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ABSTRACT

This Dissextation aime at studying the developments
in the f£10l4 of s0lid state tariff meters as well as analybing
the performante of the smme, The review work on the topio
given suffisfent bdaskground to unierstand the tremd of
develoyment in the 1034,

Suecessful attempto were made to develope erergy
Beters anl two types of demand meters i,e,, Integrating ard
Lag type., Sufficient details have besn worked out to make
rrototypes of thess meters,

Studies of the present methods of remote sensing and
Bonitoring of tarSiff data helps in exploring the possidilities
of svolving a widely acceptadle method 4in future,

As a result of thess stuiles the salient features
and future proepect of solid state tariff meters could de
brought into 1ight. Development work undertaken by the author
leals to mtorcﬁinc econclusions, regarding the feasibility
of the sthese, At the end suggestions have besn made for
further work in the field which can lead the solid state
tariff meters towards a better alternstive to the conventional

Sype,
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CHAPTER 1
INTRODUCTION



As #olectricity canmot be stored in quantity like
many other items, it has to b gemerated aseording to the
requirensnts of consmers, who are charged for their share
of conmmptisn,fysten 0f evaluation of this shere s as 0ld
as the supply industry, Understanding of the lo'thoda fox
deternining the consumers' share of consmmption i required
to develope muitadle means of doing it,

1.1 Tariff and Tariff Meters

The list of various charges paid dy a consumer for
consuming electricity s krown as glectriofty tariff, Total
cost of an slectrieity supply does not depexd only on the
total output of the souree in units of energy or kilowatt-
hours, dut also upon the capacity of the plant reguired to
mest the comdined maximum demand of all the eonmmers, These
total costs are of two types vix, the rumning costs proporw
tional to the xvh output and ineluding part of the costs
of fuel, 0il, water, wages etc, and standing coste
proportional to the plant capacity and including all but
running cost, If the total costs of supply, inoluding profit
are shared equitably by all conmumers, then the cost of mupply
40 any conmmer depends upon his consumption in kwh, and upon
his contribution to the combined maximum demand vhich fixes
the plant espacity, This contridution to the comdined maximum
demand depends upon the actusl maxinum demsnd of the consumers,
and upon the diversity of the group of which he is a member,
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the higher the éiversity the lsws will eash XV of his
nexintm demand insrease the conbdinsd maxiwws denend, As

the naxinwe demand per X¥h of sonsumptisn depenis on load
fastor, it follows that as either or beth the Laeh fwstor—
and the &iversity of a eonsmmer's supply insrease, the cost
ef wmipply yer X¥h falls,

Instruments usel for recording comsmption of
electrieity are krown as $x0iff meterg, These are used fHior
metering the followings:

(a) X¥h and XVAR

() XN and XVA Ngximum Demand(for s fixed integrssien period
like 15 mts, 50 mts sto,)

(e) Remetive XV, B -

These meters should faithfully measure the conmmption of

electrieity with niniwum errer such that neithar the conmmer

is pemelised ror the gupplisr s at & leme, Design, fabrication

and calidbration of tariff meters sre donms according to elec-

tricity sariff rules prevailing in a particular esuntry and

also these sre shesked and sartified »y competent suthorities

to enmure that the error is within the linits sllewsd Dy the

tarift law,

Besides deing umed for charging the consmars, the
metered infermations wre wsed for opsrational, plamming amd
statistical purpeses %00, Thess can be enumerated asy
(a) Preparation of daily, weeskly, menthly and swrusl load

curves for analysing sonmmptisns by various classes
of conmmers during given periods,



(v)

(o)

(8)

(s)

(£)

(g)

1.2

3

Rxmining demand pattern losd ourves for various
perisds ¢,8. night time, weekiays and seasoms of

the year,

Odtaining power fastor of the aystem from kv and
Vi demants, '

Caleulating load factors for perieds unier review
$.940 daily, menthly or antually, from kW and IWh
readinge, , |
Calewlating diversity factors from the riationship
of mppliers' simultansous demand end aggregate of
demands on individual pointe of smypply.

Botimating the 4ifference Detwsen units generated and
units swld te conmmers, which provides a measurs of
the units lost in tranmission and distridution,
Deeiding the deman? and units taken at intividusl
points of mupply, and those passed through the suppliers'
prinary system, which previde essential data for the
future planning and development of the suppliers’

primary system,

Types of Tarife
There are various methods of charging eleotricity

Sariff in 4ifferent eountrien, Basie primeiple of forsulating
tariff systems lies ground the fast that each conwmmer shonld
pay cerrect charges for esonsmmption of eleotricity and at the
sme tine sheuld fesl emsouraged in using mere elestricity,
Based on this prineiple axd evolved as a result of long
experiense of supply industries and an understaniing detween
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supplier and eonsumers, the following types of tariffs
are well Xmewng |

12,4 !'u-mu‘ for domemtic and shop csnmmers

() TFiat rate tariff
After ewtimating the losd and diversity factors

of & grovwp of econwmers for varions uses of elestricity,
the equitadle ocentritwtion to the staniing costs of supply
for eash kvh sonmmed ean be saloulated and two sharge sowpo~
nents ean be mexrged %0 form & flat ‘rﬂt pex kWh of sonmmption,
Plat rate genearally varies with the methed of using the supply,
There are different rates m hmm, 1sghting, povar ete,
and conssquently different meters are required for amis type
of load, This type of tariff depends only on the X¥h conmmp-
tion and i easily umderstocd by the consumers,

{(b) Twoe~part tarify

| Under this type, charges for sleetricity sypply
are 4ivided into two somponants as one yroportional to ths
Wk consmption and the pther on a quantity supposed to
depend upen the seximun demand, The first sempoment deing
the unit charge anil the sssont a fixed charge indepsnient
o2 consumption, The fixed charge may d¢ asssssed on either
sine of pramives Or ® ulm' connested demand or the comdined
k¥ ospacity of all the anum dnion.

(e) Blockerats tariff
The consumser has t» pay a fizel eharge irrespeotive
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of sonswmytion in ease 0f the abevs mentionsd twe part
tariff, which seems 40 bds a drawvdask on part of the consumer,

Eence, under the dlock-rate tariff, the fixed charge is
merged into the unit charge for ome or two dlocks of consum~
ption, all in exeess of these Dlocks deing charmed for at
the low wmait rate, The number of Wh applieadle to eash
block is fixed by the sise of houss or the ratesdle value}
the X¥h rate for the firet bloek being higheat, that fox
the sesond dlook is intermeliate Detwesn the highest and

the lowsst rates,

1.2,2 Tariffs for industyriasl conmmers

(a) NMeximum denamd pover tariff
Under this system of tariff, the total charge
consists of two eomponexts, aue proportiomal to the wh
consumption and the other ¢t the maximun demand, This
maxisus demand ean be either k¥ or XVi, Main object of MD

tariff 4s %o enesurage the conmumer in svwiding mﬂm
high peaks, erd maintain o far is possidle & steady losd

for long periods, Thers are Aifferent types of XD tarire
systens, One is general typs and the othexr is restriocted-hour
typs, In doth types, there is an instrument for recording
demands over iw:y fixed intarval of Sims varying from 18

to 60 minutes. In owr country work interval is under use, In
general type there is only oms znmﬁum for recording
demand and its resdings are taken every sonth or every
quarter as the ease may b,
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In restrieted hour type there are two instruments one for
peak load Reurs and other for eff yesk hours, charges axe
lower fer ¢ff peak Mours,

(P) Power fastor tariffs
In eane of A.C. supply, the total 'cwnaty of

the electrical plant in XVi depsnds mot only on the MD in
X¥ dut also upon the power faotors of this demand, so that
the egquitadle contyidution of a power ssnmmer tothe total
standing eosts depends upon the power factor of his supply,.
Power fastor tariffa are methods of chavging for A,C, power
supplied under which the overall rats per X¥Wh depenis upon
the power faotor, Thess are of three types,

(1) VA WD taxifs
Under these tariffe the two components ¢f the
charge are proporsional respesetively to the k¥h sconmmption
and to the KD measured in k¥VA,

(12) £14ing seale power fastor tariff
Under these tariffs the rates of chaxrging vary
stoording to the measured gversge power fastor of the
sapply, umally rising by a fixed percentage for each 0,0%
by whieh the power festor falls below 0,8, and falling dy
s maller percentage for eash 0,01 riss of pover fastor
above 0,8,

(354) vt and XVArh Sariff
Under thess tariffs the charge for the supply is
usde up of two sompoments, the ons propertionsl te the kwh
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consmpiisn and the sther to the measursd consumptisn
of resstive kVah,

Besides the above tariff metheds foxr demestic
and industrial conmamers, thare ies one more method called
prepaynent system, which can B applisd with any of these,
Under this system, all supplies have %o be prepaid into a
special meter which ecuts off the supply svhen the mmount
prepaid is sxhausted,

1«3 Comventional Teriff Veters
BaZore discussing the »01id state tariff meters
it will be useful to have an idea adout the sxisting conven-
tionsl tariff maters of yhioch equivalente are to bs develsped
with 114 state devices, | '
1¢5.¢ Clasaification
Conventional tariff meters can be classified as
followss
{(I) D,C. meters
(A) Jsmpers hour meter
{3) vatt Mowr meter
(3I)  ACy meters
{a) Single phase kW neter
(B) TPolyphase metexs
(a) Bpergy meters(lvh, XVih and XVarh)
(¥) Demand msters(k¥ and k¥a)
(1) Lag type
(11) Integrating type
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Besides abeve, thers are prepaysent ant mmmatien
naters vhieh espentially performs any of the adbove fiunctions
but im a different manner, Vell known principles of eonven~
tional meters are mot ineluded here. Cortain desiradle
features and shorteomings of mest popularly used meters are
discusasd in drief Loy Justifying the neceasity of ewitching
over to smlid state Sariff meler,

$.5.2 Salient festures and sources of srror
{I) Xaergy Netsra
Inductien Sype ensygy meters are daing most widely

used, 0f wvhich, sevaral built in features are as follows?

(a) Visusl ivdtestion of operation

(») Vieual display of cumlative readings

{e) Virtual freedom from zero Arift

{&) Good overloed range

{e) Rodustness

{f) Comparitive fresfiom from interfarsnce Both

physies) and slectrical
{g) Reveraidle opsration

Along with these, they have following souress of srrors too}
{(a) Permeahility of iren in current elestromagnet
varies ﬁﬁh main current
{(d) Bdy current brake seting on retor varies with
nain ourrent,
{(s) Priction in roter bearings asd in register
(@) Possidle lask of symmetry i ¢lestromagnet system,
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(s)  Zrror due to changs of fregueney are bicun of?
(1) Permesdility of the voltage elestromagnet
oene will be ehanged and 4different partes of
the magnetio cireuit may be changed by
different smeunts, :
(1) Cuelose ani Pe=loes in voltage electromagnet
vary vith frequency,
(114) Yoltage flux variss inverssly with frequency
dut curyent flux is ot affected,
{(iv) Phase Sisplasement botween applied voltage
ard lsakage flux vary,
(v) Impedance of the paths traversed by the eddy
_ currents in the yvotor diss shamges.
(£)  ZTempersture error i yressnt dus to
(1) TVeltage coil resistance will incresss, I8
will have 11ttle effect on mon-industive losds
dut the phase argls of the yoltage flux will
be reduced and this will osusa the meter to
reginter slewer on inductive loads, The effect
inoreases as the p.f of the lowd Ysocomes lower,
(41) '!ho flux in the gap of the brake magnet or
nagnets will deerease with the result that the
braking torqus will be reduced and the meter
will register faster unier all load coniitions,
Chroms and tumgstun stesl material will registex
more than Cebali-Nickel alloy.
Basides the above muresss of srrox, thare can bs troudle in
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opsration dwe %o fellaving reasons!

(a) Poreign matter in the permanent magnet gap or
Yetweon the diss and one of the slectromagnet limbs

(v) Iren in dive,

(o) Panlts Oy desring or top pin

(@) Rough or worn bottom pivot

(s) Cracked or rough bottom jewel

{£) Priction in counting mechanimm due to dent %ooth,
faulty, spindle o bearing, dirt in ome or more
teeth, sticky bearings or a ryough worm.

(8) Incorreet sdjustment of the top dearing, or
botton Jewel,

(n) Buskled diso or bent spindle

(%) Inccrrest aljustment of friotion compensating loop.

{3 Discontimity in pressurs or sexies ooil,

Host of the adove sources of troudle are due to moving
mechanise which will De slimingted im 201id astate meters,

(IX) Demand Meters :

(1) Integreting type
I% consist of the emergy meter with arrengements
for reserding the anergy consumed in evary 50 mts or as the
cans ey de, A peinter moves slong vith a dummy one o0 &
d4al ealibrated in kW oxr XVA, which is pericdieally disengaged
by a mechanical devies actuated with synohronous sotor,
This is Xnown as Mers type and fs Deing mest popularly used,
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Thewgh integration Sype records serrectly the M
a8 per definitisn, its realing is consideradly affectod by
the sloekiime, at the sssuramee sf peak lead, Due to peak~
LittEng betwaon Swe integrating perieds this MIT has &
tendansy to underread, The otlu_r dissdvantages are Sts high
fnitial esst, higher maintenanss, dspenianes of assurasy eon
the driving vk or XVih meter,

{11) Tag Sype
In lag type demand infieator, a signal propertional
to 12 $s generated vith thermel effest in a manner that 90
Per et of the nxxinwm value to which the meter is subjected
0 st a tine is reashed in 30 wts of time ivServal, It has
various drmbacks as
(a) It recoxrds ourrent demard only asmming s oonstant
voltage, theredy leaving scope for over or under
resoxding with wveltage fuctuatien, |
(4Y) Fon linmearity of sonle
(o) Roxrt 1ite
(4)  Poor stedility ef eslftration
(o) Inconsistency of pexrformancs
(£) Siuggien responss to shaxp peak loads

1.%9.3 TNesuasity for o« shange
Cosventienal Sariff meters have passsd threugh leng
Years of development, So far, there hal net desn any change
in the basie primeiplies invelved exocept for some improvements
in the acourasy by rvefining the design, 8¢ it can be safely



12,

consluded that, instesd of making attempts Sor further
inprovemants in them, Change over to sshemes with 118 state
dovions vill de mere wise, Exrver limits of tariff metars lie
within 32 / wvhieh ean be brought down %0 s 0,5 /., o even lower
rangs by molid state aeters,

1.4 Bolid Nate Tariff Metexrs

Basie furnstions ¢f s0lid state neters remains same
as that of eoxvextisnal meteors Yat the transiucer for converting
the tariff quantity %» & proportions) nseasuradle quantisy is
nade out of 0lid state deviees, Once the transinser is developed
the metering schemes ean be workeid out in detail,

Basteally the Sesign 0f ®l1id state tariff maters
can be summed wp asg
(a) Signal conmiitioning
(%) - Transiueing the tariff quantity to a msasursdle form,
(e) PNessuring/Integrating the transiucer output,
(64) Displaying the output swd provide faoilitiss for testing
{(a) Providiag yewer suppliss and muitadle snclomre.
(£) Natehing with the cowt ad quanity of cenventienal type.

Zach of the above peints can Be olmtm as follews,

f+4,1 Sigaal soniitioning ,
MNasdard ouputs of (1107, SA/104)P,2 and C,2 used
in metering cannot be direstly put to ®ld state devioces,
Signal comditioning is done By ervor compenssted ?,? snd C,7T,
A suitedly denigned eurremt shunt can also De used for lowering

the surremt limit,
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1.4.2 ZTransiuveers

Pariff quantity to be measured may be either Vioos §,

Visin § or VI, Suitable multipliers ave used as transiucer
for performing these funotions, Anong various multiplication
techniques gvailable, followings can be used in making Watt-
metric transdwcers for teriff metersd

{a) Using Hall Effeot

‘() Using Quarter square eireunits

({8) Using Pulse width/height modulations technique.

So far (b) and (o) have Desn mors extensively tried.
Quater sguare cireuita are based on the egustion

4ad«(a)’a(a-1)? i)
This funetien can be reslissd by devices relying on square
lav characteristiss such as thermal devices, semiconiuetor
devices 1like F.E.T or by devices vhioh synthesice a square
law dy a nﬂu of straight line ap_pm:mtmnn using bliased
diodes oxr Zener diodews,

Pulse width/height modulation technique includes
gensration of a train of rectangular pulses , the width of
vhich is modulated by one input where as other imput modulates
the height of it, The grea of the pulses obtained becomes
propertional to the veetor produet of the two inputs.
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14,3 Intagrators

Output of the multiplier is te be fwbegrated Nr
onergy seasuauent as wll s denad resoxding dy integratin
over s fived time imterval, Otherwise 1% can de dirsstly fed
to a alremit for lag typs demamd indleators as diserided in
chapter IV, Thers are tw commen methods of integrations swoh
as (1) sharge compensation method {11) dual alope imtegratien
nethed, In charge compensatisn mathod the multiplier output
18 allowed to eharge the capasitor of an imtegrater umtil a
threshold veltage 16 remshed, whan a predetermined charge i
extrasted fyem the cspmeitor, which then remmes eharging.
The eharging rate is proportional to the pover sod o pules
is profuced eash time the trigger opsraten.

The dual alope integrstor esploys a eapasitor that
is eharged By the muliiplier output to & threshold weltage,
vhereupsnt the input ¢6 the capasitor is reversed until a
reverse 1limit is reashed, vhen the input is again reveresd ,
A pulse is povivsed o8 el alSernate yeversal.

Joth system have merit in osxtain sirocumstances,
In the firet nethed, the frequeney of impulsing 4s limited by
the time taken $0 extrast the preietermined charge and the
losd rangs esvered tends to D¢ less than for the second method,
although asouracy 58 less dependent on egpasitor stadility.

t.4.4 Dieplay and teming
The odvisus 4implay for 0lid state neter s digital
zoadeut, At present Mewever no sosnomiesl displays sxre svalladle
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that osn retain ity reslings and menmerise them when the
sapply s dissermected, It i85 elearly mecossary for a meter
to be adle % Yo resd ot any %ine, Presamtly the integrator
eutputs ares ssunted in a eenventisnal mechanieal seunter,

Yor seming purpess the integrater output ean e measursd
either independently by a precision methed or can de compared
with & 9ot of standard pulees,

1.4.5 Power supply and enslosure

Tappings Lfxem the voltage signal eonditioning
transformer eax be taken at required points whioh has to de
restified, filtered and stadilised for odlaining ripple free con
constant 4,0 voltage o Biaw She s0lid state devices., Solil
state meters have 40 be provided with mitadble enclomures for
protactisn against dust amd mefistuve,

1.4.6 Natehing with comventisual meters

Simce still the slif state tariff meters are
- under develapment stage, astual eost with large seale produce
tion can Mt Do definitely worked ous st Shis stage, Nowever
& compurissm Detween sest/preeision characteristies of
sleatronie and conventisnal metsrs in Fig.  reveals that
cost is similar at higher precision 1imgts wvhere as 1t 1
higher st lower preoision limits,
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1«5 . Overview of thw Dissextation

Chapter 1 on introduwation has threefold purposs |
of reviving the comsept of Sariff and Sariff meters,
Justifying switehing over te solid state type and intro-
dueing the solid l!m tariff neters.

Chapter 2 deals with a review of varieus phases of
develspment in wee 0f 114 state devices in tarifs meters,

It starts with g desoription of conventional meter testing
with sleotronic ecomputer, This is followed by an fllustration
of wrking principlss of four meters with partial use of
0134 state devices, Thess are nmmely, a stamation meter,

two KVA meters and a staniard Wy meter, Next ocomes the
details alout verious solid smals wattmetrie transdusers
developed for tariff metexrs, After this, sperating principles
and exroy snalysis of eomplets meliid sSate tariff meters have
been desexribed, It L» divided into two esstions ef precision
and general purpose type. Preeision type is further subdivided
into two ssctions as yortadle ons for testing meters while

on situ and gother for using as a LuUll supply meter,

Shapter 3 is devoted to the develepment and testing
of Energy wsters uniertaken by the author, Thase sre X¥h
and XVah meters, Testing has been conducted unier various
eonditions of voltage, current and yower fastors, Test
results platted indicate errors vithin allewable limits.
Apart from this a deSail projosal for develeping a suitsdble
prototypes have alse Ween incluled, A feasidle schems of
XVArh seter has Deen premnuted at the end,
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Chapter 4 deperide the development and testing
of two types of demend meters vis, imtegrating and lug
type untertaken by the author, Prinoiple of the proposed
integrating type meter has Deen succesfully tested bDased
on whieh & prototyps can de developod, The lag typs mster
has haen sussssafully tested undsr various conmditisns of
Ibd as steasdy, stapped, peak, steppsd rise and stepped
fall ste, Brrors caloulated from plotted remilts e
within ressonable Lintts,

Chapter 5 covers basie regquiressnts and principles
involved {x remote semsing and monitoring of tariff data,
Three schemes using 41fferant methods have dean reported,

(hapter € fs the conslusion of the dissertation,
This 1llustrates various desiradle featwres of slid state
teriff meters vhich meke 1t o superior alternative to the
conventional type, Them, varieus factors involved in the
replasement of convemtional tariff meters with solid state
squivalents huve desn exemined, At the end, scopes for
further work in the field have Yeen sladorated,



CHAPTER 2
DEVELOPMENT OF SOLID STATED TARLF METEReA REVIEW
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First phase of the spplicatisn of mlid state
devices in tariff metering started with its uee in
testing of eonventionsl eleetromschanies) type meters,
Then sme the meters with partial use of selid state
deviess in cenventional types, for Yetter performance,
After passing over sll thess preliminary stages of develop~
ment in sixties, oesplets mlid state tariff meters came
into Deing with the starting of the pressnt dscade, Before
discussing the eomplete molid state tariff meters,s very
brief review of the Initial phases of developmant ssems
relevant, |

2.9 TUwe of 1M State Bevices in Convantionsl Meter Testing:
Vith the fnoresse in amber of consmers and improve~

merts in the acouvasy staniards of tariff meters, there arose

a necessity for testing faeility of large mumber of meters

in short pericd, The odvious solutisn was use of wiM

 state Gwlcn' in forming a testing cireuit with an slsetronic

compuler, Though, thers are varisus schemes svailadle for

this purpess, the one having large capasity with more &LCU

rasy is deserided hers, |

(1) Primeiple of Operationt Thie test squipment was
develaped by Japan Klectric Neters Inspection Cerporation(s ).
It can Sesh 60 meters per hour with an scourasy within 40,2 /.
The equipment censists of meter Qesks, sleotronio computer,

a controller, power supplies and s control pamel, The errers
of the meters axre msasured by eonparing the speed of their
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4400 with that of a presisien rotating stavdard, and then
saloulated and printed automatically asserding ts the esmputer
pregrm, The somparison of the spesd is carried out d»y.
eounting the staniard pubses from the presision rotating
standaxrd »y means of a ecunting system, The pereentage.

error of the meter is given a»

¢ = (Fem)/nx 100 o €, (2.1)

where, B = Astual count of the standerd pulsss of a given
meber of revolutisns of the meter,
¥ w» The sount £ the staniard pulses whish & £orrTest
moter wuld raquire from correst standaris for a
corresponiiing numbdey of revsliutions,
¢ v Izherent exror of the staniaxds (preeision
zotating standard and cwrrent Sransformer),

The oounting system is shown in Fig?2 , starts with
the 'stars'! aignal shich opens the gate G and the sounter
starts, Waenever ome or sors signals ot' the neter come to
the *OR' eircmit, its ocutput sigmsl ie synehronised with
the front edge of the staniard pulse threugh the *AND!
oirenit and sent te the oompuber as the 'Imterrwption’
signal, The computer sulculates exrvor and registers 1%,

At a time one meter is tested and the next is teken uy
after the exrror registration ¢f the first,

(i1) Commentst The measuving ascurscy of the system 1s
deternined by the fllowings -
(a) Coumting aseurasy
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(») Fluctuation ‘.m one revolution of the standard
aetex

(e)  Yaristien in the powsr supplies and mabiems
condisions '
Efficieney is dsternined by the time ant
for self heatirg which is more than 350 mts and 1t enables
60 meters to be tested an hour,

The slectrenic testing system of conventional
meters rcfmnd above was suscessfully implemented in Japan
" during late sixties, With the srrivel of complete wolid state
meters, this method ean be muitedly modified for testing them,

2.2 Tarrif meters with Partial uss of Solid State devices,

22,9 Sumation meter

(1) ﬁ'rlnﬂph of speration: One of the carliest attempt
on electronic mmmator meter is descridel here('9), This was
developed in late sixties as a resul$s ef experience with the
1initations of conventional type smamation meters,

Schematic diagram shown in Fig,2. ,consiets of

(&) Feter tranmettey
(b} Circuit stove
(e) Scanmner
{(4) logic cirouits
(e) Totalismer
(£) Output register

Sveming is &one of informatiens »0llected at various energy
netars of sonventional type, There is temperary store for
sash chavmel and & seamnmer suptiss thess astores in sequence,
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thus upniaﬂua into orderly sequence impulses vhieh may
arrive simul-taneously on several imput chennsls, These
spased impuless oan than be divided, sudirected from ene
another and finally totalfimed, Having obtained ¢ pules
rate equivalent to the desired quantity this must be
displaysd on a register, A Rinary circuit with the windiings
of the register stepping motor foming its collector lomd
does this duty. A power output to0 drive a printometer or
other form of external sguipment may bs edtained I:y using

a transistor mmm efrsuit,

(18) Comments: This was an initial attempt towarde
electronic sumation metering using Sighals from conven-
tional meters, Vith the coming up of sll electronic meters,
sumation car be done in simpler and more accurate manmer,
Though yet to be commercislised, eomplete electronie
sumation meters will superstie the Uype descridbed adbove,

2.2.2 XVAh Neter snil XVA NMaximum Demand Indicator
{(a) Zero phass ungle type(4)

" (1) Prineiple of Operation: In order that an
induction disc XWh meter registers X¥sh at any phase angle,
1t 1is megesaary eithay to maintelin the cuorrent in phase with
the voltage or maintain the vwolitage applied to the meter
voltage esil constemtly in phase with the surrent, The
ourrent may vary between sexe ani s maximuvm valus vhereas
the voltage is a yelatively constart feature, Hence, it is
sinpler te operste on the veltage compoment using the current
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a8 a reference from whish acontrel signale may be formed

to ook the voltege in frequency and phase with the ourrent.
The bleck schematie of the meter is shewn in ¥ig.2 !, The
first stage of the comveraien of the supply voltage inmto

a current phase relsted quantity is to restify the a.c to
produss a d.e voltage of eguivalent magnitude. This 4.0 19
then supplied te the second stage whieh is a freguency avd
phase locked a,¢, gensrator, Fhase locking ie ashieved by
means of pulses wvhich are formed dy the passage of the losd
current thyough a pulse gensrgtor, The gemerator frsquency
is therafore 1demtiex) with the fregqusncy of the load current,

Bock schematic shows a single phass eystem Dut
it can be used in a pelyrhase system almo, On a system
uhbalaneed in veltages and current megnitude and phawe angle
it would de m«am 0 gemrats eash phase *;voitut by a
separats invertor system triggered by its appropriate current,
The voltages and owrrvents wuld be connested te a S~clement
War sater for integration amd registration,

{(14) Comments? The m!bumi of the meter has been
reported % be quite satiafastory with varistien of magni~
tude and waveform of loal current, phass angle, voltage
and sebisnt tempersture, S1ight inscourasy can orsep in
‘with change of voltage wavefors beosuse 4,0 voltage derived
from supply is a fumstisn of peak value rather than r.m,n
value, It is dowdEfvl whether this methed can prove itself
superior to oomplete lid state type XVih metors yot to

ba developed,
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(v) 3quare reot type(6)

(1) Principle of opsration; Prineiple of this
noter uses the nethod of computing XVi frem XWh and XVar,
Iupuses frem oconventional kwh «nd k¥irk meters ave
received By the system whieh elsctronically calevliates
XVAh over a ssmpling psried and the ocutput is fed to
drive a Mexs type MD indtestor,

Under normal conditions of fluctuating power

Lackor KVA demand over a smmpling peried of 't' can de

put as Q/‘ - (Q"# ﬂzf sunst Q.)/t M Q‘ = kVah dwm a

2I(Z~ia.)

given semple a\/;:':s; » vhere R amd !ﬁ are respsetively
X¥Virh avd kWh during the amme interval, Here powsr fector
has been sommed constant over the smpling pericd, Asseuming
’u‘ Rn » constant « 8, ZEquationl-'a gan hHe modified to

Q, = ¢ - c(1 -»J %E% ~1)2ﬁ] } (2-12)

or, Q‘-G«»ﬂnn) | (2-3)
or, Q =Py ¢ (Ro 2(n) (-4)

Equation 24 1s reiesd through a digitsl system where £(n)
is digitally symhesised, To the Xvh pulses are added &
numbder of pulses determined by the XVirh pulses received
during esch smmpling period,

(i1) aonicnts: On testing the pretotyps, error
of very raniom naturs witheut sny set pattern has deen
reported under verying econdition of pewer fastor, A datter
performanss is expested with slightly verying power factor
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loadl. The seope of 18 commercial expleitation in future
sesns ot to be very bright, |

2.2,5 Batie Standard Watthour metex{(7)

(1) ZFPrineiple of speration: The meter under
discussion has an eleotrodynmmoneter which is sutomatically
torque balanced and does mwt rotate and hence is more accu~
rate than rotating induetion type meters, Block disgram of
this meter is shown 4ix Fig2) . The principle is dawed on
self=dalaneing system,f.e., the dynamonster torgue caused
by the pewer under test is eounter~balansed by the terque
of the permansnt magnet woving coil slemert by fesdback
surrent, The dsflection of the moving shaft is detected
by a dstector of capavitante transiuser type, and converted
t0 a 4.6 voltage signal wiiich drives the pulss oscillator
through the anti-humting cireuit, This pulss oscillator
is V-? converter, The sutput pulse of this oscillator is
changed to a eonstant voltage~to-time area rectangular pulee,
g the F=¥ converter, ‘

(13) Comments? The meter has undergone trials
for § years at the time of reporting. It has high aceursoy
and stability to beceme s stanierd meter, ¥o effect of change
in waveform is observed, Rffects of change in veoltage, current
and frequency are slss very mmall, Although consisting of en
slectrodynmoneter, it is being claimed %0 be very cempact
and 1ight, Vhether its cost/sccurasy charssteristics can dbe
comparable with that ef high preeision all skestromic type
standard meter or mot is yat te be desided,
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2.9 lik State Transivcers

As mentisned in seotien (1.4) multipliers are used
as Sransiveers in solid state tariff meters, So for, multi~
pliers of (a) Mark/Space amplituls medulating typs asd
(») Quarter squere Sype have besn trisd extensively, In the
egining of development stage output of smultiplier was
~ integrated %o ebtain train of pulees with frequemey ywopore
tional te the measurand i,e, yower, Later on, a direct power
to frequsney cerverter has osmeup, A drisf review of
prineiples involved in verious transducers is of imterest here,

251 Raxk/Space amplitude medulating type(c)

{(4) Prinefiple: One of the imput quantisies, say
ourrext{Yigure 2'69) 19 used to wodulate the mark/splave ratis
of a multividrator, exeillating at a relstively high frequesney
(1620 Miis). This preduces s signal as dhown in Figoc, vhich
1s used to svwiteh the instmataneous voltage signal'en’ and
toftt, By usimg a bum«um slsctrenie switch operated
in anti-phase, full wave ewitching 1s edtatoed, resulting in
a net cutput as showa in Pig’ 6l This has a 4.0 component
proportisnal to the yower beling measured (YI coe ) tegether
with double frequenay and high (svitehing) frequemcy emponents
vhich ean be restils smcothed out befors further smmplificstion.
It is desigoed for multiplying at all pewer facters from '
0-360° and ean be used for impert/export applicatiens, Its
asourasy is indspendent of switehing frequency and wavefers,
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(34) Comments: The sdove transiuser hal uniergens
trial Y § yesr at the time of its reporting, Its long
torm stadility is yat to de estadblished, An erxox of 0,1 /
in calidration during a year has desn reported, Its accurasy
linits suggests it & W mitadle for asters of genveral

mrpose type, T111 1t goes to mass production, its cost/per-
fornanse charasteristis canmot be compared with eonmventional
- meters,

2:%.2 Quarter Sguares Typs
(a) Using Thermo-oeuple(7)

(4) Principles It is dased on the primciple
that the sutput fyrom a therme junetion is approximately pro-
portional ¢o itz temperature, which, in fwrn, is spproximately
proportisnsl to the square of the current flowing through the
heating wire, The surrent through thersposuples is limited by
R (?1g25) ant 1e preportional to the main voltage Yoh, Whem
a load 1s eennected across the ogtput terminals(Ffh and N) most
of the leasd surrents flow through lt, developing s voltage assrose
it, A frattion of the loadl surrents 124 and 128 pasmed throwgh
the thermseovples, whese heater resistanses ars achotoﬁ na A and
Rope A part of the lask current that does not flow through Ry
Put through thermeesuples only is denoted by "t' Row AL
12‘1&#" 12‘ ==y and 1‘-3 then the function
/4 Euy)e-(x-—y)ﬂ = Xy can bde Tealimed through the efrouit

shown 4n Figos. A veltage preportisnal to the produet VI ces §
ean be ebtained st the putput of the multiplier,
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(34) Commentas Mimmatéh Detween thermosouples
oan imiroduee erver, Upper limit of losd eurresnt depends
on the power dissipation in l,. It dhowld take eare of
varying voltages and power fartor within wrking 1imits.
comments on its performaness «ould not Le made in the gheence
of regquisite data.

(v) Using di0de array
(1) Principle; The principle of guarter square
multiplier weing 4icde resistor network s explained a»
follows (¥ig27)2 | |

Let '4' be the voltage drop asroes sach disde at
the base emitter jJumction, ni is the last yresistor in the
chain t0 eenduct when voltage is ¥V, A1l resistors have the
sams value 'RY,

-4 V=34 Yol 2k=1)4
Then “ - "";"" ’ ‘2 - "';." 9 ‘k - 2 .
since, 21k 2 V > 2(k-1)4
ax?  vP o
Iz Y, ‘_. -T -:‘-— (,).-S)

Yoltages preportienal o (vel) end (vei) amé applisd scross
two identical Alede xesistor nstworks, As the voltage rises,
suceessive btranshes pass ocurysnt and it can be shown that

the resulting current wmxi!ﬁatc t0 a funetion of the sguare
of the weltage, Clearly the resulting surrent curvs will
sdvaroe in steps, and the approximatisn te a square lawv will
be dom with imereasing wmmber of dranshes,



MAINS 3 DICDE RESISTOR
NE TWORK

v ~=

4 "

= ll L YT L
- r-—"1‘f
| Sminsmc it
e

OUTFUT

T

c. Schematic circuit diagram

g 9

b _Diode resistor network

FIG 2.7 _MULTIPLIER WITH DIODE  ARRAY



28,

(11) Gomments! The feot that diode dreakiown
doss mt ceeur instanteneously, howeaver, but in a pregre-
ssive transition, mmeoths the stejs and producss an srrer
within 1imits of a genaral purpose meter, The method 1s
sinple using passive elements(dicdes), which d0 met require
oareful matehing, i!uu produnotion is possidle with thin film
»hchnlm.

2.4 Complete 30114 Stats Energy Meters

244, Preciston Netexs
(a) Portadle type(/0)

(1) Prinefple! This is a portadle preeision
meter for testing convertional meters while on situ, Bloek
diagrmm of the metar iy shown in Fig’ 9, Inmput surrent o
the multiplier is mais %0 ¥y within a small range with
varistisn sf lead surrent over a wide rangs, through a sst
of burden resistantes R, 4R, ,., 256R, Bach of then is
asmocisted vith a esrtain range of the imput ourrems I,
accerding %0 the tadle bdalow |

I(A) 924 28066 BreateS  1.5.000.575  0u375... 0%

i "

BediR R 4 16X L2 256

o G N i

-

The range detector menitors the current valus transformed by

T, ard selects the proper resistance., Multiplier sutput current
t- goes ts an anslog-Trequeney comverter with an output fre-
quensyY'f* preportisnal e the average i_. Since, with decreasing
I, 3 inersases by a faater & , the output of ansleg frequency
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soverter *L* has to be divided by X to maintaia a constant
ratio Between the frequeney inmput to the pulse essunting
vegister and input power. This is done by a frequemey divider

controlled by the rangs dstector, Vw%mm
of-14eshow in Yig-— .,

(£5) Methed of uwee: in arrangment showing the
spplication of the meter for testing esmventionsl meters
wvhile on situ, s shown in Fig2-9 , The tewst loads desired
at unity p.f are set with an alditional portadls deviee,
Ontput signal for sesh revolution of meter is pleked up
with a photo-elestrie transiucer used either for starting
or stopping the Tagisterirng scoumters as wll as for counting
the pre st mamder of 4iso-repolutions, The standard sstex
provides a sount of 1000 pulmes during the test periocds if
the meter unler test s exror free, Daviation: are indiested
in units of O,1% within the range of & 9,9%. If exror is
beyond this limit than the display flickers, ]

(111) Rrror analysis end cemments? Quantitstive errors
raported «re as,

Yor a current varying between 0,0254 and 1004 at
a conpstant 220V, the instrument inscouracy lies
witkin ¢ 0,085,

A shange of voltage from 100 te 250V canass less
then 0,055 variation in error,

Thers i w0 offect of freguency variation between
40 to §5 A | |

Temperature coefficient (0-50%) is 0,03¢ per °
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' ualitstively, above shows that the instrument is
sore aceurate with variation of curremt tham voltage, whish
is the yequirement of a staniard metexr for testing, There
is no Smiiestion of the effsct 0f power fastor variation
on the meter performanse, Altheugh, it ¢an test meters for
varying power factors by giving suitsdle test losd or by
Providing a phase shifter, dut its performance acourscy
under that eondition is unknewn, Tempsrature soefficient
reported s rather high i.e. 300;;# per %g,

{b) M1k supply type

| (1) ZPrinciple! Yery high accuracy is required for
setering dulk supplies, For instance if the aversge power

to be meterel s 100MW, a reduction of meter error dy only

1% means an imprevement of the bdilling acouracy dy approxi~
mately 880 MWh per yoar., Plook schematic of a meter developed
by M/» .smdaa, Oermany, for bulk supply metering is given
in Fig.2'4a. A sultiplier &» provided for sach phase which
forms a signal prepertisnal to the power to be metersd, Sm
of the thres values msagured is fod on to a quantiser Q whish
mmits a pulee every time when the tine integral over the
tetalised peler resshes s definite value, The signal repre-
senting the eleotrieal work Ss vatohed to the partionlay
output slement and then paseed on to the psutput slements
whicsh oomprise o Fegister R, clntmm ispuleing device K
and g Light emitting diode 1D, Frequensy divisicn is esxried
eut by elestronic freguency divider, It is poasidle te meanxe
the energy flov (imperted amd exported energy) with one met
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of sultipiiers and ens quantiser, Multiplisr is shown in
Fig 1.0 o 4n which, R is & load resistance asross which the
signal v.1 representing the power is Mrmed, The voltages
ov andl wy gre alternately applied to lomd resister R through
svitehes 8‘ and 52. 1r !‘ and 5!2 are closing time of 81 ard

8,+ voltage v, averaged over T.4T, is given es!

: T T,~T
T o, 2,42, T o,

Ty¢ Ty should de mall in comparison with the period of v
1.8., 20ms, 1t 19 Saken as Q"dﬂ. 10018,

Switches 3, and S, are actuated symchronously with Sy and 8,,
States of 83 and s‘ is, in turn, changed by Schmitt trigger
ST when the vyoltage of the capasitor C, ~ connested to the
irput of the trigzer reaches the upper limit value ¥, oF
the lower limit valus «v . When §, is olomed, the gapacitor
is charged with a surremt Io-t. I, beirg & constant direct
ourrent, The capscitor is &ischarged with a current !,d
vhen s‘ is elosed wrd 83 is open, 3ince the cspacitor voltage
always varies betwesen the values of ", and ¥yt the charge
applisd to the capasiter during !,' is always sgual to the
charge taken off during time Qz.

v’t 91‘1.“1‘) - !g('.t.d.)

S g |
-y
. T
"' -1—-1 »

‘ -
LI P P M
I,

from ¢4 and () wvye o1/,
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Henee voltage asross lead reaistor B is proportional to the
instantanesus value of power v,i, lo has t9 be maintained at

a constant lcn& for good linexrity, The quantiser works on
eharges esmponsation method,

(11) | Brror analysis and comments; Quantitative sxrrors
reported By the mamfacturer are as} '
Limearity error within g load range of
0f 13120 wwe w——— & 0.25

Mexinom deviations of metered valus  <0,1 per 10x
_ voltage variation

0. % per 10%
:zn of temp.

<0,0% per W
frequency veri~
ation,

Qualitatively, adove shows that the irherent instrument non
1inegrity is mors proeménent than sffects of voltage, frequency
and temperaturs variation on instrusent realing, It is to be
examined vhether a compromiss between the two can be reached
for doing justice to the bulk supply metering,

2.4,2 Geoneral Purpose Metars
(a) Using Thexmistors(20)

(1) Primeiples It consists of two mean square
valus to frequency esnverters followed by an antiocoincidencs
airouit that digitally perfora the difference betwaen the
coverter sutput frequencies £, aml f,. The converver 1(Figzi)
input voltage is the sum of a signal propertion to the voltage
v amd a signal proportionsl to the current &, vwhile the
converter 2 input voltage is the 4ifference between these
signals. .
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Output frequencies ¢f eonverters are related to the inputs
by |

. e -
£, - k.}{ vt - k.}{ (avort)las  (2.8)
r )
‘2 - k.* z Vg .3 k.i'{ {av~di) 2‘@ (2.9)
| *
L 22, - XA J ve @8 o 42XP (2,10)
t 4

A d1gital measurment of the frequeney f results in a digital
neasure of the pewer P, If the Swo freguenciss t‘ and ’2 are
applisd to the input of a reversidle gounter, a 4igitsl measurs
of the energy is storsd in it, Functions (28) amd (2.9 can de
realined by means of circuit given in Fig2.h, A square law
relatisnship between imput voltage and output frequency was
obtained under the assmptions,
Negligivhe bridge undalance
Constant eemversion factor k
Close matehing of the thermistors
If P, ami 2, are power dissipated in the heaters of Th, and
th then,
Py =2V (2,1)
where, t, is the output fregqueney
¥V e A fixed gmount of emergy #Mlivered for euplch
diseharge of C(Pig2ilc)

e
- i’ O'nt . (2,12)

Due t0 Wﬁn 0f slose matehing
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Ry

1 *

P, =P, = I as (2,13

277" (g g $ &7 «13)
T,

or, fy e kg Sy &s (2.14)

Ry ,

vhers Xk o --—--J----2- = A constent (2.15)

V(Rgye Ry)

Trom (2,15)1 2448 that conwtaney of k depends on
Rgs Ry ond W, W ean b made comstant by the pulme shaper
shown in ¥ig,2-ley Rach output pulse actuates the swiloh 3,
which discharges the oapasitor C on the hesgter L PO Provided
that the pulse width is suffieient to assure the complete
discharge of C & fixed emount of ensrgy is deliversd, Change
in 331, dus to heating i» redvesd by asking Rm o Ry

(41) Error amalysis and eommentss If converter non
1imarity error s taksn inte aceount then,

z -jl’v” at 3 of (2.16)
I FAL 1 |
. |
£, = § V3t 208 (2.
et w4 aDXP gl02, 4 o) (2,18)

Hence the adsolute maximum eryor in power measursment is
261’" Ain Serme of Lrequency sines 4igital sudtrasiion doss
ot intreduce errer, Fig2 A shows the comwersion error 4Af
versus 4.8 imput voltage, The 4,¢ to a,¢ transfer esrror is
leas then 0,05¢ for input voltage freguency ranging from
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20 to 80 Xk Xa,

Due 0 direst digital fdeddack Yhere i ansleg to
4igital semwversion ank the sguare lav relationship detwesn
the faput veltage exd the output fregquency 4oces not depend
" on the imtrdnsic characteristies of the thermal units bpt
only on a elose matehing of the input and feeddack units,
provided k is eonstant, Linesrity and stadility of exror
mplifior end V0O de mot sffect ths apeuracy of the sonverw
sion sinoe they bdelong to the forward path of a fesdbask
systes, The use of thermal deviees nakes the instrument
suiteble for 4.0 a5 well a8 se¢ with vide bend disregerding
the signal waveforns,

(b) Uasing dicde werey
(1) Prineiple; Thers are two oorvertars ¥-I ani

I«F as shown in Fig2.i24, ¥I converter works on the quarter- |
square priociple alresdy deserided in ssotion 2.3,2(b) and
the I-¥ cowerter works on the method of epacitor charge
and dissharge. The currsnt difference I w1, - I, flovs
through the espasiter ¢ and the filtering elroult Tp,, r‘.t:'.
80 that the sharging voltage dscreases, Yhen the woltage
across the cspacitor ¢ resches a constant value, the ewitohing
transistor !‘,2 opearates (switches on) and the capacitor C is
instantanesnsly chargel dy an impulse voltage from the feeddaok
pulse transformer T, Feedback pulse is generated by the pulse
transformer 2 vhen !,2 switehes on, and the peak of the pules
is cut by the Sener diede D, Therefore the charging peak
voltage of the capaciter C is comstant, independently of the
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pulse frequency, Fonlinearity caused by the feeddack pulse
width and the effect of DC smupply voltage variatien are
redused By the resistors Bx and a, respectively,

) & 4 'a = Sener voltage coxtaining D, aml D,
%y = mitter base voltage &rop of T,
Haxizus eharging voltage, ¢ nex = E - - x‘n'

Ninimum voltage level at which *.!,2 switedes on and the
pumtmumuwmuo "'"("b" -:gl)
o - suitter base voltage drop of T,, at the moment of
begining to switch on,

LT voltage drop of dlode n,,

Ewl
Peak to peak voltage tp “®ux ” %ain -—f—&;

Wers EaR - 0 + o) ¢ 9y - IR

As shown in Figli¢, chsrging period ¢ is short and oonstant
and the discharging period T « ¢ is inversely proportional
te X,

e T(Pei) = O B - O(E =1 Ry) (2,19)
UV - IO
) - (2.20
o WAy +(CR—5)? )
where F = 1/7 4 R, is 80 afjusted that CRy = %
. T aCE? or,? «1/CE (2.21)
1.0.,!‘061

In Fig2.i2b D, 18 for passing the charging cmant. D, 1s
for tempersture sompensation, D’ and D‘ yrotecs !,2 from the
streng pulme generatisg when T,, switches off, Pulees



R

proportisnal 10 power are eounted after smitadly dividing
thes in a divider,

(ia) Error analysis an? eomments; The W-l sonverter
used (Fig 2-7) has some errors given as '

tE w Ew oe ‘““‘9 v L—- —_— (2.
+ (oy )M’im‘% 4-””‘ (2:22)

where, Cuw = Full scale errors
(8408 6 « Phase angle error of CT and T respectively,
§ = phass sngle between Soltage ¥ and the current I,

X w constant - Smaa——
VI c00f

a9 = Degree of unbalanecs of ey ad o respectively,
Bryor dus % eash ters ean be determined both theoretically
and prasticslly.

Muximum esrror of %I converter has deen rsported teo
be +¥ and that of I~-F converter as -0,5¢, Temperature e¢rroy
1ies within +¥ and error due to voltage variation uu
vith!n w 0,5%, Only prototyps has Leen made ard 1t is Jnt to
g0 for mass preduction, The meter shows sgouracy well within
the limits of genaral purposs meter and there is aoope for
it» mase produstion with thin £lw technique,

(o) Using direet Pef corwerter( 5)

{1) A power to mmm‘y econverter is made by
veing a V-7 eonvertsr with an inverss .Y conversion in
the feelddaok, The transfer funstion 41 the inatrument ean de
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put amy, f » k,xﬁ.!x (2.23)

where, £ = eutput frequensy
X = snalog imput quantity
V'- value of internal reference voltage
Ty® duration of monostable state
k.= proportionality constant,

| 3y fntrodusing the ssoond input signsl y into the
monostable eireuit in & maxner that inversely modulstes T, as,

Ty = X/ | (2,24)
x
From (2,23) and (2.24) ¢ = ;f-.:-:- - ey (2.25)

Hence a signal proportionzl to xy can ® cbtained without
using -sultiplier, | | |

Introducing, in place of imput signels x and y, the
sinuevidal losd curremt am voltage,

3(¢) = I”'“(M)n v(t) » YxIlM respectively
the meter can be resliesd, The schematie 8isgrem of the
V=P with PV feadback is shewn in Fig2.}(r-¢0)

(11) Error snalysis and commenta? Error:ars due
0 offeet and Arift voltages as well as bias and leakage
currents, Semdining all relative error can be axpresseld as

Al o
vhere A2 is jerror in fregqueney, I, the measred value Bf

load current, snf LI exror eurrent pressnt at the imput of
the mplifier. Considering typical biss ewrrents anvd offset
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veltages, as wll as their temperature and time varistions,

class 2 stated accurasy can be maintained over a maximum
el range of 11%0,

nmrtéd quantitative errors of the meter gre as underg

Item Yaristion ¥ithin Error Limits
Current 10=500% at D2 » ¢ 1%

_ 20-500¢ at pefule5 lagging 1.9
Voltage & Y05 Oubg
Frequency 2% | 0.05%¢
Tomperature o-40"¢ | 0.05¢/°0
External
magnetiofisld 0,%a? : nons

In the propossd meter significant reduotion of
compenenta has been suggested with the elinination of the
multiplier, Its cost is being elaimed to be competitive with
conyginkional meters of similer acouraey, Rrror limits of
the meter suggests it %0 be suitadle for a general purposs
meter. The Sempersturs errer s rather high,
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Yor develsping a kWh meter, Hall Iﬂtiplin is
shosen as the wattestrio transiveer. A varisdle transosondue~
tanoe tYps multiplier has been wsed to maks a kVAL meter,
In doth the sases, a V=P comwerter will gquantise the transivesr
outyut. To start with the details of transiucers ave being
disouamed,

5.1 ZTransiveers

3.4  Vattmetric transivoer

| {1) 2Principle; Tempsraturs compensative type Hall
Mualtipifiex We NN 3050 (refer Apperdix -T) has Desn used, The
basic prineiple of the sultiplier 1s based on wAll Jnown Hall
Bffect whieh states hat 'vhen a magnetic field is applisd at
right angles to a curvent in & particular medium, an slectrie
2i0ld 1» oty 12 & mwtually perpendionlar &ireetien tending
to dirset the path of the ourrent in that direction and the
nagnitued of vhish o8 any instant depenis upen the product
of the coxrespeniing suxvent and the appliied magnetic field?,
IZ the two quantitiss %2 be milSiplied together e made pro-
pextional instantanssusly te veltage and current in a eireuit
the time wverage of the Fall sutput e.m.f is & meamrs of the
tine average power carrisld by the eircuit,

ir g‘ » Instantanecus value of contrel currsnt

L Instantaneous value of uniformly distributed flux
density perpeniicular te the surrent "x in the plate

Then Nall slectric field at »t) %0 both b’ and 1: tn-lli.
‘whexe, R = Nall oseffisient
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J = current density « :,/n

In cane, & ﬂﬂzx‘mw .
b, = JZ 3, sin(wt ~ 8), vhere I s 3_ «re .m0 velues.

R
"‘ - mn.(oBS) - K‘“[‘;.:!]y Vu is r.,%.9 value of O

1
IZ arrangements are made such that B, and I, are preportional
toVadX ad 0 uf i,0,, pase angle between V and 1, then
it can measwre trus gYerage Power in an s,0, circuit, In that
cass both comtrol eurvemt and 1614 ave simvecidally time very~
ing with sme frequeney avd a phase sngle § existing betwesn |
then, The no loasd ousput voltage oen \yn axpressed as

Tyo = XX simd,¥ sin(vt-f)
xv1 '

Repult &» & &,¢ output with a superinposed a.¢ of deudle
frequenty,

{34) 'exking details: The dnside detall of Hall
Multiplisy umed is shewn $n Yig,.(>ib), Yoltage is spplied to
the £4e14 cofls in parallel such that current in 1t doss mot
axceed 30mA, In erder that the multiplisr measurss ture pover,
there sheuld bs mophase 4iffevence between the mum applied
to the field esils amd the field prodused by it. ¥Eut the
renctanes of the fiald input is given as 40,000 Ohma/Xis f.0.
2000 Ohmm for 50 Ns vhere as imput resistanee is enly 500 Olms
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this nakes the elrenit highly industive fer whieh thers is

= Dhass 4ifference bLetwesn the voltage applied and £14)2 pro-
duced by 1%, To oversems this, & high resistanos of the order
of 20 x Odm is put in series with it, Henos totel imput
iapedanss Sesemss 'ma Ohms, ¥ow voltage upto 220Y can de
directly put assross it for which current will not exosed 30mA,
Put the standard sutput of a F.2, 110V 1is used asross the fisld

coil so that current through it also remains within safe limit,
In the Hall fmput cirsutt the load cuxrsxt is allowed to flew
through a C,%, This swrrent should rot exessd 300 mA, As s
result of the sbove srrangement a small d.¢ voltage upto 200w
{s obtained from the Eall oupput which is further processed in
the Vel-converter after mplification,

(148) Rrror analysie! Two typea of ervors can oscur in
Hall Multiplier vhieh oan be explained as followe?
(a) Lopting error; Well known equations for s Hall
Multipiier (Pig.3/c) are given as

7 -lnlx * V, | (BQ’)
1 .n I+ n”:, (3.4)

vhere, Rn » Resistanse in centrol dlrsction
g" w Mutual n-&nm » -x,x\.u,v
3’7 = Resistense in load current dirvestion

1f the load vesictanes is R, then, |
- ' (3.5
SELES )
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) ¢
From (3,4) and (%.5), Iy - % {(3.6)
T ( )
¥rom (3,3), V. - R!;’, + -‘%&! (3.7)

v
or I’ » q——-—-‘E‘L——-?u—-
“nmyy’ Rp) ¢ Ryy

2
- !!:-f-l-»—-[ % ...] (2.8)
o Py *fy) RR(R,,%}

From (5.8) it is obsexved that I, is not linesrly depenient on
T,k B_ anl this is known as loading error, This ervor is sli-
ainated by measuring ’i’ with respect to changs in I!. Thin. can

be shown a»

(I R I k3
!l q-n!, R -til

sinse I\n <« %,(btem R = 10 Otma, Ryw L0 )

Here BI. is input impedance of the operational amplifier used
for smplifying the Hall output, FProm (3,9) it is edserved thas
Vo &1k B, vhich is a 1inear relation detween 'fy and 1B,

Yy
and this is desired,

(b) Magnetic £1e)d srrvor: If the impressed voltage to

the megnetic field cirenit is Ytamt. then
¥, L'
. J(w?T-2+ n"’) 2
H A it

(pe/up)e 1,
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L' » Induotivity of coil

R = Resistance of the input of Magretic 21013 cofd
A = core oross section

¥ =¥o of $urhe in winding

.Ir”- Length of iyon ceome

Qg = Length of air gap

B, = Fres space permeability,

”t. = Relative permeability of iron core

| Quantum of exror introduced mui w0 magnetic field
 depends on the velus of § which has to be made negligibly small
for making B, the exast replica of the impressed voltage, ¥ is
reduced by making wL'<<R, A8 can be referred to the Appemdix-l ,
manufacturers have slaimet the value of § as 5°/kﬂn $1.,2,,0. 15°
for 50Hs, This has deen further reduced by making R = 10WL°,

3.1:2 YA Transiuesr

(1) Principle With yeference to the Pig >1h, A
‘nathuuttan sxpression can de derived for illustrating the
prinsiple of the transiucer, Current I, cun be expressed in
terms of V. . by the dicde YA oharacteristics,

bey
: Yoo \
T, -1, 3-;1'-1 (3.49)

where, I“‘ O'IM‘ 1"/,5(:)
Ay e Ky Korma) and inverted mode C,B gains

\ o
From (3,18) el o = 1, (3,12)
My,,
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Simee, I wl, +1,amd I, - I,(assuning & perfectly
matched pair),

q
B, «— IA »
MQ 2 - o¥? ‘Vb.z | ‘50‘4)
q |
. From (3,13) amd (3.14), A1, = 21, = "“'Iu(ﬁ"urﬂ'ma)w
2k?
or, &l =00y m=CX 0 (C = constant) (5.15)

Becanoe, AVye, = Vpe, & 8,
But, - (A1, - &I,)R, = 4B

or, i «C I.O'RQ - ﬁgoru:?ﬂal eollector (3.16)

| R
and ,*, . = B ;1 - cnozacﬁg- wk Ioa‘
. 2 v

since, I '2'f e, =K's 0, (3.17)

- Henes the sutput voltage is proportional to the predust of .,
- apd 0., The method is known ss variadle transcondunctance, because
transcominctance is given as, |
- s vhich g varied dy changing the input
e, a8 can B¢ seen below,

g, "~ ';n I, (from 2q.%.15)

where, Ie- is varied vy o,.
Qualitatively the abeve can De summed up as, the differential
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c0l1ector veltage/proportional to the predust of o amt o,
The differemtial Smput Op emp provides single ended eutput .,
after amplitisation,

Tor wroviding a surrent proportional to the voltage .,
a V=1 corwexter is used; which aots as & ssurce of current with
high internal fmpedanse, In rig.%> b,

‘n'% ' %.% (3.98)

1,6., & grounded 1oad 1is Deing supplied by the V-1 converter,
RY and RS should be ehosen to draw small currents and R, and Ry
has to bs made mall to mintmise wltm\dmpa. A mimsatoh of
ratio of (3.88) may dscrease the internsl impedance of the
source.

{14) Cirounit design Two similexr NP transistors were
chosen for the uifferential appliifier, Collector resistasnces were
uade 2k sach for limiting ths celleotor euyrents to few mA, Base
resistances were chesen as 10k sach for making the bass currents
less than i with o’ w 5Y, Siaflarly, for the VI eon,
ﬂu ratio of n,/n; - n,/a, was Xept 1/50, s0 that swrrvent drawn
(with e,e 5¥) can be less than fmA and consequently voltage drops
ere mininised by making R, « 100 Ohme and Ry = 200 Ohms, Transis-
tors of 4ifferential amplifier should remain in the active range
for geed linsaxrity,

3.2 Veltage to freguency comverter

%.2.1 htliiplo
In the preceling section, it was observed that
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transiucers are converting the tariff quantity into propore
‘tional mall d,c voltages which has to be converted inte a
14nearly prepersional train of puless to be counted in a
counter, The prineiple of this V-F converter is bawd oﬁ
charge compensation method, The wultiplier output is allowsd
%o charge C ef the integrator until a threshold voltage is
reached at the level detector which triggers the monostadle,
Yonostable emits a pulse of imrt duration which discharges

the capaciter 1,e,, Net charge flov at O is sero and again

this cyole vepeats itself, So g a train of pulses from the
zonostable output proportional/the voltage fed et 31 is obtained,
Refaring to the Pig>2ayp

If I, = Input ewrrenrt « l,_/ni
I, = current through R, dus to MMY -‘,/Rp

¢ | 1.t
or, g:t .- It er, ¢ ..-.Z;fk
- — | (3.20)
or, - 4 -% - Iz‘n“a

Prom (5,20) 1t is seen that £ 4s linearly reoportional to .-
becanse Iz' ‘D and Bs. ares constants

1T %
Voltage level of integrator output, o, =« ;:5{; . at

ot

.- gin (3.21)

1
Vhile caleulating R‘ ani C equatiens (5,20) and (3.21) are
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be oonsidered such that

Tt |
.,‘ P —-2-?1—— from (5*20)

s R C
o :4-’-;—--- from (3,21)
S . P SR (3.22)
* L 4 og t

Por a particular o, Tange, values of different parsmeters can
be calculated for odtaining s required fregquency,

%.2,2 Cirouit Design
Step 1 Deternination of "‘D

 § 4 x’.ﬂa - ‘Qx/t = 1/4, then Qtn = %, axd pulees of width
tn can be distinguished, Ii can be limited t0 1mA, which will
make 12 « 4mA, Then R!. - oihx‘!o“’ = 5k Otms, assming ‘l" )

Simflarly Ry = 'o/‘z' » 12/41, « 3k Ohms, In order to obtain
a frequency of 20 pps with oy - %Y, "D - oaﬂz.xi.eo w ,0125800,

Hence the monostadle whould de deaigned with s time period of
0125 psc. and R, should be Sk Ohm.(Used value = 2,2K)

Stepl®: Deternination of C

Prom (3.22) 12‘8 » 6,0, here 9, can be fixed at a level of 0,5V,
20 that, C = IztI/lo = 100uY.(Used valuew « 100u7F)

, Step I11¢ Design of a lavel detecter with a minimum
threshold of 0,5V,(Refer Xig.l 5¢).
Y X RY

ﬂ—? «0,5 1,00 R' = 90 Ohma (Uned vilos =629
R« ‘
[}
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Rt +R |
.1.’.5-1 .-.é-— . “‘..R; « %,8 R!

2,5 2
Used values (R} = 10kp R} = seks»)

Step IV Design of a Momostadble with time period of
+0125 seci(Refer Fig v %c)
n° are fixed a2t 2,2 X by assuming a Ia(ut) of 5,5mi,
R 49 taken as 100k s0 that it can allow sufficient current to
the base of Q, to send it into saturation,

. .
s 0T RC w 00925 , C' w 0,175 u? (Used value « 0,22pF)

Yor Qg 'ON' amd Q,'0FP!(Unstable state)

(3.23)

’.,g*[%mm)* 2] Toeat) , £'ua(aat)‘ 7]
R

Ry » Ry min 2
end forxr %‘Ol’!" and ’94’ OF (Stadle stats)
Voo R+ R,eR
v Bl 2 (5.24)
2 ¢+ Yopt(ore) Ry
RS and n‘ are chosen to kake the snitter bias of Q, as 2V, By

aseuning 7"( ast) =" 0.7V, Vmw 2) * o{ for sim'? transistor)
R, and R, are determined ae (from %,24 amd 3,23)

R‘ w 170 ko, 82 » 50 k(Used values R.‘ - 160 k, 1\2 « 51 X)

%$:.2,% Test Results

After assmbling the ciroust, a varying &,c voltaege
of knewn magnitude was applied to R, andl frequency of pulses
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at the monostadble output was observed l.n un&ﬂlomx’o as well
as counted in an slestrenic digital counter, A mechaniocal
counter was connected to the output as shown in Fig>.Cbto
observe its reponss, It ﬂmﬁhd well But electronic eounter
“was used for testing purpose, |

It can e obsarved from the results in Fig >4 that
1inesrity rasponse of the V-F gonverter is quite good, Possi~-

vility of exrror is 4ue to offset voltage appearing at the
output of Op u‘ap of the integrator. So it is sudjscted to a
1inearity error of the order of ’atz’nt('off = offmet voltage)
because 'at!‘ varies with input, Suitadle arrangements can de
done to compensate this woltage,

Sensitivity of the Ve? converter comes out to be about
7ppe/V, Since minimus starting level of V.F converter was designed
to be 0.5V, for shifting it to O, a Sive potential was applied
to the input as shown in Pig, > Si,

%.3.1 Block schematie

Principle of operation of the meter can dy explained
from the blook schematic diagram shown in Fig 3.5a , After
conditioning, both voltage and current signals are fed to the
a'm pultipider, Its output goes to the ¥=F converter after
amplifieation, V- conmverter output pulses (proportional to
power) comnted for a particular period gives the mmount of
energy used during that perioed,

lC9L/
CENTRAL LigRAny UVERSITY OF ROORKEE
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3.5.2 Oomplete cirouit
Complete eirenit of the kWb meter is shown in

Fig>.Sb o Hall output voltage is smplified 100 times and
then 1000/8 a.¢ component is by passed through the 500u¥
capacitor as a result of vhish only a &.c voltage of the
order of O-5Y is obtained, This 4,6 voltage is fed to the
V.?, converter at a point, of which the potential is adjusted
to a suitadle positive valme by a 100k presst po% as shown,
The output of V-F converter is tapped fyom the collessor of
04 through the resd Yelay. U,Ce suppliss of ¢ 127 for the
cirouit and + 40V for the counter is to de obtaimd by recti-
fying, filtering and stabilizing the mmall a,;c voltages tapped
from the waltage aignal oconditioning transformer,

3.3.3 Test Regulte

The meter was Sested with g fiotitous losd, Before
applying low intensity signals to the Hall smultiplier phase
angle detwsen voltage and current was adjusted by means of
a phase shifter and a phase angle meter, At 80, 100 and 1205
of the rated voltage f,0,, 110V, Alfferent sets of realiings
weres taken with losd suyrent vaxrying between 5-1204 of rated
value, Power faotor was fixed &t unity, 0.5 lLagging amd 0,5
Leading,respectively for the three sets, Results are plotted
in Pigic.x>.e You sash power fastor, the wariation of meter
resding with change in woltage has deen drought out, Then the
exrror observed is put separately in a graph (Fig:cs1>7) showing
thersby percentage errer in terms of Yull deflectien of the
meter. This has beon determined Dy kesping the mater resling
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at 1007 rated voltage as the referente, Tor conveniente in
studying the errors, all inputs t0 the meter has deen plotted
as £ vatts ia x-axis s the «ri'nponam % F.S4Ds &n y~axis.
Error limits edserved are between 125 maximum in each oase,

It is seep that exrver &t 80¢ weltage is steady Dut at a higher
level vhere as at 120¢ voltage,i$ slowly becomes sero from
maxinum, Effect of change of p-f from 0,3 Lagging to 0,5Lesding
1e a shift in error nuture only and mot in its magnitude, Error
limit s within that of a geners) purpose mster, It can be
drought down consideradly with the use of an error compsnsated
C.2, as shown in Fig >.10 « Results can be further improved Ly
uaa.ng precision instruments for testing,

Se4 XVAR Meter

%«4.1 Dloek Schematio ’

Plook schematic ofthe meter is shown in Fig >-8 ,
Both voltage and currexts are sent to the VA multiplier inform
of proportionsl small 4,c voltage. Cutput from the VA multiplier
is fod to the Y-F comverter, the output of which is counted in
an eleotronic or mechaniesl oounter,Count of pulsss for a given
time gives the energy L.e. kVah for thet period,

%.42 Complete Circuit

The output of VA transiucer (Fig>-2) 1s a @,c voltage
of the order of O3 ¥, This can b nade higher if need de, This
output is proportional %o VA of the cireuit and is fed to the
YP e¢onverter for integration, Except for the transiucer part the
scheme remains ssme as that of kvh aeter.
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Se4e3 Test Results

Refersing to the Pig -1 ¢, is msde proportienal
to voltage migngl and ., is nafe proportionsl to current
signal. The meter is tested with fictitous load, At 80,100
and 1205 of vated voltage i,e,, 110, meter output was recorded
with load current varying between 5-120¢ of rated valus, Three
sets of curve were obtained as shown in Fig >.i| , These are
plotted as ¢ 7,8,D of the meter against ¥X¥VA, Error limits
sre within 4 5 «£. It &» large Decause of ovvious mimmatoh
between the transistors of differentisl spplifier, This can
be reduced by using matched pairs availadle in IC form,

3,5  M¥irh Meter,

 Before impressing the voltage proportionsl te iine
voum to the magnetio fie1d coils of the Hall multiplier, -
it hu to be passed through a 90 phnm shifting edrcuit for
measuring kXVAr, Bloek schematic is shown in Pig > 9, Any standard
‘oiroust for 90° phase shifting cen be used hers, Since the
Hall multiplier is giving satisfectory result otherwise, equally
2008 remlt i1s sxpested with s phase shifting oircult, icouravy
of the meter will depend on the stability of the phass shifter,

B.6 ~Steps for Making Prototypes,

Sufticient bdackground is oreated with the development
of meters deserided in previeus section for developing suitghle
prototype, Apart frem ifmproving the transiveers and the V=P
converter, following steps should de taken te make a prototype
of sash meter,
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%.6,1 Making an error compensated C,.T as shown in Pig >.10 ,
Prineiple of this ﬁ.ﬂ?i can be real as unier,

A 1s o Qifferential imput mplifisr whose output current I .

is proportien to the imput wvoltage signal, The current :b

through the load is the mm of the currents 12 and 1‘, wvhere

1, is the eurrent threugh the seconlary vinding of the C.T.

It Ib forme the owrrect fraction and has the correct phase

position, the differenss voltage appearing asross the input of

the amplifisr would de sero, ¥ith a sufficliently large gain,

the ontput ourrent I e of the mmplifier is sdjusted in magnitude

and phase position wntil :1/!% approsches the normsl ratio,

thus reducing the sxrors in the transformation vatio as seen

from the load,

$.6,2 Making of a combined potential transferser ard 4.0
Power supply unit,
Details of it oan be worked out bassd on the iea
given in Fig’. (0. Suitadle srrangmments should bde dome o
rectifsy, filter and stadilise the signal picked up from
the transformer. It should be properly enclosed in an enclosure,
Care should De taken to make theyhole thing compast and 1ight,

'%,6,% Design and fadrication of a mechaniocal counter ¢o

To count the pulses a suitable mechanical counter

has to be evolved which can count upto 30 pulses per second.
It should be eomparsdle in cost with the existing oounters in

conventional meters,
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Though, there are two types of demand meter 1.,
Lag and Integrating type but the Integrating types are
nost widely sccepted. Some attempts have been made %0 sleo-
tronically handle the outputs of eonvermtionsl demand meters,
but s0 far all sleotronic type demand meter has not come up,
An attsapt has been made to develope all electronic demand
neters one each of Integrating end Leg type, Lag type is msle
in a mamer smich thet it can become more popular i:hm the
aexisting types,

4,1 Integrating Type Demand Meter

4.,1,1 Phoek Schematio

~ As observed in chepter 3, mmber of pulses proportional
to energy to be measured are evailadle from the V-F convertesr,
I2 these pulses are counted for every %0 mta and the higher
value is retained, then it will do the jJob of the existing
Integrating type demand meter, Block schematic of the instruments
is shown 4in ¥ig 4.2 o Pulses from the snergy meter simultanecusly
cone to two Binary ecounters and & mechenicsl countar, The
mechanioal counter and BC-II will receive these pulses provided
the AND gates ars open 1,8, an output is availadle from the
conparator, The comparator is 0 designed that it gives an
output only shen the Binary counter I and II are having equal

counts, There is a clook pulse generator which produces s pulss
fox avery 30Omts to remet the BC-I, To start with, say, all the

three counters are reset to'0' and they will de counting pulses,
becaune the comparator is keeping the AND gates open, After
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30 mts, theIC-I recsives a clock pulse and gets reset to '0Y,
this makes the comparstor outyut also '0' and now BC=II amd
mechanical counter will not receive puses, Yor the next 30 mts,
if the mmber of pulses axcesds the mmbder alrealy recorded in
B0~II 4in the previous dum«i inmterval i,e,, &f the deaand
ivereases, then at some ingtent, count of BC-II will be egual
t0 BC~I and from this instant otwards the comparator will give
output $0 keep the AND gates open and &llow the BC=II and mech~
anical counter to count the pulses till the BC-I is resst after
30 nts, In case the demand is below that recorded in the previous
intermal, comparstor willl »ot give output and pulmses will not
bs further reeoxded in mechanical countey as well as BC-IX,
Thus the BC-II and mechanical counter will retain the maximm
nunber of pulsens received in any particular demand intexrvsl,
BC-II and Mechanical counters can be reset manually as and vhen
required by the meter realing sthority, )

4,1.2 Olrenit Detatls
{8) Clock pules generator

A ¢lock pulse generator is required which will emit
per 1800 sese, one pulse of shord d:mﬂm and voltage high
enough to reset the counters, Output of a free running Astadle
sultivibrater can be used aftey suitabdly 4iffersntiating, Time
constant of a free runaing Astadls Multividrator can he exressed
as T = 1,98 RO, Value of R 45 limited DY the faot that it should
bs able t¢ supply the bdase ocurrent to the transistors, For a
12 ¥ supply R can de axwund 120k assuming 2mA as I.(m) and
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Lutp ® 20¢ Then for T = 1800 sec., Valus of C = 10,800.7.

It $s 44ff1ieult to get such a capescitor and even if 1t is
obtained it will have wvery large leakege, The pulse stret.-
ching of the AMY output can dbe done thi'ough availadle frequency
dividers, These are normally in the rangeof divide by 10,12 or
16, Yost convinient is %0 use a 4ivide dy 10 &ivider, In order
to obtain a pulse per 1800 wen, 2 deceie dividers can be used
after an AMY of 18 sso, duration (Fig4d.ib), This will keep the
values of R and C in AMY within availadle 1imits, Hence for
obtaining pulses of 18 sec, duration frow AMY C » 108,6F
(Used valus 100u¥), For this value of O, R comes to be 130,5k
Oima(Used value 150k), To differentiaste the «ive pulses
cbtained from the Astable Multivibrator a differentistor with
Oy = +22u and R, = 5,6k, vhich will make the pulse width

about 12,32 & sec, Ultimately a reset pulse is odtained every
S0 mts which will reset only 5C-1, |

(41) Binary Counters I amd IX

Binary counters of any Sype can be used here dut
the selection oriteria should de such that minimus mmber of
counters can count the maxizus number of pulses expected within
S0 mte, Out of the availadls counters the divide by 16 is most
sconomical to be used Lut since it was not availadle, design
had to be done with divide by 12 counter, the detalls and
truth tedle of which sre shown in Fig4-4 and Appendix III,
I£ the puless ares &irsstly taken from the Y-¥ converter they
will number 30 x 1500 » 54,000 maxismus in 50 mts. For this

suitadle counting cironits are to be designed with minfsum
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nmber of counters,

(11%) Comparator

A P4t to dit ocomparator for the two courters has
been Gesigned, This can de used with any type of bingry
counter having Flip Flops. Outywt from each set of binariss
have besn taken to Exclusive OR gates and then to NOR and
AXD gates ap shown in Yig 4.> , From the truth tables of
these gates, 1% is clear that an outpub will de availedle at
the AND gete only whem, Q, = Q) Qe Qs Q; = Q4 4 Q) = Qp
end in no other condition, For instance Q = Q' = 1 or O in
any case of equality and for doth these coniitions BOR gate
will give O output which are going to NOR gates, NOR gates
will always give 1 output whloh ars going to AND gats vhich
will give 1 output only when bdoth inputas are 1.

Since ROR gates ware mot availadle, these hed to be
made out of AND and NOR gates as shown in Figdi., Quard two
input gates sre avallable for conviniently carryingout the
operations desired by the oomparator.

4,1.53 Toest Results

In the absence of sufficient mmbder of ICs only the
basic prineiple of eperation has besn tested by fadricating
a part of the oircuit in printed cirocuit bdoard. Since the coune
ting capacity of the counters used is only 11 at a time, very
slow pulses for short duration were sent to eounter I and IX
after resetiing them to '0', Then dy odbasrving the outputs
at Q AsB,C,D of each sowrter Dy means of a voltneters counts



AND

a. Bit to tit comparison of 2 counters

__EOR NOR AND
2 TOUT NryT | QUT NPU- TQUT
L NPUT O BuT | NV Pyt | NPT Bt
o) 0 0 0 o ’ o o) 0
—+ A+ e
¢ : o o1 0
- -+ + —_—— ——t — 3 —t —
| | o 1 B o o] 1 o} 0
- + —e + - + - — —_ — =4+
" 4 "} + el L] 1 L]
L [ e — — b l
b_Trutlr tables
c o -0 Y
- o X
NOR O

c. AND & NOR Combration for FOR gate

FiG 4.3 .COMPARATOR DETAILS



JdAL ONIVHOIINI 30 WVHOVIA LINDHID " v Oi4

4313 ANVIN3d

ISINd 135 3Y

HOLVH3INID
3S7INd HD01D

HO.LVHYINOD

QIJ dD

]

ris

@1 |

(2evL)
x-mmpzaou_
AHYN QD (

HHe .

{uvAR UML)
43.3A
ASHIANI NOYH

L 3S3Y IVANNYA

»

'an

Gl

42 GNV




59,

were determimed, Counter I was reset and after this, counts
of counter-Il were found to de intact, Then some mere mmbder
of pulses were sent to the aystem than alresdy stored at
counter II, Boththe counter were obssrved to be edvancing
together, Once again ocounter I was resst and counter II was
founl to be storing the maximum number of counts received

80 far: The summary of the adove can bs seen in the tedle
below,

Counter=l Conter 11
Q G S G A®Q % % 9
Starting

point 0 o 0 0 0 o 0 0

Counta after

the receipt

of 1st set 1 0 ) ] 0 1 o ] 0
of pulses's’ -

in nmmber

Counts after ,
Ist Teset of O 0 0 0 | 0 1 ©
counter I

Counts after

nd oet of 1 0 1 0 1 0 L 0
pulsen’s! in

mmber

Counts after 1 0 0 1 1 0 0 1
the 7th pulse

Counts after

2nd remet of O 0 0 0 | ¢ o 1
counter I

Apart from the above gheck of the system outputs of counters
I and 11 at Q“’B’O’n vhere observed in oscilloscops by giving
a train of pulses at the input, and were observed to hn sane

in nature indicating theredy that doth are cuunun; together,
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4,2 Lag Type Demam Meter

4,2,% Block schematic

Principls of the meter can be explained dy means
of ths Pig4.5a, The sutput frem the Watt or VA to voltage
converter gees t0 & Lagging oircuit which reaches 0% of
the subjected value in 30 mte. The output of the Lagging
circuit is measured by a moving coil meter through an
impedance matohing circuit,

4,22 Cirouit detalls

The time lag Detwaoen the occurance ¢f a losd and
the corresponiing instrument realing is odbltained dy oharging
a condenser through a resistanse, The condenser is charged
from the 4,6 voltage proportional to the demand odtaimed from
the apprepriste transivoer, The charging time constant is m0
sdjusted as to charge the conlenser to 90¢ of the rospective
final value in 350 mts, Votage across the conlenser is measured
by a high input impedancs meter, The neter ystains an wiuuan
of the maxinum deflection attained during the assessment period
which repressnte the M in X¥¥A of XW as the case may bs, The
time constand t 0f eharging and Aischarging of the copdenser
is decided by the equation '

09 =4~ o””oo/ b + Which gives 3 = 783 secs,
1,049 RC = 783 geen,, R and C are fixed as 780k and 1000,F
vhich makes ¢ = 780 sees, FET is used here in common drain
conﬂm;ﬂo& Ry is chosen as 15k to limit the euyrent of FiY,

CENTRAL LIRRARY iiversrry of ROORKEE
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R2 is a varisdle high resistance 80 chossn that only 50pA
ourrent flews through the meter, n, is for sero sdjustment
9! tha neter,

4.2, Test Remults
The meter was tested with four types of losd

varistion suoh as steady, stepped, peak and stepped rieing

and falling, This ensures that the meter when sudjected to
actual losdiing, will work satisfactorily, The Lagging circuit

. was fiotitioualy loslied from a 8.¢ mource and a stop watch was
used to record time intervals at which the pA resdings were
noted at overy Jmts intervals, Readings are given in Apﬁcndix Y
Theoretical meter responss is compared with practical values
obtained in Figd.&7, Muxinum error comes to de sif, The
practical curves is drawn through the mean yositions of points
obtained from actual resiing,
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CHAPTER 5

TARIFF DATA SENSING AYD MONITORING
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After the metering of tariff quantity, it has to
be tranmitted to the swpplier's premises for billing as
well as operatienal and plarming purposes, Conventional
method 1s ts manually recerd the readings st conmmer’s
premises, Theugh not ia this eountry, extensive efforts have
been made abroad for rewote sensing and manitoring of tariff
ata, There are two dasic approaches regarding this 1.e.,
either there is remote sensing and recording of data from
tine to time or there is contimmwus monitoring of the sme.
Latter is more useful for operational purposes. Most of the
Methods use s0114 state deviess, A vary comprehensive review
of the Yasis principles involved in few mchemes, is deing
Pressnted here. So far mo universslly soceptable method could
be evolved Dut only propessls have Deen tested on small scale,

5.1 DBasic Requirements
The proviem of ramote sensing and monitoring of
tarif? data can be droken up ass |

(1) 3Bnecding ke informations of the meter realing
avd the esnmumer'’s identification,

3o fur, most of the schemes tried have to
snoode infersations from conventional meters. This ie princis-
pally done in two ways, 1ike,(a) By sttsching to meter register
an enoeding system wihich takes the form of a mmbder of aliding
contaets and (D) weing sa eleotro-optical array at essh 4ial
of meter register (8) wsing inductive senser with meter wheel,



.

(11) Incorperating a signal sending fumotien with
the conpmer's meter and puvulﬁ & transhi-
ssion chamnel bdetwesn the consumer and the
L21ng o2f1ce, | | |

| ~ The signal seniing function of the meter
depends eu the means ¢of esmmunieation adopted, So far,
several communication methods have been tried using
{a) consmer's telephone lins, (b) ssparate pilot vlu.
(c) supplisrs tranmissisen 1ime and (8) Microwave transmi-
sajon system, Various types of digital telenetnies axe used
for data tranmission umder thess methods.; ’

(111) TProviding a signal receiving equipment at the
91lling point whieh will asoept and desede{or
pass on) the signal sent by the consumer’s meter
to the Billing equipment,

Basically signal receiver equirments gre weant
for digital dats reception and store in a manner that the
smme oan be used by & Willing equipment, There are variation
in the finer details of signal receivers sconrding to means
of sommunisation atopted,

5.2 Remote resding of Maximum Demand Indicstors using
Telephore lines,(l2)
3loek schematie diasgrmm of the eystem is shown in

Fig 5.1 « The resdeut Yegister for the N, D, Indicator has
fanslity %o vesd and stere monthly naxinve demands for 12

oonsseutive monthse, Verthly maxinum demand is read Yy this
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system using telephoms line retwork. During early morming
hours of any fixed day in a month, the goxtrol device at

the sonmmer's end is astivated from the reeeiving emd by
send ing signals through telephone lines, This control device
interrogstes the resiout register and store and sends reply
signal to the recefving device from the electironic imiioators

at the receiving end data can de typed in an elsctric meter
marually, Simflarly yearly MD can be aleo interrogated st

the end of every yexr,

5,5  Continoous menitorirg of Tariff Data Using Supplier's

special telemstering fasility(/4)

A dloek schematic dlsgrem of the aehmq s shown in
Tig 5.2 o The system can either store half hourly demande
from a Faxiave Demand Neter or can take meter yreaiing for
svexry half hour, RBither of these two infermations ean de
stored in dinary ecdes st the store, A free running ssanner
gres on centimwusly scanning stored data and meter fdemti
fieation ocode simultamssusly and tranmits the smme at adout
S0 bands over suppliarts 120 Ks(veice frequency) npinhz
telemetering charmel, Eash cyele takes adout 15sees to 2mts
depending on the mmbder of emands/readings tranmitted, ecanner
will sentimmusly semd the infermation afor half hour, after
vhich it will reeet end start sending new half howr information.
At oollesting point, a statien seleetor will be comested to
sach tranmission ehamnel in tura svery half howr and rest on
it t111 o eemplete eyele has besx received from each statien,
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If « station s nissed within the predeternimd peried, it
will switeh over t0 the mext station e will return te ite
during remainier ¢f the half heur peried, The infermation is
tranmitieod in some Predetearmined oode unier yrastice in
digital telemetry,

System ean ¢ further extenled for telemetering
information adout position of circuit breskers, current
realiings, voltage readings, transformer tap position and
weather conditions for every half hour, by adding extira
codes, Thess informations can be ussd for opsrationsl
. plarning snd ensuring system seourity,.(The propossl seems
to be theoritically sound bdut its actual success in operstion
is yet to b8 reported),

5,4 A Mobile data recorder using Microwsve Transmission
Technique. _ .

A system -or reafiing tariff meter using microwave
comauniestisn technique has besn developed by M/e Sangamo
Electrie Company,U.3.4(15), It is ¥mown as *FURDAX' systes,
'PURDAX® stends for public uility reverws dats acquisition
system, A vehiele, equipped with microvave transreceiver and
a mini date recording unit ie uesd Iin this system for inter-
rogating meters £itted with matehing microvave transreceiver,
A the vehiele drives down the styeet, & fvave bemz of frequency
929als reiisted By ¥he tranmitting antenna sweeps along with
it. There 18 a misyowave receiver tuned to second harmonic
frequensy ef 929 mfis(i,e.,.1858aHs) in the vehicle, Eash metar
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CHAPTER 6

CONCLUSIONS AMD SUGGESTICNS FOR FURTHER WORK



Some interesting comlusions are drawn from the
review on the topie, At the smme time, expsrience of
laboratory werk alee is significant, wWith this in dack
ground scope of further work in the field could de brought
into light,

6.1 Conclusione

6.1,1 Review work

After a glance at the fast pace of development in
30112 state tariff meters, seversl features of the same can
be qualitatively put as follows: |

(1) High linserity and ecouwracy over a wide range of loads,
(11) Yery low minimue driving currvent
(111) Siightly affected by voltage, temperature and frequency
deviations.
{(iv) Unaffected Dy asymmetrical mains voltage condition
(v) Pioks up astive harmonic power with good asouracy
(vi) Vertiocally aligned mounting is not essential.
(vu)' Yery good long term gtability
(vii1) Seme meter ean de used for import and export records
with suitadle arrangements,

Review of the topic gives an impression that the
dwclomm is taking place towards complete removal of
conventional meters with sclid state types but at the sme
time steps are alsw being takem to improve the conventional
seter with use of #0lid state cwieu, ¥ore efforts are deing
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now consentrated towsrds the development of so0lid state
wattaetric transduoers for energy meamrement as wsll as
making prototypes of zeters for trial tests,

Afver going through the various methods of remote
sensing and monitoring 0f tariff data it seens that a
technically feasidle and scomomically viedle molution can be
made in this field, Experiences gained through several asystems
tried adwwad can be useful in formulating a suitadle systen
for Iniian sorditions

6412 Author's work

After carrying out the develoment of some solid
state tariff meters, possibilities of realising them with
their salient fsatures ave beoone quite clear t¢ the author,
The field of energymeter develorment can de broken up as

(a) ovolving wattmetric and VA transiucers
(V) making suitadle integrating system for the output
of these transiuvoers,

As observed by the guthor, the all compensated type Hall
multiplier can prove t0 De an sxcellent wattmetric transiucer
becanse of the following factsz (1) It 4is & 4 quadrant
mpltiplier vhich can be used for bYoth import and export of
energy.,(i1) Completely compensated for tempsrature variations,
(111) Voltage signal from a standard P,T(i,e,110V) need not

De reconditioned for applying to the Hall multiplier,

(4v) Multiplier is rebust and compact. Along with thess sdvanw
tages there are soms &mmerits also involved, Thess ean de
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put as 1ts high initial cost, and heavy weight, Altheugh

ite sise 15 met #0 Dig But whether it oan oompets with other
electronic eirsuits in 10 fora er rot, is an uneclved question
at present,

The VA transiucer tried is a simple analog multiplier.
Out of a1l the available multipliers this type is the cheapest
but also least acourats, But its acouracy can dbe consideradbly
inproved by a current rationing type multiplier based on the
sape prinodple(l2 ), which can e made in IC form,

Voltage to freguency converter maie is vory sixple
type with an excellent linearity over the working range,
Its range can be consfderably increased with respect to input
and output, i,e., for a mmall voltage range one can get wide
variation of frequency or vice versa,

The higher limit of frequency range is limited by
the faot that diechargs M supplied vy the mornostadle
should be atleast J tc 4 times more thant input current for
obtaining distinot output pulses. Sinilarly, the lower limit
is fixed Dy the fact that the input voltsge should de sufficient
to drive the charging current for the capacitor in the inte~
grator,

The energy meters Gaveloped can be used for polyphase
noamirmments also by using msore than one multiplier and smmming
the output of each threugh a svmming smplifier, A comson V-7
converter ean be designed for Swtegrating the amplifier output,
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It will be a sinulation of multielement conventionsl energy
meter vhere torques due to sach phane developed creates a

final toxque proportional to the total power consumed,

The Integrating type demand meter develoded is
based on the principle of counter comparison through gstes,
There 1s no need to have eleotronio 4displey of outputs here,
counters are only used for count gomparison which oan't de
done through a mechanioal counter,

Tag type meter made, centains all the reguired features
but do not have the demerits of the existing termel types as
shown balow}

(a) It vecords k¥A or kv demand as against only ocurrent
varistions recoxrded in therrmal type,

(v) Scale is linear whers as it is non linear for thermal
type.

(o) It is cheaper anl simpler than thcmsi type,

(4) It will rcduiro lessexr maintenance,

(e) vith tentalum slectrolytic capacitor it will give
higher stability of calidration than thermal type,

(2) It will impose a lower burden on the circuit,

Tue to cbove merite 1% can probadly be considerel as sn altere
native to the existing integrating type demand indicator which
are quite costly and requires more maintenance.

6.1.3 Possidilities of replacing the conventional meters
Comparison of cost/sccuracy charstteristies of
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conventional and 0114 state meters (Fig /-2 ) reveals that

at lower aceuracy limit letter can not compdte with the former,
‘WheSher the cest of J.ﬁr accuracy sblid state meters can be
brought down further or not is still an unsolved question, With
the fast growth of integratel oirouit technology there is smple
scope of reducing the cost for mass soale production, Posaibili~
ties of replacing conventional wmetes with 30114 state slternstiwen
depend on how efficiently it performa al)l the functions of
conventional meters as well as how much it improves the measure-
ment quality, Xeeping these two function in background initial
higher cost can de tolerated upto a compromising limis,

6.3 Suggestisms for Further Work

In order that avlid state meter developes faster
towards a superior alternative, researches in the following

fielde have to e oaxryied out,

(1) Signal Conditiening: Static meters are now svailadle
with m-:m;l current and voltage transformers for coniitioning
the signal to be handled dy a printed cirouit., Metering of tarifs
data is done both at the supplier's primary end as well as
consumer's prenises, In both cases there are possidilities of
a centralised metering, Instesd of generating the low level
signal at each meter, possibllities can be exauined of generating
it at the primary cirowit, In case of metaring at a cetral place
of a big modern pewer station the durden of cabling en the meter~
ing signal is consideradle, Thers is & solution of this prodlem
by putting the neter near the primery oircuit and using impulsed



or coded signals., Thers can d.a de an upleruj
posibilities of using 4,¢ analegue signals of Mu,.
for this purpose.

(11) Meter Housing! Puture solid state meters ean take
the shape of plug in printed eircuit cards housed in a box,
Insteal of eennscting ¥he meter with the eirouit through
vires it should be & modular system with plug in arrangemsents.
Although suffieient progress has taken place in the field of

modular instrumentation, it has to be applied in large scale
| to the field of tariff metering.

(114) Output Displey! Since all weaxing parts have deen
done away with in static meters, there should de a move to
replace the mechanical registers almo with a suitadle alter-
native, Long tine magmetic storage devices used in electronic
computers are too eostly to de incorporated in tariff meters.
But there .10 a soope for uesing data recording in megnetio
$apes which can be directly fed to the computer. There 1s a
school of thought that ene should not have eontinuous display
of counts in a tariff meter, In that cass readings can be
captured in a modular oounter as and when required, But this
thought does not contralict with the fact that meter readings
should remain unchanged with the power failure, Some further
work can be dond towards developing a data storage device
suitable for tariff meters,

L X2
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APPINDIX X3
Details 0f Qued 2~fnput 'NOR' GATE (7402)
| 2OP view

e

‘- D
17 L] o1 14 151

]

¥l
&

Recommended Operating condstions

Parsmeter Min, Typ. Max ., Units
Supply voltage 4,75 5.0 5.25 Yolt
Operating free air o
tenpersture range 0 25 70 c
Nommalized Fan output
Irom each output %0 U.L
Details of Quad 2-input 'AND?! CATE (4708)

‘ Veo
R F‘\'FP?& Fn"l lrsira
T T
SN A R Y ) A RN L:g
Recomend operating cenditions
L Linits
Parmeter Min Typ. Units
Supply voltage '“ 4,75 5.0 575 Volts
Operating free air
temperature range 0 25 70 %
Normalised Yan out
10 Ul

from each output N

1 UL, = 40ud Aigh/1,6mA Tow



APPERIIX 11X
Detalls of divide by 12 binary counter (7492)
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Recommenied Operating Conmiitions

Parmeter

-

Min

Limite

Typ.

Max.

Units

Supply voltage
Yoo

Operating free
air temp,.range

Nomalised Fan
out from easch
output N

width of Input
count pulse,
tp( in)

width of Reset
pulse

4,75

50

50

5.0

25

525

70

10

Volts

0.5
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Count

Cutput
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Readlings of kvh meter

AFPINIOX V¥

Losd Cutput of wWattmetric transiucer
Wr;"n' (A% unity p.f)
At €0rVoltage At 100sVoltege At 1205 Voltage
cWatts Volts cWatts Volts ¢Watts  Yolts -
1 2 3 4 5 6 7
5 4 0,10 5 0., 10 6 0,20
10 8 0,30 0  0,% 12 0,40
20 16 0,50 20 0,50 24 0,70
30 24 0.70 %0 0,80 56 0.90
40 32 0.90 40 1,00 48 1.20
50 40 .95 50 1,30 60 1.60
60 48 235 60 1.60 72 1.90
70 56 155 70 - 1.80 84 2,15
80 64 1.70 80 2,10 96 2.40
90 72 2,00 90 2,3% 108 2,70
100 80 2,15 100 2,60 120 5,00
110 o8 2,%0 110 2,90 132 3.40
120 96 2.60 120 .10 144 3.70
(4t 0.5 p.2 Lagging) |
5 2 0. 10 2,5 0,10 3 0,15
10 4 0.1 5 ' 0,20 6 0.%0
20 8 0.20 - 10 . 0430 12 0.40
50 12 0.30 15 0,0 18 0.50
40 16  0.40 20 0,55 24 0.70
© 80 20 0&90 25 * 0&65 ” 0.85
. 60 24 0.60 %0 . 0480 %6 0.95
10 28 0.70 35 0490 42 1.10
80 $2 0.90 40 1,00 48 1.20
90 36 1.00 45 1.20 54 1.40
100 40 4. 10 50 1.55% 60 1.50



APPINDIX IV

Readings of Y-F Converter

Yoltage Yrequency

S — e
0.25 2
0.5 3.8
1.0 | \ 7.5
1.5 10.8
2,0 14.8
2,5 19
.0 22
35 25,8
4,0 29
4.5 29

5.0 29




AFPINIOX ¥
Readings of Xvh meter

" " -

lomd Ousput of Watimetric transiucer
ouz;cnt (At unity p.f)

At 80gYoltage At 1005Voltage At 1205 Voltage
¢Vatts Volts cWatts Volts gluttt Yolts

NN

1 2 5 4 5 6 7

5 4 0.10 5 0. 10 6 0.20
10 o8 0.30 0 0,%0 12 0.40
20 16 0,50 20 0,50 24 0,70
%0 24 0,70 S0 0,80 %6 0,90
40 52 0,90 40 1,00 48 1,20
50 40 1.1% 50 1.30 60 ' 1,60
60 48 2,35 60 1,60 72 1.90
70 56 155 70 - 1.80 84 2,15
80 64 1.70 80 2,10 96 2.40
90 72 2,00 90 2,38 108 2,70
100 80 2,15 100 2,60 120 $,00
110 o8 2,50 110 2,90 132 3.40
120 96 2.60 120 3,10 144 3.70

(At 0.5 Dt I)B&@M)

5 2 0,10 2,% 0,10 3 0.18
10 4 0,13 5 * 0.20 6 0.30

. 20 8 0.20 10 . 0,30 12 0.40
%0 12 0,30 15 0,40 18 0.50
40 16 0,40 20 0,55 24 0.70
80 20 0.%0 25 ’ 0155 ’. 0.85
. 60 24 0,60 30 . 0,80 36 0.95
10 28 0.70 35 0,90 42 1,10
80 32 0.9 40 1,00 48 1.20
90 sé 1.00 45 1+20 54 1.40
100 40 1.10 50 1,55 60 1.5%0



APERNIIX V(CONTINUED)

1 2 3 4 s 6 7
110 44 1.20 55 1,45 66 1.70
120 48 1.30 60 . 1.60 72 1.80

5 2 0,08 2.5 - 0.2 3 0.2

10 4 0.15 5 0,3 6 0.4
20 8 0.10 10 0.4 12 0,5
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 0.7 %0 0.8
60 24 0.6 % . 0,8 36 0.9
70 28 047 35 . 049 42 1.1
80 32 0.8 40 1.0 48 1.3
90 36 0.9 45 1.15 54 14
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




AFPEIIIX - VI
Read ings of XVih meter

Load Output of YA transiucer with varying voltages
ourrent o .
¢ 80« 1005 1205

x!:;_h_ E‘u <X¥4 Volts LXVA Volts

5 4 0,40 & 0.5 6 0.6

20 1% 0.75 20 1,0 24 1.0
40 32 1,25 0 1.4 48 1,55
60 40 1,75 60 1.8 72 2,10
80 64 1,22 80 2,4 9% 2,60
© 400 80 2.5 100 2.9 120 3.10

120 96 30 120 5.4 144 3,70




APPINITX.VIX
Regdings of Lag YT demand indicator

M SRR N——

Time pA-Read ing
nte S — R
Type of Load .
Steady M&Cppad ‘ Peaak Stepped ruzn;
o - — and Lfallive
b 9 5.5 6 -
6 18,5 3.5 1.5 ]
2545 19 21 | T8
12 29 26 26 11
15 32.% 12 51 1
18 3¢ 54 30 21
21 59 J8 50 25
24 40 40 29,8 &
el 2.5 42 28 25,5

0 M 4 28 23

i -

L



AFPENIIX . VIXX
Theoritieal response of Lag type aannc. ind foater

Qutout o2 FagRiNg oirquit in Volte
e (kesping 4¥ «100y)
Type of Load
Stesdy Stepped Peak Stepped rising

1.5 - 0.22 0.22 -

5.0 0,82 0,41 0,414 -
‘.5 - OCSO ' OQN 0:08
6,0 t.47 1,15 1.15 0.16
] - 1,46 1,46 0,32
9,0 1.99 .73 1.73 0.46
10.5 - 1,98 1,98 0.67
. 92,0 2.41 2,20 2,20 0.86
135.9% - 2,40 2.40 1.15
15.0 272 2,57 2.57T 1.34
1605 - 2012 2,50 ' ‘06,
18,0 ?:99 2.87 2,40 1.89
19.5 - 2,99 2,38 2.03
21.0 3,20 3.10 2,36 2416
22,5 @ - $.20 2,32 2,18
2‘.0 ’Q" "29 2.28 2’”
5.5 - %36 2.24 2.14
27.0 3.49 Y43 2.20 2,08
28,% - %5.49 2,16 1,94

30.0 5.60 355 .12 1.81
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