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in electric rotor to the 'un d .-entcX elcccnt of an. 

e3.octrio drive* to coot of ' ho practi i dpp1ic3tio a to 

in. uctioz orator_. uro w d i' woad cinI h nco the ucotion of 

ei r f t sctio , to of vit i ioportt ico and uccmuityw 

1.1  

.aon the p U .o of d tozit, ovoziork or cicp1 j, 

not . r: in i Juct on rotor owarg  they lad to low of 

prc ctto.t, G 2 QOf t d . o n 000tuca cotcotr o tC 

Generally the problcte cin be ropod into 1ôiii;t, 

c tQt;ori 	I1LOh 3ip in efini c. the nature of the robi -.. 

.rye pr bJ o induce i by load -.,Ay jivo riceto docrouuc 

or j4Crc.ioo uri, +6 't l" dc:.: 1 i Cly' 	t . 4nco tnpt.t doer LuOt 

be o ju-A to output powc icc+ c tho not eft cot icy ohno 

in power Bono s iS by otc r. 

Qeno  .iy, the . 	►ora i tr uccd b load are 

1 .4s .1 	. rg bi e + f 2,7 A..:. c 

M oleotric cto ro u.i a aero power i' ttu lord to 



2 

incro:soc . Uoctric powor to the product of curtont1, vt itcto 

p...wor factor b t voI tc o .d poor `octorz are roiutive y 

+jai Lt- Ut for r 	tt c Iz r power oourc', r1UZE1ZI O fzotoro and 

other load on tho ii e, t ez'eture the or ]y vartcble r ,a1ncd 

to to current to Increase t e power d r4o b a pzrtiou1t.0u 

co r. 

inercaee In power ronulte in ircrooe in. curry xit 

1r . n by theot-ro gut tioro to 	►i_-it to 	.ot. t, o 

current can 	 r 	b t o r oter, U the fo rurcr to c ccodcd, 

the motor may got d 3.n d boc r o of cxcc aivc honti ,,. 

Thus, to protect the motor on. ovorio do, rued bcreoPoo 

of orercurre t protection. toor co o . available for this 

ie tt.o the1 overload protection. 

1 M 2.2 	 it t u -, o5 j  

. .io rob1oizicap Brice at he time of brca1we of 

fiin belt or uhcn the 4.otor to to1nt, 	+ cG 	ptzp and OX4 : c 

Coto over. bio proUci ru1to in eocbantcol thi o3 to the 

equtpmert. 

huo to protect tLo .:otov on nt3orloo.d„ zoo •ocoto:a of 

uc iorloa rely. Co , cn riot s ave iiat~le io broken 1 * .t iirtt 

out cb. 

1.2. 	':• 	eL +A 	, 

::oto pa tio:: ; ;:y ccu boc x .uc of block c of .c ►o,ic(sl 
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load or if tho bctrin trop oo up. l o problem rocu L tea it 

ttmtntareoua incre o in current which ire rxpp i toil 641 1= 
( )  

to et rotor value ct cthici in Curr rooultt into o=,-iGo of 

the motor an yoU * doaGo to to e ;uip cot. 

+, to protect to totor,a ie a o d of r l 

wl ich *an quickly oiaav frock thie probXc, 1 o cocion cothc d  

avAilsblo is the tk r a.l ovorload regi which is vary loft ii 

operationfor this probIec. 

1. 2.4 	Acs oiionSio 

.ia pro bi.o a.c cc . o when do rotatin- load io lax o 

inertia due to v}:icb motor hao to carry current, tntch to 
lq) 

approxUatcly 6Q4 locxod rotor value,, for ion tirm u1 bncc 

it Is li,dCol ' thct tho toti z: y- of burnt out. 

The cornon ritLod available for tic 10 tho thorn .l 

ovorload whit/b io not qui Lie adc4 w tc. Ucaco the o iso a aced 

of better protection. 

! s3 co  IJ;  irr 4 	r~ 	f x +M~~~~~~iar 4wr~ r 

O ott ca the CQ for to not cLblo to ma o u so at the 

incotiin,; Power offtcint]37 ten the latter to osciliotin. 

,l urali r, Use prrblc a Induced by the o rco ur e 

Thin prob1c i° LriCO duo to blown out of ti o £ oo 
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to a PW1Oo car CCWO of t o LCOS() COfnootiQna. : aia x~ulto 

In burry out of n for cc thctor as the on g# ace ci.rrent I3 

declined iaot t weouo y, 

f is pro bIC 	cOtL the need of a phaoo  failure 

relay for protocttn tho i-Dtor.  

Tbie p o cm AMcc due to hi ot .Uno Bolt o uU.cb 

re i1t to r cOL PCt lococa but tricrooed oCno tc flw 	to 

in turn rosulto in .hituor iron to act (u zntod cite itln4j 

cure nt). .i4no ve.1tjQ coacotl abovo 40 el 	cez too 

current dtct.n by thomotor,, but to c4tiom incr oo in 

voitoije cauoca s aturatLcn of the iron id a cot oequcnt oten ~ 

tiec in a rrcnt. 	to rioo in irxrcn n.y buri cat he otc r. 

¶o protoct the rotor 	►s 	 pro problcn c000n1r car. r 

volt D rOI4y t UDOd rich ie ari O p otvo protcctioi. Thi« 

rob).e cn aloo be taken care by an ovorcttrront protocti n. 

'ibis jrbo ccr core if th oo rac 1 tivo Ori volts, + 

or . rnO vol t o dro.pe pair ti .arly apt ,n ot1 z"oice pro' em 

reoui to in incrcaoo in three piuioe rt renin,; cunt t Ln thin 

c ct a ra1,ycl to ota; .tu to the cnoo of ovorloa except t.ot 

bore Qtyvor rouiz'otcnt Its s notazit ais the voltac dip+ t the 

Narecd of tto curio t..) ►btc may b rr; out the rotor. qin  

thio ;robJ. co be overcome by ats in tLo incroaoe in c. rrant 

LnL t to 	providinij on overcurrcnt protoctio . 
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4.3.4 . 	a Soluo ± I 

2hia obLcrosit in d a o to tit rotor If 

rotor ruts In incorrect pbuoc ocquenco, .. U1t1O øOcucz2oc rel iy 

can be uooi to protect the .otait from Chic problem, 

1.3.5 	b-+.1 	of `Ox . ~ 	I 

The probie..r of un a .arced tbreo p ae vcltU OQ can 
L2) result inc cuarrent unb ancc up o fUteon tinot the volts o 

uat 3.a cc . •he.r a three ioe rotor i. cubjocted to : t X.a ae t 

vcitw eo# n nc .~ntivo acquen. o -„ ,r ett fLt 4 k! ► 14 oppot t 

rotor roVu lo.n by pa :~ 1 ppocint; to rque.) s ostn .ie". d Ire 
A 

taddltion to tti QUtin; poo.it3,.vc coqu nee f o24 (field c w n 

to Motor t o rotate by , -ro uc it forward for o) . 3nco 

add tionc .. tvriuc I rcuired by th peoitive oe xwnec field to 

ovcrt a the turcjuo produced by the . e.y :tivo aoquonce fL ld, 

thcrocce4 lira 	i U bo drawn. doter overheutinC will 

rosult if the 1. ~ r o Won :reo to g root enovvj , Yi" th co t tor  

OVO•hO ttfl! La a fu o for of tnormoc4 ltr o runout hot co 

overcirrent relay can d 3 rr o•et the motor fror. the line. T1Q 

7 &4~y$ by th.1c pA'o!'3I 	be 'b1'"&t out of t0 Got~i°'• 

k-- 

	

	►otor can be protoctot by thorn al overload relay b t it provt: co 

only a rr;inal protoctio. 

to tor t l rct tt u v by vo ' a ;o curr,co due to 1 t tPbtnt:.;, 

orcin, faultz, a ttt t , fuuo blot4n4 etc., are uouully 
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czt o1 8ir ic'. .t to dio(,n000, clthoh %boy co unt for 

core r U urco 1btu Oii c.i'c re li.v .. 44xco thc'cL iootir 

to not O ifuarit or t d otior of the .heavy + arr nt 

pCr3i6tifl la not IaZGOduringvo•lt a opikeo, OVC*lO3I or 

vcrctrrttt rolty to not c 1 upon to function. a von if 

relay could case, the Inherent drop out ;ti o of a startor~, 

coupled with trio :lan;car arc dura ti acrooc the contact (duo 

to the voltrijjo apt.co) would most likely allow the coto r to 

fool the full itpct of the opiko. 

Li 2t to flcOtGrDs surge capacitor or a OOZbtfl0ttOfl  

of .tho two on be uood to offer good_ prctoctiw.  . But thcoo are 

not OOOnO101 union such ouIOn are cowon in the pnrti ulAr 

.4  

Thcoe probl o include oondittcno that moo tho 

current into t&o to t r to roc tly cxcoc -full loc d r' 

r u ,forint ovcr shoe tho running; current ic loco than or oqu tl  

to fuU load oiot,► The opocif .c ap lio tiono are a ~ 	\~, L 
N-N . 	V 

1.4. 	+ "  

r tr or bi horproduction applications need oporn o 

iGtora at opoedo bolo nortol. ancv totorodrati hi tet than 

no ml currant at otartine, tAotor3 a poriencin tbo o dui. . 

cyclea t4U b fro uontl cub eotcd to hier ttan no 3. 

currents. Cver c moat rolayo utlJ. dotoct th000 hi .!h cur, oa to . 



AiXao thorn . *vorload relay W3fl bo wood to protect the 

cotor frog HiQ problo .. In tbio 0:00 tboml ovgrloAd 

provice0 , ood ,pr tectiot , 

14.2 	4 	t 

In rapid rvcrtzit a ,ciin motor oporateQ at upced 

bolo noMal, Lonce it 10 OXaOtIY the o :Qo Of rash  Om t)f 

dut3r c tol0, herefore a c prototio can bo a plied, 

1.4. 

ain to thio ca o rotor op+ too rpt pec) bolow 

cur 1. Banco the protoction cpUcab1c to hath on-of dut,y 
cycle will be a?pii Gbio for it. 

'1 « 5 !~ 	'inc n4po b1 op 

I' e e , t nc r3lly prOdce datGo to the motor ntroll r 

or ccuae other coniitiono ouch are etnt1e phoiec of the cotvr. 

The moot co on i ducod problorroaroi 

I . 5i• 1 	na.U. Q. 4  

+U o t c., ncd ac - .ae of tho tncui.ntion omuf'tc 

t int; dofecto, Tho ineulation defects reoult id Ito brow do n 

and thereby aroun10 or ahort3. Overload, c rorcurrc,nt rata jG 

do not offer pratootton a a1 et thCOQ occArronceo. Inotcn. 

twmeouo etrault ' ort;car orni pr1 ry fueo acro tootly uacA to 

protect the zotor fro this prof e ~ 



I *5.2 	OPO 	toroXen 

bio p a bias z ay, iris o ca .ao of improper inotcii.ction 

and can dao to cotor. it thio oond .tion coz3oo 

brow .orc and ovorloi4 r1op can after coe protoctto .. 

1.6  

~bo problc $iaduccd by to motor aro 

I.6.1 Axe g . t , ►n Lallg a 

It Lao aire 	been ltoted urdor load ztr n inducid 

problem and to on* of o p iv ry lose a 	ttono and -thorofa 

it is do: irAb10 to protect Poirnti 

1.6.  

irnproper 1bVtccLticn, t'orvign cr t ria1 , vicar, 

4o active , a o, etc., can ĉ̀# uo at ddon boartn fUuro within t 

mot Fr• 

Gverlo 8 rol.+ .11mit the t3otor 4 	,o ixipooed by 

to roaood feC t. l 'drnG 4 btt b ' can not prevent Cortacquont  

fault dc o. 

Combination of  ia4nco otartjn rolry on4" thsrcnl 

protection cart be r bettor colut.ton for t. Mo. 

1.6.3 11 =tion. 

*c2iu fouuro,tnoulation fXoin, fain; or 

ru.bbinrj, ft1urc of iognonto to ccae wirdtrj, and docoao , . 



9 
to otho; s oeb ►tccl. coz pononto car be duo to vibration, 

reru1tLoG in ohorto or ,&&ounda. I4 for an only bo protoetod 

a aiaet thia dofoct 	proor is otallatton and inion co. 

hlo le alto one of the woe of moor fsLLuro trnore  

them l prtii tOC ..oh C ,  fl be uocA to $zotoct the motor. 

than air poozjo within the motor bocone clo oa +nac 

to lint, dirt#  duct and t thor Zorticn n .ttor, the naturcl 

cool a, effect of tie motor dtIioho5. In add&ttcrn to the 

obviouo incroea in to in tomporaturo, inter : so3 I2, 

o oo r:ou1t tro to increnoo In z,ir do reniotarico doh to 

tin rcauila the hii r toporttro. Since in, thio caoc .hoof 

I.n line current, so the rotor can be rotected boat troc thia 

prob1c by inherent thorc l protection. 

'botkb the cxLoioot end scoot oconoaioal oolutton to thy.[ 

probleiz ia proper ocloction of the motor onoloQuxo couploc uitJ 

a periodic cloanthj proor z o. If c otoro are roped, 

oncloocd and pert o ice4l cleaned, the 	p toettan t411 

not be roquirod. Iut It the condition occuro thio j4otoction 

servo the purpoo. 

ACCO tholu io S 
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~Jtno + rcpt -tsar truinG retiotancnw by c t nj 

beat, It tallow:: t t hi. ' i nbiout ter-, crat ry will rro u o 

the owe offoct cas that tk,v tncrccoe currrt. Th  ie £Or s 	tox 

Ito iti1 bo rotucc in htGh abient enviror a t.o. bcrccX  

pzo cotton * o.'tor j,oo8 pa toct..ou to ouch ooc r cisco It 

aosooto to procr1y P-pp1ted to copooto for rotor anbtcnt. 
9 

iR7*2 	;011Atudg : 

The 10 o c it 10 p ity nt bt 1 &titucIo3 ro ucco the 

coo1irj of oc%i° n.coo of thh avux „o rotor to incroat o by 
c2 

approximately flvo par ecM for cum ICC ft. of elevation. 

Tborcnl protoetton It thh better enovor for thta 

1r ble 

2Ii probjon coAtri teo to motor 'n ..Uurc ii 10 

Urgo 

) bo' c3 a Ic~cr of c oieture Form on the . 'fu r 

of fro i .;u. c Uou, due to her ear hu t :tty, tc 

two c 	LO,, or direct apr , the inc~ .1ruticn 

ourf co 13 	cO~O h 1t;1J y conductive and (; of 

broon 



1.7.4 

11 

(ii) . ponU,* upon tho porooJ t; of tho irou1atinj  

r 

 

atorz1, coiaturo may be a orbod and c uuo 

inoulc.tion bro doer over a period of tiac. 

Iarrontc rot, lad o roioq in the boat colution 

for t&to problem. 

The cftoot of out on motor insulation roaulto its 

doter .orati n. a Otor iifo•io a przttte1y halvedfor cvcry 
100  c 	rioc in tox poraturei 

(verclArrc1t and t10 Q,, roiny boll) to prevent rigid 

inoulatton detoriornt .on ceuaod by o*coc tvo boat# 

Tho ono  zr turn of the pro bLox conditiona rno boon 

defino4o 2Qb o I Givo3 c rca4y f  Janco of each probic-,,,, the 

circuit vcari naeo 'ro nor . 1 that t ro eauooei by the s b1ca, 
wA! 	aa• 	wsr 	 +C' , .aPaww 	 #. ha., , .ea wa.w 

fib' probibio loco It the robLor is not detected and 

protoetei in tine, trn4 ,tiacat protective dovice wood, •co o tc 

On the oqua of the traditional protective de iccQ to 

winici 1r or Oliai&mto the problem snd laotly the ddvicee uoo i 

or euerecited for proocnt rcbcco, 
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A tboroc1 o orloa4 role y and ohort circuit protective 

i evicec f bre kara or fuoco, to protect c ;knot 'crioto condi~► 

hone hcvo to noaciQto tr itionc Aly wi h tho motor to tc 

pr©toct 1. Th000 clovicco Prove bccra chooen for to rca,;jonc 

Ulf 	ey oust bo n. plied (uith a few t ape tic 

ezcoptionv) to comply Lith tho National c1 c ctrl c 

code (t »L-e.) 

(U) Tho do a rou.=tibo fob o. prccnttn or 

t ifl 1 rk; loco duo to the moot coon probiot  

cvnti bona when p pur3.j ap icd. 

iihiia dovicco to provi10 6cc a tocttor (cr all of 

thoec conditiout, tii o I*c{_4 avLAilablo for c£ fro t but 6 4"JOi+M 

m erri1 application tgi.o bcci 1toitoi j cost. 5onoza11y .3oic 

thcrza3. oerlo rco.y and caort c1r 4t device paokae tiro 

the 3 nt 	piictono for t ooe ,conditione rocttZieatto. Et 

± at 

 

ha boon felt fro;ii the folio iin o z t of vi.cir I 

(1) tt should be ocoro.ioal O0U k apply on oven 

coaL]. 1;*, '. 'otoro. 

(ii) It o1 c uid be easily appl-t o bZe 

(iii) coordiento with the *hurt circuit pr ►toctivc 

dovico 

,very protection c .00c 4oni ;c r v e ld loot at tho + 

criteria for o tc .nth,; a bettor motor c rcuit protective dovii 
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cc #: 	I .iHOPJ ifl' S"; 

Overlo role, ► are ucual.1y t)io baoio elet onto 

provi n protection to electric oto. 

The dettrition of overlcw.d relay so per 

(bation i Llectrict rcnufaoturoru L+ i.ccic tion) uton r 

I -1053 to 'fin ivcr ca.2 relay to n ovotcurrent relay vt4 

tnotiouo at a pro .et*:i trod value of ovez'cirrent to oaasc  

ItaeounectiorL of the .X ad fror the po c 	' ce ̀  a 

1 To be core spcct:1ic, overeurront protection can be 

c. v Iaod Into two 	je . 

e-t Lit ; as fir u 	r+tçi.J S 

In thie the rotor La protoctod from the taulto in 

whtcb t1 e cirront ir.ercacoo c tovo 6CO . to a mcatuD of 
'6) 

1 O•  • of the motor full load c1rrot. it io roc o=ry to 

protect the cot s, rotor controller, 4 conductoro from 

short O1'CttD t1Xi C.rOUZLU faults jr anyportion of to branch 

N 

2.t.1 The 4e i+ a wrich are in croon proctLco arc, fuao 

tcUoi atnrt' rcouo trip circuit breahera. 

2*2 	" 	 C 	Q 

Zpericrnoo it 	tz r fc U uroo in1icateo tt cit 
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of tho fc lto occurr Qt relatively by w l obo of. fault curt 

34Ot zi cve look rotor Vc1UCt z'othor than at j ,oz bove.lo. 

{otor cv curx'o ~t pro tecticr. prevon to dic ,O to the rotor,, 

,Oto, czi rolbor, Qsci conductor.; do to 	for overboniirij. 

	

t t by cbirtne U000 to 	ootentie 4 wa 

to tor o wall no to control oguiptetita on, be £re tlyn 

2.2,.1  

Overloud rolay protceUot to v , ablo for cicoet all 

motor ppltctiono an k o z j+ of di.ttorogt typed and  

VcLriette3 of avor2 a J rcltjo 	xoaei4ty t*t' proper c. ct r 

Lection.. 

2.2.2 I-k t 	pot y1p L trio 

Cuero+ r' at ia the tack cauoo of almost all motorr 

overho3ttn4,# The dov c o dro ned to protect otor frot 

CZCVC3 ive t o tt , otter b oe current or the bout. The t4ari 

of eU overload relo in uao tGday arc t rt.l dOvico ttcwhich 

*rcb on the itho carom cy3., to a motor for a idioil r 

t oatirL offeat To proporby protect a motor rels 	LLLot ld 

pocweoo..- tt~e+i=- 	 6:.r~ ctiariatics `bocci #ooambli RC LK ooc of 

the tOt 04 , 

r • 1 to a co t nricon of tko thoaichar. actertotic 



600 

500 

400 

L 

V 

3CC 

0 

Li- 20C 

0 

1 O 

• 

Comparative 	curve 	showing motor 
heating 	and 	thermal 	overload 	relay 
operating 	characterstics, 

Motor 	heating 	curve time 
required 	to 	reach 	SS °  C 	rise 

I 	I 

Thermal 	overload 	relay 	time 
required 	to 	trip ambient 	temp 400 C 

I 	I 	I 11 	1 
0 	3 	6 	9 	12 	15 

Minutes 

Fig. 1 - Motor heating and overload relay curves 
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of a typical motor Ma trj4ocl orio&A roiAr 	bona curs  

chow ttt tho overioia røi; wiL trip (dtoccinnot tho =tor 

train tho him) juat prior to motor ovrmctin. for allvalue*  

of ezosooive curtort 1Uhcz1 oinront not only cauaca ootor 

overheztinij to take place in a shorter poriod of tie, 

ale* oto*t carlier trjppjn, of overload relays* Thove  

c18arctoriitice tor roolle-a dovitao invaroa  tea ehtraoter 

iot$c rOla3c, 

2..2() UgLUM.,allex  

ftlting alloy overload roXaa (i 2) ccnit of a 

otor cio,-acntp eutoctic cLio, olloy pot, ratchet uoh, 

'pawl* apring and cotaot* Tbo intonzity of hoat disaipated 

by %to beater: rto diroct1 with thO iito arront 	ucto 

upon  tm OUtOCUC OflOI (alloy t'tth u roto low zaltU6 

poinV* Tho prix o4o4 Iavl oporteo tho ontcto Lit t~uvb  

a manner that -the  c*ntrctø iro Coco  foroad  on unl000 to pawl * 

hold In laoo, Thio is t1e 11UPOU621 of the r'toht Wbooli to 

uecurc the pawl and tkw force tiro contact clood, 3iro the 

eiaft of tho rt chct. vhil to cecured by thc ociuidifiod 

outcctLo coy, the contact rcin in clovol porition. '.hcA 

tho otr drav oecoivo orront for a bot ono 	poi of, 

tiaot the beat dioitod b3 tho toter izoit the oitcctc 

nUoyjo alIottriij the rtoiot weol to opi. 7ha cpri 	3.odod 

pawl io  tom fro to ovo, to 	the contoto to open 



Tknrm.tI 

Fig.2 -Melting alloy overload relay 

r,d.-,lF unit 

'-To  Motor 

--~ To Magnet 
coil 

.I 

Fig 3 - Typical magnetic overload relay 
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uhi.th, In Curr,  , cocnorcLco the control circuit and drop out 
' I e o t rt o is e.i f t o &' the c Uo y bc cool o 2 and br8cnod, the 

.,nit c n be k: s ,ct'a1, rcoot, 

There are 	 .y; oc of c of tin tifloy ovorloa : roi1ayci 

ht b , avo been nuf cttu'c . 

1) Ono typo cob1cocs all the parts in ono unit, 

orcot to heater*  r +l utiii oc n copi.oto rank of boater o 

f ter. do a tilde roo at trip currcn 6 	dtb t LO ty  .+) of 

mOitth , boy unit it in o l j n COOOCLt to •nol oct the be for for 

a Pi Ar application, 

.i) Tho occond type of iieoLntoC 	binoa all t .+ 

fo. 	ntiosed !larto o&capt the better#  ratobot thcoi,, and 

euteot c nUo , hte are cbinod ina aoaord unit* D 

oonbiainj to beats td oiut : ctic aUOp La Otio uittt aOCYjracy 

La incroacod...Lao, the aLloy and boater OfLfl bo tooted and 

caLibrated ac a unit,' . to.  additional accuracy. J at co a 

oloto ranje of hoatcrt to p vtdod for the firat tykes of 

oonL, a cap1oto rt. o at this cocond wt (the x . 1 % ) 

in prOvido for the aocun4 tpo of moc nis . 

(ierloa4 aoocbLtc (arc aLoo 	ro vL 1 cotncto  

W►4,k . y be ;laced tritxOut replaet ; tLo coa to o evor cad foo . 

a•2 2(b) 	o lcj s 

1t typo  of ovcz'lo3d relay al o corttciflb a oatOr 
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belch io eenoitivo to . i na cur ax.t. 	io tho .Uno clam ont 

►r~crccoc rn&t the heater 4.tootpct o +aoro bc: t, a bttotrUic 

strip is bcatotllnct 	of a ou optic rtil*$. WbiO. biotGUic 

atrip, to d of nod io flex € p odot inod d et= o V. on it 

rc c EJ a OpocifiC 	Cotuo, m t pore ture COOpOmIing3  

to the point at 1ICh this motor ithoult bo di s az o t From tI o 

line to avoin ez000.iivo oatintj L'ho tto b cotoi otrip  

bonto thio pro o c 'm o1 die too, forco tc tppliod to the 

contact m atiom end tbo contacto open to die next to 

/o compared tox it 	oy ovorio 6. roIuyo, ' icet z- 

.ia bAc tmtb dntjos ot$t dioadvAnt; . One t dv nWe to 

that t.bo bi etoilie overload x z yo eon be c ve rted from 

ran ,a. reeei to .i txtic and vicc-roup by ox,cly :ovin; a 

aprine or leaver. Tho craw 	of this a+ v t e to tts * 

overload rolnyo eoa14 uo o be of the r u . rooet tj o 

to call ate ion to on over ooA motor in order t loc t 

the t roub .+ A it in cxtrc of r exo for A o, ncintonenCe CAn 

to Oct cin Ovorlo rioi ot of t .ia► ty o to c to .:UU.e. rcoot 
i. 	to 

jtcolZ o,~bc to no t,bottorod Then n o 4nj the ootor p Ua: a 

to rctn ua olvo: bred ootng unn+ coeary r-eior d ria tion 

xmt o aor to to oc tbility of on o rlo i roloy bolas 

cot to auto ticoily rcpt itceif on a 2irc control :r ono 

rams por& oti of in ,y s uld rcou,l .from a motor ouddonly 

otnrttwj ithoiit unr44 t .. 
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The tutor a Y c rcaot f eaturc, horover a1 tt in 

j)rotocti l' Z s *tOZ t' t •io 

.) ' iioia oj, ouc1 ac in w oil. fold w}h r v 

poronnc1 world be required to trtvei c 

.Oi.' c atic 4Uotanc to repot the dovi.co 

or 

(ii) contro3.1in C z ft t uch no a frii;crato 
 cn it ot1d be coro doctrcbio to a+ t ri rr 

	

the cotr th 	it d: coorted fre . i 

line unit, peronneL are in ttc &- t co,, 

DLcco2uocitt* COQUs rOUt in loos of the 

rorri er . o pod all 

10 aoeortri wdv3nt c o ' b . ret iiLc over o ui 

tol3jt to the ad,uotient of trip plat rich om be oott 

'ro approx. *)5 to 415 - of the ultimatetrip 
 

	

..91ya•An, thin t'i.aWro Z.+r. O 	 i-o L U L ) VLOnt io 

provided to allow t € otti ,, zorL cicMol ^ corre po ii ; 

to motor for .n L, c Or r .t . n3. Unfortuntel, it it no 

ofccr. Qn for .camtC_fa cO . OcOtno1 to ZjuOt us : 

dovico to c aotti ; ii:,-..or t) n c.Uowablo for e 

partic .ir motor in a.rdo: to prevent poria is tripe . . 

periodic trippin  w Zouid be n.t1c a to 

t ko plQcO. D; v; + to t o w.00r W rc3It If the trip 

aint io oat too hi,, . :.eltivC r .Uo1' overloc4 ra1r c 
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which are adjustable only by replactc the thermal unit or 

i..f*tar and not b OiarZi -t :k , porttton of -jt , heater 

prevent such occ-u'*°onCOD. 

In ; enor ?l, bt V ' t c ovCTi.•Iot 1 rclayo ar-a not as 

n cu ' tote.,,e .tin #a,Ltoy overiond ro a boc3u a of z 

(1) Var ationa In the ddtetence travelled by t4 e 

bimetal 

(2j Variation In the thick ea* of the btet1 

( nom; u:fa cturin tolerances), and 

(3) Vari Uo .o in the relativeos do in of the 

bimetal mad .testo r. 

4henever autcn ti reset or ad ju2tr.8rt to not 

Dog4 red for the pticuLar s. pilo° .tion net 	alloyrelays 

are ewes , 

2.2 2(0) ,, 	iaat 	I' 	Ise 	Ge 	i 
ra 

t n tic over) o ut relays (Li. 3) are dtr ` ~rtr ttated 

rot: the tbor al t .e of replica overload reloy by their 

`inoIt, I* of OOtittOe Thecie overiocid relaye are tor ` 

current oenattty* device:. with an armature which is attractei 

by the induced a,uetic field an current p .naeu thruu ,b a. 

coil. The armature actuatan the contact cechaniun so It 
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for standard , quick and slow trip over load 
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c+ 1plet OO. t to upuat4i c emnt ! An In er o time  

. t 1C La Ob ined by attar in a 44cton to the a=iaturc« 

Thio pioton coves tbroub on oil lied thatTher (tor i eo 

4h pot) arr.d the time delay c n be ed to by opo h a 

number of olo in tLe pioton t  thuo ootro1Utij the rate of 

oU flow t ou;  the ioton. Dfforcnt trip oetttnrjc (o z'ro n; 

are obtainod byobtain 	ca. ;3uatir ; thetntticii poaition o . tto a -%urc 

and by vo oo tn;  the pez. toil mad or autocxtie rocot i,.s 

svoi .ab e, with addition a Arta ca beta, the wide tie 

of trip ad juo c on t, a j teb o ti o dol4y, rbpcmt aoCurrcy, 

4 the iaaeno. t .vi y te w,btou,t t p atur oe (when a pl10n- 

tion .pi a). 

Ci) uek iip - Otanda d lave ue ac dha foteriotic 

overload relia p etcot the teat n Jority +o ' t otorc in uoo 

tc& 	Gwevor, coca .p-p i tLonu or t ca of n,otoro arcq -ire 

overload rola o which will trip in a o arter perioi of time foi 

the name valuco of Lino , .'ren . such 4ov ce .ro tc.rcd quick 

trip o evload relay and have an inverc time c ra tot o is 

qurvo rccblitj of the atandard unit, Oz pt the curve La 

obL. to+:t; in , oottio (h 1. 4) 0 

flatore ui tc oa of etend o cc sLvo car: entQ for io 

great a fico p *'Lo4 nc of nAati onoir l U L C O tzotO«~.:, tb ao 
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itI a locha n rotor *r rot r u h legs no 	l.. tc 
(z) 

400 450 er cent of full load cu rr t , 3ndIntermittently 

rated or abort tit r torc tag rcuiro quick trip overloud 

rely yO. In n a.i1tion to co oro ro u:irin snick trip bocnDe 

of in1eront div coot4ercitioni, arc coy o f those a liod 

to bermeti,c U ' oo to o ro or waito or c eraiblo pupo.. 

:such r otoro are rttf totally cooled by the roietatton 

collant or liquid cn it pcavcs over, mcUtr. it poc mi ble to 

ooretc at 125 - 140 por cent tb rtin of on *trivalent 

o a dQrd oter 	ttL a z'unrin current of upto 40-.$ roto 

tthcrn oto4 . i otoc, the Xoc et rotor crrcnt cy ho Only 40G 

or 4C of t o rw 	current. 2ho ov rlo .. roloyo bould2 

4iøonnoct the c to:r froi fro, the line of t.io locked rotor c°.zrren1  

in cto4t the 0mv time petted et darcI octor to dio oz ootod 

Ithc ditn 60th:`; ani t; curse . 

(i1) ,tow hip 	ib &t tis to ado r ulro n 

ccerloratlon po'iod Grw . er than nortLal du tr , which to rotor 

will draw cirrct prochir looked rotor t comet y for 

a '2OX. 7C Of to accclerction ti 3o, the hi3r the sno tlk., 

U o lore it the oceoleration taco. . t:.t dard etoro cm riot *d.**. 

lth rtL►nd thio duty. A cctcr c ablo of accelerating euC1 a 

load vis out inc'irrin, drroCo will probably be dtoconrectcd  

duo to 	trippjn If atndard ovcrlo;id oZ' uoare ed. 
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Ia ippit ; 

 

at of orloi d ro . z under thto ty e of  

ci -t'tiat Lor Io n: t limited to t o c ocee ,ration oriad bt 	i Qio 

occur ter the motorrozbci runriin,e. opoei and ttO current 

.eco roobecI to no 'aai. This is A rc u t of the ' iO.'n. I 

otcz w e C 	s oriot i c of thez'aX ovrecioa4 nd thio, aLo 

rtti c1-tripper %x rte; the icc&eratioa period# will c. u e 
to ce.øct et .dam th a' wii e Oreo ni o i zj r tbn  

dooira c for propor , protection, ;O'uc t a OolOcti,Qf will not 

'vide roper uin rotoction., øiow ' t p ovorLot d ro; r 

o o1d be 	 trip overloadre . , s trip after a . on6e 

porto a.t do tt.re a tar4c rU trip units for t! a CAaOv .i * 

oX ►ioe c rcn and )3V tn izwe*-ee t1te crcctOri3 U c curve 

ro cr b .i that of the it t1arc unit # except thet it iz. 

:i t A to poottton :.oc 	4 ). 

Ai1tL&j CJ 1O, cn4 L motel i csv 1d rolt. tro 

cv>zj1rbio iz tho gtzick trii. rtn alo trip voroiour *:A have 

t*h . 	vc t et ztn •iioawtu;oa ao pro vvto o3y c mrt on€ d 

for the ot. nrd vo to , 2:erottc gtLc . trip n oto trip 

ovcrLoc d relays tr°r h a .+ i.3 the ctra ae the of dA 

vorcLon, a Copt for 4tftcrcncen in tho number of L:o.e oiod 

in tt,o pteton and pogo bl the viococit of t OU 

icbinlt cot cn tod overlord ro aya are pro Ib1r th.o 
moot w c~el~ 

 

oioumieroeod und, cotgequet34r, t io , pLieJ 
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ver3ion of overio d, rc1 o. There co nutter of motor 

failures t t arc tho rcouLt of thio Dia . ►c .tlo #. 

ho boctti of motor *icdizija find of thorai ovoiotd 

rolayo ii cocpr2oot of to o po on o , (1) The iet tires effect 

of tela carrcnt and ( ) The ambient for en* ure of tho 

ourrou a n atco o o. inco to hor ratio , t torture 

re u c in ; the ztmw ouTent watch ow flow without i.r r nij 

overload trip iri, co led to Mineo ceptione thatb%ont 

caz penoate8 o oz ood zc1 o ? ou d be coca in a .. 	; 

nubionto. Juc1 is not the ca o. The  ?kic totor c U also incur 

heath; from tb.Le abiimt tcaporaro 	iinG iU o vUl 

be 	
121 

cUvcxi b ► t proa 3.t» at+ .y over 100 C )unt as it , u.J4 froz 

an irc aae In t for ure duo to cvre f. 1-on ompcnoQ ed 

orla i re a . • t ezt#for , offs proper prQtoctio, 

It the abient temperature io hi h <rnob to cavco the 

overload re1ayc to vob crate 	diccoxnebt the cotor frcx the 

no p e .^Lor a b.tC t, r 4;r do motor Zna, 1utton or a .ar,orr motor 

n1 ould to 	 iant anyor a od overload sn1r c bould 

not 	tazcJ, nor could .on~vor ei.co no 	POWated dovtcc , 

oinco decry od otor life will re uit, 

Anatbor .ni o coption to to ue of c biont cor.pcnnatcc 

ove'lo c3 rcla o to adjzat for the beating effect of the ot3 for 



212 10C 
Ambient 	temperature 	correction 

curve 	for 

Thermal 	overload 	relays 

03 	06 	09 	12 	\ 1.5 
Multiplier - M 	I 	 I 

- 4 -20 

Fig 5-Ultimate trip current in ambients other than 40°C 
can be calculated by multiplying ultimate trip 
current at 4Q°C by correction factor taken from 
graph. 

176 8C 
L 

C 
IL  

C 

~

~140 6C 
L 

U 
 N 

d1  ~ 

L 

Q1 

• 104 0 4C 

E 
E 

662C 
C 

d 
3 	E 
E 32 a 00 



or other cocOrn3flt in Oo COtrOUOX eO&W3Uro. tvd 

reIV v(.Iectiwi 	£Uow fo. thin uvatip& affoct #  LI4 

satient cozpeiinated oveo 	 u1d not to usel, for 

tao rewo.j provioaz1gG)tIOe. 	ccion tb.1eo 

vit for 	tla:l tut und iarr,e eoaur wttt 

WaX71! 	nt of Cloetrivil cptr 

;he tt Qt tXt tb 	CL?13d 'QICt 	C tL Ufl 

_bt.&t, Lt th tc 	atuto dtforonc bte 	thoo a.tic. 

if rtVL 	UtttLflt 	r.c 	rc1aa Ethu1d b 

uttiiz 	 a OeJ:AvxttC mctor oontrol c:rtro rco 

or tLe .',otor contrvollcr Wln& in a 4i fürt akirt for ar 

oaLGL. *'Or audh it&ttou t.O ocloation at t 

t 	t.wt bo.1ic 	to th 	hon In ub,Lc 	or 

?if 5 (bie L tot U* 001001Uot of ova-,  *a4 1i 

sotor 	cor, toUor owe in 4iUeont bto:tc witu ctcnt 

tprturo 	• 	cptr.te1 dev.to3o ontu1d 

riot be 1o' for Lo o =-o rron th:t arply tLcz Ue 

wc cmtiont. 

• JZ to e,tt%cIy 	—rrc 1ucnt at ,pileation 	a cmoi 

aw, it4 tOtOOtiOA 1Ot1 3M atmormt 	tttJ 	.1th tb 
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to,,i,:, eRaturo di1forcroc botcac t tbc'ce :a bionto ha iz 

pronounced Vfri'~tLofl, ozbiont ccc peon ito4 rci yo obo.Aid 

be used to r,rovont 	tAppi.n,;~ ion t to c:otor ambient Io 

ower aM to pr, v at cOtor ft1r t t a controller 

o bjont to 1.o t,or thAn aor ri . or oaocpLe z bm x of bLo paInp0,  

where tiro c troLtcr to s ub joctod to -Ilrect oun.i , ht, or  

wk m3 over the' rotor to 3.o tot trLck o 	ttR'id 't o overloud 

prateottor& o'.1tdoorn. 

1btcnt comp enauttd bi. otalito o erlr i la, o oro 

available for th oo QP .iCQt o o oufrtna such a devico. 

S`hooe dovicos taro s° oo a cope at.to ; bi otal which to 

n nottivo only to the ebicnt to ortt %re ex8 vbie iirivoo 

the movablecoattc a In a c .rec ion oppo44to to that of the 

current a eao2iiit?fVii'} h mot+.,. * . e€.e z o is ovci.loada re i so.6e4Y 4i 

..Mont tomporaturo cOz cnatntot} U., . tot t .o eGII on -u 	a 

device ooti o only crr.nt ata io not AfZOetod by the ttrbtcn 

to percture. The nucoroue adv rt o a of a z€ notic overload 

A i a4umtly F.JWto each c 'd ovi co 	4Yfer .ble 'MhLen .. r3 bent com en— 

o f ion ti re uirod i 

2.2-2M 	'h `a ► iS~, 	t o tic 

The r 1ti4,n%.S„ , 010ctric&. colo (r C) pornits the ucc o f  

tuaoo rAtai into 1. - of rcnte3 curvet (u :rvioc Thctot" 1,15. 
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general purpoeo c:Otoro) so x nrtni over Cur.ront 4OVieea. 

Theti a 1usea do not olier uc c u .t motor protection otnat  
tics 

their rie1tin oh rioter; do not match rotor heatint, c:arac 

teriet;.cs. 	.elecUlof. of s ruse rl.lpvir►;; as rotor to strict 

gill not protoct 	t:wt lit over .osdr~. To protect 

trictianai U.4`. , otorij, tics ltd;, . its have been used 

widely. 1nte ;rat Ij:.ir* t otora crc not *aox: ..1y protected 

by  t1'48 ere. 

inherentmotor proteotorc are the dovice placed 

tnsiole tl o ottir #fio •Eo thj iEU h direci 	cenee t he t~V._i rLira- 

turn of the ,'Lotor winJit +s. The dov1ce way be ,rboddct In 

thea windinL e1Ot at a+. ed to tL aed t o of th otat r 

i ;iirt,, or : ay to air ed to tho frao. 

In this iaj dcvioet t ro rc . ncive not only for 

conditions of motor ov'ertecperatt.0 t bc^auee of increnaed 

otov curr€rAt but O:.3o for c n itiorc of oo t' ovar oz~pera , 

trans bec iie o of other ►ise 

..everta typeu of .in erent >r ►tcotor are a Uable 

liar, use c3tUor: at type4 of s on3or.e to coicurs the a ►tor 

w .nain; ter ioraturo . 	lorCietor or c: mature aea ea thez .o~. 

state are rziot commonly vsoca. 	oth t c 	cz xavo con actio 
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1l 

Fig,G- Characteristic of a NTC thermister 

e 

T 

Fig.7- Characteristic of a PTC thermister 
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Fig,G- Characteristic of a NTC thermister 

e 

T 

Fig.7- Characteristic of a PTC thermister 



32 

in the control c5..r ait juat 	vcntt ,aI o r ,riot is or 

sins .a13. LotCto cy bo oo break dcvlce3. 

et Lye 	prp 

e a0 are noth1rk but thea oe icon uctor roo Gt:. nco 

t.c C rctriotic o it i oom it)_ i L,,~ 6 tich is 

ezponenti,,U botwe 1n ro oVinoc rind txx orttture Lou. r.i-

tcnc is re iuco . by cavoo3. orders of raitu1;o a* tJao 

otporat1: 	.CCroaoe i.• 	iicio tLc Introduction of 

poitive to..praratfa ro oVc+ .ftctcnt ybkz.r. t for wl -., ♦~~, i/ 

+RxS in czritiH.lon uc . 	to .i. i of iull thoiY cal pJi o oof icn 

o atcr8 built in Europe taro dCVC1Opoci. b7 3ie ono and 

-usSed JJ TC, 

f W' 	~1. V ir'. F.j 7 	~f ~7 	 ._ 	taB . 	 k* 	iL, i~E SFJ 	~~ herr_• n ~t g A 

In coutrot to Y • C trier,  s o , tto ro t3tz!eo cZ 

'C elet:onti rmsinc eoiotr nt into t1 o cri tic L to. ,_Per ituro 

and then z' . co very 	o c .tractor% tta to zth wn it 

t3 o -tQt i-o are pro area to 	glum and 

utr onti um tL4mte cera-t &iipoc tired in thoprii ante cf 

axy; on. The oxy<;on Tan tr3tc t .Ao po o .i o* tic at t o ctnd 

ie ob3orbed on th cr, othi o rfuco 	i o : a ter th tcr pf.- 

utile# e~/.o tl o c&-i 13 us aratu` o f tbo 4'!gk~ V i.7-wf .t Mi a to 

O1CCtrQ ~4 from t.O cryatt U curt3co ,na o x ci ctrt iL 



Fig.8- Typical characteristic for PTC thermistors 
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potential bazr&ora, ilc cause the extra. s .st uce of 

the therototor. 	ln3. th+ + .irto temperature the cr otal 

has weak ne ;ativo to ert tore coefficient (.x. t.o.) it hi he 
(3 

temperature (1600  to 2030  C) the ciCOttQr3Q captured a.t the 

boundaries are li' mted and a, roi n.t.c. region occurs. 

e ohowu a typica1 charactorio tic. 

The cha cteriatic of 	t motor is ep,ci- 

tied by e i tab temperaturo, defined an the temperature at 

which the r siutanc i, twice tt at at 250  c, an tiio reaic- 

tance at to 	ants { a) at 25 C and (b) at a t mporat. re 

above the s4t a tetperutureo. 

oz : ®tor t:on troi York, how ver, it is only the 

cr.aracteriatic above i 	itch for perature „hick to of 

interests  and in .ractic' it.  . 	tfican to etato the 

required o eratinj taerature. the r )i )tor;ee at wit . 

teeraturi uou i..ly beten 1O( and 150 	and at ceratin 

tenperature 3u3 to 10CC 	, this tcpresente -a tct 	.itftCren4 

o 2 to 5 doe C for th€ usual ty,co of p.t®o. the Toter. 

hearty ieto,r3 are ai oo given a attaø radia& or have a 

diaz3ipation constant ,uotc . Tentatively, it can b eipeote.t 

tlWat the emallar tho thorn ietor the aaaUor the thea t. 4. time 

is will be when the ri&t3 are used a: setooro in n motor 

wir iinV. bu tor motor protection 0.5 M %her into ° 4th a 
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shoot =abut conr~W nt of atout 600 v/deg Cin froo air arc 

usually uaod. Thio j.1acoo a licit of about 5 7 and the 

voltae tiiet c t be -Apiad acZOQO the t erc2i.itor, above 

tuo vo3taj a thor o Jia a ondonc' for the thorc inter to ec1t-

heat. 

(4 
it t :e pro&t tiro, x1 thcr ai tori arc available 

for rojpoi oo tcc eraturo3 botnoon 90 and 13 C 44th a j i.n, 

of 10 dee, an4 alto for 1700 c it is inter oc to oxtcna 

t .e rank to include olctof<tai for to perature from 60 to 

10 ` C. 4th th000 thorctctoro, it wtU bo poaaiblo to .co 

this o iotc fc r ct ier .ach a purto aa vol i., ouch ao 

bOa.rir a wacoo ij .tru' . t;.. .araturco toutZi vary 1ottcon 

6Q and &30° C. 

r"oro detailed Aoctzo i no o p.1,.c. thormtator 

ap. lic tions and c raate,i t,c can be found £rom the -, 

csnn 3cturor' o : a book. 

The goat +o&. on thcr iator in use at ;rzent is the 

pooltivo to ernttuo coefficient then, iotor. herciot:rr 

have been c osen - o the moot natinfactory tez3perctre cepoor 

for the tollowin, roa ono : 

(1) Thor b310 u D1Tallar she anal n aoo than ( n 

I ozral oti echo.. crud LOritor to tc p raturc core cloocly 

by reduotn beat trrinotor, ties la;; and overoboot to a 

ntnicuz. 
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(2) They Lave a trip point, wicb on be + arp1y 

defined and con sistently held (&i • 5) 

(3) Thug ir  are nQt eael &tDaed and t. cir trip 

point c nnot we a 1dctit1' aiterall during in ertiou int. 

windUL-8 

(4) Thr &rc a . all in 	e) pe e s' e t %0i an 

).on 3 Sao rtdt itd, 2 r thic1) 'lit for :o .thoertio.. into 

a Nadine. 

( ) They can be inserted in a a a chito before The 

+ir is ,a are io~re, n~atod witta.ct being, as tereely affected. 

Tho fail to oafet' on open circ it (a recon 

for i*s the positive teceraturo coefficient ree ator type 

of 	r 3 .1 Qrf ) 

The standard protection unit util tea three the. pact 

con cte8 In eerie1 to ,. tect a three phase otor a; ainet atn& 

phasing and one t e 1r to protect a cin to pace motor.  . 

The ; c nnoro ere uo a1,iy installed at the end win iin60 

at the op of th 	ivc►. it Le also posoible to ata.. them 

on the thin our ce of n completed rotor, a1tboub this 

increases the ter ~ gture overe&oo uatine fault., ' ince 

th. iatore are placed its t e i acdi to pro .i itf o We 2IVe 

wining c anduc tov 3, they are rovlded with un insu' ation 
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v,htck ro is t t so ct1ticU3 voitnjjo to : roso cc rrin aador 

c,vz cjit eanc3t tion i# a.j}. L t oc rtiruXyJh te crctreu« 

in c d litioz to the Li(1L p*L*Oturc roiz to co c d c. rood 

tiermal conductivity, to ceccnicc3. otrc h of the t mp•o. 

z nt iro dotcctoo to of rout irAport co# To provcnt dirno 

~1to the detcotor inmuiutior o.d. durtt i, iti1tiot, 

peovioion of a part c l rly ij1h ;joc r cal otron, h . la ivon 

opooio]. a~ to.ntion 	t ;o th tectoro arc c.:an~AfactY. red. P+ r 

thio - Yr poeo, tic plot a for olo.: ort oz d . a a ort +oct .on ef the 

co. ncct:lam;; icattu rare covered by a tube of 1a o fibre, the 

re&ui. ting hollow cpac t oi» f l-ad with oar►tinG rc3in. 

all. crth r coin;j with a good t oralt ct.1 ity 
ares uoed co fi li ., coa o indc3, the aro rtieo of which are 
unaffectedby c mparn civ of 7 htZI t oraturoo .w T o provortt 
hoii.ot spaces r'rorformingwZCa1 thO oUc Q f rare filled, t o 
compo nt. to applied un.;er vacuuc. She tonporataro rig°tactor 
ur+a ..   thtod from ud ►ocnt .~aarto for n volt c of 600 To he 
toet v i.ta o Ia 3 V. To.rrnietor3 with a otjitcft temp. 
out a .r fox' a pttCL.ar `rnot~or in ulatioi tilan ro l cod 
+ns In each phc oa. L'ccaooc thea rc iotaz oc characteristic 

is almost fiat teio. t c o4tcb tooperoture, and otcep  

(typica).ly 15. ,/do ;. cabovo It, the tho a atora c n be 

connected in oorie wit..out any dan ,orrouo inacc rrcico In 
• temperatureconauronc~nt tctrj inte thecad hhia. aico prcvi eo 
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Fig.10 - Basic circuit of a full Thermal Protection 
system. 
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nc a .to: tic trt pi 1t the oenoor circuit to tht*rrupte . 

2. .1 	St hots . Qi o rzti4f s 
w~tl~4lls/~4~~i M~~~M~M11PIriI~~F 

The t hector r+ .,t -,tunco is eval tsd in a trippin g 

it. 	). Thio Iv+orporzterg a d.:o.. excited relay vtose 

coil circ :it Is ooniaecte i In aeries with the to por ture 

detectoro. The arot tT wi sture of th rel act atec an auxili 

u i tth ty rae na of Lict.tLo 	xtvo,1 etrc it Lire operated. 

The powe.i oup Ly to ob tte6 	a rcncto t- r wb000 rritt.ary 

winc'1in ; is '#'l nocto4 to a 22G-V 43LZ3 +,le pkat f .o. oupply, the 

eecoidry toeUn.b t roc 	o_- 	 .10 } 	Elie re; 1. tmee 

di. rcrcnco gyro's ti ;; if V.r 	sr six oriec-conr.oc et s otocto.r, 

are uzed io copcnoated by v ryi ° the oecridary toittvjo. hIs 

can be oa3il, b affected on the trip inj unit by co _noct . 

terrAnt1e 4, g € nd 6. 

then thio ratci re a or oe temperature iD reached at 

point chars a detect r iso ed  e 1 the detector reittence 

more: 3,a.s asap idly, : be r uL t ing current drop causes t e rely r 

to 2r'op out t3s3. the au .iliar, switch to bo act.Aate . 	o 

control circ At. of the :rotor circ 4t breaker It thereby 

intera.pt. a.ii to rotor diecoi neeted from the pply. cr 

intti4tiA thiu' proov..a3, tL a re3tet once rice in one detector 

to ofticicnt ov t.1-.z 4 three roee otOrD in whion one p ori+ 

irinJin , bad f tiled cn be reliably protected. 
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rto the 4 tc for Lno cooled ao m byout 60 0 
t4) 

after trippir,th 'elal it automatically rc—cncrgtuod. The 

auxiliary •o itc', 1. oh2.~ , d Over' and tho motor CirCLit 

broker cast b roc1.o ed. 

iI-ø t .mar .inti, unit can be inct G6 rep lrLto2-7 froci 

the k:otor in the c ctro1 crd. It is trtu4i1.7 in3ei active 

to vibration onl O .eratoG ririy at otocke or ti order of 

t.c a ti co o tbo fi ccoiert tion duo to rav1ty. 

~?ts1i tLo i i protction t tet, .,.nir e; & C t or..'aotorc 

arc pr . rUl y 	e a, for 10 of aje three phiuua o4uirrel 

c t tCre 

2 .5.21'.'fit 	s 	.,p Jw sir MiehJ a 	r 	~t9aa 

	

bo 4te 	object of the proviouo 4i3ion Sao 

been to cho tat ;-*-n11enUUoz 1nforZatioa on two iaportant 

ns,pect8 of tbert .o r rotectAori has co far bcoe iae1 in . 

(a) IflOt Lt1G ( 	the t foct 01 the tbOL ,. 

inert is of the ! t orz is for tt aai:t 	7 ys t'emo and the offoctt' n i 'e 

of theriiotro inat l .ct ? for example an to w itnj ourfaee. 

(b) t; oth c a; cf tcattn j for and o ictth8 the 

t4bOv'e. 

t: sort m of taat 	to carried out on a r OtO. 



39 

ibieh can to c cci ly rotvun with thorr4otoro in and on 

tI c Lj"d1:i, ,o Ili order ttit thoco aepecto could to at.diodc. 

If batch, or 	* theriitoc re calibrated 

1not tozperatn,rrz boforo 	.r , ; :tinted jx the izotor and if 

, 	b oft ;;Q to ojd,;Itc_a to nay two the i for frog the 

v o batoi  In c rdo r tc ii d 1 s v they filed, thou the roauI t o 

shout . bf: s 

(a) The davlattQ2 -fro i the f:ant.~~ ct rut's cur r~ s 

shouldnotitibie for both the rez .c't;.~teoc t w peraturc &;n . 

volt- o current craatcric3 ic. 

` :art °,,*r coo tod in c tc ' are -xvat u iKo .y 

o s s ;ed by tho tu to ° ov bet  in or by 4 c norr,:4J ' ;a ,tat; 

of the windin t ftor im prc itiou., oince tbe.3 c r rJrvtvc a 

far h2,) er to porat tro rin, t t ` c rt tL  

if ulatloA COU (A C U Vi1£. 

(o) ?boy c n L► dtried by salt'—I eati n auuacc by  

e COUL t VC VOl t$ e. .i . f' .ret ctoe of tai lure w, 41c b a 

e1toa track but ween the tort a oafter thio the 

t2~e is for chuvacto.~ i Lc t i l zcthka ito ttnoe, oLthouCh 

the rccioto oo c t cU teratt*rot iso bior. ThC 1ttt1 athjO 

o ld b the a !Un, , of the cr at i. after Ti ich the thoriotor 

wit 1c c its di&.tj: tivo of WctOr.otto but .'ata so o 

rCaiQt:' ncO. 



Th caiitrr tc1 toitictore cm bo rountod in the 

carvar:tioarL1 motor, onn aet of thaws octodod ono per phaco, 

tc z.idd the coni for lw die In the e d turns (t o ntc6 

W `ore it pro nc t iov) giant ore set on thio outoi o ourf cto 

of tho motor. ¶to rotor of the rotor L. 2.oc o , and toot 

o rondo to dluoavor the relation of utnaicj tc er .turn, 

' heraletor to iratura#  rte:) motor c rrent with r apoct to 

time. 

The st oma oV tt o therzt for can  	d witb. 

an ultra ioi.e 	 ore:. 

The $n di tcoicetro cw be a brr cd :tri 

roar*tance ea rcc't made t o oio.ta1y before ettrtinC  

and tter trip % , aoiu the volte nd comet ze tkto d 

The motor 	xroR..t +u n be Lc urc 	it a COflVOflUOLLCA 

c. t» 	amcdtor 	t ..., 

A  oft two ucric43 of tot 	a ouid be cirri, oat, 

with the rotor fc troz too haaos and three P zac o 

roue-cative. y. ; oacu. a. r..ato 	+ Uo otor Loth dot and 

cold can e par. or. cd« 

Thou, rathctutica1 todoi of the therctetor 

ro.oponoe can b davolu .eu by rni1oy with an loctricrn1 

aeria3 re istance capoait cc circuit gad b, a ra p 
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wife ,e function* ihe volt a across the c p oitor of tine 

t can to taken to to acrio6ouu io the temperature oeno d 

by the tbermtoto , i.e. 

i~O +k:I tW,L ta C/at) +T0 

where l 	rotc of wi ,Ui 	te 	:turo rice 

ther:z 1 Uz:c constant o " the motor 
(a 	o(p'2O to ! ,̀. tr t e c1 ct. opo ) 

C M te,aipo :'are Dte6 

0 0 a4 nett L r initialto et .t .rc. 

The 3OU,t t to this e.,, to tiGf O 

T~ 	k i t 	d + T0 (mp>ras,7 S.. 	(U 

la u.84 - ed tcc v r by t c-e square of the oto r ou rr nt ,. 

bO t;. .t 	* 	rr z for cont -t tiono `f ithit the 3oc Ve ot the  

experiment, whore ; to "-eu a cots tit for u, pLxticuJ ar mor, 

r . r dentin6 t c optic is rc t o' vi*dim;, t 	er .t.r€a.rise. 

►erg the thenittorc are pelf-►heated to a te" :or)t are 

"0 + '& and mUoied to cool wh c the ourroundinga cro €tic.. . 

at temperature T0# the COOlir obaracteTiStiC will be 

0 a T CIP(- 

 

t/) + 

when t = 54? 

a 
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It to not voecacary to etart meas 	of the instant 

the a etem +tarts coolie. Coriider that a+ aouro mnt ate its 

X 	enk after tr l.a it L to t+ i.o. at t = x 

1/2 
4 

a 0*61  

The en. (1) i ;norco all cooltnj effects, and is thus 

applictbl only whtlo. the xotor is beating r apidl . 

Ho o prca..icn k I t is a iteauro of the avera o 

winding temporaturo, °ad kb t a measure of the teicrature  

difteren a btwee the uindinLani the then ietors. 

The pqr« io r~.aL4r bly accurate whe a t iv £ur(,;a 

compared to but crrll cx -..rod the thermal time as -tant 

of tee motor  s 

2.3.4 	- :' 4 `' 	a iii t OtJ 

The VOMttO for te intvnl tt rzitstoro shout d be 

repr+~v rtativo for thcrzttoc tr all. motors, oiz oe the thoril 

resistance 	c p€ city of the the rc~iotor system otio d not 

alter otLnifiosc t with different .zotoro. 

he -v lue of c&tcrnaZ t e totora can be expected 

to v .ry with the alta of the rotor, since the thermal reLid.ta,nce 

Lmi aapacttj of the WifldinL1 and etbod of moan tizh are 
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OiGnifoat. It COCLU Lotciblo to ottthcte tb r etfeot, on 

the c.cauticj ticr, t nt tact c,rrcnt tjCn--ity in the winUiuj dOo 

rot vary signi 4I cantly from rotor to orator rx6 that the 

t erraictorr cro aimt1orlr courtcd xhto 3cou aption :ave 

c u ;ort of (a) 10..:z:..az t3ry teat boo .c on motor 4o i n cn4 

(b o ufaatumr l o datQ that allowable otz rtin, tine for 
ds 

orator of uh zo.:.a ti c but d fforo a.t  

On this be at.:. the beat Ceoratod per unit 

?Q1ucO of the vi d&n4; will te eonsttt, but ttto ourfu e 

area of the v'ie4int ?Or unit vol o viU bo to i vor o 

proportion on to the curro. t rat# .j, and honco the n ,zv. .fit, 

ac in the 	outr; text books we axone, Uo cooLiaij o foot 

Ia 1incor with tor .urc ( t ion t in the end,. turn), then 

tho surf co t4: per" kturo of the tdndin( ' 'U .1 to »rc . t c vi %L 

inarcauing cotar a1..Jo. 	huc i.iii4 Mkt co WourtJoa Lor~.Y.ia oru 

aX be capectod to react core rp1ir 4t1 iozcr rotors. 

The lotion (1 ~ I .aac boon derived becu.uce the 

tnerczat parity of t4 t p rattiro dctoetoro mi tF.c Lost 

tranefor reoie tunoo of tI;c inoui tint lager® behest. t}:o 

4'toctors t nd the coppc r cenduC"tortl of the 4ndinrj eaucos 

as delay between the tonperit re rt to in the wiuini and thet  

in the ddectora. 'iu.11 
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Tk = Coupling time 
(time lag of temperature rise 
between detector and winding.) 

Fig.11 — Temperature rise in the stator winding of a 
3 0 squirrel cage motor with locked rotor. 
The broken line shows the temperature variation 
of the PTC thermistor in the winding-up to the 
moment of tripping through the protection 
system. 



. 1l ono . 'tilo tezperitue rise In the wtator 

u~irj of a :vireo , ?l wa ojuirrQi-cage motor with locked 

rotor. 	e boefl line o aow , ttw tez peratuto v sriation of 

the A .. Q t. ertiiitoro in the wtndin upto the c o ent of  

tripptnij thrc u is the protection ogetaz . Tk m COuj„ .i 

time (time Ia&Y of tol erature rive betwoen thti o1or t nU 

wLndina). 

in cue cf be wy starting con ,itior a or churl-time 

ilowiy over roti, d cc uni 	.+ r ptd bast porntufli rise in the 

or in t + cc, the winding re ho 	3aiL.; or tc :{pe- 

stupe °h .n t t tez&,rOr ature detector ,* Thia to erc ture 
~4~  -  

diffire ' noz i vnriec totw en 10 and 40 dc, 4epevUintj  

on the rate at p rliie r rit teL vuriea in proportton to the square 

off' t . Garrett denait, 

The severoov co of lading, of motors could be. 

if rotore of diffarett output rt tinas and short-c! rcui t 

current t.Gx,-. t t,..eo fit ted -Ath ,.sx .0 t r Iotoro arc Loatod 

from ti:e colt otato under chart- circuit condition.j until the 

protection oystem re..:pOrue.. in this condition t.G + rve 

botuecn mefl tJt3tOr i4n(Unk, ttl 	atura n t + bort circuit 

curre.t dery&ty 4e*traprlcted to the tr1tpinG inowant) will 
Le au aboim ix r`ig. l2 . The curve coal upwards i.e. the 
to:aperaturo di 'fore ;c ' ecot.eb loner, ne tho ax'tctrcuit 
current densityit ere ce. 



?mperature 
fitted in the 

short periods. 

?mperature of 
l protective 

a, 

0 
a, 
E 
S. 

rn 
C 

C 

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 Loo, 	at cmporc to r , dlf.forcno c e11, thti voluc 

of tb v d.ct c ctor . iii thao it,  t crmil carp .city ohou14 bQ 

reduaei to :..  

2* 4 	aet 	tartrl .:r :, 	O I 

Thu conventional trtr1 overload rolay £6 recta+ :ria' 1y 

rohua t, c per p,, rollabi.o, cad pvocon t many yocro of oervico. 

Since it I.t v iii. i ct ilo tob-other 4th the motor contzctoz 

the Wa t llati on s t jU V8Z7m . . 

Co:= .eco oaLnU and ;xouti ;o toot .ng, of ouch az 1Q1 y; 

conoicto o chop ins, tt c tire to trip at One or to 'pointy on 

the Leatif--etrer I a curve. :r i +o i not ` d L 11 7r cko thie  

c Ock c uric.,; co is Loni o * can ple chock roit y3 on delivery, 

but s: any rare o do 'iod Co rely ona the :a or'o factory ttotc 
calono. 1 erg Tow, i `-any, mao oyotos ttc• routine ehoc o. 

iho hhoG'.toz Coll of the bi a tot &ic etnt to UO41.Uj 

the uox J eet part of t1;~o re .c y, and. is coprcttivcty o3oily 
darty od by z cttutoa. rtes en1 ort-ctrczit eUrrOnt3, 

£eaause of tic, a nottc ove load.& of t o t.uch of t; o ore 
u®od in eavore onvi_rotmonto,, in opito of their CnOroiit 
poorer -c1 cLc torso U .co. 

In cot parit)on„ to ori1.otoru oro boot inutui.lo4 in the 

,.etor wrin ; z^x uThotxc j torero the riuUii,GO can't: ir..,vre nt ted 



It iv fo~.tstb .o to aC i 4t then on t t tsir 1inC curt-;ce, 

Crout; t .t c U r c :ccs the hoot trrrofer from the 

it or+ au' th't o thGr nI inertia of tho cyoto.:, 

€ nd ir.cre MC t &.} tc-,.. oraturo ov*rraLoot durin fault . 

Cit-rr3. control wire: axe required botwoon the .. o to .r 

anu contactor, irreopcct tvo of tr or+c tho thea iotor rely 

in r.ountmt. 

'bo ro ,& y itao1' to the a eakot 3 t k In the 

Vrw "t:o ct 1 vC hal $ oir co I t 	iUy coti rioea a oat . 

o1octro-:-kw~JncU ro.1rnj ;;nd e1 o ror t* c nponcno. iio ovors 

t 	Qnab1e dcote-n (c,i;. on Mo-ju " c3j robzot ro1n1r 

o.R1t-sb1e for .hth utrtcii arviro ento, 	d siAtcon co apo 

nent() ty,e r it 4 otn be made t root' r .-treat vitrn. iv , 
nOC1LhtC1d 's~"'lPO* 3;.t O'11' tC # rat re, and by eopa tixg 

the ower Ute' to OOfoi. !r eirc'i do d tb a ino.atin13 trano-

tomcr o eloctrtcui favi t: cr.n be loceHoocl. orcover, 
then-,i3tor unit arc t va(illy ar°rcn r8 to *poor' their 
operation at each itc.rtcr Auetton ae diatirot tro: tho 

overJot-d relay whichonly oporatee during fou1to. 

orcin :gar protection equipment can thug be an robant 

and reliable ca the beet of the of ar typoo of ovorlo 4 
relays 
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2. 5  

protection, .o _trot r ny of tt.o 1oUovitj ivQf cor1itions 

beoa ae it 	reacts Onn,Ly ( 4) to tho curre t c ~ ;o, 

t~ ire t xe 115 to 	 to 3 - increase, Ll.c~wor 

2-0 iror* wo td (4) lith a time dei. 

All the pro L- corGttiono, except phase oo'Juoncc 

biL, . ambient to per3ture cont 	ta t acc averVoit:*,e 

before sat ratio .; o £ 9r e under tho lv ri ►u ' ooLuz-n 

th l the curet Tht cr be differentiated from 

o perat ir.: conctitioru tb1e I in oh ptc r 1) when ebare of  

diroc tiox of warms t +ve or -ire, ( ) the of vaoii do, 

€ 3, ow r r 5 ; „t e , or ( ) the ttci interval of to 

C gar e. are con 1 erti. 

	

of 	

0> 
?o-i. iidst -.inc' , Aca i (• ii .j &i'~A o#e~ t ie krV b condi lMiott . 

r stet 	►ted Jz 	Gver oed 	a f d uro 

Direction 	+vO  -Vc  3Th.% -etc 
of ar 

t njnituth 6C() "? f :Lt ..l 	#7 	zuz. on trso 
load locked ::t full pL 	oo if ranain, 
rotor load at 	4l iar:u, i 0.ja 

noload it n-a t tuU13f i(,'004 
our ret It 	: L 	10C 	t ~./. 

rotor, 	'0.°' on 	3rd 

at7 3 cell '3 1 	,.Ve 	2 -tVO 

nf-ss z tine :us 

A home chnn;o 
4i  :e intervali. 
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Ln tho ouoc of a load jaw eond3 do t, t4ic ttho 

delay cry rcu1t in IC or 2(- caf equipment d,-.r-a,-,a or 	r) 

bu 	out of ct 'hot' rotor tofore a tbe: 	. ovorriond trio. 

In tt C 40c tf un ar.1ou4, tho ' :o u1 ovorlo-d 

will not even nen o tLe condition. 

ttOkOO ft1i1U2O may or may zit trip the 	rt:i1 

overload, t aed on .;oto load and to to applioa iort. 

For ioot nce# 	o c e * s otcr uld Give only 121 of nth 

plate : °,. 1 Load or. two jrtrao s r.hile tannin ,.. If protcctd 

at I25. .Per 	th ovcrlood -douid Hegar trip. 1: en if 

rUuc:inL at a full load# tt: trip time at i25 .l:ator 

application crz run to IC to 50 t, ohtIa the prob..con4itior. 

had occ , rr od ti 3t 1 

c~ .,n io co.:src t1 ccc p- r a otor cgaiut Ottxr 

zerob. corxdiW..ono, it t cot : a ebviout tent to obt ..n Lottar 

poar `o inc r, the mo for cirautt protective device )..ou14 

tntc2U.i.b1, co pn;ro tLo direction (s .. t 4 tudo t d 

pace rolatiorm of an o neo c , h Trent and, buei on tho 

combination t these t ,Tec tuoto ro,, decide to trip it ot. or 

with t :a • delay. 

To nnc tur ! t :c thermal o orlot4 X'ouulte in trip  

curves that t...u:r it G+tfL`icuJ t at, boOt £or the motor 
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control app1.io tion c.t ocr to properly c ppl ytu+ O Lti i.+ 

even. k;ocd motor ovorlo ,d protection .pan rcct 4th Li e 

prob.  of 

1 0 . oido v, rit rco o f rotor locked rotor 4thotnd 

ttt on Croz. tin to rut . ; nodd manufacturer 

to i f n . 1ioturcr. 

2. Jpoc.ai c pplIcation noodc,, tush are large 

inertia 

3, yi o bend ,ottor t&lei fr mall control 

Z U ..~Otuturs 

Ia 

	

i94 	tinjouoo ra eoi at d it of ncc.rd 
r» hcnterz, to meet 	0 	c -ter .h vist b .i4he . by 

standard--so t.A Uc {fh a,. in &„en4x E , hao proven ade uu SFV 

for loc 44 rc to protetion, wa t tiU tin . occasion-L 

Grob, with, a r a t hcturert oto o Lavin wit hat :-, tire 

of ie 	tflua 10 

i itn thio t:.  round, a nor ,iootbio rc onblo 

looked rotor time i~.: to ',o ioen that o .i& not re iuIt in 

e1Gni: i cn .t $ an cc up ..,rot tion prob. Tho acceleration ti • -o 

of w .°utii houoe utaxi t d , otoro I to 100 1.., acaur°$ 	a 

lot equal to the inerts of toe otor rotor. 	rc ult 
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tor e .hut 1U 	ccceic toa In £ono, tr u I a+ ow tend. 9&, 

h d ioc .o rotor witbott 	of 2C coo. or greeter 2jUUo 

none bn1 1Q .xed rotor.t 8t=4 'Urw 'o 	::r 15 u0c 

_anothe criterion for improved xerforranoo wz e 

estublio1od tbc the r ovico could pertit at leaet 5 ooc. 

looked rotor tiro but not more than 10 sec t provid : Oo 

locked rotor prteetion and still prevent nuno 'lü 

For de 4doa# it has boon a tdat4 practiec tt tt 

inorocae the t for cite Iff trtpa occurred + Lo, to lor 

aoce.Jf ra iO 	ices I4 	&ty cyelcc, or rover irsi;; Tipp ,i- 

.tion ' t thio t l.0 : o re cite in a dear a e in to t dc:au c; 

of the overload protection for every beater ie ir.ercaoed. 

to Ob ~.i , 3tztt aqouvle :oro occur»d& locked rotor ti, 

the rurrntn , ovor rr., t protection level io Inc o uie; 

ap)r0z. 10 . It it, not *nceron. to Ei.E"4.oto.r wit h 

ovorloado epplie4 that would pout iuf i.r ite c or i-. 

tion at 135 to i40 of Cull load cu"Cat. 

Convoreclj, any increace in Lester s ie to 

pert tt occitonl overload$ due to the application need 

tricre nos tho iocked rotor trip tire by 2 or 3 ooc. per 

Step, Xart r co po .n „ tk #, locked rotor ithC:tand 

to 9.S 
tTIAt LIBRARY UNIVERSITY OF ROORKEE 

R OORJ(.1 
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ability t otOr burn out pro b. 

Torn ter cOndit1Onis ar" a rocuit of tho fact te^:3t 

n 1 r or. 1,ontor o. t2tu 1c + n Uird c4 xv „ both run.~di ; 0n4 

1QCLed rotor ono, rattor tan Jot Urnt crtioi node # to 

£,per it t rotor opc rtion 	hc curve in &.I C,. 13 ifl.wtrctø  

tt1c point 

7 .o npplia tion need iauC critr -drat httor perforz nce 

will re.4ult if O&;i. tai .it port ion of tho curve rye. ~.,i, cd to 

pe it uocooCfu.i opora .on could be i itcre . 

1r;.-tS' nd ;ire 	b .So ; 

ven Qn iO .O1 rotor withet t. of the pcctfio 

motor and duty c; o1O or occ1er tion tta o ro uircd for t a 

particular application to i no a, atilt c oc not t-not- it  

OfO 10 pr€ vi .,a pxOtoction. u. pp000 there to ;) oia 	20 

ova. rlou4 bo.ot'or b$—e thio mo a the b.c_ra er/ovorlo d 

ronbinat ton ouot tri' in 20 rice. or 1i: 	at CGS. P cuarro t. 

ay, ice. .lg with a po a► • 7 sac* .eater of lei b tweon 1 uri4  

435 ` p lockod rotor trip ttco varyr° for a, pr x. 42 to 2G w.. c. 

it the motor 5. .j o4ly 15 t o. wi tnotund cpbt1it, t eye 

boater war or m y not rotoat. . f o to rc iroa ' 7cco. 

accvi',ration. t ._-o, 44 , .i'von hes for may or .my not pe it 

acc41c r41 ion, 	r fovtuo rtcl, , it ;ou)4 be xt ,utrott to oo k 

at each and ovor,, Ie3tor cu.rvo and Forte r i 	tIccttuo 

tolor•t c' 3 to 	a Oro, or application. *Liiu a atkvoto 
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the do3irr:&bility of a pact a e with a woli dot m ed Caere 

that lc 	waatEer the r p1t+ t.ton is a U or i2- 

lo .d. 

Touch d etructive t otin of + oto o f \ i c t be 

road that cost i for f Uuroa will root in fault 

currod levole in a .rwn ;e of 1:0 to 20 ticoo motor fall lot t 

current. 

4th tho 1on a1 M th; times gat low level f,u1t . 

c rTent Q , ni ` c nt drrwie cc n rez t In &l p vto or to 

actor circ*tt. 110w~,vor, r*coEsttn that any tip line 

current eceeo 10 cke : rotor cement, =:o-.o h in4; radical to 

wroni,_ the of jective eho I4 be to clear that fa.i1t ;s 

4.atcK1y au poemible. The :`car treaker set at gaster 'th than 

locket rotor it lea.. than thc 10 A interrupttnE capacity 

of the contactar provi 3e this fast vena tip. e d minthizini 

cot,. 	o* Tue overload reQpo& to currenta lesa than 

or equal to locked rotor, z4 the i.M' responds to e: rrorst. 

6roata. ttan looked rotor. Coo ination of circuit co  rout 

it, aiway a iovsdwithout the food. to •roar to c e* or 

Go throui, complex cu cul at ion. 

Uptil now a vuricty of prop, conditions in the 

motor circuit have been diocuaoed. The prob in ci rc:wit 

Occurs Jac to c-h_- .,tie in % 
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1. current 

direction 

. magnitude 

4. phase relation 

end t5. t1r o 

Now It has also been defused that or irz prow E d 

perto !atco in protection ac the ability to versa these 

variances independently and as e a decision on when to 

trip bwed on what combination occu . 

Thitet or s--off _ipp1icaticn obou.td be 

1; locked rotor tarp time s, with minimum of 5 ;eo, 

raxiizuc of I 000. 

24,The ibt1ity to oonvon intly shape the curve to 

moot epectht opplio ion nets. and 

3. 4 vts .l—d; fiue l o:u ve th it IV pr -actable and 

conototent re ardi tea _ of current roti n. 

The p cIaj o  kit Le ocono. icui enough to Juotif, 

application.on even +r ail h . p. I t to e . 
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`'TM4i 1M..4f;4 i Y~~ 	1;4 L~e ~ 5'~t4d, 	
Fe. + 

	C it._ t  A li 
r 

 .. 	 &T>.I 

'ow a data, thb Int rated Circutt3 ` nd their very 

wide ticld of app .ica io s. The very t'a do ent l thir.klz,j OU.11 

be that r duco ~ tho paeaee to provide pertor aneo witch count 

. x 	.vij the above esid robloc in the real world of user 

applicsttonn. 

To observe this per "or neo, three ele entt will have 

to berequired.* 

.dr) P#. rn&o to aeras the ,Acne curer recta- and 

tri 	for 'a them Into cote reference that 

tan be used by the to io to wake e trip decioiol. 

(ii) The looaic that lo• k e at these refer ce-,, .a e 

the d iai r , ,,rid provie a trip Gi tt 1, and 

(t.t..l .gin. mAti 	. t,vs t that accepte 't the trip At ; t l 

and intnface it to a contact cpenLz sufficient

to Lnteçt the cntactor coil. 

3. t 	 qc 	v of &.: 

tlese xwo not been rain. ..0 y oohed even with the boat 

of the tneraliaee ret e availabl r tQ 	. 1dc.üi,, it each relay 

should be custom btUlt for the particularonchtne it is prof ct 

inij. A tornativ.ly, it c u:o?, 1d have intiUtely Variable set-tir ;; 
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wI h a uldo a taction of curve ohapo3, cnttnuow 1: 

variable uaujtjvjtr to n 	1 ve ooqzonco c xrrontQ . 

To Ilot ci000t to the ideal cervico t th a practi4 

4c al, r, o2oco cooperation must oz10 1 twc ► motor and 

relay m= .otuz#rt. Votor aenufacturorø r uet ,-tve orc 

occiar t o and dctaUo6. cpoci ft cation of rotor o o z octorM 

j,.oti.gi etiz(;(; curv, oreo ter 1 	ducttvity 

between ote or uin4to coni characto tht c , olein 

erfoct fuctcr, hot opot dtLi, eta. t2 on rotor uooto 

domwd t is typo of  itforimttcn, oolici. kr8 t .et tLo r to 

on their I otettt ozd continuity of ocrvtcc they c n 

oxpoot from those to tor . opcn o ,arc y on the : t c-

t.ion prov d , L-nny e onoci can be e. pocto futtb*r I 

the o ooteno of motor protective r l ov 

(a) To rccnt 	ne to 	icnt owtflg to outer 

taunt (i the cauo of Lora, for e*pio, otrtn to 

(b) .tt tho otent of the dntego sin 

internal Th1to ( au1otton f lure, for cx .ple). 

0 T O mit the extent of the 41oturb oo to o .' 

equipper' connooto1 to the same o pp1y. 

(ti) Ot to reduce the roliabtitty or availability 

of tho o uut cn t * 
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It to not oc ono o 1 ponoibic to pzoteot all 

equipcent to this o te,r t agoinat all potential fault 	AA 

co,roriOOO pr at to 'ound bo t won the probability and soot 

of £'wul'to to the coot of protoction  

2totoro ar oroUy provided with a o. ort circuit 

protectio fuoe)  Sag ar o  'ei 	.4 __feet- 	(tu000) one 

on overioatt protection* be uoeo .are uOeL pr1iariiy to 

reduce the disturbance to other cq4ptent connected to t s 

°O :o ouppiy, on h: oaw4ton that the motor hao su. ored 

ar Internal fault* ii. to not coo ortcA11y juutlf c .o to 

try to 11&t the tot nal at ..a, o to cmc or odi od 

o or , sines al&oot any 4nnt, fault to rep rel bar 

cpiooiy tGwineline,. the co tor Aha fuooz arc aactImo4i 

alJ3 o irate ded to li ?)oat tL 0 motor ifl C OOO of O VOre 

•overlo .o, but the ovo load re.la to normal.' czpoc o i to 

protcet for this on all o er overload conditions* 

Th+ co•on ovovloa,d ta. to 	 and - 

vol a o, too frt4uOat o ut ; , econtei OVOriOA4A, oto,)  

eoueo oVerAoa it o.i4 conacqucntl Wi tnL, inc r lation tcilure 

'4bo cc  bttn ec of ouch a t & t o to not simple. 4: a eoo 

in ulatione (Ciao 11 and Lz oo : ) are nth uubject to 

is oraturo dopcn .ent our ; « s a rule of thwb the lzu - 

it tion life halve 	 +d t°. C mci ae in 

cpntinuoue tea orstu £ibOvc a cert a ► liz t s but to 
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unaffected by tr cicnt, moderate ovorte peratu va, On the 

other 	d s ono of the crcterttttca of the induction , otor 

to tt.~it considerable rocorve torgQo to in iar by available fez 

c. er cncto . `rho tdool overload protection ou1d thus be ono  

which c .td ed tho to peraturo-ttae mr to tettci and history 

of the rotor. IihiE is tp3 apparently not economicaUt poosible,, nc 

cortaiij comproz ioou are r..ade. 

3.3  

In .o 44 n r with  4th tlxz objcQttvo of b3 m, c o aical,, one 

thin , : co 3c; very obvtouo. If the circuit could bo dcz, ncd 

e 0 that the oenaozo and output wore OOxOn, app o :: matoi 3= 5C 1 

could be onvcd ter Bich trip function req tr,  , ae appooed to 

U1t 1incratc devtc for octd uotion, 

tk m,%# dictato pacwizi, approach. Pt ild a 

basic overloa4 coploto with u tor.:, output, and overLLoc d 

.o ,ic per orLt r u cGt b1io od, thon moho LhG ether (u4ct.iozo 

by oftp10 addiUøn to, the ba4e ovLr3.o, a r r the ccto 0011 er4i 

Laid out pu . 	is it c a : sm n t o bUocd 4iai in 	14- 

5.31  

in molded coo yen oitLaz to a 3 ;olio thor l 

overloi4 rla.y tLock, 3 ar;.aU . C. f.:, outputcontuet terotz;ole 

jot like the tborct overload can be pachaCed. 'hta wi l t.tc 

to the contactor to fort; a starter rhtot vil b# little 

different from a otandarU atarter. 1;ao C. l- *1 jjo t~~~'"ilLE~,;,*,ha 3 
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plus. rest Utro ww.J are lozd.o : .croon a real tor, p victi, , 

tbr*c vcxtd rofez co , cmc for each phaco that in 

proportionate to te I1oo c.rreat on e  b puss. Y.kLo Lo is 

sigh Le obown in t>1  5 . The circuit to acbieve thin Is 

81 O wn in 4?L .16 , 

I t can be Honed , that the load resistor will determine 

the r.ntant in the relation i ref, 	The load 

renivtor to shown n.e piuj„ In co porent. ibis is dorso to 

further duplicate the convenience of into han ab ,. %, %.ith 

standard eerlcdo. The bate ov x3o d carries one style 

r bsr, and a npeetf I ve 	or etylo number to 1 e ir. to 

4stert itie the, currert r tin nat ed. int it directi equi-

valent to psctz,C, : at*r In th.erial ov rlo d,, with o e 

.for but 1itortnt i1iftererce. 

The r003OtOr from ratit to rating have a coAnotCOt: 

relational ip#  w .Uo hEtrL :angst oL actors 3 ?t09 :ili j .t t y 

from i ateria1. to t4ertr2i. for ittforant st eo. E.;Lis f of 

plus close toleancen on U. eon nentn 	 c*it3 1 a ,ls 

4rroflt curve wii0b will 'bcu a btu 4 far a pn.rticul r zne 

o f curry t . Tho do zt tAorc fro . )i : ace can tow know 	have 

confidence in tht the curve looks I , to. 

e next mots will be to ue this to Fic oi l +nuc# 

taoa the electronic air c. Oto to a .po the tthe ci Trent c v 



to rscG t t# a critoria. &a o can wind up doi ; foiri  

,) otibliabint trip tomo ut 6OOot rotor 

11) App yin Ibc ter for u1t L eto tip a t 11C 

ar 

(iii) aeos,icV tho tie curve c o! Approx r toi 25C o 

be10 otrt1n ;  torque ver 	cue to to Intcuvo• 

Theo is  ir tooI or the fact that the motor will hn 

ems deet dissipation 	 stand ottU overatart °ti ;.o o 8 

-'herd ca city ci000 to it t 	here R= co'tLrnt. 

` eo orttcrin will rectait in disc nia prOvta: 	a. 

trip eiai baeo on thc typical. + 	' ' 	o 	in x'i * 17 

i'er aar partcon, typical L2t c r t ,ozi i over oad c arvo.3 r a 

.'.M, 

By n .caaaa 'uU riatchirW ooc c'vcc, te tiotc over'- 

laud can be copicted and tiU provide 	ovcd nriAc UVOZ' 

current and 1ooi rotor prQtcctton. . iczt 11 the 4Ooistz t of 

opecii. function iotc ca a eci hthich a uce tho  

voltto roforoce wciicblo aod provide a ptraUoi trip oituil 

to tho out put contA Ct . 

he p .u&*tea rooiotor a: vot 	ro dy ecaeco to to 

ro re ae vola €. Al not noodod to do would to to vrovido 

an additioncU. ac coau poixt to the trip eiraL.  
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AA olfl&i.o Otylo number lon Ww ,oration tico modulo 

otrn be plu od ii the be ove load. It hao a tbunb hoot 

oottlni, that o.afl br adjusted from ap 	tciy tO t 40 

Pecond and wi l ceu3t in a molt±tudo of possible irv, 

as Iown in • l8 • Thio ,rzo4uio however,, baa ono 3j6fljw. 

'tcant d,tfferc CO :trots prrviouo ee odd to pci'ntt 3 G  

acceleration time# it rover o to tho ro sI OVOYIQC curve 

after the po uteri cccoiratton t it e, provt1 Improved 

ruzmin ovorioot2 protoc iort. Uat rn bLo obunto or th2oh ot 

typo A oiM[:F ir7' wt 	r 4 ?•f:td a tho oane tri.3,i.V, current cond.i Miono to 

trip fro a running conai tion so `row a x tartiii; co tion. 

3. ).3  

The Jan fu ne l.o  todu1modulo provides a inota i ie au trip 

should currout ez oc4 a preset vuiut at wy time after. 

the otor hac cicirtød. It& Lotion to abown in 

irtni otert, the rotor La protected In the reion 

above the . r actttn, by the otondcrd curve. i or xtnnin , 

coz di ttoi xLow the Jai - uOt point, tho rotor l2 protected 

by tbe tens nri roi.:y curve. The ja modulo will oporote 

o iy when rues*thj currant a coo4e its of .oint p which . 

ac5juoi..~ble for zany v.-luo Lo.tveon 150 	d 4.s 	Thio wit is 

often used In 	teri{r, . 	i1tn; a plioetiona but :al o fiz:do 

applicatio in ! ueh ro ao on purt.Ln j and air hu.diiuj; tLerc 
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any currCflt, oa r t cib vo t 2CJ.; or ao indicates soot inc; 

radic y vrOE14 . &uc; ►a i broker i! po11or, €nd it to 

doi4r'abi.o to wAniri o d 	o ttt t would occur in tho 7 € 	t ) 

requlre4 Sor tho overload to trip on ..o cd rotor'. ., o 

app1tcatiOnO, ouch no a coz prozoor with iozj z o 1r:r€~tion 

t1no, may Qøo both a .jam tt.inetion mode and long acoaicration 

tiio zQ4u e. 

a sho to ?t.  20 ,r during a iorat on tuo rotor 

would be pormitto4 to oporcte in t.,.o area below and to the 1Ot 

o tho of .n -r. d o$«z a and 30 waec.. ccoiorni to for c r of 4.3. ter 

. oo ir to opood, it can opernto only in that area to U1,10 loft  

of the atatz4cird o or .o .d and j : c vao. ThIo c vbinaUUen 

por ito the lonj; accoler,ttori tic required but trips titer tics 

d lay for opo&nttrt ovorioc&:a c d tnotrntonoouA1 r for c.rrct t 

va3.uoo over to 15 act point of the jaz tiothle. it the 

to not owed, the Lotor i$ t1 Loak up for up o 30 aec. doing  

ci t, 'cant dao. 

30.4 	6 	u O 

hia u .j t icoha at t o 3 phaoa volt o re a rc co s C) 

pr 	idea an tnotntznoouu trip aign . 	boat : a: y phioov c to 

c rz ont zero. 	Abo unit Fa 	a 16 wa buiitin tine d tly to 

porzit ifltti 3. a tartirx vtAon all t' aea ore at e-rroat zero. 

ii,o TDfO$Q1COiX1U1O it rocojt uOQ uQ ro U iria3 it  

to o pori to arc uwn in f i; .21 . 
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Bind c ont 	itivo, it iz not aubjoot to vO1 ,-•c 
Ln?fl cOt in the motor U r rct4ni,,j phacozi and ao c.teh opo aiou 

properlywithout r pcct to the location of the totor in the 
distribution ammte . 

Requiringno pcnoi space or trin aa 	p~ro to a 
ccparato pbeoo failure inlay, it in an oconocileal prrtoo iv$ 

poctwo on pp1iattObO ouch ac pup papal s or roof top 

vetUatozo when the control is -* o t uanne t, 6 duo to fuse 

protection there to .iikeli.hoo: at p as r fa lure p tectto . 

T ►ic r odtt .o baa a + iai a :jua he t t z t porrtth etttng  

1t Ick up vai c aunt t c the i ivi u. motor no-load 

curro.t.. hortevor + rcnt Gail below thio aet vr31uo (..o. to 

-loaf vc c) it proviGo an output trip * iint1. 1on inter- 

io c e with of c r pertt of tn o o, it proi'nta 4acaoa 

br a oc of a broker bolt1 uI ft1 or eoupiir ,; it one part of the 

o3r$tec'. tt will aLoo provide toad protection ajattic pump 

z a a Sue to loofl of auction ori' the liquid flow It r$ ,uir$d 

to teep the pump within. auto opezatin te orntu • In thi l 

ap lickttion.1 VIC pick up p* it t would be aet 	hU1 4 0v0 the 

runnti,cirIont of the to for i4th the puap Vis 

3.3.6 , 	$ 	jI a.o : 

dIe module mutt be wino ,i to the primarynido of the 



cc nt ►ct to sazaao tz.o 1,the phase rotation « It wrv€ ,, it 

provides a tri t4 n . wr ich ock, out, thecontactor and 

prcveit It froi plc irx ; up. It 1e most oftexi tAOed iz 

portable o , ti meat vn frcq; zer t o1u ;o Incre .ae the 

odds of incorrect uuenoe and da6e  can result if to 

iotor iuz o in rove o. 

3.4 	To protect to to z' co 1ot( y evCn With f 1: t of 

t o rc.i1y8 av ilatle t o .1 t pro bicz. It* rciy with  

in r3te1;t variable Oot In ,, , 3nd a :wide selection of *, rvc 

ob pea j; ro4uirM3 to awrotect a ; otor. 

'she best 4?.p . e atioD of the relay d a uie ' e very 

Eoo i.,er zztiot of Who motor to-rnuJr ctureri tLut y i:16u -A u vo 

t cc rat and let .iJ.oil ,foci `tcotic :o of z.otor c, mctori r 

ttc , how, . ; curvo- d 4rec of tIerzuii conductivity t tw +ec 
Olein 

Riilto w ndin w , co ij .in c•nr ctoutico,ffoct fuir'Wk4.`. ! tot 

apot dat etc.  

. dv mcc 3 are Litill o , .te4 to lm rovo the szotor 

rotectl r 1 ys. 

0 
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	.',l :i~J~'al -rl.:y. r 	 ~,rJ1i 	i ~~_, ~."T~~ .~s_t~t~+c~~..7 jti 

4. 1 	:z-e coot c o cakes woo of uo1Xd of ite 4ovi oe,, lrVCrourrer1 

anti irii1ajenco 	oterio tied rvø boon rea .izod by a. in ,, u~so 

Of '.:;E,3ro /di i 	cira$t ,. .rho diatthct adv :ag o of biu 

aacur4cyt b& I 	f * C ,ofcc in4 ebb ld+ r abl re uction in 
of ze of 'tie unit t:xve on tried to r_nko use of. 	-.e relay 
Ia :3O, the rrov1olon to ),*tot- tto racP4no tro ovort  	7rrturcc, 

tc 	c r iso cot to ;. r o1.,oratin condition + pan'in a or.~ 
the nest; of 	1io i to.Z. ¢.ho r1y bo ben o: o0.: 
fabric ted tiui tooted In 1 rotor . A: o prtor Inco In 	r3.F 
ctewt-z do ~ hue been found to be quit eo icfaotory. 

4.2 I gduc 

The avorcrTe 	zo3nya oro ur a-. wbre the atot ..Wuc f it 
ourreL4t a ceet. t:1e* ar .z= .Otic current.' o rot Lvin  
cist.r-:oterlet~io equal oza ,L42i . k i ioirab1e for prc tcct n of 

opPaz ltu ► a ,:.tn t everlae t1Lz as 1,'2t = r I.s duo the evovt  

versus 1A+ ,tin, charas er tic f most ap ;. r;.tu . 

4*re! f 	,,a Y` iri~.riteraiiw~A 	£4.verca AweaGy r ite a,Lity.6 % ,yW 	 g~.s !o .11 • 	d~ ~. .~ 	 ~ i o 

current curve to not cuitub1e for o a proteozio » The motor 

hoat3 eco- rdtcii to ao ' t function and hood pro eotioa io 

provided by tt c U oVcrcurrcnt rake ; 3in-; bir,othUic n4iro . 
zovcw;ent . %he a.,10 repot of t:aa) rc; aja provot' o roctortin ; 

the r .otor unit it t&i co., .cda l& urtbertxro, tho Lunt cloni c 
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ropert, or tine rcii ,.1vcc it d .i ferer t hot a 1 colt ti a 

currant ctroteri3 icz b.1ch corp Naz;on to thoszs of t ,e tot r 

a: ,i.~. • 	 . / ! ar t ' r QLc z. ti+c er1 i oi can be ob 6+4 inoa with c 

tiporia4tr,r brill ,Oaud a .ham rur al. rcpi..c; c hvic+o. 

is 8i 11 r-.13OO £'a ctio u2 h.p. cotoro the tk cr,,.al, 

OIC, ent uouall.y tuLos ti .ioto.,t a btcat41io diac w4 ci 

vcQpu into tho o crrtcQ: position atov a cort$n tc ex'ut ro 

O e e t h e C p i U O 

(9) 

he X'' ro o urc not to oporto on 15 i o ri4.a -Uith 

eoz ttnuo4s1j rats 	rd upto 4C.- overloLl with tort 

baviuL ovc rlo 	c * c .t y,# c -rn i 	oa tho s rv.tc; 	ct 

en a motor otJL, c;L tt rCue to to otb1e til t 

+ ..r oCt+ d load or .o w VGItC, both thC tu. «or r and .rutc r 

i 4in s will b 0V0i .0 tO4. Jose tum of protectio 	o&.1d tf' 

Prov 5e to but the rtor down beforeth locked r+a ?r purr :it 

arc to .iOx OnOb th 	c 	;O, it it v :tet not .but 

t e. rotor dowfl + u.:r ; r nor t1. start. It to not aiw yo ,poai.0o 

to provide deto i.od rotor. protooti+ n with the ovorlo aci 

device without u3cttthc tho ov oric ud protection. 

i!be :e!1 t ptotoctiOn to roviaoa Ljj a tt or:a,i. aevico 

vui.oh to onlj o rate t.1.* ur s; 	itaUci oo ~3 L ttOt. Irtppth  

Yt A o cc r ii' rotorr c, trreri t f nil e to fallU to no rz til 7 :,i.Sw * 'i"i ti. in 

the ti,rr—c rrezit ts tcitio of t4,.e th r .al uri t 	,.ho 

Q. rsoteriahG ;: 'v tot °tLe t"ormal unit Lu Gt Ot n In 	2 
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for jtartiu: (cold1d 	wnin,., (tit,t) conUition. 	lie rolt t 

c < al o to arr 	to tNivo roatart onto & ftor asCalX, 	:, to 

to :? o:, t it fiord la a ooconz oculi. 

.be t 0 1 c1c ez t a 3t;o tncororatt n i L Ati 

devIo wt1C 1 intortou C zot drtn ttao otartif <,y .orio.i, ahc 

trip o(,ttinG cw bQ riot of o. oi. bU .y lai her v .uo t . : tho 

indic te4 vt .uo di 	otzrttzw, t ao rsvtQin tho zicc  

000lble protoctto a ci ai et t et Ue4 con&itis . 

(vorioa4 rela as Lo t t ko car+cE faulto of !,oav, 

orou f to o iercto tLO i tottcCuc ovrcrrct r'oly z. 	rf, or 

LQtQVO uoO to rat.aro 4otocto o 

4.2.2  

bc 	u-tu.o tri lu K t&On Of otor Otart 	o: rrQ(to 

d thc a« n t. tth 	U oizinibie t tto . of :tor of ll ind 

car z i - " o .d joiA. C,7bt Ak z to to OVna+fi4oz cd in the ap is L.ton 

of ovorloa 	iotoctiO . it is co ::tin ., , C  Umec t ,t for 

cia 

 

o4  no 	A 1►o direct of l ne tie k o iwiiif:' ;. iii SIM tt+i+,Ra 71 	the 	i+a ting; 

rret,.t d r:rtaac iin .a i ( as ti spend of t 	4hino Wii i 

up d rin,. otrtiuij, Ai o in tact oco rot upl -.L r to ; nor mach o 

and Let n mal looj, O u atartiz 	rrcmt rotzUo oczaib1.y  

oo1 Annt at tan initial of nd oti 1 value for 	i ,' do 

toiit 	tz1rti. y moi,.s►+ t 



s~ 

:o rotor c rr°viit of cn induction uvtor orrnth 

to .VS,ly v. 1uE' v:2 3Up 1i 	be cbor to be a" ,uzii to r 

a 6 .. 	I 

+ 

?rc a .fin. (1) and cao ► ;; tit the tiebjne r+ actco 
is 	to ton Uoo the cchine oiot co., the 4t rt n 

curve of tte t atoo can ie derived as ohowr in .'3z- 3 

x. u, (1)ldicatcc t 	t in tho *coo of wtor3 dtia low 

rotor ,r > 	.ut nco 	.) 	only becwco 1sre c;r 4th 

the Value of slip bcczeo cta..1« 	ua ac Drawn in - t.;,. 23 the 

atc*tin4 , cacarront rovmLz,oaborta t4ally equcil to the c:ax*rnt it 

otnr att1l until t e z otor to Y'i l oat p+Yo norti  r alt 

In dvterzinth he c rert and t.j e eettine of t o 

over1oat pr: toctton it isozUy 	ce that the . of r It .r inL 

current remtz ccnct nt, n6 Oq ual to the of nd tt .1 currcnt 

or s' ole of the o arti ,; portod. 

4,e3 	 t 

.kkould a cotor stall *hcn ruLn gar wbie to otart ;due 

to czcwa tvo Ioni it will draw a c~arror t fro' t ie a p 

o ,uiv font to tte -o od rotor current, it it Lv ou3ly 

eoirable to r void d. 	je by discontzvetin;; tte, i. t r r'. co q *,LC1 

as t3 pQeible ir t to oonr tticn . loco. 



it i o not pooribio on c ur%` gent 	it: do b3oio 

to :asst .h.,uta1 between, this con ition tnd a ho tIt i.y of +z t 

condition, tho only ioci.Uc mo it • to to rrcno the 

p 'O ctivo 4cvlco to + teeomioot the rotor it th currcit 

coLtii uc for loc ?r thm he norzU t t 1rtink; ti .o. 

The zjority of oad are ouch that' the otQrttn( ttw o 

of nor—a1 tn -tctton :.Otor .a under ton Decor..o while to 

lore ,bLe etci.i fico to ovoid a cc n ,vo detcrioratiou of tho 

Lotor t 	otton to in ozccvu of 24,E oocon1o. It 10 tbue 

tty 1- e o ,  to iOci&4xato on t tiro ta1 bOtVQCn t o 

t0 cot h t i*no 

In thc coo tai cotOrQ tne4 or poet. , ?1tcat onD 

(for oxr n. log  c t p. c'Lorin .it j in rti.r Undo) t be of rtt 

ti--o z; t grolon o .l and t c t oto alit ttb3 o a tnU ti .;o 

tt tho ri tar tin _; tt o, 	i2tfl ; the V ru blO._ 

of discrimination & otwcoi tho two cone tiouo r-uci r-oro 

ifficult. In therwote, 	4ir on 1. # type of tc:J.a,7 

need f r overi.o d Prot cUUon, 1 ry be nocoo. z', to uuo c , 

relay esu ,eci . U to rrotccfi iitrot otaifln. condition. 

un u er a d;tttitnal at .Jir j, protection i needed In an y  

tWPA , c3tton + + p o f..-Anly Hca:. the ratio of t c nt'r A 

otnrtin ; taro to the u oeeblo atoll tiro r:aa the c oeonoeo 

with watch the or o1 ro.oy can be cot to ..etc' the ut Ui: , 

c rve witt...t t u 	a3ibt1tty or zini o, orotion 

or a to 1.tb$ otart. 



s o 

Tho t hor:.•ml ov rlcocl rc1 y,r in 	toZ ca  

ovir: l in o it? to c3 boatior auto o tk contact aotuCitin,,̀y 

device, to fcirty hiGh Vorccn ~s ;o ovorrun of the odor of  
t t rix tion rated c Trot t , If a rcic y of do tape 

bez3 for incitax oo n ortinj imo of 2G occ ou - o at 6 t .Woo 

rcto c rront tb.on the 	tit ntartin, Ur oftny motor 

a otcrti 	 Ont + f a .icoo rated cara'c t to u c 

th3. s rolay w o .a plieOp could not ozocod Ii cocondo,.' h . c t the 

Motor would zziri co*octcd to the r p ly unr ota, .tnt 

c+ n t ona for tho ncani. o ornttni time of to rcl yy i.c. 

2C cecor. 

,uo to thio 1 	cra ntn ovorrux overrun an ed i iopnl u. is 1 

t t ..zcv relay eii:L1ar to tLo typo doocribed abovo to 000tic3 js c 

to truv1c3C idcq,zaQto r rotoctioA s, rift of 	to eonditioxic, 

libc m uoo , thto relay to 1; ov ftod with r n it►ot ntancouc uz c r 

urre it rc1y tmtc diocounccto the relay trip ctrciit vhor 

the rnotor otort n car t drops to a cart 	val o,, uou ty 

3 ' Wet) rctcz1 irror2t, 4.4 tLio rzccnc the effect of thu ovorrun 

on tho relry to of .trratod rent a c ortor the acttir:-; for o aU 

con 1.ti.Ors3 to pa 	o. 

Tbo 13Øyo aOa3 i CO that tho motor r oino cotncctod to 

a thio ) a2&O baloncOd oup . ;-, that t) o coot likoly O WWO of 

oto inL tn induction cotoro 10 thu loco of ow ;t oo of tie 

o ppl duo to e.. to te i or tn8 o a ham-map fuao by the 

1fr.:.r)b current tdcn to iotor to ftrot cncr toad. b or tkto 
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condition the motor wu1d fall to et&,rt tri wouli sc=air 

et itt'.a ry with a silo I.huoo ouppJ$ applt0d to the tutor 

t r.~in3lo. 'loot to - Otor cr±y stall it one 	tocC* e 

open cu'o dt whiio that otcr io runny , donUn on tic 

load an the a-t chin+ at Lice of the open circuit. Le  actual 

veIuo of tb current drawn by the roc .tno will to 1oc than 

the three . as otall,i , current, 'Lein, , e wi to 	of 

thin value, ho ovor, ezacseive eve rao tir , of p rtt of the 

rotorwint.i ; .ic liiicl t 	onuue. 

danced three r1rnoo uppL ` a p .iod to the 

,~a iaa a rotatic , M AX 10 iMMuocd LUto tb rotor c ie ca aou 
ecotrica1.oati , of the rotor rindin 	,4th unb nc a 

oupJ.y volt oo, ,o in ti..e case at ti=o lots of one 

there 3u u p xloatin £l induced in the rotor i.hici is !be 
ouz 

 

of theu on the to the pooitivo and DC U VU pioo 

ce zence currents; this C". uoeo unoqua1, boating of the roto 

windin(; do'ondir on the poz tton Of iho rotor bQru, 

Under nil Vit oco t vc rootioa c1 co dttio o the motor 

in protoote1 by the now rju i osteo r€ lc . 

40 

e prinei io of a r'atioz of the • jr000d ch &e c4a 
be ca,,-..c%it od by, fir3ti c ., It .n .n~.., the o- crk.tia p r cij.io 
of VO  J3 I4 t.41 vo ii. l e octronic c irc4ltr . 

Q 
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Fig.25 —An amplitude -modulated square wave 
generator 
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Fig.26 — Voltage control oscillator 



.4 	'G!"ititr UC 2 'n 	i' ':Y! 9  .' 

bo tjo—c°irr t CLf `L,otoz`iDtic€3 c rvc .t o boon 

sconce for n>1   (i.o. n a 2). Fir,. 24go o+ o tho ti .a 

curoAt a :a ote to ttc crroc 0 0 t 2) for r. < t (t.o. n a .5) 

and a •? I (L. t. n + 2). Thtcc ch 	torlati 3 	r'co 00 

bavo 'oozy te&1icpd by Ca ►1nC U00 of qlsdcw-fUnct1cr ; cur: to 

aboun In 	iil t, 42M(b)p rcopoctiroL.y • 4*bo + ar:- otevio- 

i co hovo bo ort 	i4 o1 ty div$ i c 	rtc1 	x c into ' .L ""nuu_:. r 

of oo ont of tfc nt uloppoo. 	ho ttaic l '. i ci,tie icr 

n< I ban been o pL i. oci In rofr o c+ o 21, 22 and 23. : ' to 

etrctit o o n l •i i., .Otc uce in 6,1,aco oaf oircult of 

the t400 cirret cu 'v'c oiUito to c tch,  the cu.z'vc-*2 

or o> t oo Chown by aottot Ivo. 

4.4.2 Yjqt 

Vol c o CotroUocl Co iatoz can to frw4 itb t ac i4 

of the 34uarc-A— ZZv0 j 1 to wt L*4 1at*r nW .be in 67 # 25 

►_CLc3.tioU of t :4O . =LIUtiO of 	U . -I0Vc input to 

ul tltCLr'0tor' w0L'%CC ' he into.-ration %iv 1 we ca OOC3T0tOr tr 
pinto.. 'j thi c c tZQi.. over i .te, .ruUionL 
u tr 	►lCf Lo2A..LoLion to ott tho4 t o ttt into rator/ 

000pur_etox confi, uruticn,, cc 4ox in 	26. ?Lc €:hctc 

cm.r!—  for cont tcto tjf iiitCt rotor 2  OY:i comparator <,3, 4itb 

p ,Gxr;atimn Uo do ori tr: in 	27. 	ddeI to t :o n< o3.. 
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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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Fig.28 - I : C. 7493 (Binary counter) 
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feedback loop Se tho t:ot t itor foe with ..I a Jo , oL*'ity  

of tww U aim progt .icJ 1r ., to o :evo2'oe cah * to the nt%, L 

Out ;ut ry .c oz 	cc raf axont r tri. point ^;r ! 4:;U300the 	.-- rats 

to re,ertn zi ctato r.% rst►ttCh. , # Acveroir the otato of this 

switch convert o the czplifier confiuratioo from that of ai 

iw rert r to a follo ;xr, cath t e z'eversee the polarity of the 

modulation :.g oal rcbin tho Irate,:: ator inp3t. 	ith eitjA r 

; u4n ,pvla 'it', o co if:oXgJ he %nttude of the iotaLra o i '~ 

volta6e j4 thereby caitzoth freenc by the r+ l tics ; ip  

C
~irr~wwM f om+ 	 r` C 

4.4.3  
IY'~ W~w~Y~Y~M 	~Yr++~FYwiNIR 

i 	Je.L y b 	' e ti rovide4 by •.. i 	use of 	7493 

hiab is t 4--bits bit xy c+t*n t z' ø 	v° tLn of `a.r L,-ictor/a1c ve 

flit' to?J LLo re, Inter a ally iztercornectci to arcvide u 

divide-ty two ccanU a anU a divide by It;h counter. Lc 

counter has a. 6 atcU Ort ct roost line %h1cb iihibit the au4t 

i ►, utz ani iuitkineouoly returuø tho four Elms-flop of t~ rata to 

€be £.Q* 743 Los been used eø a 4-bit rL aple tiuouh 

counter for kicI oz has LOOZI oontisotot. ext rally to iopxt 
The i t t count 	ua v applied to ir, ut GAi.,.6 	~. + ivicicu 

4♦ 

of 16 he boen pend or .od by i i ect 	~D as outpttt. £1c l,,s;. 

7493 1 ahoa in 	R 
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Fig 29 — Block dicgram of the different circuits 
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It iv to be notod tint t 

1) OU'tP i :: "connctc# to thput TT1) 

(11) oro of t l out uto to ' W.,' lovcl Lot,. 

and & (,) :ifl to cmot to at ''I' lovol. 

(ii) "itbor (or both) moot i. to Clo(i) ond 

; of bo at a 'LO' LLcvo to cote* 

4, 4.4 	Tho orrobt ott n l io fed to tom*: tr oy otor unit 

h.  . cOnOrto It into a proporttonol. volt jo of ; .cam. tui 

volt o r iaa t tic cutjut of the tr ua star lo fed to tho 

functiongenerator vb1 cb dovideo the opero.tin c'uotertatcs  

of to r j y. Ito out . ut Vo tai=D of the £w= tiou bcnQr. tOr 10 

fo i to tin vo toj controlled. Oscillator (deocribcd ear..xcr) 

to convert I t into a L; .ata -sur t ionu1 fr uor of c iLnai. 

  it; fed to tto 1o3.ay circuit ,4,i cb to 
a div10 by Uf ounto ` (wx ore if to or nto e"r =.U' c u--1,, to 

16 z 1(r x ' 6 to trArc c tirarg count ro Levo boon roc:: in 

oaaca' o) w '10 oeratio of the delaycircuit doond on ;o 

rcootti ... oitA dorivc 1 f x 	the ouin ; nmpli .icr (dcac.ribe 1 

In tLe later occtieni ).. ac output of t1e wYo.Ioy c_ rott 

a.ct ate3 thotrtpptrk . cvice. T o;or tion of the ovorcarrm- 
roily to loo illuotrative fro- the bloc 4 , rr -- and circuit 
t?i L r , ;j_• 29 :: L. 3);. 

MAI 11URAY Uft1~~RS1i'y OF r)O T. 	r40l~E 
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Fi9.31& 32-Noninverting level detector with hysteresis(31) 
and its transfer function (32) 
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Fig.33- Summing amplifier for addit , or,  clnc 
subtraction 
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4. 5 	Ofl i F44.i11 \ N 	{ ± 	\A _/. 7 	i! W! r.R 4i T 	c 

4• ). 	alL -fl 	dC 4:r ~i,' ( r .id~ Wi l~~ 	f~ 	Ll 	* 47' .1  
.w. 

ao ►4 •~ c r 	- i t;. -t~ € Hca 	r is:;~1~ (:..or. irvertii ,) 	 .' 

• ] vci. T.Acctor with b ctortAo to the root 'cr 4►tilo 

Cn1 uijetul of ti.-. oo--purator ctrcait 	it c z be d iCr cd to 

cbcije output tit :to. w m :vet t ho tat volt ' fe j)--ceo th u 

an otic cto 3 ro cDe.,cO vo .ta-o. 	Iic i of o iz. ; r ,t 	:n bo 

t t orod to c•oci, 	is tion by cLco ink; to r ! o.a 4 of 

;at0PCCI8. cLc C:.rbDO1Ut Vol 3,LOQ of tt0 t o OUt t.t ot.. eo 

are 	ctod b,, :: i , to 	 ryenur dlo.Jco. 

° ,• 31 chow t se non—tnVorUUf im- o1 ctcetor 4th 

h'otcre o aii it., - r"~,ufez 'u:uotion 1a .J.or n In a i~, . 3a. rho 

lev€1 t to c: mor d to . it oo I..  ai it ut 'voltzwe V1 1a u' ovc or 

bolow U refere ^c,.. 	t: ;o 	o. .rc ; onoc to thio 

ZUttiOU, U or t 4 U VQ1%3 	:111 :r::& O ofl$ of t6sa  

ut tec. ie.. _rrl-n6 to 	2 the oa  ut vita: 	re 

+ V' 	ire ~> (V ., _ ~~ i V 2)1( :. 	) zan. ~- *~a 	it 

+ :.P r.I ) `{ iP 	orf ) . 	1 e cotuat rof renco voit c 

£3 t herefora V L j ./(.I 	j ) io)te1d off' 

'JtcrcciD volt c Lelow V is 

RV 
J~ ! 	 ~IYiYn,r,~Y llr 

and %ie 	ut . ;si ; voitc.e obovo ~' to 
R♦ M 
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The to trip points are therefore approximately 

V + 1S V, and V , - 	V 
ii 

rte • 

I 	Vata.c Qt , cgitive output 70 V Y0itU .(' 

2 	Value of neLO ivo out pit 70 
volto ;i 

Upper trip : o ktr:t;o for v WV . 
as swing ioi op amp  

ani o-pwrk✓ 	 eor  parameter t_ pk__ 

4 	 w r trip vol t ;o 	.w,' 

5dth of  titeria loop 

v 

. 	4 
p 

6 	azimum error In,'put tri 	v*~ + (# 	X t. 
point due to O, P- p iaj .t 
~rror3 If 

atpa.0/ (i,,, + 

.,axIcUr error in input 	, 	 I 
trip point due to o a p 	Ott 	to,1b " I F t.: 
input errs ro I 

+ 

 i i u 	in tr. roqui- d t ac . 3inoo U.oOit ve 
red to xgv►itie f u l r-,nj zitudo  output Ch _ c rstate 



9 L1)t tCiar r.4 i ii' cf%octo of 

x1̀0 cud Ib over tc .. or1ttxro 
c rc to be inizitcc+a 

10 U ut :ootc t co of oir It 

I I Output coii tc co of 
crct 

12 Optic u.tco rolattane tp 

best to la"arc ~~ LC2jUtc1b1o1 

roLiv4 :x:3 

i. 	'r 
w 4 + $ j4 

stout 	-,.1 po i ttvc 
outpu ) 

or 	2 (rra,tti+ 
out zt) 

mo no c t1v'o Ce4L3ck used It the Laic i.nvottijn; cncl. 

fOj- invarti. au Ii 'tat of ,ouito tondo to arrive the to 

input tor nUo to tic 	a votcjo. 4 4ja cakcu wa j t:Jor of  

ourreot at both Lout texttncie o t'33b..o withoat Interaction 

t}c t,ocn 	,h!',ut brncLeo, (i't. . 33). 	Tuo, ono op 	:: con bo 

uLce 	for both +. ciiUo 	and cuhi 	mctI.QI cf a . arL o nbor of  

volt C . *-hCfO may be do or cc rot 	i or (btb). 

otrcait not be d►--31&n d In to goUowin ; oor4ucnce: 

Ito 	2c lc t do v .uo of tx.c 	r,-Ota Qr • ~ A. 

m4:ziYdf4R4 oS o to otusk. inod b 	he zi1id oblo 0;A. ut v t 'o  o 
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o tat ust . 	V ' + I to t' 	to the ani amp input 

Quest Ou reu . 

2, 	#Iact rc otor3 .1I throuh X4.6 coo if all Iu u% of nalo 

wer to bu in~r€+rta~1s 

3. 	Q C.Llnte the 	r'z11ci v .ue of 	(~ #_ 3 and  

tbti 

'f 	 c1a'j,t~3tr'tio parallel value of f.4, 'i and 'f60 

CU this :I • 

5. 	Tt ~t~> rI do riot to e . c ou• 11n auch that At 	ei 
where !in is now include i in t Ic p all 	e iutauct. calculation 
or tL . . 

6. if B ' h~.~, c c not uoe 1x 	choco ilP ouch tit 

t By - v .oars 	Is now iciu4e4 to the p r lel rcaiettnco 

maculation for 

i it rrr~r~rr 

I G itp t volt a of circuit 	va 	IVI + ~s2~ri, + , v 

+ }4V4 	4~V5 * 3.s6V6 

Voltwjs ii for invort1n 
tr.j ut Volta , j (vI I V2 a 	

Vo'2 	f2 
etc 



W• 

Venae , ain for noniuverting 
input voIt ,e: (v4, v5 anti v6 ) r 0 1 1 

where :tC a parallelre ia~» 
tanac of 
i'i 	, 

R ~ = pro.Uo1 re i 
t ooc of Ji • ti 

ti3 z n iIn * 

s A5 	kta 

par el reals- 
tattoo of i, ?6 

wd 
etc* 

4 Qut t ofLa t Voltage due 
to input oafs int current 

i ( tit vi t of..F et vo tQ4,. due 
to input offset rctao 

V. • Lio"f 

VQ 	 I 

The oz t 4u.t of the ou ex' to ' (o' w4 oce to tho 

rceettin . tar sirn1 of t c time deity° circuit• 'she Tb►revence 

of the 	data* irec tire operation of tk .e time 1e1t y 

circuit • 

cEuoe of thic interroac; tet i eA the te:aporaturt 

sent3ir. and wercarrcnt devices the coor .tn. ted oetion for 

ovarc2rrent ana overrun of tZe :chine is obt tned of tho rcia~ 
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thio coo inatei o, crci i:on betwoor. ovcrc; rr: ut and over r"t 

hcts been dtacu000 in C asptor 4.2. 

tc. , k.oraturo acnel tivo todo t 	boon uood wo 

tho to per turc i. Din devtco. ?bo rooia a t c of tbo 11odo 

Chni5C4 tttth tho tC l or turO. 'bo dio o in contort is 

cocctcd in vio rotox'cnco ctr aitt of the ::.:: ;lUior. Thu 

output of the 4flor to th+, : unction of tkt rc cta oe 

of to poroturo do cndont d1.odu d is fed to the 1ovc 

dotoctar u th kotercoio (doocribod earlier)* The output 

of tho level ot, c or only appeoro ihon the Input bnc  

the tot retcrc taco of t)c love . aotcotor. The output of the 

level detector to fed to the uw th .t 1.itio . xbnot er 

Input to the nu :int; , unction to the voXtaç  u OiCn .L propor 

onal to the ou ont from the tr .  no ctdr. The out; rpt of 

the cuc or ;coca to to rcoctintj torctn1v of tte dcta,y 

circuit which to 	.' for the o, orct toc of bLnary a int or . 

sho o prat jo of the t errs 	►tec'tioc relay Is Bloc 
ret 

: llustrative 2the 	r f Pit;. 34.E 

4 	c 	i s°a re 	' 	 rt v 

4.6.1 

,01(;* 3 othou haw to cu'rorto can to coDpxr d in. 

ce6attudo only uoin , roctif: oro 	+1 o cur 'ont ccz orator to 

u.,z.o11y the core rt ct1cn boc..uoo the roctificrt provide 

a tie .tirz , action C U a 



Sensitive polarised relay 	o 

Restrain 

Fig.35 — Circulating current amplitude comparator 

a Operate 

1 



Bridge 1 	Bridge 2 
(operate) 	(restrain) 

2 

f operate 
1 
Polarised relay 

a - General arrangement 

f ,'T  

Relay restrains 

lir 

b- Current distribution when 
io=0 and it  is small 

('

R
z----------,,. ------, 

'' elay restrains 

c Current distribution when 
io=O and it  is large 

d-- io>ir  

e- io<i r  

,. V t 	 io> i r  

G

L:tr

io-ir  

 
- Vt 

f- Ideal rectifier bridge 
characteristic 

Fig. 36 — Operation of circulating current amplitude 
comparator 
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(a. io rc;Ic ciri 	r:ado vary ocnoitivo 

(b) The voltu a acr000 tho roctitier briU4sa 
rcctir o uub3tantisally conotQnt ('it;, 36 tj 

and honco the r'octificr`c ,rid the the acnoittvt relayrcic&y are 

protootci t iatJ cura'cnto. 

ho oporaticn of tho circ satin , curro. t bri& 0 io 

an toilo a. orcz.1i4r the r  ratnin curro t ;ro exidorrtoo 

and curront flatio it-& the sundins of the polori od rci.a,y in 

the bJociiri direction. 6ct1.1 valuoo of . , will . c;auoc r 

current to flowIn the outt2t relay in the b1oqin ; iiröction, 

Asa .iia ..i . %u ti c" voltaj e drop„ V, acr000 the rcley ccrvco Qe 

a bins in the tarttar4 direction of brijjo I I. tf r in 

c caJe1 «i` err v#+ioi x , the vo1lt of roll., act+ trio, z Wh rcl +y . w1.10 r 

rioo to n vuluo - ,~, o bite threohold or too volte; o of Lrid,o I, 

td it will uonciuct (i i • 3 c) . The current tzob the 

relay Cn1Ote of fair) flat4' o p tt bel -w-nv1--o C*rt(WPO di 4; 

to tic c;1oc of 10( j, ao in _' .g* 	(o)• 

'sbo rovoroc is trio 	10 Clove oao; the voltaee txo1f 

acr003 t . u roluy u3.1 . zotr be V a.d thie ill 'bic w ttc roetratht 

rectifier its to fortmrj direction. hon the voita a droj 

a. o 3 th.. r31o:y : ttot1t3 the vc1ic V,, f corre 	nd&r to the 

hrco old voltzcc of the roctif ora in aor:ioo, the a rPl e 

current .iron brill o I to spilled th.rou6b urs C 2. Thin 

corrc~;:ondo to the c-,.eo of ii, > .I , in Fir* 36(4). 



;ben bath brioo aero erer izea simuataacaouoly the 

relay io reU or,attC to Qta .l diUtorox coo bot oca r is  and it  

wtt: c t roquirirr a very conaitive output roloy. The coopooito 

charactoriotic for he relay in c ho"n ideally in t . 36(f). 

:'rocthe foro oinB it ocn be ocon tlmt the"r l 

in the cloy tea a function of the difference between iQ  cud 

wis..; to tLC no ltncix roaiotc co of the roctiftoto, the 

curer t throe h the roiay to i.irito( to a fii ei sxt u r yr uo 

(PPI, . % f), and the rcpt or the ourpiu3 flow, throu, ;b a 

rectifier bri o with tb iller c urrcnt • 2ho volta ,t croaa 

the eo ar3tor nn*t ozecod t ico the forward1ro (too 

voltwo) in one of the roctifiere,, tihich to ;ibout L. for 

silicon. ho s, i . r- current tkmt can flow in the rclaj to 

the etturatiti volto o of ti o rectifier Va  divided by the relay 

coil iOGi3t M.Co, 

Tho i.f no it, of the output charactorlatic c n to 

improved by the uoo of aiZforcnt cezitconduotorz in the tec 

brt.dco, such 	ius in the of orotin , trdjc Q d oUUic n 

in the ro tr: it inj bri c. 

4.6.2 	 .0 

Lu iiaal into ;rator praducou an output volt c ibich to 

po irtion ,l to the intat,ra1. of the tout volt. ;o. in otLdor 

torde, tIw out at to Ixoportionol to tho product of the c plitu 1 

0ft2 uratrion of the it1 1t . X o z-me-rator perfoz' o this cathe- 

t tia it operation on an iootcmtuneoua buojo, . ria °Cif.; an oats ut 



Rf 

V Vo 

Fig. 37- Integrator 

o Vo 
VZ1 

-VR 	+VR  

I 

VZ2 
VR  

(A) 
	

(B) 

Fig. 38 - Non inverting level detector (A) and 
its transfer function ( B ) 



• 

Proportion J to the sum of the products of tnottaxeouu  

volta a. and vnittir ly en 	incte or tO of tt e. ib 

reau .t to az Out t exactly proportionalto the r rofA underr 

a w Avefari. 

The ci remit alto 	is ?i. 37 perforce it t et;r ~tiOD 

by ueizn, , an o;. amp to force the r s 	a current throb both 

. I and C f w The volto c rzcrcao the feo2 back ? eacitor to 

rsl:&teJ 4o c .pac or curent by 

ve 0 	 lifdt 

since the circuit CQU6 e f to e u l the in =ut current 

V0 	 S v 
t  

ah a t ain of the circuit is ;, .ven by - fi/ Al 	lhu8 the 
output vol cage will Chan a by - 1, ~; ., t; f vult3 per second 
fdr ouch volt + of t i:ut, 

4.6.3 	t 	r t 	t tore- o (oar .nvartit j 

she 0pex° tioa of this oircutt to of filer o tr t of 

the ero--c a4 . r t.tsator except that the t'eotator c;I or 

which to 	raured toreturnedd to a referencee * oit c 

V. Thia c nJo L,akee the output: volt 'a : oL:e eta.too 

k.h never the im j,ut volts, a pauses tbro k h ' , rather o f oro 

V i can be positive or ce,..,utive, or, it cz y be a vtriable which 

varies accordin ; tc, uoue Syste f znction. 
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itctoi dctezrtine if an tnut voltc 10 

retrenCe- 'voittgc. 10 response to 

tntton, 

 

the level 4etoclOr oiatut voltae can 
too 	iitie ttee. 	 to ont 1 •ut -ctirc& the 

1.1 if V> V and tie noative state 

°°° the 	 Iov$i 

31rcitI 	 inJtct 0ev0r3i of the 

rzuiafer functions. V-. can be pc.oitivo, naattve 

a. 	o two outUt volto levels are datertnGd 

.-. 

 

amore are redueod bj trtcorper- 

_*  
eoriptton 	 Laation 

t4L;o Wt-€Z V< V 1  
t Ideal OL tLI) P2' 

	 CILV 	L4 
an1 ure scr 

torietles 

vo.tv;o ñea VA  > 

teL o 	rs 
L4n -A 	 uirc senor 

0 	zi 



3. 	1mw 4ovtatio:. fro  
of v trip )O.int COtiOi- 

ler&rz ; 0; 	; input 
p : 3" atGt3 -Ln4; al a iP 

4, 	z1i deviation from V, 
of v, trip point cons&* .. 
aerie 915 . -,p ix:wat para.- 
rooter -and  

.ni ut• C X ;C in Vi 
r .,uirod to pr vice ll-

e,nit do output chanes of 
c t.te 

6. pt 

	

	u'ce rcai t n.ee 
it ettocto of CbUnLeD to V10 
t,umd .Ib with tc erature 
art to be  

7. Input ar siutLnc( of gtzcutt 

Qut ut 'r cia tance of 

of  

ate. , =..  

I~ln a ta I V. .,LL 4 itlu 

tiou 	. t, (pou.it v otj.ut  

or 	Ul u! (ria ctivc output 

9. QptL sic L. is OLUoeii to r:vo 't8e t_0 
e1 'i 3. bi`i 4, rz"c.'nt 

t.^:Zo4 b the tenor , io u 



n, 
E 

Impedence 

Fig.39 -  Typical characteristic of 
starting relay and motor 

impedence 
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4.6. 4  

ane two c,e.:rcnt i&tu1.t *tic from the C}i- I i4 c.a tivir 
f rQr tie jIi T s tXü= .erectby the current cit1tej  

ccr arAor v ,+ 4,4o teen exp aired earlier* thio conttc2 
cant cUt at Ic irtç ,r- tou and u ,pLifior, t ,,tcu tr s rz 
to the Io + o r c oc or* 2o i. el dotector deetc3 thy+ 
tri ptu; otnoi to . turn trips tbti cic4t. The 4eIoy 

3, 
 

tL tip>ici of nc 2 Io 1co1 od by the Icf . frwn c of 1 vei. 
dotCCt3 

'Lhc 'trip , 	Giem ec 7x e3nt +lied yr.-troXI :j 
the vol t o ijzl 	'urtl .ct it cm to coz tr lic 4 by the 
Inj t 3inui to the integrator, 

the u4 cr ;t .ort yr tLc ro ey inn bo exp1aine '4th a t:;. 
: 	cf :-ot(;r. ""ire rotGr ty act lose 2un4c t :o 

Co"dI tIonu 4' :2VE 	,lCt1) + 	MO per UW dicc'..t 	en in 	t pto ` IL. 

it 	Lraric ti. t cotor oLo d bo ratecto wit : - 10 a000t,ca 

after full ctartiue; tiLO Utd tharc choull be a (in1to dcla ' 

to ;prove: t trio o1;or.~tior... of the rota; aurin t ti tit Co a to 

Rttnin ti13 :OtZ 4 ctcadt opood* 

33 
13 ,: i ./c rvc I end ,? tiro t LR cta tyrie.12 c r :ctextcti.g 

of relay -InU tau ca rve 3 ; L .3 the t;, ~. ical cL,iracturic 4 a of 
the ,mtc.r. 

; a 3 ►ta (I) s 	::t to Dio s a r. tg rnt ; - 	stn a t qei . 

x'ho rel .y will nog o.,ferate urii; etarttc4, boc, uoo a who-`hits 
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deli zoo toon provicU 00 zio .o pcei h0 poriod of  

oturtty, . 12 tLa rotor biOclio ito icpe Lor co will fall 

:101y locofait cuucz t w111 it..craOo about G tics t t t 

of x .11 load and he CCUI3O of ciro att*t_ carr *t co 	ator- 

Alar+-ui t a tri ppiz o r.Lal will be p . iced to trii tho 

reia i Tho Operation of tI relay + will ho decide in 1c 3o 

tb a 10 40051n. : 

Cotufltio . (U  

U tt a oto h.00Lo i ri:n at rtir.j, the £ct.nco folio 

k, nd current boaorco about 6 ticoti to t t of full iced. 

tie operation of tho rota t is otcil r to tt o t-lairre ? & vo.. 

Aho provioion io th ro to vary tho dol y me required 

acpcndlAJ upon tl :_f rr ont inertia of tLo rotor r4d fu L Lor 
iji c.: ea k ro tho .otor duo t + $ ~o oto « t v z'iouo lQLd0. 

Jicnco tho j O icr eo oti.rtIz4; rota' ctirvo can b river 

the itcpe a3 :or to regair ontr 

e o or an ion of tai incc a to tiu r 1ci.y is aloo 

i .I,.t t AIVO fro , t L.0 	4C. 

occco 
4*7 	hi 	 to 	► t t rcootc4  

in . .`;. 41. 

w z 	Ok. c. Od e chc:_a Pvocont i a uoi c*--, of 

£c. r `v 	oz 	o for t1fl 7:o for circtul t trot c: f tion, 

improv . pzx ft;r ...Ot in to :LO1C ovcric► . fu:.tctto , with 



£uperiar c rzictcrit ti.c to c eo t the needs of tac8 ' o 

motor s 	 end puck in , tet icy ea3ica for the 

4pplictiiOn 5fi!itCD to protect htc standard otoro and 

xo of Vis trip .Turret .on to rect a variety of + ;eoi Jl 

application iiccd . 

LM• 



"0 	 1 	 2 	 3 

Current in Amps 

Fig 4,2 — Over current relay characteristic 



as 	 1.0 
(1/Current a Impedence ) 

5 

z' 

2( 

15 

10 

43 — Impedence starting relay characteristic. In-put 220VA.C. 



Cu I• k 	 w V 

-4 	'3k 11 	's'6 	i.,-.i0 - s+. i iv.4~f.L-t L f# v .,.Ji:•-1k ! 	iw FJ 	41T'. 

s 'bo rainy to teen tc tu:1 by ,•$ituic tin t .. t c 

vnditiion3 ft rinduction motor Sault. she portor'_ nce 

Arun found to bo 4 ; 'te sati fa utory. The tine nn s cur m 

W.aWd tilt t me and ilL (tiih (ti 	 'is taken proportioxrn.l. to the 

imp*,i csa have been ,hOvn in Iig. 4, The relay cn be 

act for a c oper t h,; conditions by t1Un. to of the 

aot1ttt ;rovt4e an t1e roiu «. .rho r :1a j c , racter .o— 

t t co rA t 	ientt . Got A." With thy e 	of t I 

ao rtertnttei draw. r. ;o 3nZ the 	t._ raps to th brict 

as iath*d =below I 

L .e overcur're t dzrOterjB tic of the rely Is 

is lid. 4, tntch obow that 1,1op n to 	on the tnOr in Load 

of tic rl.c4 the etrtit Lire of o o .ian of the o1 y ca p 

t.e vriet wIth tto bg. Of UC ovcrc.4'rent eetttnn pot of tho 

reis,, - Th 	jrai t:, o taken by the rc•1a r In operation : o 

Eloet def itc for aU ne tit c . 

5. ' «2 L 	,. ;flfl 	ttr& 

'AL3 cbaraotez'i is to shown in 'I . 43. 7ti minimum 

tt so tan bj t o tcj for o era.tion in c bot 5 eeccndo at 

ccarrcnt ,bot k«& for all sotttn of the r alb « the 2.6 h 
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cz o rel+ c~to 1 Li (.. t.imeo zpçrozi:ate1z of f zU to ►d aur ent 

by ao . ct -,.., tic ..-ttn C... *4th 	tLo t . 	 ratio. 1:., in it tc: 

Ci Z 	',t"J':c t4JP ctaracteriCttC ti t tt O Cst ttin ti':O of the 

.l e.La c to t*' .,  v{V L 3 t 	Kse Vf 1myodanco We V tin'. ; pot 

Of 	to 	4"', v. rl tiCn th t e intention :l oiti in 

Oo. ztiv- a f f tt r4lo, to rc uiroA to ult 'tr:no relay for 
O3rV .CC 

3pp11C~tioL. u.na-. v riouc/c ni fT.iano :":.nJ t C rcla Gcn 

iat•c:te 	j4. i 	c.x"+. ote `. 4 i s o " vlmaclaAo ,)j0Vi"do4 

tOtO2 	IS.Lfl k.ct.iz`v '._ , 

* tu4pul At ,r~ : 00401 .iv lode the reoiatunco of 

Var'iej 6„itL ttw 	 o. boon toe : for CanainE tAo toz p• 

erz .cure u :' tr,.c wcino, 	ho co ntix , of the diode: in the -Q -ur 

to scnu ti. c cord teratu:a piU bo itrtitr to the  tho o tin. 

of the i 3toz° ; rr Ox 	m r1 	o Uc of c :e r t ton t 

the r : ► (hic to tocrtturo 	oro u cu the rcfor< r o 

tjfl tin,, kLita eJflCflt dray . by tt.c otor Jc t t ly. 1: ,c 'Uri o 

o 	to cO, ovor tem:* crat orelay cut bud ur t:e4 bit to 

ovor t. o~r••~t,tire ;+nt* 	 - 

kAtotz'apb, I o iow- tb.o eco-,p1oto front view off , to 

inductiOr :otur prQtcoti3O relay. 	protection bra :zin , 

two Ind ps...,&rpt rc, o, o o for t 	c cc utarti,io, wr d =other 

for joint u., er t1 for on ovt.r c zrre.nt and -p- 	tcm'. or ttarj .. i 
flw 

over 	 *t . iUari, tt nr- rc to 	fc rent £r,11c ti n 
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of tie .levei dotoctor as to C z x e t .c de .c • in oseratton of 

' 	tLe .iwj)c4 Co Qt:. rt .1. , rel t. 

Uø cILtflflitk of the Imee _once stErtit , tela,; plate 

owr in photo L r z G. 

7 3howc tic top tow lut tt te: ,ont o 

sensor -Jat # 

Tho j4O2Uifl, of tb* to 	ZatUrO oeu .or 4 (ttO ic) 	 QW.. 

in l otoi,r; ; i t. The pr aet shown 	to uuc to Chn! 

the r*fs rence of the s ;m tnG ai :p,L1 iior, to c t:nt,o. the opor: ». 

Lion time of thaI in; 

j oiov tho tot. view of thrt funotio t ono 

€' for 3 tor pith th a vOJtzát co trot. oacii .fit ror4 he p `tract 

o- .own ctin be uee 2 1u c a ►nce the refero 'oe frequency of the 

1t ;z control oscillator and tLouce %c tjco of operation if 

the rc3y 

AJ.o p1. ..€~ #. a  Of the function Generator tn° , the vo .tt3 t 

control oacii.1 or ,,Ito Is OtOv ins otu ,r .p& 10. 

s hat t,r 	11 a .owc ttio izwfor 	obt if ct froi trio 

otr 	COntr , of oLL.1ator# 	the opo - ion of vc t3 	co tro  

oocULLatot 4 .o boon €. 5. 	d, * e p -cl od. 

Lhot t r- 1 12 Cho r= the trip view at tho tizO mislay plate 

iztr Y,b 13 uto 	tre kcirn1n;Of U.0' ULM1GC1a ,10tC. 

war oto,..rri .Yb 14 oLo rr the :c p1eto a perl- c? taX. yet up 

of re: ay. 
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xhe 5400eCotu, operation of tie relay wet aU 

mi.l .te± cCfl it. G 3 lies been oba+ z've . To Svc tizc, petted 

and so n4 d; i1 tiOn Of t .O relay tbc r acMne of eratt 

c mract rlatic* iuXd in c eth.t1 be alraUQble with the 

applicationn etoora 	4t. 4t.b tt o hep o'. U to prolvood a e. ay 

tie efficient and Optic= uao of SChin i p aai _ e by 

coo. Yin,ao6a Citinito iQ> tte id f :'e .i1tth", conditiono of t 	chi 1X 

by ctijuatinj; tho )oc 1tnita on the nc ho. aU.t udv4nto co 

Of nLii; .Gd s1 , ,itri.i øtrcuit of blCh opeea of r+ .. nsa 

and tcc r my w vo beon crive ► in the o . o ;; ela fin4s 

t o .pc.ty tion i4tt oJ4. 	a i n cz :.ins ou  

eeriiice eo it i.* 	of t :.o, r chi o by 	itby 	j at t;,  t c 

relay C a .r'actertetic tootbb with the motorr" ch r ctor$ t t . 

The protective ca .e can to cx ct o 1 for 4Mhee tie 

thee •1te ppii tiot by w kin use of a cution tr rtcr o 
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