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This Dissertation fir* at studying the deyslo sats 
in the fi id of solid state tares asters as ri 	alyb 
the pertox AMO of the sal. The rrrisw work on the topic 
gives suffloisnt bs*grouM to unaersts d the trend of 
dsYrioir.nt In the tired. 

$ueeessful attempts were *sde to drvelope ozorgy 
motors aM two typo of demes motors i..., Integrat g a, 
Tog tom,.. 	"ticient ditsUs have been worked  iøorkid out to ask* 
prototypes of th*se asters. 

Mies of the preent nothodi of remote s nsing wad 
sonitorftig of tariff data help* in plorivg the possibilities 
of evolving a widely acceptable wst'bod in ftturo 

As a result of these studios th. salient feature* 
and future prospect of solid state tariff voters could be 
brought into light.Developmentwork undertaken by the author 
2* 0 to intsreatir eonoluslons regards the feasibility 
of the scheme, At the eM suggestions have been sad* fbr 
Sher work in the field ditch can led the solid state 
tariff motors towards a better siternative to the conventional 
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As sleotricity !snot he stored In quantity like 
awu' other its s, it haS to be gurated Miardir to the 
requireutr of aonare, rho are charged for their liars  
of eon1 ptun. ,yet" of evaluation of this licks to as ou 
As the eupp1Y iMuetiy, Un srstaMtr of the sthods for 
deterrining the oon . r.' liars of conrption is required 
to develop. suitable aims of doing It, 

it i Tariff and tariff Meters 
the list of various charger ps14 by a conmer for 

consuming •ieetrtcity is known 	ci ice. 	U. Total 
cost of an electricity amply  does not depend only on the 
total output of the p ct in units of + rg' or kilowatt,. 
'lours,, but also upon the capacity of the plant required to 
most the cosbinod mar sia demand of mU the soma a rs. Thus 
total. costs are of two types ,is the running costs propor'" 
tion*l to the kWh output and imiMing part of the costs 
of fuel#  ail, rater, wages etc* and standing costs 
proportional to the plant capacity and Including all but 
running cost, i ' the total coat* of supply, including profit 
are rhe equitably by mU consumers, thou the cost of supply 
to any Ganser depends upon his conr*ption in kWh*  and upon 
his contribution to the cosbinod m,xlmia demand rich fires 
the plant capacity, This contribution to the coabin.d sexes 
desaM d 1 rAs upon the actual sazimum demand of the congers, 
and upon the diversity of the yup of *Rich be is a member, 
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the hi#sr the &L sre ty the lose will * k* of his 
ara~ti#na~e & rut lisrea the soabbad a,x3# d+ 	. As 
the ao a ioaai per kWi of s 31-091 bra depuds on load 
faster, it fallws that as .itb air 1~rth • 
sm. the diversity of. a sonez' a apply bares e, the neo rbc 
of .pply per k1t tails. 

Inat 	~r used fOr r c rd 	aonsu*ptlon of 
.istrieity are ► 	These era now for 
a.t.riui the lbliowisisi 
(a)kaMk?Ah  

( 	'ht sad kVA IIui*t Dad( for a fi 	intsgrati.n period 
like 15 eta1 	at$ eta*) 

Rsastiyi 

These asters eu1& tolth Ully ssamn?* the consuamption of 

•iao rieity With *i* 	error Much that nether the con err 
is pliiSdwar the ipplisz is at a 1ss, Dtsig*, fabric*tion 
aid osllbr*Uon of teriff uteri are done accordiaj to else 
tn city t iff rise pr.vsiiii in a particular seuntry sad 
*1e these are Shiebid am O UL.$ 	stmt authorities 
to epi that the error 1s wit ► 'the Unit. allowed by *0  

tariff law* 

3* sites b.;i used. ► 	arrg the ocasuisers, the 
ate ! inforastios. are used for opratiomsi, p'anning as 
ntatis .oal parpeise too, •s* can be s*iretd art 

(a) Preparation of tally',# vsakly# aentb I aid final load 
curves for"analyrl" ae*r pt10*. by various classes 
of a +ns dlurisj #ivea periods. 
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(b) *z*tMaj dtsa t pattern baa ovr" o for vane's 
ysr3N a •.. night tr ►e, weekdays aM sari► us Of 
theISI'. 

(c) Obtai*b Power futox of the rystas fangs kV at 
kY , *UaM$# 

(4) Callatiig mad firs fbr p.4.4. uMar review 
i.e,, daily, ssntbly or *n*rnaUy, fros kW aM kWh 

(.) cLnimig diversity factors f"ea the ttstlonship 
of suppliers' .isultsnaous dsaM aM aggregate of 
dsus on thUvul points of 	 ►„ 

( 	Istiasting the Ufferones between units gelated .aM 
unity rs l* 10 ecumrr e, which Vm vid. e a aeseurs of 
the units lost in traniufon aM distribution, 

(9) 	e,idi t the disaM aM units takkn .at iMiiift*1 
points of supply, aM those p 	through the supplier.' 
prisery system# ieb provide espial data for the 
future plvairg act 4 UPWA of the supplier.' 
priasry sys . 

lot typos of t Iff 
►ere ers various aids of ebarging aetricity 

,tariff in different asuntrios, isSiø 'priisipl. of *b*sulstiag 
tariff system* lies grount the f that a eon or "W 
Pay correct charges fOr aon.aption of electricity at at Thr 
me ter r v3A tool ens Taal In Using more electricity, 
lead on this prInSpl* aM a~robvad as a result of long 

p.risass of supply Industries It an *M.rstaMtng between 
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supplier s 1 uonanar•, the toflowinj types of tariffs 
sri 	 knsvnt  

lots' Tariff• Thr d *s%IG 	op as~It ►ers 

(a) 71*4 raft tariff 

Attar aitIa.thg the loan 	dj .raity factors 
of s group of aon ars for :ai us user of electricity, 
the jnfta►ls a rib tS ►n to the t *ng costs of iply 
for Mat kWh .On.a.t can be of l*te and tta sba'gs ib ,• 

nents can be * 	fore a flat rats par kWh of sonsiaption. 
P1st rate genersll7 Tories vith the esthsd of use the supply. 
There mrs 4Utarint rat** I" heating, Muco p►war ste. 

consetuently different esters we required for *ah typo 
of log, This type of tmritt depends only on the  th kWh con es 
tion s is s*+rte gMersteod by the coneasrs. 

(b) hø.part tariff 

Under this tmv charger for slietrieity sp 
► diviOd into kw sceponents as one mnertional to the 

kWh coesiaption and the ether on a amity supposed to 
depend ups* the esu lase tameid. Tb. first senpensnt bsing  
the =It charge 	the essond a fized charge iMpeM.nt 

of constaption. This fixed charge say be *...ss.d on ether c 
rise of # ria.e or a sailed Ocavooted Osand or the eosbinst 
kV eçscity of U the oonuing do i..., 

(0) llo cst* tariff 

The oansrtar '!tet 1► p47 a fixed sharp $xrsspsatiTM 
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Of ibnarn' ioh  in Baas of the above .enti.n.4 $ psxt  
tariff, *l4h $*+ a to be a I.rawuk on part of the consumer, 
fiC !, Or the blame*tC tariff, the AxU + hsrj. is 
SOMM Into the unit obvX49 fbr one or two blocks of oona 
pt ion, sti An mess ss of these blocks bsiitg cbsred for at 
the lox ult rats, the Water at k !h appli able to Nsb 
block is flx.d by the else of 'house . or the rat •ab .e Yalu*; 
the k rate for the first block being highest, that for 
the user& %look to i sdlst* betvun the 'highest aid 
the lowest rates. 

1.2.2 Tariff, for I$ustri cons 

(a) Newsa a dasa*M pevir tariff 
Un4er this syotee of tariff, the total *blot* 

consists of tiio .Oonents, one proportional to the 
conation and the ether to the * io demes, This 

mealwa down d can . b either kW or WA, Main object of lit 

t .tf to to .nes'sge the consumer In avoiding susitaIneI 
high pas, and asistith say far to poseibli a st.aty load 

tsar long peilod.. There are dUftrcht types of tariff 
systs. One it genal type and the ether is acs i+ ed' 	r 
type,, In both types*  the" is en indri*ent for recording  
dar4e over every f#xad interval of tins vary from 15 
to 60 ainutes In our country ►rk interval Is under u.s. in 
general type the to only one instrume t for recording  
dumb and its readings are taken every aonth or .v.ry 
!luarter as the ! 	*13 t!• 



In re etristel hour typo there are t m i tr*sate one fVV 
peak is beiwi sn* other for *tt p sk bows#  ehszpes are 
lower raw eff peak hours. 

(b) Pewor t+ r tariffs 
In ease of A.C, raptly, the ' t.3. sspieitY of 

the el.otrtesl plant In 'A d ►ennd a not only on the i in 
kW but also upon the ,ower .sears of this demat, so that 
the equitable eontibnt1on of 0 power sen sr toths total 
stare seats  depends upon the post fir of his supply, 
Power fir tariffs, are u.thode of charms for £.C, power 
supplied under match the overall wets per kwh depends upon 
the Parma factor, Those ar. at tree types. 

Ci) kVA MD tariff 

Under these tariffs the twe eonents of the 
charge are proportional reapeotly ly to the kWh ovnsaptian 
and to the W oftofts in k! A, 

(ii) tesle power faster tariff 

Under the tsri 'N the rates of charting vary 

seeozUag to the asesured versgs power for *f the 

Axys  U. .17 xis by a tired percentage tsr &* 0,01 
by *ieti the paver fir tall. biow 0 8, 	3' " ing by 

4► wrall+rr perosutags fes sub 0001 rise of paver fear 
oV• 0.0. 

(iii) kith and YYAz'h tariff 
Under these tarp's* the charge fOr th. fly is 

a d* up et tiro eoap a its, the one proportion to the '1 
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e 	prir* aM the other to the Nam awns pU*n 

of z.setivi kYAb. 

Nesi~lles the sbov tariff asthots for d asstia 
aM it duitris . *en t *# there is one ve" s*"" es1lai 
prapayseat ryi! ar, a ih can be applied with sn of the as, 
Under this systw ,, 1 supplies have to be pr psit into a 
special after itiah outs off the supply tea the asount  

preps is ezhaust5, 

1. 	*'`.tool T" #Z ' Ms tø* ors. 

before Uacnsstng the solid atts tariff asters 
it viii be usefal to have an Usa about the sLsting +dense 
t 	► tariff asters of 'tich .qaivs1snt. pre to be developed 
with so dt stags devices, 

1. ,6, Clsasif&ostlon 

Conventional tariff set re can be classified as 

fol 

(2) fl.CO asters 

(A) 	pers hour aster 
(3) Witt hour after 

(1I) L.C. asters 
$mss 	k *der 

(3) Polypheas asters 

a) las?jy sstsr*(k1h, kVAh, Tid kVAzb) 

(b) band ams( and k A) 

Ci) Los type  
(ii) Intogratire type 
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sealer above* there are pr+~psyaast +ate w &'%Jsa 
a.tsr. Ibieh sasentiafl.7 perforsa any of the alwTo fUMtibna 
but ,In a difforout aammers Well bwn prisoiplos of eanveaa 
tio 	er• We gat LnOI d hero. m an: desirable 
features ! dart 	! of Mast popularly used asters are 
diaousasd I. 'brier Ire justifying the seessslty of awttehig. 
over to solid stats ts?1f aster, 

1.3.2 Ssli nt festers 	so roes of error 

(I) ia.rjy Meters 
1,guatkn 	+t 	t` *.t .2!O i being seat w*4•1y 

used, of whiob, several "fit in f*atures ere as fUOWSI 
(s Vim iMiestion of operation  

Usual display Of 	a i.. roUWS 
r 	Twual fresdos fron sero drift 

Cd) Good armload range 
(a) Bobuatsess 
{ 	carsparitlie frs.do* froa interference both 

(g) *+nrsible operation 

Along with these # they have feUowin scum* of yrs 
( 	P.raesb Uty of iron In eurrsx $ cii etroasgn.t 

merits with asin Asn► 
b 	ldy current Wake seting on rotor varies with 

aid.* surr ►+r 

Cs) Pz'i.t n In SO$oT bearings sM in rejiet.r 
(6) Possible task of syatry elietrea4&W% syotaa, 
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s 	bsor duo to e► a of fraqieaey sir► because of: 
(1) ?srsssbiltty of the voltage al.strossgnst  

soft will be shy.! aM different parts of 
the eagnetio circuit SOW be chi by 
different .*'mss. 

(ii) Ou"le ss aM ' is as In ealta" eleetroesguet  
Vari4th frequency. 

(Lit) Voltage flux varies L*versily with frequency 
but awex 	I# not affoot*40 

(Lw) PbuS 41s, t2 ssssent totv"s applied Voltage 
lis flux vary. 

(v) lsp fir. of the paths traversed by the eddy 
eurrutts in that rotor dire eheug►s, 

T r 	*Mr is pro sent AV* to 
(1) 'Volta" coil rosiltana. wilt increase. It 

will have little effect on nanitMucttv. loads 
but the phase ale of the voltage flux will 
be radizsd aM this wifl sous the actor to 
r gi sr aiswsr on inductive 	., The •tfs 
increase, as the p. t of the load UOMos Uvor. 

(U) ft. gl in the gap of th. broke magnet or 
sagnet s wiU decrease with the result that the 
braking re will be rduosd aM the MOs 
wit register faster mdse slitoad conditions.. 
was aM tungetun stool ssterial will register 
were than C.bslt iC*.1 ahoy. 

3ssl4•s the above se see of error, therecan be trouble in 
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op rsti►* I. to tMr vin mean.: 

(a) !►Orst4n 	er in the p sn*t sagnet g er 
ti*voS* the ties aM one of the s1*etrossgnet ].Amis 

(b) Ives in dies, 
(a) 	Pes1tsp be iaj or top pin 
(!) 	Novo or terra bottow pivot 
t 	Cr'sokid or rough boot* lam►% 
(t) 	P r1at1 n in eowti aeohszd Ls to bent tooth1  

faulty, ,iMl. ar bearing, dirt In aer or asre  
teeth, sticky bsarSijs or a rough era 

( 	Zacorrut e4jueta.nt of the top be n *̀  or 
both $tel. 

(h) 	rklid liso or bflt spiMle 
(1) 	Zna zr'*et ,l3C 	of friction coape t 	hoop. 
( 3) 	D&.00ntixmity in pr.srnar. or ssri. coil. 

Most of the above coc.e of trouble are duo to movies 
iscba sw , i.h viii to olisinatid In SOL" rt&** aster.. 

(11) mesal KetOr's : 

(!) 	Integrating t 
It soneist of the . rte s•t.r with sZT *ents 

tee recording the 	r cored in ovary 30 ate or as the, 
+fane say his £ poke eaves along with +* d i y on. on a 
dial e*libatod in ,kW or WA, rich to periMSesily 4i ngs$ed 
by 4, mechanical devise actuated with synchronous so%or* 
this j baovn as K*r's type , is btu as et p.pu3srly  used„ 
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Tbs*gh its ion t ps r.sor a lrrreetly the 1D 
as PI ISfiaitl.*. its rat#* is osn*14*rabiy affeetM by 
the 0200Ma*. at # eseursass of peak Isal. Due to peak' 
P11" °;het".ntm S*t.*rstlaI perish this 	has a 

to d+nsy to errea4. The oto *iaedvsntai.. exe its Mi 
Stix ..at bi bsr asintanans., dspedaase of a.euresy on 
the irLvisg k* or kV* ash. 

(Li) Ltyp*  

In 109 tap• 440" igi.stor, a silly ppertionst 
to 12  is g.*erst.h with thuiial . 'se 	a *annex that 90 
per sent Of the aexlaas talus to *iith 	aster 410 $014 tsi 
to at atlas isrsanba in3Ostseftla. intirtal. It baa 

sous draoks as 
(a) It rseoa Rs aurrrnt d s oily ass alag a constant  

oltsgs, tb+rsbb leaving coop. r or or uMsr 
rseortia with veItg flie;at n,, 

(fir) 	not l a siri#y of .oa3. 
Ce) 	sort lifi 
(i) Poor stability of calibratIon 
C.) 	Inconsistency of psr zaaz,os 
() 	Slaggilk r ear to 'iarp peak loads 

1.' ,,, lmuitj toe a ebsage  
aventles4 tariff ae t . have p"mod tbrsngb long 

,sars of hsvelopmutt. 	fart there br ► not b. a any 
in the bash priasiplas lavelveh except 	 sac laprocm.sts 
in the acearasy W x.fl*Iag the il61M ft it son 10 "firm` 
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062011404 thst, tsstsa* of askisi tttaspts for further 
lai zoY*.s*s in tt#* CItatije,  over to sebisesr with soli! st to 
*.rtes 	be mere win. rmr Ulsits of tariff err ii► 
within ,i2  I ►LSk can be haw t down to ,1 0.05 7. or *vin lever 
rte. by solid state Viers. 

1.4 	o►1U nate Tariff  Meters 

B 	t ► of solid state asters sissies same 
as that of asars*tSas1 asters but the s raer Ibr oonvertisi  
She tariff quantity $0 0 PvPOr  ion ars'b3. quaflti$y to 
sale out of eliA eta** *oviess. Onv& the trsnMus.r is 4.veiop.t 
the m t+s* ashees sen bi verk oat +1 	►. 

)s#eaUy I&*sign of a114 	 * tariff tf asters 
can b. aizs4 ap sat 

(a) $its. a.Mft i'g 
(b) • Trsnaueisi the tariff qusirtity to a msasble marl, 
(0) flsuizrisi.Ii nterstini the tr athicsr out. 
(4) D ac3.s$i* the output i Wit. facilities 1r tssti 
(s) PxwvUiaj power aspplMs and as t ab3s ends sn"s 
S) $stsMsj with the cost aM ejtaaity of o.enUonat type. 

Zash of the +bov's Nome can be slOorstod as ThUawi. 

1.4.1 $i 001AMOM 
d omits of (110!, $06A)P„T aid C,,? need  

in aetsrb Oanat be &tzs t17 put to gold state doy t.„ 
Mend oen&itlonlag to dame by error ecapersated P,T aM C.!. 
A mutt ably dams int dint can *l be need for lowering  
the surrsat unit. 
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1.4.4' ?ranMus.rs 
tariff quantity to be *sass d may be either floc. `, 

TX sin 0 or !I. Suitable aultipUars are used as trsneuc.r 
for prrf~rsiit these futions. Aman varions sultipliesBon 
tsshaiques gvailable,r followings can be used in iak1ig Wa 
=etiia transducers for tariff aa►ttr*1 

(a) Using tall Utfsot 
(b) U$i Quarter square etranits 

U*) Using pulse r tb/'ha ►t aodulaticne technique. 

SD far (b) and (s) have been cors + +nsi ly tzi.e. 

Quarter square circuits are based on the equation 

4ab.(a'b)2 «.(&~-b)2 	(I.+) 

This funetien can be ruralised by 4aricas relying on square 
Law charseterieties such as thersal devices, entooMuetor 
devices like I.E.? or by devious which eynth.stze a squame 
lar by a series of strait Line sproziasUone using biaasd 
fates or Zaaer diodes, 

Pulse width/height  noduletton technique iMl1des 
generation of a train of recta lar pulses ,, the wi4th of 
whish is motel tod by one input sbara as ether input modulates 
the height of It* The amass of the pulses obtsf'ssd bacones 
prop.rtioaa3. to the vector 	*neat of the two inputs. 
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1,4." 	integrators 
Oitput Of US ti tss is 4s be &ntsgrst :err 

mgr a►sssxss*t as U as *M max , by 1*tspsUeu 
over a f 1 time serval. 0"m4me it can be diroetly fed 
to $ emit far lag typo #*a is tisaass as dis ribeet 
chapter Z ', There Ars tis eon 4s be~s of int.gzaUoa soh 
as (1) shams eespea lsn lot 	(i3) d. , asps i •g r ion 
nsth*d. In earge coapassausa sathsd 00 suit ipliar output 
is slur s* to charge the eaasitor of an integrator 'until s 
thrsir t voltage is roashs ,w sn a predotezathed charge is 
mt~ra4ed err the sop sector, mac► then rsr ss ehs ;isg. 
Tb. shargiag rate Is proportional to the poi.er aed s pulse 
is rods *ssh to a the tamer ,per 

The dual slops integrator+ rl ys a capacitor that 
is .herged by the suitiplier oust to a thrscrold Vallksg, 
whereupon the law he lbs cop itox' is reversed skil a 
reverse it is tea r , sn lbs LTpUt is *gain rarv*esi  

A pulse is wood 44 each al% ate reversal, 

2*1k sysas have *ori$ in ss ain smart*ness. 
In the first *+ At• tis ft.tnssy of iupslsi' is U*Lted by 
the has taken to astrast the prsdstersinad sharps aM the  
iced re s rs:r t. he .s to be less than for the swag rb►d 
*ltheu esosrasy is less d.psedsnt on capacitor stability. 

1,4,4 Disbar eM test 
The obvious display for solid stats solar is digital 

r.M.ut. At pro sent however  as seonoaisa displays rs s available 
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Ott can retain Its re+r iaje +a t ra Wrtss the iea the 
s i ► is 4&assswtsA. it to slowly ess y for Oder 
to he able 10 be re ad at any tins•  Prasst3y the intepetox 
output* we *sn$Id in a HrwIntbnal asdiantoal +*Moor. 
For t.. 	pe s# the integzstr outp** *as b aesaurM 
either iMepeidsnfy by a precision sue* or GOA be Omar*& 
with a set ofst 	se#*  

1,4,5 ftvw sp"l 	.n ares 
?ping. ft.. the volt s•  signal sontitloalag  

tr+ serum r eox he t*kn at r.quirea paints r Lch has - to be 
rsetifi+ ,r  filter.t aM stabilised for obtaining ripple ire con 
constant # • voltage to " &uu the aolU +obi devices. sol id 
stat. ase have to be pieviAse with tom• ondpw.. for 
prat+ ii* against dust am mart: 

1*496 Katahi with h ft~$** . net., t 

$fir itill the soiM stat. tsrift motors era 
MA r d . Msent stop„ 	41 cost With large sods prod 
Uon can set be definitely r orkad out at this AMP*. Irvry 

•leetronii as eOWSAIs a. motors in pit, reT044 th*t 
cost is filar at hifer prsoidøn Units isre as itis 
homer at 3* precision Units,  t 
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1.5 . Overview of the Dissertation 

thoter I *a in#rod sUon has threefold mss 
of rs?1!j the OOM$pt of tariff rid twiff asters„ 
$atityisjs dtebiag over to asUd stats type aM lxtm 
dnnaixj the MIJA stats tariff asters, 

crier I deals with a deer of varix. Yhasss of 
do"3aasit* in was of ails stat. devises in tariff motors. 
It starts with. 0 description of eonv.ntional aster tssti t 
with sleetronia coapater. This is ibi1or by an illustration 
of io►rkin principles of fbsr asters with partial use of 

aoUd itat.devices, ' ss. are 	 .lj, s ,gratis* setar, 
tug k?A asters and a sib tM aster. West owe* the 
dot ail* shunt varisas ss »1d stats wstta.trie trmnndtseere 
Iev.2opod for tariff asters. After this, .psrat principles 
i1 sir's lysi* of mal as Solid Stats tariff actors have 
been deeerib.d, It is divided into tim sort ions of precision 
and gensrel mss typo, Prsslsion tyro is further *zbdtvided 
into two asetioas as parted* one for testing motors ILtS 

an situ snd another thea for using as a bilk suety aster, 

etapt.r3 is devoted to the dove 	t•sti  
of Znsrg3r asters vadowts s* by the author. Thew are kh 

Motors. Testing h" been corduotad rnsrvarious  
sonditisns of v ltep eonsst end paw fastors. pest 
; *i4t.s p; ted Wiest* errors within sUer+able lits. 
Apart tam this detail proposal I dove episg a s4tsbls 
prototype s have also been ,luded. A fosaible ashass of 
kTM aster has been pressn at the end. 
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Cbter 4 *s *b the *I •10 * aM testiag  
of tie types of IsseM asters ris. IntelJ?ating act lag 
t r *fl*k by the atbor0  Irinaiple of the papeesd 
int. 	type vater has bass suae.sfaIly tested ba 
on r ieh a prototype a be devalepo+ , The lag tea aster 
has bun "tseesfzUy toots& a alar various coMitians of 
load as steady, *tom, peak, stepped rise aM std 
fall et, ra?I C +o &tri. fron plots razlts are 
vithia tas.r*bl. %a$ s. 

• ,sptsr 9 oven+. bute re jutmente f principles  
in lied in its 	 aonitoniag of tariff data.  
Three aeh .s asing differ s*tbod• M is been tented,, 

apter die the ecualusion of the dissertation. 
This illustrates Various dil 1. festss of seed stwt* 
t*rtff aster. *,btob asks it a superior alternative to the 
ec,entksal type. Then, varisue fir involved in the 
r.plssssnt of oonv *ate tariff asters with solid staff 
equivalent. have been each* At the eM, MsPS* f r 
tux vexk in the field hay* bsn elaborated, 
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first phsas of the sipZios*iran of .IH stab 
devises In tariff *.tsrirj started with its use in 
' ss l. of eOU+r03W&*4 ele.troa.ebsTgssa typo sets s. 

ou *me the asters with partial an of solid stat*  

Ater pes.iz  over all those pr.lIoSnsry steps of develop. 
asnt in slxti*s, fists sUd state tariff asters ass* 
into bei with thi stag of the grant dooeds. Is e. 
4is tuui the s lits sai.d stste tariff or srs,* very 
brief "vies of the initial phone of develo*ent *ms 
relevant. 

2.1 Use of SOW Sats levla ss In Conventional $ltsr ?ssting  
Vith the brass in Mter of eonuasra oft bra sou 

sus in the sces r .sts 	s of twits' motors#  Chore seise 
4 neusseity Or testes t r .sty of large abcr of rotors 
inair ort period, The obvious swlution was use of wlM  
stats devises in flz'sbga testing airsait with an elsetromio 
cosputer. 'Thaw, thereare various sCheme. available for 

y 	this Via.,, the on having ]. s espaai ► with Moro ser 
ray is der .bed hers0  

(i) Pricipl, Of Operations This toot squipient  
developed by rapan Ilsetric- `ot re Inepsetion Corporstion(  
It can test 60 asters per bear with an troy wit i* £0.2 7, i 
Tb. sqai rs"t esusists of aster desks, eloetroido ooaputer, 
a eontrefleeo  power applies sM 6 costal peed* The s ro* 
of the asters are armed by aiapaniag the speed of their 
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&lose with tbst of a pissisisa ntsti staMarS, aM tbs► 
•a1+itstsd and priatad autoaatio y ..aerdig to the ooaputn  
pzsjr, The 	►reiaa of the speed la moi.d out by. 
suntiate tai. otaMar pubsss .mss, the piolan scat ,' 

stAntat 
 

by means of 6 eauat t *yst n. The p► 	Mj.. 

ezeer of the motor to g wsn u 

4 . (N"a)/n z 100 0 ! o 	( ) 

ex"* a w teal Olt of the staMard psrs Of A iv •n 
Waver of r.woU ns of the aster, 

1 w The soast of The itaMard VU . IMA seozeest 
motor wov1d require free esrrsst etaMards for a 

rr.apoMing iber of rmiutions, 
too Xiiberont mar of the its a (precision 

rotatbi staMard aM current trans er) 

The ootmtingsystem is shown in P31'2•t , staffs with  
the 'start' s 	cb *Pon* the #at* 0 a ! the oqut+r 
starts, tisa sv r +pa* or sore s5n*1.s of he aster me to 
the 'OR's circuit, its output sigasi 10 synobronissd with 
*be treat edge of th. staMard pias thxsaijh the ' * 
olzvdt sat seat to the coaputor as the ''I 	, ,bion' 

eifl ,• The 	 p*tsz ea . 	+ s error sat r.gi*tare it. 
At a tias *so aster to to" eM the next to tskin up 
after tha error registration + of the' first. 

(t) Cous.ntsl leer assiaecursey of the my~ is 
deterained by the t► ems# 10 

(a) ceent lug Mearasy 
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4 ) 	Pluotustiuf is One row t.in* of the stsMsr 
motor 
laristien Ia the po moll** am on 
cardittons 

'tloi+fls3 is deterain d bar the tins si 
for self bssttrg tch to sore than 30 *to cM It #ate.#s 
60 motor# to be tssted an bour  

The #ls r► .o t*.tbg s7 ,s of conventional 
stern !#fir+ 	'w# was auocsssf'uUy tepls.entie in Jsp** 

thtri 	Iste. stzties. with the 	rival of + 	p.#t# .lid stats 
asters, this aethod e#n be dtebly vi 	for testing thou„ 

2.2 Tsrrtf asters with ?artIal use of $011d Stets devices. 

2.2.1wat ion aster 
(1) Prinoipl. at .ps i*n,* One of t earliest *"sept 

on electronic staior motor to desoribd b.r#('9). this was 
developd Sn lets dzti*s as a result of experience with the 
1i*it ti ns of s entional type station asters 

$chstIe UU.g'r + vn in ? ig,2.i ,consiots of 

(a) .Water trs* .tier 
4)) Ol tstore 
(#) Bo ca 
(d) Logic circuit. 

( 	r.gi.t.r 
r.iag Is dog# of i*tostSon. e►II± 	at various energy  

actors of senventiosal type. There S# tep#rary Store for 
*ash shansel eM a aeena.r $&+ a these stores Is oov*me r 
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thus Mpara t ;ng Into ozd.'ly .equ.i s is i.. t ieh 1i" 

arrive s AI-4 0 d►usly on ssv r input ohenn*i ss These 
spased isputes. can ''khan b divided, btraetsd X a one 
swtbev aM finally %ot.Used, Having ebtsS.md n parr 
rate equivalent to the desired quantity this aunt be 
610PIS ed on a register. A binary alveUt with the viiings 
of the register stepping motor fozaing its collector load 
60cc this duty. A pow output to drive a printoaster Of 
other ibra of sxtsrn4 .+ ,tom may be o' er by using 
n transistor switching chit, 

(U) 	ae r Thi, warn an initial attempt towards 
.inatt►nio srnsati*n astrIJ using4ig*03 9 from couwen  
bona]. asters. With the coming up of all •loot renin meters, 
satiOn can be d*ne in +rimer nM more accurate manner. 
?hougb yet to be 	mareisUsed, complete eleetronie 
saiion rooters will cupe stie the type described ewe„ 

2.2, 2 kiAb Netnx aied VA aINM D aM 2Micstor 
(a) Zero phase angle type(4) 

(1) Piisipir of Operetiont in order t 	an 
iIuotisn disc :kms motor registers kYAb at any lip fie, 
it is nssee.ary either to *athtsin the current to phase with 
the volt. or asint, the voltage died to thC a•tsr 
vnitgs sell can t tty in phas. with the cent, The 
current r vary barn s+ 	n *sztar value i er. ►* 
the voltage Is a relatively ee a*t Suet s« 'H ., it is 
simpler to operate OIL the voltage ecapoment using the current 
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$$ ! "ZWOzsw .fie iliab ad*9z1 aigs1e soy be lbie.d 
to look Us voitsjs is froqjusnc7 and ww with the went1 
Tb. b)áek sobesatie of the miter to oftwo in "5,~ 2 I, The 

first **a#* of the conversion  of the vMly VO ,t, s into 
$ mat *as* relate quontity is to zeatify the *.a to 
praduse a 4.e volt a of .ou1viL.nt s ue.. This d,00 is 
then sltflliId to the oeoM std vbloh is a :rrqusuy and 
phs se lacked s.00 generator. ?'hwn cking is smbisved by 
meow of p t o iidt +Maces ftx.d by th. V"aW of #►bo load 
c rent t'# o a Paso a r r. The geusrator frequency 

is tberaSbxe identiosi With t r. f•qu y of thio load current, 

Mock sdi stio eo 0 aiag3s phase .ystas but 

It can be used In at elyphs.s syst+rs also. On a syst+Mr 
orbs: 	In iltags ond ems+ k sagnitudo and phase angle 
It ould be me*sswy to g rest• sari Iw voltage by a 
separate twertor syst tri4gered by its +ra i*to current. 
The voltages and =Tents wuld be oonneet+r to a ' 1 . 
*r aster for i 	r*tian 	rsgt tr io 

(ii) C +ntai Tb. perfor*sne. of the motor has born 
reported to be suite eat iafs ►err with variation at sagni 
Ludt ond vsr.tor o! load cui.Ut, Phan 42401p voltage 
and asbient t orr t ►.. 1ght inaccuracy can crows in 
with charge of volt"* wwoft s because too voltage derived 
fros fly to a taitian of peak valva rather than r*u. * 
vaine4 it is doubtfsl1^rtbar this asued can prove Itself 
enperior to oosplets NOW state typ.. !Ab asters Yet to 
to dam 	. 
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(b) 3gnar+r root type(6) 

(1) Prinoi i of •p.rst1on Prinelpi! of this 
*stet *es• the aetbed of OMVU 1n k?* fre. kWh wA kTArs 
iapiis.s free .4nv 	nal 	am kArh i s a" 

rlo.iv l by the astew i* ie slaotronlcaUy 040%O.ates 
k'Ah over a splirm perms aM the output is ted to 
drive a More sypo MD i. lioa r. 

UM .z' iso rad t onUtlona of fuotuatiM power 
facto? VA d+OaA aver a .pUUr 	Ci of • t' can be 
put as Q/,k . (Q1. •. ,...+ )/ ,, 	a kYAb dur1 a 

~ (2•ial 
►e 	p3e , a •it ers P11k ails rospeetivaly  

kVArb ant k1ft► dsrb tb. *me Werra"%. Rare power factor 
has awn arr!aed o i s$,ytt over the .sep1Sti period. Assuming 

* nst*nt • 0, Zq*ati n 1-' " can be codified to 

or,, Q. a C '"' f( R1 ) 	 (1- 3) 

or, % P 	 (1.4) 
cti 

Zqua'tion 2-4.  is reUsed through a digital sy am er. (n) 
is dlettaUy Win..iSrrd, To the kWh pulses. are added a 
umber of pulams 4*ttmlned by the WArb pain e* reocived 
during each airling period. 

(Li) Csam.ntsi On testing ►s prototype, error 
of very reMaa *ratans vith.nt any wet pattern has awn  

reported wader v, i* toMition of power factor,, A batter 
porfo 	• is .zps.tai with slightly varying power factor 
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lord.. The scop• of Its ecasercisi ss citation in futro 
soma dot to be very bright. 

2.2,3 Itatte OtsMmd IOWW c' ast.r('7) 

(1) Principle of .p rst o The muter Mer 
.U.ausaisa has an so$rodyoaster sbiah Is autoastica3.ly 
torque bals osd and does volt rotate and he s is aors aoou► 
rats 'hour rotating iMuction typo aetsrss )look disgtaie of 
this aster Is Mi wa La 1ig3 • The gw aipi* is Used on 
ulf.bslsasirc st ,i.e. ,, the dynasóast.r tor *u. caused 
by the power under test to eouat.rbslsrsed by the torque 
of the psxasnsnt a.gnst aovSM dol. s3 se est by feedback 
current. The deflection of the aovtujA►stt is detected 
by a detector of osrsoitaz . transduces type, end coiwertad  
to a d.c voltage sigas3. %biah drives the pulse oscillator 
through the aut'4*u # circuit, This pals. oscillator 
3s YJ converter. The sates rage of this oscillator is 
ohasgod to a eonstast volts ►to•tiae area raotsvgulsr pies, 
I► the PY aonvs s,, 

(ii) Oomold.: The aster ha* urAo rgoas trials 
fbr 3 yews at the tics of reporting. It has high achy 
cM stability to bosons a, it 	err«* So effect of chi 
in vsysfexn is observed. If`fs its of ahang. in vo2tsge, current  
a 4 frsqueasy are else very sU. Al tho h consi.sting of an 
s ..+a a►d seoa. 	it Is being clefts& to be very osapact 
and light. Vh.sth+r its cost/accuracy characteristics can 'b• 
ecaparable with that of huh px tsi.n all .bastroaic type 
standard tamer or Mt is yet to be decided. 



2.1 & 	*ta T eAudw.rs 

AS aont**4 	+set$a* (1.4) .4) 14ip7 s os used 

U 1rsnar.  s. in saw stst* tariff astors# ft two  ault$. 

pliers of (a) $sk/$p e0 pU tud/ ted' ela #a type sM 
(b) Quarter squsi t7p. hwe been #iii* ltensivll q  in th 
%o#toij of 4sys]sys*► stab► output of w ip] r war 
i +r*?otSd to obtain train of pulses ses wit► frsquses7 
tinsel to the mom i.e. Vovww Later on, a direst pow r . 
to r.quMy asurorter Mor seasep, A brief mtsw of 
priseiple. 1*VOIIa( in v 1eus transducers is of interest hors, 

2.3.1 R&W IV W9Utudi a stingV"(1  
.j PrIvs4a*: One of the isput iu ti#i.o,, $a 

ourr.ut(?ijur.2,64 is used to sed ate the sr /apisr ratio 
of a ►ttvfbr,  kor, ezU3stisg at a relatively )tS# frequsnr 
(1O 	es). This p25&*e*o a signal as è*OVfl in TIC-1-61►  t 
is used to s It ► the iist,a%sn.ous Voltage signal '•n' ani 
•off* * )y uslag a bi*fr.etionsl electrenis witab opted 
in anti-phaa"s  fes, wave si4t*bing 14.btainett, r.selting  
a net output as iowa in Pig-é , This has a A#o sesposent 
pvepsrtieset to the purer boiiij aa*.ed (U oc s 0) together 

with double fr.qusnoy s 'bi (swi sh ) . oqvwnoy ocaponent. 
tch eon be o$fl$ method +hut 'be:%" fer' er piUloatiort. 

It Is d,s*gsed for aultiplying at all power factor.. fm 
0.360°  ai can be used for 	ort/ rt agl ic, ins« Its 
seOiiracy is ind.psM+s# of ` svltebing frsgao y acct wavefors. 
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IÌ  	 t ~1g 

—Cr 	J NEUTRAL F7 3 i.~ 

1- G 2 `a.-  THERMOCOUPLE MULTIPLIER. 



2. 

(i1) Cements The ebove trsa~rdasex bad Ma *n. 
trial for 5 year at the Use of Its r portinj, Its long 
tame stability is yet to be astabliisd a An mar of 0,1 J 
In oalibratMMs turd a year has bean reported. Its woceursey  

lfaLLts ritt. It to be=stable for Bret+" of general 
22ZOS0 type, Till it oee to ease pucUen1 its cost/par's. 

r s. flee easterLsti*Duet be coo ed with eantentionsi  

aster., 
"' 02 Via' lq*m'. Type 

Usia Thezao".oeupl.( )  
(1) 	` 'Spill It it based on the prim ipl. 

tb*t the O!u put f 4% thefttb.ao3unetion 10'roxaatsly Mw 
parttans'. to Its tpsratiare1 1M' zioh, in turu, Is a ,roxi*at+iy 
proportional to the .iuwe of the event fla►wth tbroiajtt the 
MOM* Wit. The eurrent through th aao*pl..a I8 halted by 

11(Pig 2 ) aM is proportional to the sam woltegs Tph. When 
a load is +tiete 	sf tb* a 	put t*=LlU le(Ph ad 1) so et 
of the load eurrests flow Urougb R developing a voltage mac►** 
S o A friction of the load s'+re*tr Ui MA 122 paseed through 
the tlras.40implss, *ses beater realitanses are denoted R2 e t 

Rae A p of the laM currentthat dose not fow through  

but through tbemsei .ss ozLy is dusted by . Now if 
I2A , „ 12B • - ~r amt 	,, ► x tha* tb* bion 
1/4 (z.,) 2 (z ,y) a zy can be realised through It%. circuit 

, own in P !-s. A isitage proportional to the produBt YX ass 0 
•4► be .'tailed it the t 	of the aultiphi.r. 
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(LI) Cssntss ML st ► bet n thermoov lss 
can Lttz,iiss error. err Malt of 1os suTCnt dspOId* 
on the vovw iiaaIpstSen in R30 It iodd trio ears of 
rwrI j "Ita os eM power UcUr within rkbj ISmIts 
00ment• en Its pert rrx • ern id snort be grade In the sbeeraa 
of requisite data* 

(a) ver diode 
(I) PrLTMdpiU The prim ipie of queer square  

suitipiia sung 4$a1. resistor network Is ezpisiri6 an 
(P 9.1): 

lot 'd' be tb. ,oitaØ drop a res SeOb aisle at 
the bs Witter ,Jvn~ tion. £k to the last resistor Sn the 
chain to "Stuart en +alt,gs is T. AU resistors have the 

e Value 'V. 

Taen 	 . uL , 

Vie# 23 T) 2(h1)d 

If I r oat , . 	• ...,.~..i 
W

R 
 411 

L 
I 

(2 ) 

Voltages proportional to (,l) eM (v.1) aM applied *Marr 
two lent 	41r1. resistor setworks, As the voltage VIses, 
rzoess 	tw s. PON event eM it eon be e*town that 
the riaciti currant appreziset. to 6 fmeflen of the square 
of th i►itagsw Clearly the resulting surront curve wi.0  
Mvan*s in s apw aM +r app rlast1n is a square isv +dhl 
be ole ear 4th using aabar of bransss. 
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it 
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a. 

(LA) 	sats: the Biot that diode breekdow,i 
does *t occur jnitaatenaou.y, howwr, but in a progro.. 
ssiva troWltlon,, sbs the *ts#s and poduoss an error 
within 3 its of a ,dsnsral ptupc►ss motor*Tb. i,tbod is 
siaple *sisj passions l ont•(diodse) 	i+ h do not require 
came Satshinj, ss produCtion Is psssibis with thin film 
tsehat s. 

2.4 Oplete dr ,id $tst. b*rG Motors 

2.4,1 	scision Motors 
(a) Forton* typs(f O ) 

(1) Primp].: this is a portable preelsion 
motor for teatin taw* sal asters rw i1e an situ. Block 
Alagr *9 this instar is *Iown in 11g19. 1sput current to 
the multiplier is *sd* to a' within a a . act► with 
va rest n of heed current over a wide rss, $brout a Set 
of burden rtlistanoes It 4*,, ,,. 256R. lack of them Is 
ssaDclstad with a ssrtsn ren a of the s input current 1, 

eerd, to the table. below 

2(A) 	>24 24,.6 L..1.5 1.5...O.75 O.75... 0. 

4* 	1* 	Int 	25 

The res detector monitor. the current vales tr*n+*rssd by 
T2  aM selects th* proper resistance. 	tiplisr output d=ent 

$010 to Vn a .tufr.qneney convertor with an output fr.w 
4w 

gasxry$f' priportissue to t o erads i. Sines, with dser#tssind 

I, s increases by o f stir a, the output of an *le frsqusnsy 
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sovartor ''VV has to W 4LUd by o( to Mala a +amen% 
ratio bstwson the frqvsnsy input to the pde...uti* 
register and Input oer. This is done by a !r̀ rqw my divider 
controlled by the r r detootor. Tom* 

(Li) Netbrd of am; An a 	ur e t& ovr the 
►l ath* of the after lOT ts$t es*vintlond asters 

. . on situs  is sI*vn In Uj .h. teat load* dew 
at unity p.t are oat with an atdition4'ortsb ,s deviee, 
Output djia. for *ssb reislution of tter is pick up 
with a phatou'r eetrii t edusor used either for .tap es 
or pisg the registers coasters as well as for unting 
the pro at ntabor of iioa.r.co3» 3.x 	standard aster 
provides  $ ourrt of 1000 pulses during "fib. test peri 
the aster 	 sr,t.st is s twr free. D*vLstion are indie+ ted 
12 units of 0.1% vitUn the range of % . I f error If 
b.ynd this h!aLt than The display flickers. 

( Lit) .mor analysts and sessatsi Quantitative mss. 
reported we Brut, 

Pax * current vary1x bitwsen 0.025* and 100* at 
as esast ant 990TO  the is 	+r Inascuraei lies 
within t 0,05%. 
A ebangs of vsltsge fro. 100 250'# ear lose 
than 0,05% variation in error„ 
Then Is as effect of frequency va isti * twssfl 
40 to Oto 
Tasperatu aoift tent (O' SO°C) to 043 per °c. 
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Qi.1itativ.1y, above sera that the in1trw t is 
rs est• i4th variation of eurrent than vait r►r 

to the r 	"Out of a rtaztsr& motor f r t.st# ,, There 
is = ilisatien of the effect of power factor variation 
on the NOW p.rferr r.. Aith.gh, it can teat asters for 
va] 3 if power factors by givir suitable test bred a ► by 
px v : 0 phaco $2t.r, but its perforasias. ar o sr 
urger th*t .ontition is awn. Tasp ersturs coefficient 
reported is rather bI4h i.*.= 3OOps per " c. 

(b) 	U supply type 
(1) Primtpic ` Tri high scoursoy is r 	It for 

aet ri bulk s►p .a,, Par instance U the average pow 
to be catered 10 ' OONW, a reduction  Of after error by eE3 y 
I 

 
scans an £ prev*int of the b& U,t accuracy  by  

cateby $O 	per year. Pbock sobasatic of a aster d*v lop+d 
by Mu* Slasne, O , ,, for bulk supply set er g Is given 
in U. *!24QW,. A aultiplior to provided for each phase which 
cases a signal prepertional to the power to be siterd, 
of the three wslase sired to fed on to a ivantis.r Q wbith  
mite a vase every time when the tics Agra, over the 
tet ,t pose' r+ ss 0 definite veins, The signal r r* 
sentit the electrical irk Is sstch.d to the particular  
output alasect aM then passed on to the output slnts 
which ooapeIso a register fit, elect row kau.si*vg device a 
ant a bf ►t smittimi diode laD. treqususy division is furled 
out by e1setro»ie fr.cency divider. It Is possible to sessure 
the energy flow ( 	+fit ant a ported .near') with en. set  
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of *ultipli.rs Wd •pair quantiaw* Ptu3tipiier is diormt in 
pig 2.io,1 It ii4ch, a is 0 leaf! r.sisteies sero ss VhIsh the 
signel Tot repa'e..nth the power is rn11. The volteg.. 
+T aMOr' s► a3.tornately gpli11 to load resister R thraa 
owit *i 31 . . # 2 I t ?I r T2 sri closing tins of d, aM 

82, v1t.gS grit Bre t +r r+? T  

	

1•?1+ ?2 	T1+,, 	T 4V2 

TI. T 	► d be O*fl in OO OWSMOD with the period of w 
i.e.,  2 00 it Is taken as T 2 iOt O# 

Switches d, 	32 	actuated 	hro** sly wIth 8, eM 84. 
States Of 	S is, in tom, ah .t by wit tick 

when the voltage of the cacitor C. — cotmeatid to the 
input of the trigger roaches the upper UaI* i slur +To or 
the lower limit value "rot When d2 is elosed, the s, ►sitar 
Is charged with a current la .t 1 be a nstwt direct  
current. The capacitor is dISCb*Z'gsd With +L current  104 
% l S4 is closed 	's open. Sinos the capacitor voltage  
sIwsys varies betws*n the valuss of o a i, two charge 
applied to the capseiter duriag T1 I r al is s qr i to the 
charge #akin off during tins T2 

•,, 	• 	 * f 
10+1 

fria '9 aM (2 v-w v. i/10 

_..~..~...~ X2.7 
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!eMs voltage !Droes grad resistor It Is proportional to the 
instanteaseus valve of power v.1. l~ haste be maintained at 
a constant i.v.. for good ltnsartty. The quantssar mks on 
iharg. ie*ut1Ofl mod. 

(U) mor an*yiis and c entsi Quantitative emirs 
rted by the aa*tfseturor ore ass 

iassrity error wtthi a load range of 
of 1:120 —  0. 

[qac 	dsist: ns of metered volu. 	<0.1% per 1 
voltage variation 

per 1001 
ib ant. of tamp. 
<0.0per 10% 
freqnsfloy vart 
*t it. 

Qusl1ttiY*l7, sbovv #^*we that the ib.r.nt instrument non 
linearity  a more Prominent than .fleets of voltage ,frequency  
*M temperature varication on unsts ant rr ; . It is to be 
e emime w" ether a ocoprvstern bete.eii the two can be reached 
for doing 3nstice to the bulk , ply metering. 

2.4«2 Gyral tae Meters 
(a) Ute' ezm1stor (2.0) 

(I) Pr5nsLpl.s It consists of two mean squar 
,valø to frequency a owwrtors fo owd by an ti.oinoldanee  
eireuit that digit*Uy perform the differenes bstwssn the, 
eovertir output frequenciesi converter f 	2• II 

input voltage to the pair of a signal proportion to the voltage 
! aM a signal proportional to the current -to while the 

converter 2 ; 'ii Vrltkrs is the diff r O, bat Vl t these 

signs. s. 	 • 
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a. Bock sc rerrutic of P- F CONVERTER 

v 	RNA 
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Oat 3 +u►nei•r of eourmters .. related to Us Inputs 
by 

s .r it„ J T&t . k*  , (*'.bj):dt 	V 

* k4i f y t. k4 I (aysbi) dt 	(2.) 

#A;  . ' +• '2  a k,4á4 4 " , vi it • 4a 	(200) 

A di Ua1 *Ss.eflt of the frsqusri.y S re .t r is a digit 
std of the pwer P. I t the two A!*gwm is s t1 e 	2  

plied to the input of a reversible counter, a tijtt4 aessurs 
of the crier Is stored in I'%* F Ctio (2'g) eM ( 2-•9) can be 
rraliesd by scene of circuit given in PgIb A sq .s ISM 

r.l*tionddp between input is it age am output fro ay was 
Ottaftad varier the *pours. 

Nigligibbe bridge 	sncs 
Constant conversion Sector k 
does w*teh lac of th r t ersistors 

i f P 	? , sr• power dissipated in the beaters of Th and  

Tb2  then, 

who"*  tl  is the output frequency 

V ' a A fired 	of erg livarsd for 	 etc 
dlso 	of C(P 2, iit ) 

* 	 (2.12) 

Due *0 a ptiin of deco *atehlag  



P as $ * 	11►`~ dt 

or, f1 *k jf wl d't 	 (2.14)  
o 

1 ►► 1 	c a - 	...~.2 • A 	nstMst' 	(2.15)  

7cu (2.15) U fl that ern rttey of k 4epw r on  
Itil1' d 	t 	 w C*1 bt amA+, +pan*t 	by the pulse *aper 
*own b114„ -•►I- Jach out page actuates the "Ch S, 
Which 4i antes the ospeeltor 0 on the boater dN . prided 
thnt the fir. VIM is zliiaiant to asws the coepleta 
dtschage of C a f2zed ar ount of sncrgy is d*ltvir4. chest 
to R , due to ►sat& is ztu ' i sa3 R a RN , 

(ii) 	ror analysis 	Isntss I f converter no. 
linsority +Tran is tarn into account than, 

* i i►i dig , dt,, 	 (2.16) 

It 

0, # ` r 4 *bkd' df, + Ard 	 (2,18) 

Bence the absol*t* awl error in pow **saurassnt to 
2f in t xns of frequency err &tgita3 .ubtrootion doer* 
net tredec. o rn, 7 2.O k wo the eoi!reton ' At 

Terms too input 'GUM.. The d,.. to a.. transfer was is 
less than O.O for izut yoltae fraqii*i*y 7r 
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20 to 90 kb. 

De to 4trest Iipits2 t*edbsrek there to test to 
d ttit sl se .rsien aM the 	► lar rs1sti rn ip bin 
the is*t vsltege eM the o*tpist trquency + oe o not 6.psM  
on the intrinsic ouarset.ristio. of the thsraai amts bpt 
oit3y on a slaw acts*i of the input and feedback mite*  
provided k is .on.tsvt, Linearity aM gtiiity of error 
impiitisr aM TOO des not affect the accuracy of the covar  
slot sins. they ialsni to the f►rvsrd pts of a t .db ok 
system*  The ase of west deviess makes the Via► int 
eultsKo tar d. Q as iA ' so se a vith 1 de baM diar.gurdirrn 
the 0104 	v. 	.. 

(b) Using des s 
(1) Priisipis1 no" are two ears $4 aid 

1.► ' as *osm in Pig 2 • i 20 . V.1 converter iørks an the querG rx. 
square prbc .# striMy dtow1bM in section 2,,2(b) +sue 
the 1.1 comer asr *mks on the es od of spsoitor charge 
- diesharge. The current differ ce 1 0 it 11  flogs 
throuthe sapesiter 0 aM the tiitirini circuit fr  f rig01 r 
so a: the eharg 	►3tage der rs. ' ►en the voltage 
across the capacitor C reaches a const 	value. the. switching  
transistor T open es (switches on) aM the capacitor- 0 to 
hats Bey cbsrged by an inputs. voltage froe the feedback  
puss irsnsfmxesr *. Pead'bssk Vase is geasreted by the pule 
tr sfOzter I 	n T awit '+ a on„ sM the peak of the put 

is out by the Senear dude Bs„ therefore the charging peak 
voltage s of the capacitor 0 is c nstsnt 0 IM.peMactly of the 
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pulse fequnay. lonlineerity !snaed by the feedback page 
Width aTA the effectf DC supply roltaje variation am 
rdued by the resistors aM R and 	 r.s*ottvaly. 

I t S r $SMP YOltsjM1 CO!**iILIZW D0  aMD 
*initter bus voltage drop of 

x*ilzt* e►argii voltage, *not - spa " '• - IORv 
KID'*=voltage level st 'ich Tom, cel es on aM the 
perf1 stSX aOvft again a * 	.r.►( **a ..XR1) 

a anitter baavoltage r of 222  at the sent of 

begining to switch on.  
Ca  voltage drop of diode D3. 
eak to peak voltage V it  

#•I 

As a►wn in1139 2-114 C12*?g2* period v to start and oonatsnt. 
arid the djaehargisg period T 	is Imars sly proportional  
to!, 

.•.  i(e) wasp  • N I ) 	 (2.19) 

or, I . 0 1j +# 	• 	„I' 	. 

iters F a 1/! , R is so od$uetod  b 	0 1 

or'01a1/,09 

i...,P4K I 

 

Zn Pig 9-b ,D, is tr passing the  charging a ent ,, D2  is 

for t p► 	wr. osupansation, 	► D4  erect TV2 	th 
strong pulse generating *ties Irl  switches off* PV1 ISO 
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pz'eportitMl to ptwer O'e es*tted after 4tab3y iivMt,t 
that in $ divide*. 

(ii) err analysis 	r s$ The w i eovnrter 
used (Pie 2.7) h Otto ems given 

E Mr 	w , ( 	,. 	+ y.w~. ...~. 	--_ (2. 22 
keoiL k?coai 

t ►wo 9 6 w : MI echo errors 

0 Phan ale est of Of and PT respectively. 

• phare impe 'bstrin SolLtsgeT en the current3L 
I 

k a aon 	a 

yr► Degree of =► 	D* of *, , and +. + A;p jvil3►'* 
bror dice to euh teats ean be det.ridncd both theoretically 

)Iiaia error of VZ converter has been reported to 
be .1 and that of 1.1 convertor as-- Oo * Te*persttzro error 
lies +,4tb ,1 + error due to voltage variation tier 
within •» O*$%q Only pitsto4 has been i * a and it is yet to 
,fid for suns preduetias. The metes ovo accuracy well within 
the Units of general purpose meter &M there to soope for 
its sass pxoust1on with this tIm t " technique, 

(a) Vsi der P.4 tore 	( 9 ) 

(I.) A paw to frse)%ensy converter is made by 
usbtg s. Tot converter with an inverse P.Y conversion in 
the feedback, The txsnsfer fenstion dS the *satrtaent can be 
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put a*# t s k, 	SFX 
	 (2,21) 

Mhsre , t o output 	q a y 
31asrstog input quantity 
Ta 

 
value of laternst referees voltage  

TM. * $tIOU of nontstbl. state 
k1 	o #.nanty+ enstsnt, 

'By introducing #3e, scoot input signal 7 into the 
so etabir •3r tit in a asan that inversely nodulates TM  mar  

In  so kuu 	 (2.24) 

iron (2, ) and (2,24) f . ON ` 	0 	 (,,25) 

Renee a signal proportion to z 7 can to obtained without 
using nultipi isr, 

Introducing, in place of input signals z sM y, the 
rinueu sl load CUtTIIt aid yolteg., 

the aster san be realised. The ihi.stiS 41NW of the 
T•►? wlift i.Y feedback is*awn in Y'! 	(►' '°) 

(it) nrr+ r ans). s s* coseUtst errs sr du# 

to offset sma drift volt.g.a as ws l as 'biros aid l.* 
currents. esbthing .,r  rls i +e error can be rsssed as 

where At 1r► terror in frequency, I, the asasered we at 
lead evrmat, R + owes* a r*nt pssSflt at the input of 
the plifi.r. Considering tical bias suxnts sid offset 



v.it.gee, as v.11 as thlr tsspsraturr si t1w va"iationso 
cel sie 2 itsti aceurasy can be maintained over a ustim a~ 
last z' * Of Us** 

*sported +i a titsuvv errors of the motor ae as wjdsri 

1*4~rs 	 Y*ristion 	 Within mor Limits 

Current 	1Os5OOO at pot • I 
2O4O at pJ*O.5 1egg&i 	i0 

Yraqnenoy 
`olt 	 'its 	 0* 

0.O 

Versa 	00C 	01O5/s0 

Eztsrssx 
astietis$4 	0,3.! 	ssss 

In the propoa.I aster significant riduot ion of 
campansute has boon a. .str4 with the •1 isation of the 
su1tip1i. Its cost Is baSn slsim+d to be comp.t t va with 
osn~r: 	ma1 meters of .iailer wmurw. Error limits of 
the motor sets it to be suitabl. for a general pirpa►rs 
aster. The tsspsrs s mar is rather bi. 
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e'er t v.l.pt a k* w$*r, W+ a]tipU*r is 
chosen an 1h• tbi.tio transdvcer A vaviabi. trsnraoEdU410 
tone. type a1tij1iM has boa s *Wd to 8*30 a k'ri's► aster, 
In both th. srwr, a VI4 coee•zt.r will qnsntisi the tredwsn 
output. Ti itat with the details s of ta! stuorr• arc being 
4i sa.40  

34,1 Trandauri 

3.i,i Watts ie tranuoer 
(i) PrinCiple; ?.sp.rature compensiitivs t. flail 

Multiplier 'fir IN $00 (refer Apprnix --- I) h" boon used. The 
basic pri elple of "moo su2tiier ii based an well ]aai H&U 
If 	states that t *n a aagsetie field is applied at 
right sie►s to a surcat in a particular neat%* 0  an eatric 
field to arm► In a not w& iy perpeM1lar dircatien #ending 
to direct The path sf the current in that &&tenon i the 
a+ it *4 of r ieh at 	instant wouto upen the write 
of the eamespeMi *srxs 	160 applied SaSWUS field'.  
If the is teantiti.. to be adtiplh.d  together We . poi' 
p.rtionsl instantueeuiiyr to voltage =d cW,r in a circuit  
the tins wm *1 the Rau output .,1.f it a *eairc of the 
this average power awrW by the circuit. 

If i a Iastsntaneovs raIns of control gent 
bS  w Inst 	us value of u ifoxa3y dtetri1utd fluz 

density parpeMicular to the Sanomt 	in the plate 
Then f ly electric 11.3.4 at at? to both b5  aM i  Ofl.Nb5  
bsre, A a Isu ec ffidint 
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3 . girt de 	« *j 

Iaease# 

tie .31 Z8 	(wt 0), *ere IX, J0 WO r. *.s values., 
1b f; • s., 	l SA 	s 'fix to r ►w.o oval , of + ~, 

I t &cr ..int. + . *sde eui th*t be E. I2 Arse p ► 	l►'a 
to Y SW I and f a 0 i.e., bsee angle 'b tt n V "d I, then 
it can *e *we true, sysr.g. or in an *too circuit. In that 
oa tit control ,aunt and fte1 e e$wsaoi&aU ► tin. Tar).► 
ftw '4thams, .qu nsy *nd a ss. e. 0 exist 3it rn 
thea„ Thaino load outer voltage can is z*ee. as 

at ki siiwta►Y sin(vt4 

*eD$2t4J 	 (3.2) 

Result to 4 I. a output vith a tiperiapoasd +. s of dau • 
frequenoy. 

+ i 	W.rkbi details: The do • detail of IaU 
Multiplier 	 1 to 	in ? . ( b). toltalr to pUsd to 
the .field erns in palld mob the+# int in It does not 
exceed 3A. In order that the sultipliar amt* tura parr, 
t3 rrac u3A be nophsa► differeisc betvnn the voltage applied 

to the fill$ +ails *d the field ?adu+ t b it. 'i t the 
rewtsms of the fled input is gives as 40,000 t sa3 i.e. 
2000 0a tsr 50 Its diars 	l*pat "s;lot a l• esly SC* 	* 
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42, 

this macer the sfrs►it highly IWtIV* firthis' the is 
a phase dIfference between th* voltage "Ud +rte fI.ld prow 
dueed by ft. To ori-  this, s high ra detsecs of the 'offer 
of20kø is put in srrIes with i4, Norms total input 
Upadsi*s lieaes.s ?440 its. Jew' voltage upto 220T Can be 
directly t 	r s$ 14 for iIob currant will not uoud 3A*A, 
pat the eterd out of a P*T, hOT is taaed sereS* the field 
coli so that current through it also rseains within safe .l*$t. 
In the **U ;fit circuit the J ood 	at is allowed to 
through a got.*  This 	uld it ixesed 300 nA As a 

refit of the above arr t a wall + .e voltage npto 2 T 
Is obtained ained 	the Hall ou)put which 10 Sher processed in 
the TPsenvert.r att wplmeatim 

(Iii) Irror tnsly.I. T types of +Ira osu oeour in 
Hall. ftMialer tid era► Us ex 'lain 	ows## 

(a) Ia#d ing mar: Well known r a for a Haul 
Multiplier (Pit,  lc-) we Won as 

' ,z  0 R z  . Rz,xy 	 (343 ) 

T O k, I + '*,y 	 (5.4) 

Where*  lt, a RisistauSiS in OifltXOI direction 
• Mutual resIstance +r 'R w300  

In load 	int direction 

If the I.Od resiotsimee is R, then, 
(3.5) 
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Pros (3.4) sM (3.5), I - 	m 	 (3.6) 

Pros (3.3), T - A 	,}~- 	
(3.7) 

or 

P 	( 3.8) it is observed that 17 Is not linearly dopo l.nt on 
Tek Do +sue this is 'nova► as 3eadLng error,, This error is s.i- 
*thstsd 'fir rsrzr 	?7 with r of to o3sngi in I, This can 
be shown as 

(11 	IkSJP 
Iy 	 a 	 (309) 

X37+ 	11y7+ 

sis 1177 t,' h, (brc aae 1137. 10 Ob as, R- I '',-''' 

Hero RL is input apdsios of the operational&XpUfisr used 
for asp1ityis the ILSU onto. P 	(3.9) it is obs. 	that 
ry 	x In , iiab Is a linear relation between Ty std xXI1s0 
and this la 6*o 6. 

(b) Betio .field error: It the apresssd v ]ts ►to 
the *sgMtIe field omit is Yi sinwt * then 

B1 
	21/2 + 11 )  

iif'r 	 11 
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X.•  a XnLiucthj ' or coil. 
R 	t.sistsrns of thi input of otic field coil 
A s core cross s* icon 
I *Io oftursaj.nwiM jzpg  

+r L•i,th of lion cern  

4. s Length of sir gip 
p0 . "'rt. apse. pizosbility, 

; r Relative persabilit7 of iron core 

Quanta of error introditosd due to asgnetic field 
depends on to value of 4 atieh has to be mod* negligitiy =41 
for a i Its the Sx ropU.Ucs of the Impressed, voltage. 4 is 
reduced by making i<<, As can to referred to the Appendix rz , 
saufacturers have elaised the value of  of4 as'3o/ o i.e. ,O.15 
for 51s, TMs has been further r duoad by wakirg R = 1 ' „ 

.1.2 TA tran ucer 

(A) Principle;- With reference to the PLC .Vk; A 
■ath+~rtatical expression can be derived for iflustratiig the 
principle of the trenuduoer. went I, can be p ssed in 
tors* of v, # by thi diode TA characteristics, 

whom, Isoo O.1 VAI.4(1) 

v1\1t 	a(, a pornal 	inverted node Q 

Pr.. (3,11) 	 (3,12) 
'pbo I 	kT 
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DIF FE RE NTIAL 
	 OUTPUT 	eo_Ke1e2 

~~ ♦ `~~ 	AMPLIFIER 
	 AMPLIFIER 	-~ 

VOLTAGE To 
e2  C URRE NT 

CONVERTER 

a_ Block, schematic 

_12V 

= 	b. Ccrcu;t diagram 

IG. 3.? _ VARIABLE TRANSCONDUCTNCE TYPE 
MULTIPLIER 
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$ *C 11Q it 2 , ie 	12(Moms►* a perfectly 
*atehwt3 pdr) • 

(3.13) 
21?  1 

(3,14) 
21? 

roa (3,13) a (3.14), Al - g - q Ic(M baa. Yb.2) 1 2 

or* 	A1-r 612 a 0 I . ' (C to const t) 	(3.15) 

Bee ee, ATbC 1  

Bt 9. 

or, 	+tom • 0 I*+ 	a Bitfer.nti . eo eotor 	(3,16) 
volt . 

II R 
ai , 	5r 	r CROI0*4 1 rr i I¢5, 

2 

since, 	10C '2' 	~a , 	 (3,►17) 

Rome the output  rtt e Is proportional to the prduet of + , 

i#M 02# Ths methodto kmwn as wxr1ab1e transooMuctanos, because 

tranicoMuctance is , IT= asp 

a  is 	ied by ohaiing the input 
ATbC 1'b.2 

+ 2 as can be seen belew,. 

vw I0 	( 	Zq, 3,15) 

who", X8. is v r1id by 02 
Quslitsttf*ly tbs sb*Ws can be 	d up as, the differential 
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collector Jnr ,ts4prvportLonal to the pr dust of e i 	02« 
The dtfferenti l input Op sop prow 00 #1 1* ended out'pu't * 
after auplifieat1rn. 

Il? o1idifl a urr.nt proportional to the Voltage 02 
a YX aow"t r is used,, *lah sets as a source of current with 
high intoraal Sapeda r , in Pig* '3.26 

B' R 	2 R 
 

(3,18) 

i.00► 9 a irouMed load to bsi iupplied by *0 V4 converter, 
R; a ,d 	LO1d be eoeen to draw aali CUZTente end B7 and R.3 
hats to be rad* mall 'to s1n1jse voltage dV*pe. A aSseatch of 
ratio of (3.$e)  may decrease the i.rnal impedance of the 
source.. 

(ii) Circuit dss * Two 	 i.ar IP transistors wars 
chosen for the oifferentisi epp.Af er. Collector resistances were 
ajts 2k each for UaitiBg the ceU.00torr currents to *w apt. Base 
resistances were ohsssn as 10k øsoh for ask; the bas currents 
Use t 	1si with a • 3Y. 8ai1er1y, for the T4 co vector, 
the ratio of R,/R2 s̀ !` i was kept 1/500, so that but drawn 
(with •2 3Y) can be I*** than' 	consequently voltage drove 
are slaftlaod by saki A3, a 100 Obamo and R7 - 200 O)$. Tranai~ 
torr of differential asplifter abOuld amain in the active r*ngs 
for geed U *snity. 

3.2 Volt to frequsy converter 

3.2.1 7iwriple 
In 1*o W*WL*1 seetien„ it was observed that 
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transducers are oonvarting the tariff wit into popor. 
band ash i.© yoltags rbiah has to be converted into a 
Lin arly pz,p rtiond train of pul.ss to be corded In a 
ocuater. The prineipl a of This TP converter Is bised on 
4hsrge coapsnsation thod. The aultiplier output Is allowed  
to cbargo 0 of the Integrator until a threshold voltage 1r 
r.aob d at the level detector rte► triggers the soiosti bloc 
)orsstsbl. wSts a pulse of amort duration ibiob iissh.cgss 
the capacitor  1,..,, net charge flow at 0 Is sero and agar: 
this cue .rspnats itself. 	as a train of pulses from the 

to 
acrostable output proportional/the voltage fed at RL Is obtained. 
R.ferIng to the ?Ig3 c~r 

It f, • Int went M OIL/It 

it 1» current through 	 duo to MM! a 

or 	t. *~ I "4 or t rr► 

or, f. #0  (3.20) 

' 	t 	12t t 

Prom (3020) It is seen that I Is linearly proportional to 

because I2 t tare c*nit*nte 

It 
Voltage towel of integrator output, so . 'r * f 01 it 

slit 
(3.21) 

4 

Whil• cal stig R1 aM C equations (3020) and (3.21) are to 
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be oonslorod r iob titan 

2 frCs (0.20) 

o  froe (3.21) 

• 
" 	or, 2 2 D • •o+ 	(3,22) 

For a po ice, ar r JL range, values of d if ` rr+ Parameters can 
be oadoo~►atoa for obtaining a r+ quirld frusmy. 

3.2.2 Care It Dee 
Stop I « aotsa~bation of 

If IL/12 , - t1 /t .w 1/4, then 45D * 5, o* pulses of vMth 
t j) oan 	41rl ~. 4k+~d. xS can be lImited 1a IRA# 	+h will. 
sake 12 * . *, Then i~# of oif tr1t '3 5k moo, aam*ingoI= 5Y,, 

Sailsrlyr 	0 001 12 a l2/4Is a 3k Obas, In order to obtain 
a tr.quemy of 20 ppo with+if, 0 WO tD as1/1 .R1. ? a .Ql2S roc. 

ifonce ShO mono sta l* rLOtZ14 be designed wi1t a t o period of 
.0125 moo* and RD ioul4 be 3k Ohs, (Used t'alu• a 2.2k) 

stee : D# tt 	tion of C 

Fare (3,22) 12S * 0CC,, bore r 	ton be fixed ►t •a levtl of O,5Y, 
so that # C * 12tD/ro a WON. (U eed values . 1 	i►i) 

step U1 *0 Derma: of a level detector with a sinti►ra 
tbrGhold of 0.5Y„ (Rofsr Yig.3. 3 e ). 

s....." 0 0#5 1.,00 v =90 cog  
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Used v'alUos Ot* * 1Okii , R a 39k) 

Step IT Design of a Pionostable with Un* period of 
,0125 e.ot(Rsfer rig 3.3e ) 

B0 	fixe! at 2.2 k by aieing a X 0(sat) of 5. 
A Is taken as 1000 so that it car allow sufficient current to 
the base of Q2  to send It into saturation. 

.* 
• 0#7 RC a 0*0195 f 0' * 0.175 pP (Used vain. err 0.22µ?) 

low 	'ON' *id Q40WO (Un ie stat.) 

Tots Tbe'!( ) 4 2 
* 	

rybO(SaW 

+ Re 

 

in 	t2 

and for C ''O ' and •Q4' ON (Stabl, state) 

2 • 3' ,'l(off) 	B2 

B3  and B4  are chosen to kaks the +anter bias of 	as 2V. By 

a ming T (ftt)  ,  003VO T(off) "' O(fbr s P!P transistor) 

B I  ax'sR 	' dreed asCfcc*3.24*M3923) 

R I  • 17Oscat R2  a50k Used values RI  a160 k, R2  * 1 k) 

3.2,,3 test Rest 

After ss.esblisg the o iroult, a varying460  volt age 

of knsi.n asgaitud. was applied to R and frequency of pulses 
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at the aoi*etabie output was observed In oseilloscop. as well 
as cried In an slsstreiUo digital  co er. A aechantoal 
counter was connected to the output as aho in Pig "3 b to 

*boe r* Its reponse. It re ►nded well but electronic counter 
was used for t.stint mss. 

It Can be observed frea the rrsi].t r In ?ig24 that 
JID*Ortt ► re pons* ,f The T-.? *anverte ' is gUitS oød. POss 

bXLity of error is due to offset voltage ,pelt at the 
output of Op asp of the integrator. So it is ab3eobsd to a 

linearity err of the order of Y0t R (To *0 offset Volt) 

because 	varies with input, Suitable arrangements  caa be 
don* to **flpnaste this voltage. 

Sensitivity of the T,? converter 	 *a out to be about 

7ppWT. Uwo aim stating level of T•*? converter was designed 
to be O. V, for .bitter It to 0,, a SIT* potent 101 was applied 

to the input as rlowit in iii, 

3. k* Meter 

3.3 41 'nook a rc 
Principle of oration of the meter can bar .x .*Ln*d 

from the 'block schematic dIwV&U town in PI; 3, 5-k • After 
conditioning, 'both voltage + went signals are fsd to the 
Ham. multiplier, Its output ►n to the T«., converter &nor 
a.p'U 'ie ian► Va.? converter output pulses ( 7 is 	to 
power) eoantad for a particular period gives the seams of 
energy usd during that period. 

ETA[ LIt~RA'v 1i ffI1TY OF RO RKEE 
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3.3. 	i t. ciroult 
aplets circuit of the klVh motor is shown in 

?!s 3.5' b * Rau output voltage is awtplitl d 100 tIa•a an 
thin IWO/s a.o ooap neat In by passed 'through the 500P 
capacitor  as a result of %blob o y a d,e voltage of the 
order of 04Y is obtsi d. This d,c voltage Is ted to the 
Y.P. converter at a point, of which the potential Is adjusted 
to a suttabic positive value by a 100k rosSt pot as shown. 
The output of T-11 coffer is tapped fro. the collector of 
04  tbrougb the rest rice. D.C. supplies of 12T for the 
Circuit an # 40V for lb. cow*sr is to be obtaised by recti,  
fyrjg tilteriz aM stU1singthe se sit a** voltages topped 
fran the voltage s1gnl ooMttionieg trsnatforaer. 

3.3.3 Teat Restate 
The Moto was tested With ► fietitous 3 M. )•Sbra 

applying low intensity mals to the Rail aultiplier phew 
angle bstvssn volt age aM mwrsnt was sjuetsd by reams of 
a phase shifter aM a phase angle aster, At $0, 100 and 120h 
of the rat d v1tags I,.,, 110!, different sets of readings 
were taksn with load ern varying between 5»12 of ratad 
value. lore tooter was fSzid at unity, 0*5 Lagging and0#5 
XeMMftzg, + etIv* r far the three sets, Psanits are platted 
in P .3-6,,*s.74. Pow cash power factor, the va motion of motor 

reading wit ► øbangs In voltage has been brought out*  ',then the 
error observed is put separately in a grab (3.6 74 shoving 
thereby percentage error in tie of Pull deflection of the 
aster. This has been detex*iasa by beeping the, motor reading 
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t; V~irtior of error with voltage 

0 	20 	40 	60 	BO 	103 	120 	140 150 

°/o WATTS 

a __ Variation of meter reading with voltage 

IG 3.G  MF_TF k RESPONSE WITH VARYING VOLTAGES AT 
UNITY p, f. (kWh meter) 
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f ME ' HR + E SPONSF- W:TH VARYING VOI TAGES AT 
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at ION rated voltags as the refired e, Por con'auisi• in 
studying the errors, all inputs to the art s► his b 	lotted 
as % watts is r aiLs o the lo ospondi % ).$,D. in paris. 
Error limits sbee ry d er. between 	aara in sash own. 
It to sir+ ► that .rmz'steO,sltag. Is steady 	r a h ►sr 
level mrsre as at 12O vottage,it st Wly becoass asp fros 
.aiJovae 3Sf t of ohws of p " *on 0*5 Zoning to O,%. *ling  
to a iift is error nature only v not in its aegnituds. Zrror 
licit is within that of s gen.r4 generalmoss aster, It can be 
brought down considsrab2y with the use of an error cospensated 
CEJ, as dbown in Pig 3.1 o , Results can be rther isprotred by 
usi precision tnstra nts for test i, 

01 
Y,4 	Ah mor 

Y.4.1 3floek Schstie  
Block sobeastic ofthe motor is shown in Pig 

Both volts spit currents ere, asat to the TA neUVlier dent 
of proportional *U J c voltage. Output frea the VA altiplisr 
is ted to the T—P oosvrter, the Output of r.hi*h Is 00VMtod Lu 
an electronic or saohsnieai counter. Co 	of pulses for a given 
firs gives the energy i.e. kYAh for that period, 

3.:42 Cosplsts Circuit 
Tb. output of TA trap duaer (Pig 3 -'I) is *t,e voltage  

of the order of Oi V. This can be made, higher it no" 'be. This 
output is proportional to VA of the sires.' 44 is fed to the 

VY converter for integration. Zzcept for the transducer part the 
chess retsina s*e as that Of kWh aster. 
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3.4.3 Test Results 
Refutingto the Pi j 3 2.1  Is *SAO prreporttenal 

to To3t 	w ii nsl a 	t2  Is USA* proportions to current 
signal, The rotor is tested with fiotitous Iced. At 00,100 
and 12O, of rated volts i.e., 114, motor output vu recorded  
with load eurrsnt 	between 5-120% of rated vstuu. Three 
+Mts of curve were obtained as awn in pig - iI . Thus irs 
plotted as% P. S„'D Of the motor against %kVA. Error USnfts 
are witbi* 	. It is logo bataiuss of obvious sissstsb 
between the transistors of differential  differautial eplifiur. This can  
be red iced by ue,; *etehed pairs available in 10 Peso 

3,5 WAzb Miter. 
Before is pressing the voltage proportional to line 

volts to the aagn.ftc field soils of the Hail au.tipller,, 
it has to be passed through a 90°  ase shifting sircuit for 
a.ssurieg k Ar. Moab schematic is shown in Pig9. Any standard 
circuit oo 900  phase .fiing can be Used hero, Since the 
Hall aultiplier is gifln satisfactory result otherwiSe, equally 
good result Is +sp►eted with a phase shifting circuft. Accuracy  
of the motor will depend on the stability of the phe. . shifter. 

31.6 - Stops for Making Prototypes, 
sufficient base(! is created with the ds?►1ope►flt 

of s ie described previe ,s scion for developing suitable 
prototype, Apart few isproving the tr*eedaser. and the 1P 
converter, following steres should be taken to ask. a prototype 
of ice► a*t r, 
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3, 6.1 takbg an error co pensated 0.? as shown In ?IS 3.1 O. 
Prinsiple of this Ø4 can be reed as under. 

A to a diffsrntis. it ewplif r toss output current 
Is praportlen to the isut voltage signs, Ther current Ib 
throb the load to the on of the currents 12 axed Iao v►~rr r 
12 to the ourr.nt threut the weo ley wading of the C.?. 
Ifs, force the erect fraction and has the Correct itase 
position, the difference Volts appearing ,tea*e the input of 
the a mp Uf would be sero. lith a e fLci.tly largo gam,, 
the output current a of the .Ufa is adjust  in nagnituda 

and as. position until '1b approaches the cor 	ratio, 
thus reducing the #Mrs in the transforastion ratio as soon 
from thO lo+d. 

3,6.2 Malo of it cb ..d potential transferser and do*. 
'poi,er supply tit. 
Details of it o be worked out base 032 the Mea 

given in Fig o • Suitablerm+nta should be dose to 
motif r„ filter and abiltsr the sib pica up f 
the transtozier. It, should be properly enclosed is an enclosure. 
Car* should " O taken to macer tbeole thing conpeet aM light, 

5.6,3 Design and fabrication of a aechanical counter to 

To ooh the pulses a suitable SOCUMOal coffer 
has to be evolved '1 ick can count u"pto 30 pulses per second. 
It should be coeperabi. in Best vith the e'istin counters In 
c.nv•ntiond asters. 
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'how, the" a"tiø► types of 4asaz mo or leer 
Log ,iuA Iftegr tIM t • but the Int.gz'attng types are 
most w1 Mir accepted* s* attempts have been made, to sieo 
tronloafly hawse the output$ of *om•nt nal deeoM meters, 
but so far all sleotroide type demand se ter has not coat up* 
An attempt h*s been mad* to develop. all electronic d*iand 
meters Ono each of totogr tthg snd Log type, Lag ter is maser 
in a aamter s►ch that It tan became more popular than the 
existing "go, 

4.1 Xntegrating Type D *M Meter 

4,.1„ i *oek Schematic 
As observed in chapter 3, inaber of pulses proportional 

to energy to be measured are available from the V.4 converter, 
If thtes Wises are counted for every 30 ute ate. the higher 
value Is rets, then It will do the job of the existing 
Integrating typo demes meter, flock schematic of the instruments 
to shown in hg 4.2 , Pulses from the energy inter shmlts eously 
aa* to to May etuntere and * mechanical counter, The 
mechanical counter aM BC '+ 1 will receive thea. pests fir: ed 
the AND g ►t*s are open i.e. an output to available from the 
comparator, The comparator is so designed that It gives an 
output oi'ly .on the )may coffer I and 11 are having equal 
aaunte, There in a *book pass generator i&ch produces a pass 
for every 3Oats to reset the PO4, To start with, say#, all the 
three coffers are reset to'O' and they will be coming pulses, 
because the comparator Is keeping the AND gates open, After 
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30 ate, tbiBC4 resolve. a clock pulse ,I d gets reset to lot , 
this sakes the coaparstor output also •0' and now 104! sad 
seebanical ee sri will not receive puss, tur the next30 aye, 
it the uwabor of pulses sxftoda the maber already recorded in 
304! in the previous deer M interval i,.,, it the dasand 
issxisssep 'hon at , e instant * count of BC.'!! will be equal 
to BC•I and from this instant onwards the Comparator will give 
output to keep the ØD gates open and show the 3041 and ose 

eniail counter to count the pulses till the 304 Is reset after 
50 ate. In ease the gasand Is below that recorded In the previous 
Inte r*sl, Comparator w.'i not give output nd pulses will not 
be further recorded in nohaflicel counter as well . a s 	1I. 
Thus the 304I and aechenicalcounter 'will retain the aazizsno 
amber of pulses roesived. in ex particular  ttas* interval, 
B0.!I said Mechanical counters can be reset nanually as and adh 
required by the after reading **tbority*  

4.1.2 CireiLit Details 

(1) Clock pulse generator 
A e3ook pulse generator is required Sieh will ssit 

per 1100 ate. one pulse of short duration and voltage biØ  
enough to reset the oo ern*  Output of a frse running Astable 
uu3.tnt.ifrstt can be used after suitably differentiating. TIM* 
constant of a Teas running Aitabis Ptui,tivibrator can be e;1 and 
as T a 1,,3* *0. Value of R is halted by the fast that it should 
be able 1 ► *tpply the bass current to the transistors, ?o? a 
12Y supply g can be ervund 12 k assuming 2*A as 1( .at) and  
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Aiein. a 20. Then for 1 . 1800 sec., Yalu* of 0 a 1006C(?. 
It Is difficult to get such a capacitor sM even If it ire 
obtained It will have tsrr large leek . Thø pule  nowt. 
ehing of the ANY output can be done tbro i sysUs 1t frquenoy 
dividers. Three are norasily in the rangio ' divide by 10,12 or 
16,, Kost OWInIont is to use a divide by JO divider. In order 
to obtain a pulse per 1800 eec. 2 decade dividers can be used 
after an AM! of IS sec. duration (P1g4• ib ). This will keep the 
values of It and C Sn AM! within aarail to Unite, some for 
obtainii pulses of 1855*. 4uzstion fron ANY 0 • 1O8.6p1 
(Used value l µ?). "For this value of 0, It cones to be 13O.5kA-

ObX*('Used value 150k). To differentiate  the .Sys pulses 
obtained fru the Aetabis Multi«vibrator a differentiator with 

R1  * 5.6k, which will asks the pulse width 
about 12.32 a sea. Ult laatel y a reset pulse is obtained every  
30 ate which will reset only BOu.I, 

(i 	Binary Go ere I eM 1I 
Binary ooze of any t p• can be used here but 

the seleot ion oriterix +Mould be ioh that ai*1*tee 	bur of 

counterscan count the earlirnin nb.r of pulses xrooted within 
30 rte. Out of the available oottntez'e the divid, by 16 is most 
ecomaical to be used but since it was not svailablC, design 
had to be dome with divide by 12 counter, the dirt eiis eft 
truth t+blo of which we chasm in rig 4.4 and Appendix III. 
If the pulse. are directly taken Sian the T•»p coa'werter they 
will nt bur 30 z Ice • 54,000 amain It 50 ata* Por this 

suitable counting c 	to are to be deem with aim 
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amber of counters, 

(Lit) Coaparstor 
A bit to bit ea parstor for the two cors has 

been designed. this can be used with any type of binary 
counter her`* Flip !lops* Output fros each ret or bi*ax is s 
have been taken to Rsslusty. OR got.e s then to NOR and 
AND gates as shown in Hg 4.3 , Pros the truth toles of 
these gates# It i t lssr that an output will be available at 
the 'D gats only►a, QA "" ' A* # + ""' ~' Q *Q ,% D .` 
and in no other condition, bsr instance Q . Q - I or 0 in 

r case of equality and for both these conditions MR gets 
will give 0 output &iiob are going to NOR gates. NOR gates 
will slams Rive I output 	 arc going to AND gate shish 
will give I output only when both inputs are I. 

S . NOR Rates were not available, these had to be 
Sade out of AD and NOR gates as shown in 	Quard tae 
input gates are avaitebla for co intently tarryout the 
op+ r*t ions desired by 'qhs ocaparstor* 

4.1.3 toot Results 
In the absence of *UU$IC1Ut rMb.r of 10s only thy► 

baste priesipi. of speratiaa has been - tested by fabricating 
a part of the circuit in printed circuit board. Since the eoun. 
ting ospsvity of the counters used is only 11 at a tom, vary' 
slow psis.s for short duration were sent to eounter I and I1 
after r~essttisg then to '0' ,M Then by observing the outpsts 
at QASR OCOp of each saunter by means of a voltmeters counts 
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Mars's d•tirs sd. Counter I was rest sna after this#  counts 
of countir.fl were touted to be intact, Thou ant aers sbsr 
of pul se s awrro scut to the ay.tra than *2rs sdy stored at 
counter 12, botbthe 000 or were observed to be edvauoi 
together# Once again mer I was rose* and counter 22 was 
found to be storing the mSat utubor of counts received 
so fart The smeary of the aboVi can be seen in the t&1• 
below. 

Co 	to - mar 11 

QA Q  'Qc 'QD 
Starting 
point 	0 0 0 0 0 0 0 0 

Count a after 
the receipt 
of ist 0t 	1 0 1 0 1 0 1 0 
or pulses'o51  
in Umber 
Counts after 
ist r+sset of 	0 0 0 0 1 0 1 0  
counter I 
Counts attar 
2nd set of 	1 0 1 0 ! 0 1 0 
vas*s''5' in 
umber 
Counts aafttsr 	1 0 0 1 1 0 0 1  
the 7th 	zlas 

Counts aftir 
reset Of 0 0 0 0 1 0 0 1 

counter I 

Apart fran the above aheok of the. system outputs of counters 

I and 11 atQAlb *0   whom observed in osoilloscop•, by giving 

a train of pans at the jzVat#  and were observed to be No* 

in nature jniaati thereby that both are counting together. 



Goo 

4.2 Lag I pataM Ketsr 

4,2.1 pick achstio 
iscipls of the motor can be xplsite4 by some 

of the 7i#4 * The output frs the Watt or VA to voltage 
converter loss to $ Ling oiroutt iab rs,whse 90j of 
the sub3sotsd value 30 0* Th* output of the Lagging  
efreult Is sssswod b7 a moving coil seter tbrougtt an 

ispidems satChin airanit. 

4.2.2 Oioult details 

The Use lag between the occur os of a loan +rid. 
the acrrespo ing instrument reading is obtained by charging 
a aaMsnser through a rsststsnoe, The coMllenssr is ekerged 
from the dee voltage oportion.l to the dm&Vd obtsir d from 
the aptst. trr,  lueer, The Charging tins coasts 	is so 
ad 3usted as to charge the oonda*ser to 9O. of the i'ospsatiie 
final value in 30 ate, Totagi acre as the condenser is asasurid 
by a high input ia s*c. rstsr, the aster retains an ind1ation 
of the *sates defl.etioa stt a*d during the sisas.m.nt period 
which rprsssnta the IU# in kVA of kW as the cess say be, The 
tine constant or Cha 	*M discharging of the condenser 
is decided by the equation 

0.,9 . 1 *'"800/i 	• which giv#& -v a 783 seas« 
1.s., RC a 7 sees,, R and C are fixed as 780k ,ted WOO 
which makes t w 700 sees. P Is used hers in coaon drain 
cox figurat►iom. A 	is ChOsen as 15k to limit the current of PTT. 

t T " [1RR. ~Y 17 VFRSfly OF RThRyrf 
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R2  is a variabl, high resistance 00 chosan that only 5OpA 
currant flews thrash The aster. R is for sero ad3usiaent 
Of the aster. 

4.2.3 toot k, t. 
The motor was tested with four types of load 

variation **oh as steady, rtepp.d peak and stopped risk* 
and falling.  Thi• ensursa that the motor. raven sub$ of d to 
actual loading, will work satisfactorily, The Iaegging circuit 
waS fictitiously loaded frog a 6, 0 soyas and a stop watch was 
need to record tise intervals sthioh the pA rea41 .e were 
noted at every Sts intervals, Readings are given in Appendix YL 
Theoretical motor response is coapared idth practical values 
obtain in Fig4. 47, M+ irnas error cases to 	 £1, The 
practical yes is dr*wn through the mess positions of point* 
obtained boa actual reading, 
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After the *tar1n of tariff quantity, it has to 
ba tr sn i"l.i to the , pi 's presless for bflhjs as 
well as operatlanal sad pig  poet. Cenrentleasi  
a*th is ter manuallyy reserd the readings at +.m ar's 
px ices. Though not is this aountr, 	onsug efforts have 
been wad* abroed for qtr scam* sad asnitoring of tariff 
aa#a 

 
Thero we two basic appreash s ruing this i0*. 0  

either there is raiote sensing aM recording of data frse 
'blue to tine or there to 00UU esus sonitoring of the 'see. 
Lett r is sees useful for operational ptporss. Most of the 
*ethode use sol1itats deris•a. A Ver 54*prshenai. ra review 
of t' e basis principles involved in few schases, is being 
prevented here. so tat no iznir ss 3.y soseptaM. m od could 
to evolved Wt an17 preposals have been tested on aU sods, 

501 pasie P.qufram.nts 
The probias of rote s casing and monitor, of 

tariff itis can be broken up sat 

i) Za,oding the isfersattons of is aster filing 
Supt the +sseea.r'a id, x fHocfian, 

ps fir, most of the , hssss tried have to 
encode intonations er a vast a va 00'kvts. this Is princi 
pdi3 done is two weys, 'lie,(.) by attaching to aster  register 
an encoding it *1* takes the for* of a nabsr of rUding 
eo*tasto and (b) *sin se eleetr.cptieal .xray at sash dial 
of aster register (0) using indaefl o HaSIT With aster r ted. 
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(It) 1noorperstis a signal eeMIn Saaotlan with 
the eona*er' $ aster aM preTU 11 a trawl. 
uisn epi between the osns s s and the 
bi111 g .f"tic►. 

The signal ssniiitg funetios of the actor 
depends on the rte of r1 nn'.ation sdaptit. $0 far#  
several eo t Iestion astboda have been triad zs1ng  

c 	r.r•+ telephone laves  (t) esparste Out wire, 
s*ppli s txsi t►n lip aM (I) Microwave t rsrtii« 

onto" st. VWIOVM types of digital tellastsiss we used 
for date traaIsslen ceder theme notbods., 

(iii) Providing a signal receiving eQuient at the 
bull.1 point Uhi* i411 aseopt aM d. .(or 
pass on) the ail sent by the ernr02'$ motor 
to the billing .gnipout 

Hasid signal rsutvar eqixipasnts are moans 
far digital data reception ai ator" in a asnn.r that the 
sus can be used by a billing tquipw.nt x  Therese a► variation. 
in the finer ditsIZ* at sib reerivers amrdixg to sans 
of +rte unISMOn stoptad. 

5.2 haste resting of $axiinr DaM IMiostors use 
ft1 o20 hi l.(►, ) 

Black schseafle b ras of the System is *awn in 
Pig S. i • The readout register er for the tI.D1  Indicator Tell 

fsei']it7 to r..d and a%" monthly nazis dwaands far 12 
aonsrwtivf a the. I! nom► saxtaw dasa d is mead by this 



ti. E vtEEt 	 6_'ElEP-O* (.ENTkAE STATtCNs 

stF n >i..) T 	 7 RE (':F 'V N'C, 	DF v'C 

? 	F 	 S_REC F V'A+( 	,fC'kF 

r• . 	sr4ICF 	 9_EiFC'RONK  

10._ELFC 'RI( 	TYPt. W! 

• ~.1 	' 	" 	T  	"•NCJ 	C 	NA ;:.)  



'4• 

sy'st use tslspbe*. tins netirk. Dari early corning 
boors of , fiuod day In a months  the go ztrol device at 
the eonss is out Is astivatsd from the reseivig one by 
sss in signals through telsphon, lines„ This control device 
interrogates the re out register aM store s ►d ssmst s reply 
sig*si to the receiving  device fran the sleotronic idioators 
at the receiving end data can be typed in an aleotrie astir 
aanitsll3. #Iailsrly yasrly MD can be also inter g►te* at 
the end of avery year* 

5, 	i ous aeattsrii of Tariff Data UsingSupplier's 
special telaastsring .fseiUty( 14 ) 

A block sahewtatia d mat of the schsns to sham. in 
Fid S'.2 . ' h• system can sither stars halt hourly deowds 
fen a Roxftr Demand Rater or can take aster rs4ing for 
every bait hour. lather of these two it wan irns son be 
stored in binary eats at the store, A &so 	sso r 
pas on ss 	*sly asannix stored data and aster Edonti.* 
fiestionaots sicltsnso e aM trannaits the aim. at about 
50 bands ever auppliorts 120 Ks(tsias fequeney) apeelsi 
tetsastartig she rl, Sash cysts takes &bout 15ss.. to 22ts 
depeM jag on the mabse of .mandav'reMtajs trsnemittat. scanner 
will sea meusiy said the Int zsat1on afor half born', after 
which It will reset and start sending new halt hair iaformatlon. 
At Oa1IetU paint,  a statists asleetor will be eo ted to 
sash trsnseissien *hail in turn every halt hour and root on 
it till 4 ssuplcts G"u has been received ran each station. 
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If a station is acro" 'within the pr. et and pi?id„ It 
vUl evildi ever to the xt station sM will return to Its 
durtni rissister of the half heue psrio*, The in rection is 
trsnseittsd in amr r.a.t.risad eade uMer prest ice in 
digital t.l tsar. 

System •am to firther extended for t.lameteri g 
thtox*stiai about position of circuit breakers, ani 
r.Mii €e, Volts x.adi a, iransfrner tap position and 
w►ath*Z eo itlon. for every half hour, by coding sacra 
►odes. These intorastions can be used for operational 

plsnniig ant snsuz ii system amity. (the props sal asses 
to be theo yiticahy mud but Its actual success in operation 
Is rat to be reported). 

5.4 A Wattle, data reeardir i 	i w*,e Transmission 
Technique. 

A system or rssfting tariff motor using aicrowgve 
cosauntest ion technique has bean developed by We Saxano 
Electric 	 '' U.. 5 It is 'lotto as 'PlJRDAV ayitas, 
'UKDAV shams for VM v*1thy r- m* data acq*teition 
aystes, A e al a , equipped. with sicrowave t a W9o#iver est 
a as w fists recording unit is used 	 this system for interu. 
rogat lug sets?. fitted with estahing aiorowsve tranceiver, 
As the v► i 3 e drives down the street, a wsva beet of frequency 
92aBs rs*Id b7 they trauseitting sutea Pepe along w.*t 
it. This s is a acs Vers receiver tuned to second haruenic  
frequency of 929 MUs(i.s...leSeeBs) in the vehicle. Isah Astor 
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int•reetirj ooyøluslons Are drum fre the 
review on the topic. At the srse tine,, 'experience  of 
laboratory wrk also is significant. With this in back 
ground scope of further work in the field could be brought  
into lights 

6.1 conclusion. 

6.1,1 R*viow work 
After a glance at the fast pace of d.vs3o *.at in 

solid state tariff rotors, several features of the s z• can 
be qualitatively put as : ollew ,. 

(1) high linearity ad soo1waoy over a wide range of loads* 
(U) Very low ainini driving current 

(iii) Slightly affeotod by volt , temperature aM frequency 
deviations. 

(tv) laf'sdtsd by asymOr&oal Maw volt age cordition 
(v) Pis up act lye hsronio power with good accuracy 

(vi) ortloally aligned mounting is not essential. 
(vii) Very good long  tars stability 

(Till) Sent motor can be used for import amt rrzport records 
with suit bi. a rsngsosn'ts. 

Aevlew of the topic gives an Impression that the 
dovolepo+ is talo plans towardss complete 'removal of 
conventional sisters with solid state typos but at the sews 
time steps we also being tak** to improve the conventional 
aster with naso of solid stat* devices. More efforts are being 
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nov oonsentr tsd towards the d~rvrslopmest of solid state 
watt a.tz is transducers for energy at a*zrs~ "t as well as 
asking prota►types of asters for trial tests. 

Attar going throes the various Methods of teats 
senses sed son toring of tariff data it soma that a 
techs: +o ' feasible s economically ♦isbl, solution can be 
made to this field. rpsrisn►ss gained through several systems 
tried above can be useful in forwulating a suitable system 
for Indian coed itHions 

6„ 1,2 Author's cork 
After carrying out the, dsYslosnt of acme solid 

stats trlSf niters,, possibilities of reausing then with 
their salient feature. bw* become quite clear to the author. 
Tb. field of snergyaster d.vdopment can be broken up as 

(a) evolving wsttatrio ate VA transducers 
(b) ask, g ssitabls integrating sy stow for the output 

of thes transducers, 

As ob served by the author, the all compensated  't; !all 
suit iplisr can prove to be an ceUeut s ►ttastric transducer 
bseause of the following f est (i) It Is a 4 qu.drsnt 
wrptiplusr wi►ICh can be used for both isport and export of 
•nsrgy..(Lt) completely ecapensated for temperature sriations # 
(iii) Voltage signal from a standard p.T(i,., I IOV) need not 
be rood ditiou.d for applying to he Hall aultiplier, 
(lv) 	:ti ,isr is "bust and co*paOt. Along with these adym ' 
tagis there are sass dmsr is also involved; Those san be 
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Put 46 Its 1110 initial scat, and berry weight, Alths 
its aAs* Is it so big but iath•r it can compet. with other 
electronic clz.usts it I0 form or rot, is an unsolved question 
at present, 

The !A trap ducer tried Is a nitppe analog multiplier, 
Out of all the available a ttip lore this type is the chepest 
but also least accurate.' But its accuracy can be considerably 
lsprovsd by a current rationing typomultiplier based on the 
sa a pr 1020(' 2. ). r ieh can be made in IO foam. 

Vol.tag, to frequency converter ma4e to very simple 
type with an excellent linearity over the working ra s. 
Its rhe can be considerably .y leased with respect to input 
and output, i.e.,  Farr a soul volt ago range one can get wide 
vsriation of frequency or viae versa. 

The higher %Salt of frequency rang, Is United by 
current the toot that discharge 	rzpp'lied by the mora able 

should be a o t 3 to 4 t Jae $ sore thant input gent for 
obtaining distinct output ,acs, Similt , , the lower limit 
is fixed by the tort that the input voltegs should be sufficient 
to drive the charges current for the capacitor in the. Inte-
grator, 

The energy asters developed can be used for polyphase 
nentr~trm r also by using more than one aultlpli.r and ming 
the output of each thrsu&t a 	Mplit'i#r. A ceMrom V-? 
converter *an be d.siga.d for integrating the + p11tilr Output. 
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It will be a a wti n of sultiolmont comintionail energy 
meter where torques due to each phase developed creates a 
final torque proportional to the tetrl power cos ed, 

The Intsgzatit type de0add instar dev loped is 
bared on the principle of counter comparison through gster, 
There i.e no is.d to have electronic d3 .ay of outputs h+ , 
counters are only used for count oor*perisan Thiob Can't be 
done through a meobenloel counter. 

tog type miter sad*#  +a mine all the required features 
but do not hie the d Brits of the existing tsrs*l types as 
hewn bew* 

(a) It records kVi• or kW dsxad as against only current 
rerlet ions scordsd LTI tb+ as l tom. 

(b) Scale is linear where as it is sperm Un.ar for thermal l 

type. 
(a) 	It is cheaper and simper than t e al type* 

(d) 	it will regn#r• lesser maintenance. 

(a) 	With tentsli electrolytic oaipscito it will give 
higher stability of ealibration than thermal type. 

C f) 	It will impose a lower burden on the circuit. 

Due to aboVe merits it can probably be considered as an alter 
native to the existing integrating ' pe d aM- In! icator which 
are quite costly and requires more maintenance. 

6,1.3 P'ossibilitise of replacing the co +►entiomd meters 
Comparison of 00 st/sceursC7 abera.teristies at 
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conventional and solid state meters (Pig I.3 ) raveal• that 
at lover sce racy 1 Suit letter can not eospite with the former, 
Whether the e*at of 10w accuracy solid State motors can be 
brought down further or not is still an unsolved question. With 
the fast growth of integrated circuit technology there is spie 
scope of reducing the cost for as * scale production. Poeeib i 
ties of replacing conventional eater with solid state, alternatives 
depend on be efficiently it performs all the functions of 
conventional meters as veil as how much it improves the aeasurei 
meat quality. feepiog these tt function In backgroundinitial 
higher cost can be tolerated upto a ccmprcmising unit, 

6,11 Suggestions for farther Work 
In order that solid state aster develops. faster 

towards a superior alternative,, researches in the following  

fields have to be oarrid ou%9 

(1) 31gna1 Conditioningt Static motors are now available 
with internal current and voltage transformers far conditioning 
the signal to be handled by a printed circuit. Metering of tariff 
data is doter both at the supplier' a primary end as well as 
comer's pr*d.sss, In both cases there are possibilities of 
a oentrelteed metering, Instead of generating the low le~ro1 
signal at each meter# pocsibIl ties can be .rsainsd of generating 
It at the primary circuit. In case of offering at a central place 
of a big modem power station the burden of cabling on the aster. 
trig signal is considersble* There is a solution of this problam 
by potting the meter now the pei*ary circuit and use iapu.ud 



or coded ills. 'Ther can else be an .zplarit 
poaibi1itiis of using $.e eualegue signals of 
for this ps po oo  

(11) Mover Sousl ; ?uter• iolU stats motors can take 
the tape of plug in print d circuit cards housed in a box. 
Instead of sennecting the motor with the circuit through 
wives it should be a modular cyst with plug in arra gements,, 
Although suffiolent pregreu has taken place in 'the field of 
modular ctr.tut*tien, it has to be app1#ed in large scale 
to the f.i•l4 of tariff sot+r 	. 

(lit) Output Diepls'l Sims all wearing parts have boon 
dons away with is static *stere„ there should be a move to 
replace the mechanical registers also with a suitable alter'
nativee mus time mesio storage devices used in electronic 
computers are too eoitly to be incorporated in tariff *utero: 
But there is a coops for using data recording in magnetic 
$&pea hicb can be directly led to the earputor. There is a 
school of thought that em should not have eont inuoce display 
of counts In a tariff meter„ In that case reading* can be 
captured in a modular counter as and when required* But this 
though% does not contradict with the fact that meter readings * 
should real unchanged with the power failure,, Soss ether 
mrk can be dcnb tome developing a data storage device 
suitable for tariff *#two* 
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~M C It 
Datails Of Quaid 2.thpt 'NOR' CATE (7402) 

C1 

Reeo*mwdaid Op.ra'ti3ig conditions 

Fs~r 	l~t+it 	 Ji t. -T 	. Units 

Supply vo]tage 	4,75 5.0 5.25 volt 
©perat: 	Zr.. air 
teapereture range 	0 25 70 00 
Noa]iaed Pan output 
from *ach output 10 U oL 

Det.ii.. of Quad 24np 	'AND' GATE (4708) 

z 
R.co*eid opsratimg osnditions 

Unit e Limits urian 	TFp. 

$ tpply votag. Tcc 	4.75 5.0 	5.75 	Yolte 
Opsrat itg free air 
t.aperaturs range 	0 	25 	70 	0 

xozaslised ran out 
from SaSh output,$ 	 10 	VOL 

V*L• • 4 &A 1'Ig►/1.ANA LOW 



AIP mX III 
Deter of divide by 12 binary oountar (7492) 

e'A  Nt a A 

Wt N c we .kc Rpt) 

Roaomendl.d Operating Coadiit ons 

Parameter 	14a1ta 	 Unite 
Min 	Typ. 	Ma'. 

Supply volt s 
Too 	4, 	5.0 	5..25 	Volts 
0per*ti free 
sir tssp.range 0 	25 	70 	0 
Wora*lised Fan 
out fro* each 	 10  
output ow 

Width of Input 
count pul, 
tp(in) 	50 	 uao. 
width of Reset 
pulse 	50 	 rias. 

Tutt Table 

count Output 

0 0 0 0 0 
1 1 0 0 0 
2 0 1 0 0 
3 1- 1 0 0 
4 0 0 1 0 
5 1 0 1 0 
6 0 0 0 1 

Contd... 



stra►tax r 
Rains of kwh aster 

Load 	Output of W*ttmetrio traneduaer 
current 	(At catty p. f) 

At 80 Yolt 	At 10OVoltage At 12c '. Yalta 
r"Watt s Volts 	# Watt: s brolts ,watts 	volts 

1 	2 	3 	4 	5 	6 	7 

5 	- 4 0.10 5 010 6 0„20 
10 8 0.30 10. 0030 12 0.40 
20 16 0,50 20 0.50 24 0.70 
30 24 0,70 30 0.80 36 0.90 
40 32 0.90 40 1.00 46 1.20  
50 40 1.15 50 1.30 60 1060 
60 48 2.35 60 1060 72 1.90 
70 56 1.33 70 	- 1.80 64 2.15 
so 64 1.70 s3 2.10 96 2,40 
90 79 2.00 90 2.35 108 2,70 

10 2,15 100 2,,60 120 3.00 
110 2,30 110 2.90 132 3.40 
120 96 3.60 120 3.10 144 3.70 

(At 0.5 pot LeggL ) 
5 2 0.10 20,3 0.10 3 0.13 

10 4 0.15 5 ' 0.20 6 0030 
20 8 0.20 10 q  0,30 12 0.40 
30 12 0.30 15 0.40 18 0.50 
40 16 0.40 20 0.55 24 0.70 
50 20 0.50 25 0.65 0.85 
60 24 0.60 30 . 0.80 36 0.95 
70 28 0.70 35 0.90 42 1,10 
80 32 0.90 40 1.00 48 1.20 
90 36 1.00 45 1.20 54 1.40 

100 40 1.10 50 1.33 60 1.30 



A?P1$X IT 

Iu tisg• of 7", Conve Or 

Volta  1 r.quen07 
pp. 

0025 2  
0.5 3.8 
1.0 7.5 
105 10*8 
2,0 14.8 
2.5 19 
3.0 22 
' 98 

4.0 29 
4,5 29 
5.0 99 



R"hi s of k astsz' 

Load 	Output of W*ttatrio tra»1duear 
Ou=*nt 	(At unity p. t) 

At $ YaltaO 	At 100 Voit 	At 12+[x Volta" 
fwat%• Volts 	rwatts Volts 	Watt. Volta 

1 	2 	3 	4 	5 	6 	7 

5 4 0010 5 0.10 6 0.20 
10 8 0,30 10. 0,30 12 0.40 
20 16 0.50 20 0.50 24 0.70 
30 24 0,70 $0 0*80 36 090 
40 32 0.90 40 1.00 48 1,20 
so 40 1.15 so 1.30 60 1.60 
60 49 2.35 GO 1.60 72 1.90 
70 56 1.35 70 	- 1.80 04 2015 
80 64 1.70 80 2,x10 96 2.40 
90 72 2.00 90 2.35 108 2,70 

100 80 2015 100 2,*60 120 3.00 
110 as 2,30 110 2,90 132 3.40 
120 96 2.60 120 3.10  144 3.70 

(At 0.5 p.x lagging) 
5 2 0.10 2.5 0.10 3 0.15 

10 4 4.15 5 0.20 6 0.30 
20 6 0.20 10 o 0.30 12 0.40 
30 12 0.30 15 0,,40 Is 0.50 
40 16 0040 20 0.55 24 0,70 
50  20 0.550 25 0.65 20 0.85 
60 24 0." 30 0.80 36 0.95 
70 29 0.10 35 0.90 42 1.10 
60 32 0.90 40 100 48 1.20 
90 156 1,00 45 1.20 54 1.40 

100 40 1.10 50 1.35 60 1.50 



AP rnx Y( C0NTI1UED) 

1 2 3 4 5 6 7 

110 44 1.20 55 1,,45 66 1.70 
120 48 1.50 60 1,60 72 1.80 

(At 0.5 	Leading) 

5 2 0008 2.5 0*2 3 0.2 
10 4 0.15 5 0*5 6 0.4 
20 8 0,10 10 0.4 12 095 
30 12 0.20 15 0,5 18 0.6 
40 16 0.35 20 0.6 24 0,7 
50 20 0.5 25 067 30 0.168 

60 24 - 0.6 30 0,48 36 0.9 
70 28 0.7 35 0.9 42 1.1  
80 32 0.8 40 1,4 48 1.3 
90 36 0.9 45 1.15 54 1.4 

100 40 1.0 50 1.30 60 1.6 
110 44 1.1 55 1.45 66 1..7 
120 48 1.2 60 1*5 72 1.9 



m x ~ TX 
R.sdiiycr of kTAh aster 

Lo ed Output of TA transducer with vsxyirg voltages 
current 

100% 120%. 
A, Volts %kTA 	volts %kTA Volts 

4 0.40 5 0.5 6 0,6 

20 Ii 0.75 20 4,0 24 4.0 
40 32 1.25 40 14 48 1.55 

60' 48 1*75 6 ► lee 72 2010 

so 64 1.22 so 2,4 96 2,60 

100 80 2.5 100 2*9 120 3.10 

120 96 300 120 3,4 144 3,70 



Rs+ l c* at Lam,' tp+ d.raM its$cator 

T 	of Load 
*#6y 	Stappod 	Peak 	Stepped rising 

,&"A Pail 1 4, 

6 18,5 13.5 11.5 3 

9 25,5 19 21 1.5 

12 29 26 26 11 

13 32,5 32 31 t7 

18 36 34 30 21 

21 39 3 ► 50 25 

24 40 40 2905 27 

27 42.5 42 20 25.5 

30 44 44 28 23 



Thearitie . seepenie of Leg type dwend Iiieatsr 

QutTt of Lttw..,  eireuit  M 
(k ' 41 .1 	') 

s ►pe of Load 
Steady Stepped Peak Stepped rieirg 

1.5 - 0,22 0,22 do 
300 0„62 0,41 0#41 
405 ' 	" 0080  0000 0,08 
6.0 1.47 1015 1.15 0,16 
7.5 w- 1,*46 1,46 0.52 
960 1*99 1015 1473 0,46 

10.5 1,90 1.96 0*6 
12.0 2#41 2.20 2.20 0.96 
13.5 '- 2„40 2.40 1,15 
1500 2072 9957 2.571 14.34 
1605 m► 2,72 2#50 1.63  
16,10 2.99 2*07 2.40 1.89 
1905 - 2.99 2.38 2,603 
21.0 3,20 3010 2.36 2#16 
22*5 ON $.20 2*32 2,18 
24.0 3036 3,29 2.28 2,20 
25.5 w 3,36 2,24 2.14 
27.0 3,49 3,43 2,20 2,08 
26.5 ** 3,49 2,16 1.94 
30.0 15.64 3055 2.12 1.11 

I 
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