon condiifons

beoasee it La.ieully reacte only (1) to the curre:t change,

(P) (gj,in the 115 o 60U, range, (3) to % - ¥ incronse, clowoer
ngf’,/;n 2~ Arnoreeuo and (4, with o time doloy.
\ | ‘

- ALl the prou. conditiono, except phase oeyuonce,
bigh asbient tonpcrature contaninants, and overvolitag e
before saturation ohov & change under tho'variance' colucn
in line curre-d th.t con be differentinted from nor.ol
operating conditiono {Talble 1 in chapter 1) Qhen chang;e of
direction of currcont +ve or -ve, {(2) chanpe of ragnitude,
{3, onc or 5 { ennrpe, ang (4] the time iaterval of tho
charge, are considered.

(4 B
Por instsaner, oxauine tirce of tis prob conditiorns.

iaroueter wond Jan Lyerioad coase faliure

Pirection o . «Ve ; Ve and -vo
of & ,

. Bagnitude 6L0 5 «f tull 50U -~ bU 17§s»max; an;tuo
lood locked  of full phases L€ runaing
reoior load n$ full loau, lous

ne losd 1L ot fully iovaded
eurrent 5267 3f a2t loched
rotor, L' on 3rd
POAIRE o
rhase chonge a3 | all3 1 ~ve 2 +ve
sice interval snotantos inpton- lastantaaegue

noegue tine .un
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Iin the ouoe of o lowd jam condltion, tac tine

delay can reooult in 10 or 20%0f equipment daraseo O /

e e ‘
Yurs out o0f o *hot' cotor tefore o thorwanl overlond triies

in thJ c.0c «f undoerloud, tho thorzal overloe.d

will nov even senno tie condition.

shane fallure pay or say not trip the therunal
overloand, tased on .otor looad end henter applienticn,
Por inctunce, o T, lopdet motor wopuld give only 121 of nax
plato all load on %wo phopes while running. If protoctédd
at 129. per .LU, tho overioand would nover trip. Lwven LY
runzing Bt g full load, ithe trip tice at izﬁw heoator
applicantion enn run (0 10 ¢ 50 o, wvhile tho prob. condition

{
Lhad occurred iﬂmﬁf’

dhen Bo oL ke thoegs porametors againgt otocr
rrob. conditions, it breomon obwious thot to obta&n_h&tter
performance, the ootor cirouit protective device u.ould
intelligibly conpere tho dircetion (S §, pagiitude ond
pkage relationo of wny orange in current nnd, based on tho
cosbinotion of theec trhrec fnctorsc, decide 1o trip ioot. or

with tim- dolay.

Lroo of i PLIc. Lo ¢
Tho noture (f the therponl overdord rosulto in txrdp

curves that nake it Gif{icult nt bodHt ior thoe obinr
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control) appliention cngineor to properly apply and oittoin
even gocd motoer ovorle d protection wi.on faced with the
pf‘ﬁbc of
1. wide variance ¢f wotor leckod rotor withotand
times  Lron rating to roting ond oconufacturer

t¢ oansfaoturer.

2. Jpee.al cpplication needs, cuch a2 large

1n6rti¢

3. Wide bend heator tolles from all control

ranufooturers

In 1964, weotingnouce rodesigned its ctundard
henters to noet the Sl éritar&énﬁetabliahad by Lo
standard’se. ohilo this, In pgencrsl, has proven adejuute
for loczed yoipor protection, we still £ind oceasionzd
prob, with sane sanufscturers mbtaro Luving withetand tisce

of leus taan 10 Qe

vitn thie wackyround , o parmisaiﬁia ressonuble
locked rotor time fv to be mcen that woulu mnot rcault in
oignifiennt nuisance applicotion prob. The acceleraticn ti o
of wovtinghouoe stanierd cotors 1 to 100 Lp., cosuming o

dcad equal $0 tke lnertiz of the cotousr rotor. e rewults
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wore thet 10L. occcelerated in looo than 1 ceo. ond 967
had logued rotor withotund of 2C ecec. or grester while

pone bhad locked roter withotand tices under 1% gec.

snotheyr oriterion for ioproved perforrancd wud
estubliiched thet the devico obould pernit at leaast $ goc.
lociaed rotor tize but not sore than 10 sec ta provide good

loecked iatcr protection and still prevent nulvmnoe 1icla

proba.

For doecudoo, 1t has besn etondard practice thot
inorense the hnester ocipe Af tripo cecurred duo 10 lorg
accelsration Soos, high duly eyele, or raveroing appii-
ention but thioc olvu yo reuwlio in o decreuse in the adejuge
of the overlood protectlon for every heater size iuceronoed
to ebtain Just o couple mOre socondu lJocked rotor ting,
the ronping overcurre. t protection level Ao ingroiged
approxs 10 v It 1o not uncomnon t0o find wotor: with
teernol overioads epplled thot would permit inflsite opera-

ticn at 135 to 1405 of full load current.

{onvarcoly, ony incrence in hester plige to
rernit ogeasionndl ovorloods due to the application necd
increanes the ioched rotor trip tice by 2 or 3 gos. per
otep, farthey compounding thr.lechea rotoy with :tande-

toaq 94
CENTRAL LIBRARY UBIVERSFTY OF RQORKEE
ROORXEF
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ability wotoxr burn out prob.

Theoce tx0 conditions are a rocult of tho faet that
u lorger hoator ohiftu the entird curve, both running ond
leeued rotor ondo, rathior than juoct thot portion ucoded to
rerait cotor oporntion. ‘ho curve in vige 13 $llustrate

ti:10 point,

Tho applicotien nced sdusgests tuat hetter perforcance
will reuult LY 01;1; thut portion of thoe curve rejuired to

percit suceonalful oporation could bhe pltored.

widc=-band lantor Tableg

tven whon lochiod rotor withetand of tho spoeifie
notor ond duty eyelo or veseleration tino roguired for the
particualor opplicntion 1o inoun, ptill gocs not .povw 4f
ono io providing protoction. suppooc there o o elaps 20
ovirloud hentor d#ké-e thio monas the bheater/overlocd
conbination nuot trip in 20 sce. or lece at 600 e;rreat.
Iyplecdldy, with appros. 7 sece. heater atylec totween t and
13% o, logkod rotor trip timoo wvery for oppros. 12 to 20 Joco.
If the potor baa only 19-.cce withotond copability, tae
heater nay or moy not protoot, If tho load reguires Y7cco.
nocsleration tizo, o given hentor may or vay not poersit
nectlupation. Uafortuacticl., it would be recuired to look
at each and over, hoator curve and factor in conufocture

teloranens tO Snuu o proler appliecaticn. JDi0 gaggesto
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the dosirabliiity of a packege with a woll dofined curve

that ic¢ the s2oe westher the agplicab;Oﬂ 12 & 1 or 128«

lozde.

| \
Through dostructive testing of wotors,\ it can be

found that most wotor foiluras will rosuldt in foult
carrsat levels in o ronge of 10 to 20 times mosor full lond

surrant.

Jith thoe long olq&ﬂiﬁg times ot low level foult
current oignificant damnge esn yecult in all porto of toe
motor circuit. Howsver, recogulsing that any tire line |
gurrent exceeds Joeked rotor current, <o.ething radiesl is
wrong, the objective ghould b@ to clear thet faull as
gulckly s pospilble. The [ Cr treaker set st greater thon
locked rotor but les. than the 10 A interrujting capacity
of the contsctor provides thip fast recponné tice, uisninisim
okt . dawsgo. Toe overload reuponds to currents leso than
or squal to locked rotor, und the NCP responds to carrents
greate. tuan locked rotor. Coordination of circult component
is aiw&ye aghiaved without the noed 4o rofer to curves or

€0 throuch complex caicuiation.

Uptil now a vuriety of prob. conditions in the
motor olreuit have teoen discusped. The prob io clrcuit

ogcursa Jue to chan,es 1ln @



1.
2o
3.
4.
nnd Ge
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currant
direction
nagnitude
phase relation

tioe

Now L% has mleo been defined thot for improved

perforoance in protection ao the ability ® senso thesve

verinncea indepondently ond meoke a decision on whon to

trip based on what combination ocours.

?hémﬁiifﬁ?xﬁ'fur~ﬁaaaﬁe£"ﬂgglyggtipp_ﬁhould te

as

Yo

2o

3

locked rotor zrap time, with miniomun of 5 Jeq,

caxinus 0f 1 secq.

The nbility tu convenieuntly shape the curve to
weoet apeciol application nesde and
a yelled:fined curve that is preiictable and

conoiotent regardlioes. of ourrent rating.

The pneohkeg o Lot te oconozical enovgh to juotify

appliication on even cogll he.pe wotoTe.
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ClLiloabTlnae At e st Al e Leoy ph(E CTIC, -

iow & doye, thie integrated circuits find their very
wide field of applicationo. The very fundamentsl thirkirg woul
be that producec the package to provide perforcaneo waich count
in oolvinz the above soid problen in the real world of user

applicationa.

To observe this perfornsnce, threo elements will have

to be required.

(L) & meano to sense the line currents. and
transfors then into poce reference that

can be used by the logio to ccke a trip decision.
(i) The lousce ihai lopka nt thene referssce., wehes

the dogioicn, ond provideo a trip siganl, and
(111} an ont ut clecent thatl oceepts the irip sigual

and interfaces it to a contaet opening ‘suf!;tce:lﬁnt

% interurt the coningtor coil.

ds1 sroblems of Notur .joteetion @

Tnese hove not been Tinolly solved even with the best
of the generslived reloys ovellable today. Ideall,, each reloy
should bte custom bullt for the pavtioulay &a;hine it is protect

inge alternatively, it ocould have infinitely varieble settisg:
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with o wide seleotion of curve shapos, coniinuously

varioblie venultivity to negative ooguenco curronta,.

. To got evlcoor to tho fdenl gervzee with o procti«
deolign, clooo eooperction pust oxiot bﬂtwaés wotor and
reloy manufacturerc. Fotor nenufacturors must plve vore
socurate and dotollied cpoclfications of motor chornctors
iotien; heating eurveo, dogroc of thersal conduetivity
betueen ototor uindinge, cooling choracterioties, oitin
offoet rnatsr,'haﬁ vpot date, otc. vhen cotor usoers
domamnd tnis type of infermatfon, roslicing that the retu
on ihe;t inveastoont and continuity of corvier  thcy can
oxpoct from these totorn dopundo largely on the protec-
tion provided, cony advoncoyr can be expocted furthor is

the effootivonesn of matar protoctive roloys.

3.2 The roauircnents
protoctive rolany

{a} %o prevent dnunge Lo eguirnent owing to oster
fualts (4o tho capo of gotors, for exanple, ouing to

mechanicnl ovoricndol.

{b} To limit theo oxtent of tho domngo during

internal faulte (inoulotion fallure, for oxomple).

!

{e} 7o 1init the oxtent of ino dloturbance to O%h

oquiynent connoeiod to the sane supply.

(4) Lot to roduce tho roliability or svailability

0f tho ojuipoont.
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it Lo not occonomienlly poesible to protoct nll
eguipcent $0 thio eztent ogeinst nll potenitianl faulte. 4
conprocine nuot bo found totwoon the probtability and covod

of £wlto and the oot of protaction.

Yotors are nornolly provided with o ghort circuit
protection {fusen} muf—anoverisud—protoetion (fuses) and
an overload protection. The fuses nre uvoed pritarily to
roduce the disturbance %0 other oguiptent connoctod to the
‘oato cupply, oo the cesusption that fhe wpotor hag suffored
an internal fault. it $0 not coononlenlly Juvtificlble fto
try to licit the fstornod dncago to omall or codiun-oizod
motors, eince alcont any winding feult Lo repoaired by
conplotoly rewinding tho motor, The fusos are sonctlioos
olep intended to Jiccomnoot the motor in canco of govore
sveriongo, but too overdond relay 1o woroally oxpascto: W

protecet for this cnd oll othor ovorload conditions.

The common ovordoad foults {eingle~-phnaing, undere
voltoroe, 100 froguont starting, sechonicsl overlooads, 66¢.)
eouso overhtating and conscquontly wieding inculaticsn follure.
vhe ceckanion of ouch o fullure io pot simple. sho cogoon
insulotions {Cluos 4 acd Cluoo ) are btoth cubjleet to
teporature dopengent o, oirg. A8 o rele of thurmd the inuy-
'1&t10n life halven‘jk fﬁé sach & t&'tﬁ do. C increoese in

| continuoug Senporaturce atove o cortaln licil, buy io
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uwnaffected by trancicnt, woderate overtemporatures. £On tho
other Land, onc of the ekarncterivtion of the indaction coter
ie tunt coneiderable roserve torguo 1o inberontly cvalloble for
czergenciovs  tho idenl overload protection would thuo o one
which catcned tho tenperature-tine choracteristics and history
of the cotor. thé io apparoently not coonomically poomidle, oc¢

cortain compronlioos are node.

1020F Eprotoction:

In keeplng witb the objogtive of Loing econonlienl, one
thiry tecomoy very obviocuos. If the olreuit could be deoi nod
60 that tho pentors and cutput wore conmon, approxicatcly 59&“
gould be aaxéﬂ~zé? éa¢h trip function reguired, ag apposed 1o

building dicerote devieo. for oneh funetion.

Yhio, thony dictotor packaging approach. Puild o
bante overlond ob.plote with genpors, cutput, and overlond
lozic per oritoriu cotadlichoed, thon make the otier fuactione
by olnplo addition 0 tho bosle overlonsd, uoins the sauo oonuora

ued outpute This 46 choewn in the bLlock diasras in Jigl 14

In o molded cnoe, very cimilor tc a 3 poio thormal
ovar}oa& roloy block, 3 swall C.i'c, outpul contect tersisnolo
Just like tho thormul overlond eun bu packaged. shis will pate
to the contactor to lort o etarter which will be little

differest f1vo o otandovuy starter. ioe S.0'5 (o throuch & %
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phage rectifire cnid are losded nercon a reslotor, providin
thre¢ voltago raferencﬂv, c¢ne for sach phaso that in
proportionnte to tuo 1%&& current on each phkases This logie
si;nal is ohown in 335;15 o She ciroult to achievs thin 1o

shown An #1g.10 &

It con te nmoted that the load resistor will determine
the corstant in the rolation V . = £{El® }« %he load
resisctop is shown aﬁ'a plug in comporent. This is dono to
further fuplicate the gonvenience of interchengability with
stondard overlondn. The bocic overload carries one atyle
mumb;r. and 8 specific rovictor atyle nunbter 1o plugsged in to
detercine the current rating needed. This is dirsctly equi-
valent to placiny hosters in a therasl overlond, wiih oue

cioor but lmportont difference.

The ragictors from roting io raiing have a conctont
relationstip, wibiic heaters crange cnﬁractariatica aligutiy
from waterial to materic) for different sipes. Shis foet
plus close toclerancss on all covpenents, reosulia in o tice
eurrent curve which will be o band for o particulnr range
of currenta. Tho douignore from here ¢on now know and have

confidence in shat $he curves locks lijge.

“he next uwtep will e (0 use this losic ocignal and

"uee the eleotronic clircuits to shape the sine current curve
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t0 meot tie critorio. Uno con wind up doing following

things ¢

{1} <Jotablioking trip timse ot 6GOD locked roicr
{14, appiying ‘heater' for ultizoto teip at 11C.
and,
{134} Decpiog tho toeie curve bolew approxisataly 2%0.5 o

boelow starting torgue vory clove o tho izt curva,

Thio L5 boood on the foct that tho motor will have
gmoll hest diocsipation ot stend otill over otart tico ond

?
thernal cnpoelity closo o 1% & whore B = conotant.

Theoe eriterin will result in cleetronics providing o
trip signal bagod on tho ﬁyyxanl curyn shown in £igs 17 .
Por cooparicon, typicni xaz and theronl overload gurvos ure

aloo choutt.

By suceoooofull. moatehing thepe curven, the taplce over-
lcod con o conploted ond will provido improved rumning over
gurrent and look rotor protoetion. Hext i the doci nin, of
opecizsl function legle ceduleos which onmn uwce the 3 phece
voltoage roferonce aveiloble and provide o paralled trip olpgunl

to tho ocutput contact.

The plug-in rosliotor gives n rosdy ncoeoo to tho
veforence woltoses il nov neoded o do would ke to provido

on odditionnl ncocoso point tou the trip signol.
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A Binglo otylo number long necalerntion tice modulo
con be plussod in tho base overlosd. It hoo o thunbwhool
gettin;, that can bve adjusted froo approzinatcoly t0 to 40
gecond ond will rcoult in a rultitude of possible Qirves,
oo whown in rige 18 « Thio codule houwever, buno ono aigni~
ficant differcnca fyon gru?iaua.meﬁhado to pernit long
acesloration tine, it ravprtn to the rorual overlond curve
after tlo permitted nccolerstion tive, providing iuproved
runnin; overloand protection, Uaturadblie obunto or duoh ROt
type relays will royuire tho cane tise curront conditiono to

trip froo o ronning conditicn sy Trom a ovarting cosdition.

Tehe jus function wodule provides an inatantanesus trly
should current ezvecd o preset velue ot nny time after

the uotor has accelerated. Lte function io shown im 1.9,

daring otert, the cotor ia protected in the region
atove the joz oetting Lty the otandord curve. sfor ranning
condition balow tho Jor set point, the uotor iz protocted
by the stondori roloy curve. The Ja: wodule will opsrate
anly whon running curront excoeds i{te set point, which 1o
adjustuble for any v.luc lotween 150 and 4007, Thio unit ig
ofton usoed 4in oaterinl handling applicoationd but aluo finds

applicotions 4n cuch arecuo a5 pun,.ing nnd aly handlilinyg where
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any current, oéy, above 1205 or so, indicstos somothing
radieally wrong, such as o broker impoller, and 1t 1o
dooirnble to winimied docogo that would oecur in thé 7 aac‘t}
roguired for the overldoud to $rip on locked rotore w.Lo
applicéticna. such a0 o coapressor with leng sogolarction
tione, ooy use both o jon function wodulo and long weoelorstion

tine wnodule.

an ohown &n 247420 , during acteleration tie cotor
would bo parmitted to oporate in fua_are& below and to the lafy
of tho standard curve and 3G oec. aceélaratios CUrVG. Lftér
oo ey to spoad, 1t can operato only in thot ores 40 tho lofi
of the otondord overlosd and jno ourvos. Thio eombinotlon
pernitc tho long noccleration tinmo reguired but tripe with fice
dolny for ¢pernting ovorloandn and inctmntancoudly for current
valuco over too 1507 oot point of the jan medulo. If tuo Ja:

1o not uged, the wotor will lock up for up to 3 voc. doing

gigniiicant Aunajoes

Thic unit looks at the 3 phooce voltngo roforcnea and ()
- providec an inotantaneouu trip oignal should any phaoco go to
cuarrent gerd. The unit has a 16 zo bpllt-in tice dolay teo

permit initlal starting vhon nll hooes ero at carront poro.

Tuo reforonce signolo it roco nizes ac rejuiriag it

to operato are chown in rig.?1.



P

Bodng currant sonsitive, 4t ip act oubjooh to voltosuo
inductd in the wotor by roonining phasen and no ouweh eporpten
properly without respoet to the locetion of the motor in the

distridbution vyoten.

Requiridng no pancl spoce or wiring ac oooparsd to a
soparato pheso fallure rolay, it is on ccoononoical protoctive
package on applicétiena sucl ac punp Lanels or roof top
vontilators when the control is not manned, and duc to fuce

protection there 19 likelihood of pheso fallure protection.

3¢3+% Underlond Sodulo i

This podule hoo o din) adjuptnent that porsiio cetting
130 pick up volue Just abovwo tho individunl wotors no-lond
curre .t. uhenever curront foll below thio et vonlse (i.0,tC
No-lond valuo) it providos an ocutput trip signol. shon inter~
locked with other portu ¢f the oyntom, 1% provonto denago
boouuoe of o brokem belt, ubuft, or coupling in one port of tho
syoten. It will cloo provide gooed protegtion agatuot punp
damnge due to loos of suction wher: the liguid flow is required
Lo heep the pump within safo operating temporntureds. LInp thias
applicution, tho pich up point would be get aiightly abpvye the

runping, current of the rotor wiil tho punp xdaning Gry.
Se3.6 Lhese doquo ripdule o

“aie module puot be wirsd to tha‘primary eido of the
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contact to sensc tio line phase rototion. If wrong, it
provides 6 tripy nijual vhich locks out the contoctor snd
prevents it frow plesing upse It 1c most often uped in
portable egul;ment when £roguent hookusng fnorecog the
odds of incorrect ascyucnge nmd dacasze can yesult i tue

woOtor rufid in reverocs

344 To protest .0 9tor cow.letely even with loot of
the relays svailable &c still o probdex. s reloy with
infinitely voriable ootiin,o and o wide selection of eurve

shapes 1a roquirei 0 roteect o cotor,

ihe beot appliention of the ralay dooonds the very
eooperation ¢f tho molor conufucturers t&ut they wuut (ive
securate pnd detailed spociticstions of notor charsctorio-
tics, heavin, curve. deogree of therral conduetivity letweern
atator windingr, covaing, cnnractariaticﬁi2§?ant faeﬁur, kot

apot dat:. eic.

sGvunceeds are atill awsited 1o incrvove the cotor

rroteciion ralnyd.
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4.1 Tiie ochcro mokes upo of solid state devicos, UVGrcurr§n<
ant imgedence gharaoteriotice hnve teon realised by vueking use
of analoyg/dicital cireaito. iﬁe distingt advontoges of higu
accur«scy, blgh specld «f reoponoe und conzlderadlo reduction in
Size of Tne unit Lave necn tried to rrlie woe of. The relay

hug the provioion to protoct teo nOChiBO FTOL OVOrtesnoraturcs.
The reluy coo be cot to uny oporating condition deponiing. upou
tiie need of s.plicution. he reloy hos ben guccsnslully
fobricated and tested 4n laboratory. Lho perior_ancs in ox.ori-

mentetion hag beon found to be yuite saticfaotory.

4+2 Antrodugtion 1

ihe ovorcarrent rolaye arce usei where the minitaun fault
current exceeds the rcazitum lovd curront. The rolay Luvin,
char.oteristic equation 1“t = k io dosirablo for protection of

2

opparatuy ejuinot overheauting ns £ht = K is nlso the curreat

versus Leéating characteristie of coot agparatus.

_

decel  Tu@ ordinary irverce IeYinite Lean Xizo {L.delels) tice

ol

-~

current ourve ioc npt culitudble for mé%gﬁxﬁﬁatéction, The motor
heuts accordiay Lo on Xét function and poed protection isp

provided by tnormul ovorcurrveat relayo using bicotallie aylrél
wovementse  Jhe Llow resct of those rolaye provents restariing

the votor unlt 1t oy c0uleds  Lurthermcre, the heat otorw o
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propert, oi the rolay _iveo 4t different hut eni colé ti-e
current characteric f¢z whilch cor.ceagond to thosw of the cotor
{+i.. 2&;. -uperier cLorccteric.ics cian be obtalned with o

tihermlator brid; o and & tnermal roplice device.

in sinzle phaoo froetionol heps motors the thoroald
chezent ususlly tubon the foro uf & biuotollie dioo widoh
onaps into thoe oJoroted ponition above o cortain teoperature
ond openy the cupnly.

<9
ihe Iéﬁ reloyo ore et 10 operato on 157 sverload with

continuously reted (oturs ond upto 40 overiood with cotors

bovinug overload copneity, depending upon the servioe foctor.

«her g sotor otuddu, oither due Lo trouble with tie
conneoted 1oad or low valtege, botlhn the stutoer snd rotor
#tnﬂings will be ovorhested. Joce furw of protectioca should be
provised to oput the goler down bef@iﬁ the locsed raotor current
peraicts lon. enouph to cozvee darage, bat 4% must not shut
the wotor down durinsg o noroul ssart. [t ic not always posaille
to provide adesjunteo Aluvewod rolor protooction with the overload

devico without upactiing the ovoricud protoction.

The o0t protoction Lo provided by o thorzal duvice
which 18 only oreratable curing o utelled conditlon. Trippleg
widl occur 1f cotor current foils to full to nortul value wit.in
the tinoecarrent cunracicsiotic of toe thercsl units she

ciarsecteriotic carve of the tihorsal unit 10 Gnoun in o4 . &2
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for otartin;, {(e0ld) «.4 running {huet) conditiono. «bo rolay
¢an alszo to arranged to pive reoastart onco after a stall, oni Yo

lock out Af thoro 10 o oecond otull.

+he therusl elcaent ploo dncorjorates un indicuting
device which inmtegroten curreat during tho otorting soericd. ke
trip sctting con bo oot ot o adightly bhigher value tuoan the
indicated value during ctorting, thue providing tsho pasioun

peacible protoetion assingt o wtolled conditicn.

Cverload roleyo wiso take care of faults not Loavy
gnough 10 operato tLo Anctontancpus gvercurreont rolays.  wargor

cotoro use touperature dotocisro.

d4.2.2 o%or Curronto durin: otayrtin.

+boe cagnitule ond Zuration of cotor etarting currents
snd the za nitide and porcissible duration of zotor otalling
parreats ure ssjer foctord to Yo econsidored in the oppliention
of ovorlead | iotocticn. It 10 comconly nscumed thoat for
sachines ctarted diroct on iine the co.niiude of the oLorting
currei.t decrcases lineardy as the speod of the coachine tuildon

9 '
+610 in foeot doco oot apriy 10 ANy coachiog

g
up darin  ptartiscge
aag for noranl dopigno Lue otaxtipg currcnt remaino ocnoibly
canotant 4t tho initiol oiond otill voluo for B0«80,., of tio

Letal atarting Siao.



e rotor carrent of cn inductlon motor correscnuing

0 say value uf 23ip ¢ cun be shvwn to be cgual to ¢

B

1‘, L " . s . s4- il;
i1 o *
J&

Prom Sun. (1) end cesuming that the oachine reactanco
ig ceqyual to ten tinmos the cachine reclotuncs, the ostarting

curve of (ke zachino ¢an be dorived ue shown Ia Jie &3

Sodite L1} ludiceateo thot Ap the cose of avtors with low
retor recistance ixfbkz only becocen large oonpared with .2 ag
the wvalue 9f Blip bocemen owrlle ihmo po chown in . 1.. 23 the
atartin, carreat rocoino substont.elly eguol to the carrvent ut
gtand 4till until the otor 4o olgopt wpto normul runaiby

a@ﬁfﬁo

in detercining the current ond tice settings of the
overloud pruteption it LQyrally apouced that tlhe wotor starting
current rexzainc conntant and ey uol to the stundstill current

for vaole ©f tho starting poriod.

$02¢3 tal 2 ' » %

«houid o cotor sb%oll whon running or unsble to oturt due
o excsellve load it will draw o eurrort froz the cupply
piuivalent to the _ocked rotor current., It is oiviously
geodrable toe gveid danuje by disconpocoting the wachine oo | riced

ay poosible L7 tkic oondition .riges.
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It iu not poecibls opm 6 pure carrent cognitude basio
to0 distin uich betweon thio condition and o ho.lthy otarting
ocndition, tho only roooliblo meuns Lo to arrange the
protectivo devigo to dtaconneot tho wotor it the current

continues for loc or then the normnl ptarting tico.

Tue oajority of loads ars such that the otarting tine
of nor.al induction setor in under ten pecon .o wbil@ltbo
ellow-ble etall tice to avoid execaaive deterioration of the
Loter incu.otion io in cxceou of 20 cecondon. 1t 1o thue
resativedy eagy to disoricinote on o tine bapts betwoon tho

t&d cord.tiono.

In the eaoo of cotors uscd {opr wpooianl agplications
(for oxem lo, cotors driving Ligh focrtin londs} the otarting
ti.e tay btu grelon o and $A0 sofe ollownbleo otell tivo
buceren aeurly egual t0 the odbortin. tice, nabing tho proble.
of discrizination ioteten tho two conditiono cuch coro
aifficult. In theso cuuen, (orending on the typo of rolg,
used fur overleod protuction, At coy te pocusoary $© uuc o
relay es.eciaily to proteet agoinot otallin,. conditien.
shiother additional otolllrg protoction o needesd in ony
opplication dependo ~odnly upor Lthe rotio of tho nuroad
startiog tice 4o the uliowgblo 6tiall tice ond tho clopenego
with wuich tho ovorlood raxay eun bo cet t0 wateh thy utellia,
tice-current curve with ut Lko poosibility of mal o,crcticu

on a he lthy oturt.
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Thoe thoroal ov rlead roley, in vhich o bi-cetnl
opiral Ain proziciiy 1o o hostor acto as the contaet cotunting
devige, hao a fairly high porccatoge ovorrun of the erder cf
45;(‘9’ ot pix tices rated current. If o relay of thio typo
heo for inotance an oporating tiee of 20 cceonm o0 ot & tizoo
roateld curront, thon the wozioun otarting tive of any totor
having o otoarting carvont of € ticeo roted curront to wailch
Lhlo rolay wno applied, could not oxeced 11 seconds, whilut the
#otor would remnin connocted to tbo oupply under otalling
éanditiona for the notr ol opornting tine of tho roloy L.c.

25 BRCOLUS

wae to thio lor,. percontoge overrun an adiditionnl sing l¢
Fhace relay eicilor 10 tho typo dooorided abovo 10 oomotines usc
te provide odoguato jrotoetion ngninot stalling conditionc.
whon weed, thic roloy 1o provided with on Anotontoncduo andorp
enrrent reley vitlch diocomnccto the rolay trip circult uhor
tho cotor atorting currcnt drops te n cortsin valuo, ucuolly
3 tiren rateld carront. Ly thio woeong the offoct of tho ovorrun
~on tho rclay 1o olircinnted cnd o ohorter tice oettin: for otollj

cond.tious io popoiblo,

The abovo aooulcs that tho motor rexnino connc#tea to
a threo phaso balenced oup,ly, Mt tho oot likoly couce of
atadling in induction nmotors o tho lopo of one yhace of the
pupply Guo to el e to tue blowioy ol o back-ap fagoe by tho

inrooh cuorrent wvhon the motor Ao first ener ivoed, ULondor thio



eondition thoe motor would £all to etort ond woulsd recatn
ﬁta&i:nary with o oinglo phooo ocupply npplied to tue ototor
teruinale. dco, tho —otor rpoy etnll if one phaso toctres
open circult whilo the coter io running, doponﬁiﬁa an tho
iond on $he wachino at tice of the open circult. uc potual
voaluo of the curront drown by the mackinoe will be lecos thon
the threoc phoso otalling current, bein, e.,uni tw L.E006 of
thin value, hovover, e@ucconive overaonting of parte of the

rotor winding io lilodly tu  onuce.

with o talanced turee phape supply aﬁﬁlied to the
wactine o rotatiog flux ic induccd into tue rotor uhich cauvsocn
sycootricnl soating of the rotor windiog. «ith unbalaneod
cupsely voliagoo, op in the casc ¢f tuo lops of one phooe,
thore 10 a pulooatin flux in&uceéhiﬁ thn votor vhicaa ic Lhe
pun 0f tho fluzop due %0 the pooitivo und no alive phoso
soguence currents; thie cauoeg unogunl boating of tho roto:

windlng deponding on the pooltion of the rotor bars.

Lnder all thoono above ~ontioned conditions tho motor

1o protooted by the nev suggested roloy.

4.3 rringiple of Gierntion 3
Jhe principle of operation of the proposed uchoue cun
be cxy.iitiod Ly, firotly eapicinin, the o orating prineiplo

of various Luolce .08 spociul elactroanic circaitry.
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4.4 gonotituonts of (vorearrent .olny 3

“he tiso=carrent choractoripticn cudrve hoo hoen
renliced for no>t (1.0 0 o 2)e Fige 24Achows tuo tico
carront esoxagtoriotie curven (1 & 2) for n< t {L.0¢ 08 = o5)
ond n¥ 1 (Lece B = 2}s There charsetorintics curvoo {1 & o,
anvo boon resliond by cakling uve of divdeefuncticn cnorstor
ghown in Fi.Q84nnd iy 29600) rﬁapaéﬁively. {ho craracterio-
ties hovo boon realicced by alviding ench corve into ':'~pucbor
of oormonts of difforent plopon. “he bacie primci.lce lor
nd t bkab bean oxplained in roforences 21, 24 and 23. i€ tao
eircait chown dn Fi 2AYAWic wped in piace of oircui: of

Fi oo b(d)y the Lino current cuyxve shilfts t0 Catch the curve~2

for o> 1 as ohown by acttod curve.

Voltasa Contrellod Ceoillotor ean Lo forred with the ndd

of the squarc=uavo omplitude oodalstor ap .bhown dn 8. 2%.

codulation of the umplitude ©f o oguare=wave Lngut o
an inte_rotor varieo the inteosraticn tipo botween comporstor ty
pointo. Oy thio control over inte ration/
[tiue, o frequancy coduiotion fo attained wish the intosrator/
conpur. tor configuration, oo chosn An rig. 26+ Tue tacie
sonerator eondicts of into rotor g ani coaparalor w3 with

gperstion ug dogeribod in 14, . 27. Ldded to tie asrnol
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Fig.27 - Comparator feedback around an integrator
produces precise square and triangle

waveforms that are highly controllable.
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~feedback loop i tho ﬁaaﬁAator forcou with vy “he polurity
af tie yuino proviieyd by vy Lo o, reverses each tice the integ,it
outrut runehceld 4 coryarator triip point ond giusos thoe ¢anpdrate
1o reverns oy (tate f ovitoh dye Leveroine the otate of this
Switch converto thoe eguplifier configuration froo that of on
invertor to o followtr, and thie reverses the polarity of the
modulation signal rceching tho inte rator input. .1th eituer
&ain polarity, o controle the magnitude of tha inte, rutor inpu

o
voliage and thersby contyois freguency by thoe r@ln&i&naﬁipd?

hé déelay hus Te n provided by making use of L. 7493
whieck 48 a 4~bit bigoery countor aqgﬁkuting of four cacter/slave
£lip-flops which wre foternolly intercounected to provide o
divido-ty two counteér and & dividie by eight counter. Lo
counter hus a goated uirect rovet line which inhitits the couunt
dnputs and slntitoneously returns the four Llip-flop cut,uts to

5 lu. level.

Thbe i.Cs 7403 Los teen uzed ns o 4~bit repple througb
counter for which <, hoe bteen connected exté.nally to input E:E
The iopud count pulvel nre opplied to input Emﬂ. « divicion
of 16 has bocn periorued by sdiecting ~p @8 output. ike L.
7433 45 sbown in +4ip. P
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————— Sensor - p- m £ — of overcurrent
n-put circuit amp‘lilfler circuit
Reference
Over temperature
Fig.29 — Block dicgram of the different circuits
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It ie L6 Bbo notod thnt ¢
(1) Gutput -, connceted to input EID
(11} 7o rocet ocll eutsutc to ‘1LY lovel bota ey

and &, ,, inputs cupt bte ot *LIsHY lovol.

(114} woithor {(or both) reset inputo &0(1) and uctz}

must be at o Y30 level to count.

4ebad Thoe curront oignol Ao fed to tho troncootor unit
watol converto it inte o proportionnl voltaygo oignol. inis
volto,e oipnal ot tho cutput of the trons..ctor o fed to tho
function generptor wbich decidec the operating cuuroctoristics
of tho relay. Tho outiut voltage of the fu:etion gemorotor io
fod to tho voltege controllesd Uscilloter (deseribed carl.or)

te cpovert it into o Lroportionul frojuonoy cignol.

Jreguency oioncl 1c fed to the deloy oirsult uulch io
a divide by U ocounter (w.ore U 1o orn intoger ana c undo to
16 x 16 x %6 no throe bipery csuntero have boen uoscs in
ocuseade). The oporatiorn ¢f tho delny eircuit doronds on %o
reoetsin, of pal devived {res the susoing nmplificr (dcoeribed
in Sie later ocotiono). o output of the aoloy o rouit
actuated thm'ﬁripping devige. %he operation oFf tho overcurrcwy
relay 10 oleo iilustrotive fro. the bloco sio rec ond cirgudt

aia yose (Vi e 29 & 2ile 30).

{BITRAL Ligpany
RY Untveps
oo T OF R00RKE
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F19.31& 32~ Noninverting level detector with hysteresis(31)
and its transfer function (32)

F1g.33- Summing amplifier for addit.ce and
subtraction
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4.9 Jonptdtuents .. teapornturen ocrpitive doviec

de%.1 Levol ctootur with hyoteresds oot te upct.age
)ttLI

dopender ¢ reaist nee of dicds {lon invertiy

3 Jovel 1cteetor with hyoterésio is the rost verastile
and uaeful of Li.o goeoparator circults. 16 o be depigned teo
cbongpe uutgsﬁ otote. shepoever the input volto, e proses through
any voleotod rafore.ce volta o« whe ieiose iozunity cocon Lo
t~diored to e:ch hgylicaﬁioﬁ by ckcooing the noouri of
hsotoreciose Tho absoluto vollup oo of the tuo output otites

are celeetod by, wWilng $u0 aperopsrinte menur diocdedn.

¥ise 31 chows tne non-invorting lovel dctectlor with
hyoteresis ani ity - ruuafer fuuction 1u Clows in i+ 33e Lho
level tetector dete.cines A8 ar in_ut voltagoe Vi ic vluve or s
bolow = referernc. volti o vj. In reuponee to thic detcriie
natiou, the out,ut voltage «1ll eccune one of tuvo poosizle
vtatee. lef.rring to Fi2. 32 tho oud ut veltag. stutes .re
PV A0y (V op = izgvﬁz)/(t‘.p t nglond -V o Af

s e N “- . LA v ¥ ] ¥in NI
9v31}/(“9 + f), the cctunl refcrence voltare

- : : h .1 . '
is therefore Vuif/(dp + uf) tootead of &:3

Vi ( (vﬂ"‘f ¥ 1

Jhe hyoterocie wvoltago below Vn iz

RV
FaN "J" @ Bl
P

¥ Hf

and tue hywtcresis volto: o chove 'J'“e io

&» V f
£

Av‘) = ‘»--E&JM

=~ . & .
Iz} f
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The two trip points mre therefors approximately

V,+ A ¥V, and vV, = AV,

LoogeTe o Y AR
l;v‘f.»xégél ~F '\J“@Lyqv . 4

gg: ’ancriﬁtion -guation
1 Vaelae of positive cutput vV, = ?a‘
voltuge
2 Yalue of nogalivo cutpat vb - - vge
valtogn ’
3 Upper trip voluoye for vy YNV LT ()
assuning idoal op anp vt o+
paraveters and oguore genor AN “g} * ﬂpvgzr

enaractorigilicay ap

4 Lover trip volic o e~dow- | FHIETS § A" NPT SEI

V. {: ¢+ . j - i ¥V
V. o weiineB £ B gl
1 ‘e
) ivm‘*’vszj“p
5 «1dth of hysteresic loop :&Vf f‘gﬁa @ N :
.{p * ‘“’f
& Haximum crror in irput trip ?aff_u + (Vio + :10h‘)

point due (6 op anp injut
errors 4¥
ty = “pﬁf/(hy + uf)

7 .exizum error in input (U, =l |o, =
trip point due to oy oup off = « 1o b1
input ermorc if
g % !‘ap.sf/“.{p + ;g)

np?ﬁf

8  cinteuc change in v, regui- 43v1'w v oinoeo positive
red 0 provide full ragnitudo

>0t coalen f PR ¥
sutput chan o of stote fecat .ok .:blor forwnrd ; uin

aprroach oo



76

9 Lpticac 4?.;1 i¢ oficecto of Ay clz’?
Vio and Ib uvor ten,eraturoe J' o 1535743?'
aro o bo oininliced

10 Input rovictuneo of elircuit LOLLUV.LEDLLD

i+ #* \ ke
in i o * “id
11 Cutput roofotonco of dout B Ry (popitive
eircuit e
output)
or . 2 (nogative
- output)
t¢ Gptisuo sico rolotionship . s
botwoun 11 ond . {i% 10 y F $-&¥§-~
;" tiy S ;if

vest to leuve ., uéjuntable;

1

The nesotivo feedlack uwed in the Laovie invoertin  and
non~invortiogs nn lificor circuito tmndé 10 arrive the two Op 0 &
fnput torainolo to tic sane voltage. “his wokeo cunontion of

gurrent ot Wik wput terninole posscible withoat intoraction
| botwaen iazut Wrenmcheo, {(Fig. 33). Thuo, ono op anp con bo
uped Lfor both add{tian ond oubtrpetion of o lor_e munbor of

veltn oss lheoe mny bo de Or oo voltoses or (busii)a
Tiu circait upt Lo d-odgned in the folloving soquence:

Ye ~oleet tue value of tho feo bach rocistor vpe O

panivus gizgo io dotur ined by the allownblo oat,ut veltage
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offvet usiny Va = o+ Iionf, where lio 40 the or zup inzud
ctfaet curreant.

2 «elect rcvintors .., through &6 o if all im;ut signale

1
were tO bo invortod.

3 Guleulate tho parsllel walue of (., b,y «e Ond
1t 2t s
ir. cﬂll tlﬂi&! 4‘. .

Qe Cilonlatr the parallel value of &4’ 35 andd Heo

{all thie :iag |

S it 2 > 0 de rot upe R chose B cuch tnaf d ® Hyy
FEY p n FL8 B

where 2 18 now included in the parallsl-resistance celculation

0 ..
e
6. f .p7 k;y G0 nOt uoe i chose Mp such thot |
ﬁ“ & gy whore up is now iaocluded in the parallel resistance
calculation for hﬁ'
VLRG0
gﬁz Demcriztion squation
1 Cutpat voltage of ciroult Vo © B4¥y * ngVa ¢+ gV

i l:idvd ¥ At}vﬁ # 3&69’6

2 Veltege gnoin for inverting iy - ‘vb/v% a«-lf/u‘
input volto, o (v,. v, & v5}
5&2 & VO/’FZ B aigf;.i?

ato.



3 Velvage godn for noninverting 54 ©
input volto, 0o £v4, Vg and v5)

Aﬁ ™

where
4 CGut; ot ofigset voltoge due ve
to input offcetl current -
5 Gutput offsst volta.e due v
to input offset voltago 0

iy = porallel resise
tancc of 55’ J&

and o
and «p

8, = pnrollel resls-

tenee 0f A,y is.
¥ <

J’:LS and Hna

“3 = parnllel reasis-
tonge of ﬂ#, aﬁ
ﬂnd ;—*"}‘

23 ¥ e 1Y
-1 I I.iosf
it
= 4 viD( i+ *‘Lj
A ;tx

“he out,.ut of the susper i 'l ' end gocs to the

resetidn; terdral of the time delagy circuit. The prepence

of the oignal detor inee the operaticon of the time delay

circuit.

Becnune of thic fnterfaciny btetwessn the tcuporaturc

sensing and overcurrint dsvices the coordinuted cre.ation fox

overcarrent and overrun of the achine ig obtueined of the relay
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Thioc copordincted o.cration botwoon overcurr.unt .nd over run

hoe dboen diccugocod in Chaptor 4.2.

4ebald L tC pornture ponocl tivo diode bLoo boun vood o

tho teczporaturc coupning devico., Yho rogistonce of tho llode
chonses wita the tcoporcture. Tao diode 4in contoxt o
corncetad in thoe roforcnco eircuit of the soplifior. ibo
output of the auaulifior 1o the funetion of the rosictonece

of tumporatnroAdcyendcnt aldodo and ip fod to the lovel
dotootor with byotercoio (depcridbed earlior}. She cutput

of tho level Jot.etor only appoars whon tho input boo oxceudcd
the vot refoercnee of tho level detootor. The output of the
lovel detoctor Lo fed to tho pucping awplifior. snether
input to tho ouaaing Jupnction i the voltauo oirnal propor-
tional to tho curront fron the tranonctér. ‘ho outiut of
the cummer goos O thoe resetiing torcinalu of the dulay

circuit which 10 "LL.' for the oparaticn of binory countors.

Tho operaticn of thoe therzal proteotion relay is sloe
froz
illustrative fer/ine dingrus of Fig. 34.

“ie 3% ohown hov two currerto com te eoupared in
cegalitude only uocing rectificoras.  Yho curront cooporator Lo
‘u.ually the core practical bocesuse tho roctificro provido

o linitin, action @ that 3



Sensitive polarised relay O O Qperate

or static integrator \ T 1

806600666

'

Restrain

Fig.35 - Circulating current amplitude comparator



Bridge 1 Brldge 2
(operate) (restrain)

[%) 'operate
I 3 l Polarised relay
Fo) l

a - General arrangement

Relay restrains

b- Current distribution when
i10=0 and ir is small

s -

0 .K% ?l% Relay restrains
21 ____ N

-

¢ Current distribution when
io=0 and i is large

e - io<|r
+ Vi Cig>ip
0 |0=if io—lr

ig<ir

f-Ideal rectifier bridge
characteristic

Fig.36 — Operation of circulating current amplitude
comparator
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{a, Tuo rcloy e t2 noado very sunoitive

{b) 7Tho voltoge acrooo tho roctifier hridgo
rooaino vubatantially conotant {Pig. 36 £

and hence tho rootificro ond dhke tho senoitive reoliay ore

protectod ot hi B currento.

e opornticn of the circulating curro.t bridge sco
as followa. wopzilly the reootrafning curro.at proionderaten
and curront flous in the winding of the peloriged rcloy in
the blochking dircetion. unall wvoluoo of ir will couce o
carrent te flow tn‘thﬁ out; ut relay in the blocuiny diroection,
a8 iu Fig. 3§ the voltage drop, -V, acrcso the roloy Corves oo
& bias in tho forword direction of bridgo 1. .f ;r in
inorcoced furtuor, ihe woltayo dro. aercpos the roloy wilil
rico to o volug = v‘, the tihreshold or toe voltoso of bridge |,
end 4% will wvonduct {rigz. 36 ¢}. Tho currcnt throu h the
relay covnoiots of foldrly Flot-togped balfwenvip cOYresponding

to the canc of 1o<_ir, ac in Pilg. 36{c).

$Bo rovoroo ioc truo Af 10 fiows olonc; tho veltoge dro.
acresa tiuo roluy will row bo V ond thic will bico ke restraint
roctificr 1u {to forunrd direcction. uhon the voltoge drog

aeross B, rolay attodins tho volue V , corronpondirg to tho

t’
threohold veltoco of the roctifiers in cories, the surpluo
current £roo brid; e 1 40 npilled through uridge 2. Vhio

corrcoronds 10 tho ccoe of 3, > 1, in Fig. 36{d).
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chen Y®oth driu_co aro enorgiused ainuitancoucly the
rolay 48 rooporoite to cnall difforencen betwecn 10 and ir
wilLout reyuiring o very oonsitive output roloy. The conposite

characteriotic for tho relay Ao ohown idoally in Dig. 36(f).

Pron tho foreuoing it onn be neon that the current
in tho rcloy 1o o function of the difforones botwoon io ong ir'
Lwing to ti.c non=lineor rosistonco of the roctifioro, the
current throusgh the reoiey is licitod %0 o fined pexicuvm woluo
(Pig. 306 £), and the root of the surplus flows through o
rectifier bridge with the swaller current. The voltopt acroso
tho corparotor cannot ozceed twico the forwvnra drol (toe
voltago) in one of the réatifiﬁra, vhich S0 about (.6 for
eilicon. Gho zaal.un curront that can flow in the reloy o
the saturating voltoge of tas rectifior ?g éiyi&c& by tho relay

coil rosistaneo,

iho lincardty of the output eharcoetorissic ean bo
improved by the uwpo of difforont gesiconductors in the $w0
bridges, such an gormociun in thoe operasting trldgo ond soilicon

in the reutraining bridgce.

G602 ntearator @

tn fdonl istosrator producos an sutput volinge which 40
porportionsl to the intogral of tho injut voeltagoe in otior
vords, thoe out ut io proportioncl to the product of the ccplitud
onu duration of tho inrut. Gie zntegratan.performs‘thiu coathe-

patical onerotion on an instantoneous bools, producing an out ut
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Fig.37- Integrator

Vo
Rp 74
| — A2 R> ,-———} ————— —
Vo '
p 7 VR ' *VR
i
g'] 21 1!’ *"s!ﬁo - L—’-\/1
= |
Vz2 | i
v . :
i |
(A) (B)

Fig.38 - Noninverting level detector (A) and
its transfer function (B)
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proportion.l to the sum of the producta of insta.ianecuy
voltayes and vunishingly soall increzcnts of tiwes ihe
result is ap output oxactly proportiosal to the srec undor

8 waveforu.
The clrcult showh in #ig. 37 performe integration
by using; an o) eap to force the saze gurrent through both

1
related to capacitor current by

and Cf. The voltege nercss thoe fecdback carucitor ie

. ¢
V¢ = - Cy xj 1 4y
since ths circuit couvces 47 to egunl the input current

(11 - V’./ai‘}:
)
Ve *® Y% = LG V59
1%¢
7he Lsin Of the pircuit 12 _iven by ~ 1/4,3ps Thus the

output volcoge will change by =~ 1/A!Cr vulio per second

for each volt of input.

4:+643 t Lyatoreslo {Kon=invertiug;

+he operation of thio ecircuit 4o oimiler to that of
the cero~orotisin detector except that the resistor (ﬁ‘ or ag}
which 18 nuroally prounded o returncd to o reforence voitage
Ve “his change rokes the output voltage change states
b pever the imput voltage passes throagh V& rathey thnan .oro,
vg can be positive or re otive, or it noy be a vuriable which

varies according tu come systez funotion.



evel detector detercines 1f on infut vOlta o io

v leud %iun & reference veltogo.

in responae Lo

w ination, the level detoctor cutput voltage cun

.y teo ;vauible atotes.

rtate 7 it ¥1;> ?ﬂ

il |
!1;5 V. .

-

v dg e IRA) GO

Tna.ﬁut,ut apsunces the
and tke negative stote

the non-inve. ting lovel

Mrecit and i 3G6indlentes aévnral cf tho

iransfer functions.

V. oan be pooitive, pe ative

LBe 1.0 two out;ut voltago levels are detercincd

Tips orrors ara raeduacod by incorpora-

«esaription

wyuation

vultage wien v,V

Bg fdeul op 8P paraw-
and S4unle gLoer
terintics

voltn o when v e v

3 ;Jemi O} BLy paras
why Syuare gonor
beriotico

u*

LORILVLAYLLG

v e

o -?g

2

LCHLUVOIRi.

Yo - Vo
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Haximur: deviatio:. fron V
of v, trip point conei~

dering of wiyr 1uput
paraneters andG u‘ = ay

U4

caxizun devicticn fron ¥V
of v, trip point concke ”

derin; oP ..p input purowe
meters ond ., o ;p

finteus chongo in vy

ro aired Lo providce fulle
moynitude outpul change of
stute

Optinun dource rcoolotonce
1f effectn of changen in vin
und Ib with tceoperoture

are to bo cinimiped

Igput resiotonce of cirauit
Gutput resiotance of
circ.it

Optiuar eigo jor 52

Avgleia) = R B
“vo
’ [
7 _fs fj_.a/éj

il e i.i' > .\EJ 3> ﬂ-iu

o = g (pouitive catput

out
or L {ne. ative gutput

ey ic clivaen to provide t.s
recoszondel bias carrent
thro b tize genor Jdicdou




Time

Impedence

Fi19.39 - Typical characteristic of impedence
starting relay and motor
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st two current sighbel once ror the Ci-1 and cnotioy
fror. tue #sTe ore courered by tho carrent cirquiatlaﬁ
comt arsbor daloL L0 teon explained earllﬁri ?hia coapnrcd
curpont cutgat io inte rotou ond onpliffed suich then oo
te the iovel detectore Tho lovol dotector decides the
trigping oignel cnd in turn tripo tho circuit. Sho doloy
in tle trippin: oignol 1o declﬂcd»hy the rof.ronee of level

- doteetor.

Jho tripping cipnol can Lo controlied by couotrolling
the voltage odgral. Jurtier it con be conteolled by the

input olgnal to tho intesrstor.

“hio yperotion of the rolay ¢on bo expleined with the
blocka,o of cotor. Lhe moter moy get locied undor tho
coudltions (glven belcu). S0 poxr the diecugoion in Chaptor ii
it Lo znowu tiot cotor ohouald bo protectod wituin 10 sooorndo
after full ctartiuy tiue ond thorc should be o dofinite dolny
to preveut tuc operutior of the roloy during otorting so oo to
attain tun .otor n pteady opecd.

39
In Yigefcarve 1 cnd 2 are tio oha tyricul chorcoteriotis

of rclay mnd $he curve 3 chouo the toieal gloracterigiie of

HEO LOBLE.

somditien (i) 3 lotor blecko after oten

“he relay will not ororate darin aturtin booauoo a dofinite
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Golny hoo tecn provised 00 0o Lo pups the poriod of
atortiu;e Lf tho cotor bliochko ito icpedonco will fall
vooi0dy Lece tao current will dcorense atout O tinco tuat
of ¥.11l lovd and beecusoe of eirculating ecurreat cooporoatoer
cir.uit o trippie, oingal will bo prodiced to trip tho
relay. <ho Operotion of the reloy will bo docided in leso

tian 10 QOCOniss

Condttion (1i) :

if the _oter blocuo durin, otarting, the lasclienco follo
“nd eurrent boeomen atout O $ices to tiat of full lecd and

ti.e operation of tho rolay 1o siciler to tiot orploined stuvo.

whe provioion ic thero to vary the deloay oo reguired
‘dopendin; upon difforont inertia of tio cotor cand fu:tuor

in coues wunere tho Lotor hus tu opcrate ot various locda.

Henee tho iogodoeneo startlin:, rolay curvo ean DG giver

the chape as nor tue'require&ent.
the oporation of tae L, cionco otartin; rcloy 2o aloo
dil.ctrative Crou o o 4c. 40,

ocherne |
47 she Bloek Ginprn of tho eonuleto pruteged/ic oxrcuonted

1’1 . 1;70 41.

iy 2o proscoed o cheld presents o tiow < of
ioireveld pEmior ..ol oLor and ~otor circulit protidtion,

improvas perfer ool in tuo Lopio overlond fuiction uwith
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guperior characteriotic %o cect the necds of today'e
motor appiicaticons, ond packaging that 1g easier for the
application en_incer to protoct his standard wotoro ond
zouify e trip function to cvect o variety of greciol

application necdo.
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current relay characteristic




3rd.Set

2nd Set
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43 - Impedence starting relay characteristic. |n-put 220V.AC.
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A oedtun s b b Lk e AXPUE D s ond U L7
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‘he rolay hos teen tested by .Siculstiag all the
cenditions for an induetion wotor foult. Jhe perfor.inco
. was found to bo quite‘aatiéfnﬂtory. .The tine snd current
: and the time ah&j!/l {which 38 tukon proportionsl to tho
imﬁagance; nave been shown in Fié?jéa. +ho relay csn be
act for say ayufaﬁina coaditions by wvaking use of the
fauilttieé srovided on the reloy. £fhe rolay characteria~
tieo and tLe ﬁxpexiﬁanﬁnl set v, with the haig of the
cherscterietico drawing® sod the pbotigrephs is in trief

cxplained below i

5«1 Ihe sclay Conrseteristics ap oObtuined expe
?:.ﬁwiti

‘e overgurre:;t charugterisiic ¢of tho relay ig shown
1n Fig. 44, uwnich olowe that Jdopending wpon the ineriis lond
of the reley the storting tice of operuiion of the rolay can
te varied with tbo beoap Of tho oveorgurrent getiin, pot of tho
relay. 7The cinjcam ti e taken by the rceloy in operatlen is

alcost definite for ull settingu.

5052 xm;?ﬁﬁl&

040 caarcoteristic 4o schown in iig. 43. The cinious
tise taken b, the rclay for operation 16 abour 9 sucends at

current about Z.6 « for vll setting of the felaye 1he 2.6 4
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cun bte gelectod vo & tices apryoxiontely of fuil icaud gurrent
by ecirclin, tue zuoin Cese with suitalle ratio. o nin it o
el ar froe tue cruaracteristic that tue otartine ti.e of the
relay can be udjustoq by zohing wee of lmpedoance settin pot
of tix voday. o voploticn in the intentionel doley im
¢.6.304un of tic reloy Lo reguired o oult o reloy for
oervice
applicutiors und.ir voricus/con2itlons ~nd the relay cen bo

matehed witis b casrueteristic of sachine proviicu by Lag

moter andfactirod..

v tesveretiure oencitive J440de the resiagtances of which
varies Jitu toe Lcmoeraturc bao oon used for cencing tho toupe
erature uf tne mucﬁine, fho mounting of the 4ivdc in the motur
Lo penew toe eoprogt teinerature wild be simllur 10 the wountin
¢f thermister -y osxplodned enrlier. 1he time of ogeration of
the relay due to tospcrature dopends apcn the referinge meviag
sottin:, an. tuw cugrcnt drawn by the wetor Jolutly. 1he tico
of operation ¥ over tesperaturs reiay ouss be mdjustes by iho

ovor tel eravare pot.

Des0

iavtug raph 1 showo tho cooplote front view ef‘th&
induction cotur proteciive relay. hic protection has zain |
two ind pe..uent relays, ono for o ouunce startin. ond aneother
for joint o eraiior on over current ang over €3 8raturs L.

T o
ovar carsentl. willdarly, tner: asre two different inlication
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of tne ilovel Gotector g t0 Chaonge tke delay in ggqeration of

thue iupedancs GLLrbting reloye

ihe plannin: of the fo,e .once etarting relay piate !s

cuown in photeprarh Ge

shotogeask 7 showe tho top view of tuo teoperature

gcnzsor latd.

The planning of the tezporature sencor plate 1o oLow.
in ibhotoe, raph He Tihe preset shown can te uued Lo chonge
the raference of tuo aummxn@'amyiifiaf, 1o chunge the Gporie

tion tice of tho rolay.

;ﬁotugruéﬁ J ohowa the top view of tho function geno-
rator olorng witic thoy voltpge control ouwellietor. The prowet
whown oun b8 used 0 changes the referencor freguency of the
voltags control oscillator snd nenece the tico of gperaticn of

the relay.

aho plo.pine of the function generetor un! the wvoltage

control cacillator imte is ohown in shoto.resh 10,

shotogropls 11 ohove $he wovsforis oblalned £rom tho
voltaye ¢coatrvl ooolllistor. The oper tlon of veltape control

eseidlator Lo beon slready esplainoed.

Lbotepr=vh 12 cheows the top viow of tho tino colay piatu.
iLotiyr .k 13 shows the pinnning of tud ticze weolay plate.
vboto. ragch 14 shows tho couwpleto sxperi.entsl et up

¢f reiny.
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+he succesclul operation of the relsy under oll
sluuinted conditiong hss besn obaserved. To have the perfect
and eound ap;lication of the rolay the cachine ojerating
churact.rlstics sbould in detcil be availoble with the
appiication en ineer. vithh tho help og trie projosced reloay
the efficiont and optiruc uso of achine ie prssl.le by
contbinuous sonltoring thoe 'ag{mﬂ‘ﬁin:: conditiong of Lo Zachine
by aljusting tho Jood limdto on the cachine. .1} wéventagon
of enslog wnd di g i4el ¢lircutss of bigch speed of resionse
and secarsay Lave been derived in the schewme. lelay finde
1to gpplication witk oli Soduction oochines and variable
gervice oonditiond of the caching by suliianbly pdjusting the
relay ciorscteristic to satbh with the motor characteristic.
7he protective sohese cun 1o extendod for Swedhwes tle

th.ee  huec applicatior by mwaking use of a suszation trinofcrne
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