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ABSTRACT

SR s e MWD A w W O A

Electronics is fast appgaringngery 1191@ of
engineering, and in fact of the human 1life. Testing of
integrating meters (energy meters) has also not been left
untouched by electronics. Considerable work has been dovne
by researchers in electronic testing of integrating meters,
and to some extent the same has been adopted by the manu-
facturers. The work done so far has been reviewed here
critically. To bring out clearly the advantages and limi-
tatiqna of electronic testing methods as also computer
testing, san account of the conventional methods has also

been included.

A testing scheme using digital electronic circuits
and another one based on the use of & microprocessor has
been developed by the author and successfully used for
teating inducltion type energy meters. Principles of these
achemes, as also the details of the hardware and software
(for the latter scheme only) are presented here. Conclu-
sions on the work done have been drawn and some s gpeations

for future work have been given at the end.
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CHAPTER ~ 1
IN PROIUCTION

1.1 Integrating Meter Testing

Integrating meters are the meters which measure
and register, either the total quantity of electricity in
ampere-~-hours, or the total amount of energy, in kilowatt-
hours, supplied to a circuit over a given period of time.
Whereas the former is a d.c. instrument, the latter is of
a.c. or d.c. type. Out of these meters, the s.c. energy
meter is the most widely used onel. As its single largest
application it is used for determining the energy consumed
by electricity consumers. As such the diéaertation is gined
at the testing of a.c. type integrating meters (energy meters)

only.

Because of the variation of voltage, frequency,
friction aend temperature the meters are pro%éto become ero-
neous> Integrating meter testing involves not only finding
the actual errors bdbut also includes the adjustments to bring

the meter within permissible 1limits of error. The adjust-

ments in the electromechanical (induction type) energy mete:a3
are done by
(1) a light-loed compensator either . in the form of a

non-magnetic, conducting plate in the main air gep
or in the form of # seperate shading coil on each
outer 1imd of the voltage magnet.

(11)  a shading device employed for the power factor or

quadrature'adjustment.



(111) a braking system by moving either the brake magnet
itself or a shading coil on it.

These three adjustments are carried out in a definite
order chosen so that each new setting has but little effect

on those preceding it.

Limits of error for various integrating meters have
been laid down in Indiaen Standard Speeification no. 722. The

scopes of various rarts of this standard are as follows -

(1) IS : 722 (Part II) - 1962 -~ Single-phase 2-wire
whoq.e-eurrént watthour meter.

(114) IS ¢ 722 (Part I11I) - 1966 . - Three-phase whole-
ourrent and transformer-operated meters, and single-
phase two-wire transformer-operated meters.

(1115 IS 722 (Part IV} -~ 1961 - Three-phase kilowatt
hour meters with maximum demand indjcator.

- (iv) Is . 722 (Parf V) - 1965 - Volt Ampere Hour meters
for restricted power factor range.

(v) IS { 722 (Part VI) - 1968 - Resctive volt Ampere

Hour meters.

As an example of the limits of error laid down in
these Standards, those for single-phase 2-wire whole~current

watthour meter are reproduced in Appendix A.

Three basic methods of error determination (discuss-

~ed at length in the following Chapters) are -



(1) Use of dials on the meter for checking against a
precission dial teasting instrument. ,
(i1) Comparison of the speed of the rotor of the meter
under test with that of a precission rotating sub-
standard meter. g
(111) Time check of the speed of the rotor of the meter
using suitable indicating instruments end a stop

watch.

out of these, the comparision method is most commonly
used as it eliminates the need for holding the loads on the

’

two meters constant.

Interest and attention of test engineer@ hﬁs shi fted
to electronic testing in the past fggﬁaecades., Electronic
testing, incorporating counting computation and display using
electronic cbmponents,-has higher potential of accuracy becsusge
of reduced share of human operator. Such testing may be done
by a number of methods. Most of the techniques used consist
of an application of analog principles end this results in

low resolution and noise contamination unless filtering is

uased.

More elaborate design consists of hybrid digital- |
analog systems, which involve rectification of pulses produced
by magnetic or optical transducer giving a train of pulses

with a freq. proportional to the angular velccity. Filtering
is still necessary.



Digital designa requiring only digital processing
have followed the previous ones. These designs involve the
measurement of ‘angular distance over a given time by count-
ing the number of uniformly spaced signals produced :t'rot;r
rotation of the meter disc. The count, being equivalent to
integration over a given time, gives angular velocity. Filter-
ing is not required but the designa are limited by the angular

resolution of the disc and slow sempling time.
1.2 Overview of the Dissertation

Chapter 2 of the dissertation dealas with conventional
testing of a.c. type integrating meters to have an idea of
the prevailing methods of testing. Testing of 3-phase meters,
reactive meters, kilowatt demand indicators, KVAh and KVA
demand indicators is briefly di scussed.‘ Chapter 3 reviews
electronic and computer methods of teasting. In Chapter 4
some new schemes incorporating varied amounts of automation
have been proposed. Chapter '5 is devoted to an electronic
test set-up which has been successfully designed and develop~-
ed by the author. Chapter 6 presents a novel method of
testing meters using a microprocessor. In the iast chapter
conclusions on the present work and suggestions for future

work are given.



CHAPTER - 2

CONVENTIONAL TESTING

Before going into details of electronic testing it
is essential to have an understanding of the conventional
methods of integrating meters! testings, Keeping this in view
prevailing methods of testing integrating meters have been
discussed in this Chapter, Advantages and diéadvantages
of those moethods have also been discussed in detail,

2.1, Scope of Heter Testing

The purpose of moter testing is the determination of
errors of supply meters under approved conditions and by
approved methods with a view to submitting these meters for
certification. This includes not only the actual testing of
the meters, but also the verification of the substandards
used 1in comnsction thereuith. The work of a testing station
is not, howsver, confined within these limits, Most supply
undertakings have in operation the systeme of charging that
necegsitate tho measurement of electrical quantities other
tnan kvh, and the instruments used for these mcasurements -
demand indicators, KVArh and KVA meters ~ must be checked

for accuracy,

2.2+ Range of Tests
A typlcal scheme of teaté'for a,.,C¢, encrgy meters

would consist of tegts =~



(a) at the loweat current at which the accuracy 1is

guaranteed (usually 5 percent of marked current),

(b) at one intermediate current,

(e) at the highest current at which the accuracy is
guaranteed;

(4) at marked current, 0.5 power factor lagging,

(e)  at the starting current (usually 0.5 percent of

marked current), to ensure that the meter will run
continuously at this current,

(£) at zero current, with 10 percent excess voltage
applied to the voltage circuit, to ensure that the

meter does not creep under theae conditions.

All the tests except (f) are carried out at mormal
voltage. Test (a), (b), (c) and (e) performed at unity power

factoro

2.3 Methods of Tegting
The three methods of test aspecified from which a

choice can be made are as given below.

Method A
Long-period dial tests, using substandard rotating
meters.
Method B .
{(a) Short time tests using substendard rotating
meters.

(b) one long period dial test.



Method C
(a) Tests by substandard indicating instruments
and time measurement |

(b) One long-period dial test

2.3.1 Long-Period Dial Tests

It is the most important test as whichever of the
three methods of testing is chosen, it cannot be dispensed
with. In this method the actual advance of the rpgister of
the meter is obsérved for the passage of a measured amount
of energy through it. Each of the four tests (a) - (d),
desdribed in Section 2.2, is carried out as a comparision
between the movement of the dials of the test meter and the
recorded rotations of the disc of the rotating substendard.
The two meters zre started simul taneousSly on the required
load and, after a suitable time interval, stopped simulta-
neously. The regulation of the duration of the teat load
to an exact number of # seconds is obtained by meana of a
flexible cord in the voltage circuit of the meter. A flash-
ing device actuated by a standard ciock is better for this
purpose than a stopwatch. The duration of the test must
correspond €0 not less than ten revolutions of the pointer

of the last (or lowest realing) dial.

Advantages -
(a) Complete elimination of errors due to starting

or stopping of the substandards or stop wetches.



(b) No need 2f any necessity for holding the load
absolutely constant.

(c) Complete verification of the accuracy of the meter
as an integrating instrument becanée the verification
of substandard meter is done by measuring energy in
terms of power and time, .

(d) Errors due to self heating can be determined by this
test. For this purpose,after the end of such a test,
short time test at full load is performed.

Di sadvantages _

(a) Large period of time required for a single test - and
thus for the complete aset of tests. |

(v) Not a suitable method if adjustments to the meters

' have to be made during testing. '

2.3.2 Short-time Test against Rotating Substandard

In this method energy corresponding to a stipulated
integral number of revolutions of the rotor of the test meter
1s measured by means of a substandard meter which registers
revolutions and fractions of a revoluticn of its moving

element.

Number of revolutions of the rotor of the test meter
is stipulated, and when the substandard meter registers in
rotor revolutions and fractions thereof, the advance of the
subatandard corresponding to the stipulated revolutions of
the test meter is calculated.



Let r = counted revolutions of the meter under test
R = counted revolutions of the substandard meter
ky = watthour consteant of the meter under test
K, = watthour constant of the substandard meter
R_ = revolutions of the substandard meter, if the
test meter was hundred percent accurate.

- ffsh- (since then R Ky = r k)

Percentage error is thus

Calculated revolutions - observed revolutions

Observed revolutions x 100

The test is‘nomally, carried out for between 5 and
100 complete revolutions of the disc of the test meter. As
the disc may make someé hundreds of revolutions for one revo-
lution of even the last dial of the meter, the time for this
test is of the order of two minutes, as compared with soﬁe-

thing of the order of an hour for a long-period dial test.

Advantages -
(a) The adjustments to the test meter and repetition of

the test are possible without an excesasive waste of

time.
(v) Avoidance of load holding,
(e) Elimination of errors due to starting and stopping,
(a) Constanqy‘of test load is not essential and hence

only one observer is required.
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Main éisadvantage of the test is that the short
period of the test at each load prevents the meter from

reachi'ng a stpady temperature at that load.

2.3.3, Tegt by substandard indicating Instruments and Time
Measuremont

In this method the actual ratio of speed to watts
is compared with that for which the gearing constant is suited.
The value of power in the test circuit, actual, or nominal at
a declared pressure, is measured by substandard indicating
" {nstruments, smd the accuracy of the performanc€ of the meter
is asseszed by the meagurement of time interval required for
a stip¥lated number of revolutions of the rotor of the meter.
- In the practical application of this method the time actually
required for the execution of a definite exact integral
nuniber of revoli{ztiona of the meter rotor with a stipulated
load is compared with the nominal time which corresponds "to

the gearing constant.

If watthour constant of the meter = kh ,then correct
tinme requii'ed in any condition is given as

Kh x revolutions x 3600
seconde =

volts x emperes

From this the time required for three different loais (at a
stipulated voltage) may be calculated. If the three observed

timings agree with their corresponding calculated (correct )

values the meter is correct.
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If the co.rect time is Tl and the oﬁserved time T
for N revolutions, the actual rotor spéed is W/T and the
correct spded is N/T,. The difference in these 3Deeds
expressed as a fraction of the correct speed is

N/T

The perceéntage error would then bde

Tl -7
X 100,

the meter being fast if T < T

If the errors are the same at the three test loads
these errors are merely of calibration, and either the in-
herent speed/load characteristic of the mefer may be altered
to suit the gearing constant or the gearing con'stant may be
altered to suit the actual characteristic.

Notable advantage of this method ig the superior
accuracy of standard wattmeters in comparision with rotating

standards.

Disadvaentages _

(a) Ceaseless vigilance is required to maintain the
load constant at its stipulated value during the
test.

(v) Careful regulation of the load throughout the test
period by an observer additional to the one who

| actually measures the time interval.
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2.4 Stroboscopic Testing

The stroboscopic method of testing is most useful
when large batches of metreseof similar rating are to be
handled and adjusted rapidly. A beam of 1ight is directed
perpendicularly at the edge of the disc of the aubatandﬁrd
meter (Fig. 2.1). This edg® has teeth which slternately
intercept and pass the beam. When the beam, is passing
through a space between teeth, it activates the photoelectric
cell whose output is amplified %o flash a neon lamp placed
near the disc of the’test meter. This disc is marked with
regularly spaced black spots. These spots eppear to atahd-
atill 1f the meter speeds are the aémo. as should be the caase
if both are accurate or have the same error and both have the
same watthour constant. If the metervspeed is too high, the
apparent motion of the disc will be forward at a rate corres-
ponding to the meter error relative to the substandard, and

vice-versa.

The adjustment of the test meter consists in setting
the position 6f the brake magnets mso that the disc appears to
be stationary. This method has been refined for the deter-
mination of actual meter errors by direct indication. The
- substandard is provided with a specially calibrated brake
magnet ad justing dev;ce, geared to a dial indicating devie-
tions from correct speed in percentages fast and slow. The
speed of the substandard is adjusteﬁ to exact coresspondence
with that of the test meter, and the error of this meter is
read off directly on the special dial. |
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Advantages
(a) Error is indicated at once.
(v) The method affords a means of adjusting the meter

during the run and thus substantially shortens the
time required for testing. ’
(ec) It also eliminates many opportunities for mistakes
in calibration and in recording the sign of the error.
(a) Measurements of the time intervals end perscnal error
incident thereto are avoided.
(e) The method is accurate as the setting of the brake
magnet is made with certainty.

One of the important limitations of the test is
that it is inherently suitable for test loads not less than
half the rated full load of the meter. At the lower : - .
loads the disc speeds are so small that this method becomes
unreliable or fails entirely to give its characteristic
phantom differential speed effedt. Some manufacturers have
edapted the method to low loed testing by temporarily sudbsti-
tuting, for the ordinary brake magnets of the substandard and
test meters, special low flux magnets which increase the

meter speeds tenfold.

2.5 Creep Test

Energy meters are tegted for creep with its current
circuit open and with 110 percent of thé rated voltege applied
to its voltage circuit under these conditions the dise of the

meter should not make more than one revolution.
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2.6 Low Power Factor Teasts

There may be difference between the errors of. an
a.c. meter at full rated VA at 0.5 power factor 'and at the
same watt load at unity power réctor. To check this a.c.
meters are tested at full rated VA and 0.5 power factor lagg-
ing. A tolerance of 10 percent is allowed in the power factor
for this test.

2.7 Verification of Substandards

Meter testing regulations require that all the
meters submitted for certification shall be determined by
substandard instruments which are themselves periodically
tested, either directly or findirectly. The approved apparatus
for any testing station is listed below:-

Standard Apparatus ° D.C. potentiometer, standard cells,
voltage dividers and resistance standards for current
measurenents.

Ship's chronometer or pendulum clock.

Substandard Apparatus . Indicating wattmeters, asmmeters,
voltmeters, rotating meters,

stcpwatchen or other timing devices.

Current, voltage and phase control apparatus.

Verification of substandards is briefly discussed dbelow -

2.7.1. Verification of Indicating Substandards ~
The verification of a subastendard indicaeting meter
consists essentially in comparing the true with the indicated
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values of the quantity purpoted to fhe measured by the
instrument _approximately at stipulated points of the scale.
There are two ways in which this comparision may be made.
First, the quentity to be measured mgy be adjusted to such
a value that the pointer of the instrument deflects exactly
to & position on the scale representing the value of the
quantity measured, its true value then being measured by the
standard potentiometer. Otherwise the value of the quantity
measured may be adjusted to be exactly equal to the nominal
value required by means of the potentiometer, and the actual

instrument reading in this condition observed.

'2.7.2. Verification of Time Substandards
Substandard stopwatches can be verified for sccuracy

very easily by a standard instrument with a seconds dial. A

. compariaién of the stopwatch reading with the advance of the
standard chronometer or clock over a period of 5 minutes
revegls any error of the order of the maximum of 0.15 per
cent, permissible with certainty. In preactice any stopwatch
exhibiting an error of more than 0.1 per cent, that is, an
actual error of 0.3 seconds in 5 minutes, is subjected for
examination and regulation. The indicested error of a stop-
watch is inclusive of the error of starting and stopping, and

this will vary with the observer.

If the standard clock is not fitted with a seconds
hand, stop watches must be tested by the counting of pendulum

swings. To make this tedious process convenient»and. less
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liable to error the standard clock is fitted with an optical
device. In this a shutter attached to the pendulum bob allows
a l}ght flash to pass from a lamp, through the operature in
the shutter, every time it reaches one extreme limit of its
swing. By means of a suitable mirror the indicating flash is
made visible at a test bench. The position of the lamp ia
required to be abcurately ad justed by trial, so that. the
flash is given at the extreme point of the travel. Any error
in this position will result ejther in no flash being obtained
or in the flash being doudble. After making the adjustment
once, the integrity of fhe flash is a very good indication of

correctness of swing of the standard clock.

2.7.3. Verifying Substandard Integrating Meters

As in two of the three approved methods of testing
the meters are teated by comparision with substandard integrat-
ing meters, these must itself be verified by indicating sub-
standards. Testing of substandard D.C.meters is similar to
that of ordinary supply meters using indicating instruments

and stopwatches.

A special technique, in addition to the testing by
indicating substandards is used for the testing of A.C. sub-
standard meters. In this the time during which a load of
meagsured power passes the meter is regulated antomo.tically by
a standard clock. The sutomatic time control is obtained
either by special contacts fitted to the 'scape' wheel shaft
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of the clotck or by light flashes received by a photo-electric
cell and transmitted electrically to an impulse relay. The
voltage circuit of the meter is closed and opened By a
contactor relay controlled indirectly by the clock, so that
the voltage circuit current of the meter flows during a time
interval which is exactly equal to a prescribed number of
seconds. The advance of the register in reveolutions and
fractions of a revolution of the moving element is compared
with the energy corresponding to the measured constant teat
power flowing for the time period controlled by the standard

clock.

This method of testing avoids two sources af.error:
tirat,—the inherent error of a stopwatch, and secondly, the
observers error in either starting and stopping the meter
in a dial advance test. |

2.8 Testing 3-Phase Meters

Every 3-phase meter muat be tested in 3-phase circuit.
Three-phase 4-wire meters may be tested in 3-wire eircuits
which supply the testing currents, in which caa§'thé total
power in the phantom test load can be measured either by two_
wattmeters or by a 2-element polyphase wattmeter, alternati-
vely, tests can be made by substandard 2-element meters. With
this method of testing 4-wire meters the common terminal of
the three voltage circuits is connected to the neutral of
the voltag® supply. The sedimenfary connections for testing
a 4-wire supply meter by a 3-wiréd subgtandard are shown in
Pig. 2.2.
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The technique of testing 3-phase meters by sub-
standard integrating meters, by either short or long-period
method, differs in no way from that of the testing of single
phase meters other than that of setting the test loads to
the required magnitude and to the balanced condi tion. whena,
however, 3-phase meters are teated by mesns of indicating
substandards, the maintenance of a steady load during tesi-
ing i1s not so straight forward. If the power in the phantom
3-phase test load is measured by a single polyphase substandard
wattmeter, small adjustments can be made to one of the three
variable loading resistances to maintain the required indica-
tion of the wattmeter, as thea® small adjustments do not cause
sensible departure from the balanced condition of the load.
If, however, the total power in the phantom locad is measured
by two subastandard wattmetera it is by no means easy to main-
tain an sbsolutely constant value of this total power dy
adjustment of a loading resistance, if the supply voltage is
not quite asteady, becguse with a atar connected load, such
ad justment will alter the power indicated by each wattmeder.
It is practically impossible to maintain a 3-phase test load,
supplied by a varying voltage, at an gbsolutely constant
value by adjustment if the total power is indicated by two
wattmeters, because one observer cannot keep the indications

of wattmeters under continual observation.
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In addition to the usuel tests with a balanced load,
every polyphase meter must be tested for balance of elements.
In such a test both voltage circuits are tested in the normal
way and full load current is passed through each eiement in
turn. These tests are carried out at power factors of unity
and 0.5 lageging, thd later power factor being subject to a
tolerance of 10 per cent. It is to be noted that, in the
balance test, unity end 0.5 power factors refer to the single-
phase load actually producing torque in the meter when a star
connected test load is used, the balence test is conveniently
carried out with one line supply to the load interrupted, as
gshown in Fig. 2.3.

2.9 Testing Reactive Meters

As the only meters requiring certification are those
which register kwh, there is no officially epproved procedure
for testing the accuracy of a meter which either registers
KVArh or which is a component of o meter registering KVAh. If
substandard instruments indicating 3~phase VAr were availedble,
the testing of reactive meters would be similar to the teat-
ing of 3-phase energy moterd. A polyphase substandard watt-
meter or Wh meter can be made to indicate 3-phase VAr by
supplying its voltage circuits from a bank of two voltage

transformers arranged in open deltaﬁ.

The normal tests of a reactive meter are carried out
at gzero power factor when the VAr equal to the VA, In addi-
tion, the behaviour of the meter with rated VA unity power
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factor and gero VAYr is observed and a test is made with an
intermediate lagging power factor. The test for balence of
the elements of a polyphase réactive meter is made with normal

voltage excitation and with current in each element aingly.

If there are no means available for the measurement
of VAr or VArh directly by substandard instruments, indirect
methods are used. A straightforward indirect method of
obtaining 3-phase VAr is to obtain the watts by actual
measurement and VAr from ammeter and voltmeter readings.
This method is camberscmoland undegirable as it involves
simul taneous readings of three ammeters, three voltmeters
and one or two'waxtmeteré, togeth2r with an awkward calcula-
tion. Moreover, this method is only fundgmentally accurate
with a balanced load, but the error with small unbalance is

practically negligible.

Another indirect method of obtaining the VAr
measure of a balanced 3-phase test load is from the readings
of two single~phase wattmeters used to measure the power.

/3 times the difference of these readings will give the 3-
phase er'if both currents and voltages are accurately
balanced. The disadvantage of this method is that the accu-
racy of the VAr measure so obtéined depends so much upon the

balance of the currents and voltages.

Third method involves the ust of a phase - shifting
transformer. The VAr value ‘is obtained indirectly from the

reading of a substandard wattmeter. The reactive meter to be
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tested is connected in an oxrdinary 3-phase doudble circuit,
which the voltage supply is derived from the secondary circuit
of a phase-shifting transformer. A polyphase substandeard

meter is included in the circuit.

Neither of these three indirect methods can be consi-~
dered as anything more than a-mak,eshitt. The only satisfactory
way to test a reactive meter is by reactive subastandards, and
the most satisfactory available gubgtandards for this purpose
are ordinary substandard wattmeters or integrating meters
used with substandard voltage cCompensators. The accuracy of
such substandards will, of course, depend upon exactness of
balance of the supply voltages, and if unbalance errors of
the substandaerds are similar in magnitude and phase to those
caused by voltage unbalance in the reactive meter, the tesat
will indicate the accuracy of the meter in balanced vol tage
conditions. No test of a reactive meter can be considered
conclusive till single-phase internally compensated reactive
subastandards are available of an accuracy at stendard frequency,

comparable with that »f a subgtandard wattmeter.

2.10 Testing Kilowatt Demand Indicators

The accuracy- of the Merz demand 1ndicé1:or, provided
the asgociated meter ig free from error, will depend upon
the accuracy of the gearing ratio -contmlling the advancement
of the pointer and the accuracy of the avegaging periods.

When the averaging periods are controlled by an external time

\
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switch, this switch can be checked for accuracy seperately,

and the accuracy of the demand indicator gearing can be tested
by & procedure similar to a long-périod dial test. The corres-
ponding advances of the sub-standard meter will give the true
valnes of the average power correéponding. The tests should
be conduct@d at full load and about one~guarter of full load.
When the averagilng periods are controlled by a self-contained
clock, the substandard meter reading must be observed at the
commencement of each averaging period and the time durations
of these periods simultaneously measured. The true average

KW {n this casgse will be obtained from the substandard aivences

and the observed times.

2.11 Testing KVAR Meter and KVA Demand Indicators

These instruments are of four classes . Kwh and
KVArh combinations with a seperate KVAh moehanim,' phase-
comj)ensated Xwh meters, current-operated instruments with
voltage compensation and KWh meters with fixed phase compen-

sation which are accurate at one power factor only.

The first steps in testing an instrument of the first
clasa are to test the Kwh and KVArh components seperately by
the methods which have already been describded. The KVAR
register and KVA demand indicator should then de tested by
methods corresponding to a long-period dial t;at and to an
- ordinary KW demand indicator test at KVA loads of various
power factors. The method of testing will, provided the KVA
load be known, follow the standard procedure, dut it is
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difficult to measure the KVA value of a 3-phase test load
over a range of power factors, one method of doing this is
{1lustrated by the schematic diagram (Pig. 2.4). The KVA ~
instrument is tested without its current transformers, a;\

a S-Ampere instrument. This meter, together with a sub=-
standard 3-phase watthour meter. and a substandard polyphase
wattmeter, carries the current of a non-inductive test load.
The substandard watthour meter voltage circuits are in para-
llel with this load, those of the KVAh meter and the poly-
phase wattmeter are energised from the secondary of a phase~
shifting transformer. The magnitude of the voltages applied
to the KVAh meter is aljusted by the voltage regulator to be
exactly equal to those applied to the substandard watthour
meter, this equality being indicated by the voltmeters V, and
Vz. In thig eircuit the phantom volt-amperes in the KVAh
instrument and in the polyrhase wattmeter are the same as the
actual volt-amperes in the substandard watthour meter, and,
as the load of the circuit containing this latter meter is
non-inductive, the rate of advence of the substandard meter
will correspond to the KVA in the phantom load for 211 values
of the power factor of this load. Thus, setting the rotor
of the phase~shifting transformer to give the desired vealues
of power factor of the phantom load in the KVAh meter, the
advance of the KVAh register or of the KVA indicator should
correspond to the advance of the subgtandard watthour meter.

The pdlyphasze substandard wattmeter is used to obtain the
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position of the phase-shifter rotor corresponding to zero power
factor, indicated by cero reading of the watimeter. Thereafter
the moveble pointer of the phase-shifting transformer is s8¢
**tolﬁé degrees in the usual way. The power factor of the phan-
tom idad in the EVAR meter will thereafter he directly indi-
cated on the power factor scale of the transformer'K?Ah.meters
should be tested at‘zgro and unity power factors and two or
three intermediate power factors which should not, preferably,
correspond to phase angles which are an exact submultiple of

90 degrees.

The foregoing method of testing is defective, in
that it does not follow the standard and most desirable
practice of testing supply meters and associated current tranas-
formers as a single measuring unit. But this is overweighed
by the convenience of cbtaining a direct measure of the KVAh,
as compared to the indirect methods, in the phantom test load
by means of 3-phase substandard meter. The only adjustment
~to be quevduring teatas of the KVAh register and KVA {ndi-
cator 18 that of maintaining voltages Vl snd V2 exaotly equal.

The above mentioned method of testing 13 immediately
appliceble to KVAh meters with automatic phase compensation,
the meter first being tested as a standard 3-phase energy
meter in the usual way without its auxiliary relay and
voltage dividing resistances, and at its normal voltage.

KVA demand indicators, which consist of a watthour
meter with fixed phase compensation, can also be tested dy
the method Jjust described at the nominal p.f. at which they



ar$ correct. This p.f. cen be set by the PST, and it can be
checked by comparing it with the ratio of the wattmeter read-
ing to the maxiwum reading which cen be obtained by phase
adjustment of the voltage. The meter should then be teated.
with the phase of the voltage shifted 10 degrees on each side
of the position cofresponding to the average p.f. to verify
that, in each of thege positions, a slow error of about 5 per-

cent is obtained.

Three phase KVA demand indicators containing three
current operated electromagnetic elements should be tegted
for balance at two or three loads, the voltage-compénsating
circuits being excited, and current, of a phase corresponding
to balanced load conditions, being passed through each ele-
ment in turn. The speed of the rotor should be the sgme for
the same current in each element, but there is no definite
relation between speed and current. Thereafter the meter
will be tested as a 3-phase KVA demand indicator at selected
points of the scale at constant 3-phase loads corresponding.
The test at rated full load may be carried out at three or
four values of p.f. and at unity p.f. with vélues of the
spplied voltage 10 percent above and below the rated value

to check the geccuracy of the voltage compensation.
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CHAFTER=3

ELECTRONIC AND COMPUTER TESTING

%.1. FLECTRGVIC TESTING

In the field of meter testing electronics has been
introduced for carrying out objectivevmeaaurﬁments. There are,
for exemple, crystal clocks; photoelectric scanning equipment,
wvhich has come into general use, and electronic counters for
comting the revolutions of meter discs or the pulses of

calibrating meters.

3.1.1. Stroboscopic end Counter Method

This method hes been discussed by M.L. Done? emd
AJ, Bagott®. In this method, chown diagremetically in Fig.3.1,
a rotating substandard {s fitted with a pick=off device, either
of photoelectric or inductive pattern arranged to give either
200 or 400 impulses per revolution of the disc. The output is
amplified and switched to either a strobe lamp fitted with a
flash tube or else, through dividing eircuits to a series of

counters, one for each meter.

The rotor of the meter umder test is impressed with
markings which are erithmetically identical to the subdivisions
on the disc of the rotary substanderd and under thqbcticn of
the stroboscope an indication of the performance of the test
meter ic given,On low loads stroboscopic method can not be

used and here, and also, for obtaining actual figures on higher
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loads, the counters are used as timdrs, The speed of the PSS
meter and the division factors 8re so arrenged that the counters
record 1000 for an integral number of revolutions of the test
meter, enabling the error to be read directly to the nearest
0.1%. The counters normally started and stopped menually could
be operated automatically.

3.1.2. Calibration and Repair Bench

ML, Dmes has discussed a testing, ‘repai,r ané cslibra-~
tion bench which can accept twu'batches of meters, fifteen each,
with calibration facilities capable of belng trariaferreﬁ from
one batch to the other., In operation,one batch is being repaired
while the other is being celibrated, the cslibration facilities
are then transferred to the first batch while the other is
moved ot for dial test end & new batch put up and vrepaired.

31434 Automatic Load Holding Facility

Anpther device given by M.L. D:me5 is an extension
to a conventional test set whereby the total 10ad on the meters
under test is controlled to alpredetermined. level on an inte~-
grated energy basis. Stop watches may then be used to time meters

in the normal way.

3+1+4, POJER TIME METHOD FOR PRECISION METERS

A system particularly suiteble for the calibration and
testing of precision watt hour meters as well as precisim

standard watt meters, single and three phase, has been deseribed
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by J. Pewlat?, It functions by the power-time method. With

the use of self- balancing comparators for the pover measure-
ment end an electronic controller of original design, an accu-
racy and etaﬁility of the power control of better them * 0.0SZ
is obtained. The development described in this paper aims
firstly at eliminating the necessity for the potenticmeter

and manuel regulation of the d‘.c. control and, secondly, auto-
métically to control the a.c. (power), (e of the mein advantage
claimed by eliminating the potentiometer with fits manual con=
trol is the reduction of the response time from about 4 seconds
to 200 miliseconds.

3.2, AUTOMATIC METER TESTING

The automation of meter testing is a subject which
hag aroused considerable interest in recent years and & number
of papers has appeared in literatureon installations whichv
involved autcmét;lm in various degrees,

32,14 Automatic watthour Meter Test Equipment Controlled by
Electronic Computer

This test equimment wvas developed by Japan Electrie

Meters Inspection (':o:»pora‘t,,1cm,8

» It can test 60 meters per houwr
with an accuwracy within * 0,2%, The equipment consists of
meter desks, electronic computer, & controller, power supplies
end a control panel, The errors of the meters are measured by
comparing the apeed' of their discs with that of a precision

rotating standard, and then calculated and printed automatically
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according to the comimter progrem. iffhe comparison of speed is
cerriedout by counting the standerd pulses from the precision
rotating stendard by means of a2 comting system shown in Fig.3.2.
n receiving the *' stert ' signel, gate G s opened end counter
starto. Yhenever, one or more signals of the meter come to the
'OR' circuit, &ts output signal is synchronised with the front
edge of the standard pulse through the ' AND ' circuit and sent
to the computer as the ' Interruption ' signal. The computer
calculates the error and registers it. A definite count is preset
so that the last bit ( 14th bit) of the counter means the

‘stop ' signal. The count preset is determined keeping certain

consideration in view,

(11 ) Comments : The measuring accurscy of the equipment is

determined by the following :

()  Cowunting accuracy,
(b) - The accuracy due to the fluctuation in one revolution.
- of the stendard,
(c)  Variation in the power supplies emd embient conditions.

Efficiency is determined by the timec taken for self
heating which is more than 30 minutes.:
Advantages ¢+ The adventeges which meke the equipment economical,

relieble emd easy to meintain are :
(a) Saving of detectors amd their change~ over cwitches
by ueing the horizontal driven detecting device.

(v) Saving of cownters by using computer counting system.
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3.242+ Computer Controlled Automatic Testing - ‘

D.F. Isshtong proposed that automatic meter testing cen
be employed which will assist the testing staff. This may be
controlled through a testing eycle based on elther method B
or C (described in section 2,3.) by 8 digital computer which
will also handle stores records and meter documentation, inclu~
ding production of the certification sheet entry. Figure 3,3,
chows how the test operators work in conjunction with the
computer controlled test bench. This system based on & work
study, shows that two operators could handle 86,000 meter per
eannum and that in testing time of 10 minutes ( stetutory time
for methods B or C ) each operator could perform the menual
tasks for eight meters. A layout for an auntométic test bench
wvhich will realise this productivity has also been suggested by
the author. Batches of four meters only are loaded alternatively
‘mto two moving belts which carry the meters through the siages
of meter warm up, automatic load testing and compuder supervised.
The control console would have a purpose built keyboard arranged
to agsist the operator in correctly inputting the camputer data
in shortest possidle time., The programming of the computer would
be arranged to indicate to the operators what their next func-
tion should be i.e, load meter to indicated position, teke dial
reading, ete., etc. The operators would remain in overall control
by failing to perform the‘ next indiceted step. At this point,
testing would continue on those meters a.t present on the test

cycle but the bench would not advance to the next operation and
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would revert to a standby condition of meter warm«up until the

missing operation hadbeen completed,

After 81l testing hes been campleted, the coamputer
indicates whether the meter is satisfactory or not. Meters
succeassfully passing all the tests will then be sealed end will
be returned to stores. Meters falling test will not be sealed
and will bve returned to the calibration section alongwith a
print out of the full test results.

2.2+%. Automatic Test Equipment \
6)

An installation at Bexleyheath  comprises two duplicate
test equipments, or precalibrators which can be operated indepen-
dently to feed four dial test benches each cerrying 60'meteré

in single rows (Fig.3.4). The precalibrators contain normel

power wnits, control and monitoring instruments appropriate

for testing a single meter. Before the test cycle can commence

a quick set adjustable probe is adjusted to the disc of the meter

under test to obtain information and control the test programme.

The suppiies to both meters are provided conventionally
except that fowr separate outputs, solenoid controlled, permit
the pre~-get loads to be applled to both meters in series aecofd-
ing to the selected programme. The rotating standard meter is
fed fla variable ratio current and voltage transformers adjusted
so that its speed 15 equal to the theoretical cpeed of the test
meter.

The test cycle is programmed by the meter under test,
controlling the lpad changes and error determination. An output
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signal for each revolution is teken from the meter disc, each
signal representing a definite stage in the testing programme
either starting or stopping the registering counters or advan~-
cing the programmes so allowing comparison at each of the four

" loads.

The standard ineter. wvith whose speed the speed of the
tegtmeter 1is camparad,is fitted with a photo~elecetric trans-
ducer and providea for a gcoumt of 1000 impulses if the meter
under test is errorwi‘ree. Devietions fram this count represent
errors in wnite of 0,1%. The ecownt is displayed separately for

each load and percentage error for each is printed out.

The signel output from the standard meter, after ampli~
fication, is fed to four separate dectde counters giving a
four figure display for each load. A parallel entry printer
is used to record the meter errors and its prints out the diff-

erence between thesignel count and 1000.

The printer tekes ite informatiom from the counter sys-
tems via a sign and error detector. Print out is at the end of

the programme eycle when the four load cownts are displayed,

The equipment hes built in facilities for reducing
the number of loads taken s0 that if a detailed investigetion
8t cne load is needed repetitive chécking at this loaed cen
teke place. For stability and other 1nvest1gat£me this is &
useful wvay to obtain vitel information,
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3.2.4, Pully Automatic Meter Testing System
E.F. Heerrdle‘d has described a ’ﬁﬁlly automatic meter
"~ testing system which -

1)  can test upto 40 meters simulteneously and fully
automatically, |

2) works with test records in the form of pumched cards,

3) end produces the meter records necessary for adminis~

tration, so that manual punching is no longer necessary

and the meter records are kept automatiecally,

The test arrangement consists of the meter installation
ag such, the electronic eontrol equipment, the recording and
processing apparatus for the measwred data, the punched tape
output. The meter tést mstallstipn is conventional in prineiple.
The electronic control sssembly consists mainly of the Americem
Packard Bell 250 computer instructims to be followed and the
operands necessary for the computing are stored in a single
store., The store consists of a numbey of magxetngtriotive cun-
ductors, in which the information is propogated in the form of
8 pulse train of torsions of the wire. At the two ends of |
each vire there is a write out coll and a reading coil to trans-
form electric pulses into torsion pulses and to perform reverse

tranaformation respectively.

A special electronic device records the measuring data
ooming from the test equipment in the form of pulses and
. processes them in swh a way that they can be taken over by

the stores in the camputer.
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The method of measurement used is an energy comperison
methoda If the meter is correct}the nunber of pulses counted in

en electronic counter are equal to the rated value,

While the first group comprising 20 meters is tested, the
20 meters of the second group a:ré pi-ehea%éd in their suspension
. fremess This is followed by no~load end half-lead tests .Meanmwhile
the photoelectﬂc scanning heads~ one for each meter aré 'adjmated
to the sensitivity needed for reading the Amarks o the meter
head., When the maximum sensitivity of these heads has been ad~
Justed the computer starts the precision test to wterrogate . ’
continuously the ecalidbrating meter aswell ag the meters under .

teat,

33+ COMMENTS ON STROBOSCOPIC TESTING

Stroboscopic methods have the advantege of giving an
instanteneous indication of the disec speed and may be used with

en wmodified meter since the normal disc markings suffice.

These methods can easily be used for calibration p\h-pose.
The use of these methods for the calibration of high loads
reduces celibration time while providing the requiaite accuracy
at these loads. It 1s, however, wnsuitable for low load calibra«~
tion, To cope with the diverse range of meters encountered in
Area Bopard Test Rooms, precisimm current and voltage trensfor-
mers emd pulse test division techniques will extend the renge
of the method. |



- However, there are complainte that atrubéscopic testing
causea'oye- strein and operator fatigue, end to avoid these
complaeints 2 cathode ray tube display hes been developed. Pulses
derived fran markings on the dise of the rotating aubstmdai-d
ere filtercd to produce a amuaoidal WAVE o 'rmu 1o used to
produce & circular trace on & C.R.T. Pulges from the disc of the
test meter intensity modulete the trace giving o dashed pattern
on the cirele. If the test ﬁater disc is rotating st the some
opeed ao the rotating substenderd disc then the pottern is
stationery. This method is favoured by one particular manufac-
turer vhere the test meter pulses sre obtained fronm en opticel
dotector vorking en the gerrated disec édge, In thie schemo the
CHR.T, has nov been replaced with & ving of 1light enitting
diodes for greeter reliability,
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CHAPTER~4

NIW_SCHEMES POR AUTOMATIC TESTING

In this Chapter author h&s proposed & few schemes for
meter testing incorporating auntomation in verious degrees.
The advantages and limitations of each scheme have also been
dealt with. 7 :

Generation of pulses from the meters is achieved by
placing wniformly spaced marks on the meter discs end using
photo devices. This anpect has Been dfiscussed at 1ength‘in the
next chapter.

4.1, MANUAL START AND STOP (F%.44)

The pulses obtained from the substandard and test
meters are cownted by electronic counters over & fixed period
of time. Computation of error from the two countis is done
manuelly. The meters which are started manually, are also
stopped in the same menner after the pré&aterminsd.time hagp

elapsed.

Thies scheme, &s also the following schemes, involving
electronic counting eliminate the error in reading and record-
ing of number of revolutions by the humen operator{s). As the
nunber of revolutions of the meters for a fixed period of time
may at meny times not be an integral numbdber, humen operator is
unlikely to reaed it accurately. Also different operztors may

read the same amount as different ones.
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4.2, MANUAL START AND AUTO STOP

In this scheme pulses froam test meter are cowmnted
corresponding to & prefixed ( say 100) number of pulges from
the subatenderd meter. The two meters are started manuelly and
- at the seme time flip=-flop is * set ' externally (Fig.4.2).

Setting the flip~flop enabiée two 'AND' gates and the pulses
| from two meters start accummlating in the cownters C, and CB’
As soon as the counter C, registers 100 pulses not only the
counter C, but also the flip-~flop gets "reset " Raaettiné of
flip=~flop in turn disables the 'AND’ gates to prevent further
entry of pulses to the comters, Error in magitude and sign
15 then computed manuaily. Whereas the resetting of counter Ca
by the last pulse mekes it ready for the mext cyele, countér
Cp should be manuelly ' reset ' to zero before commencing the

next cyecle,

This scheme has the advantage of sutomatic extinction

of counting of pulses.

4.3, ANALOG ERROR COMPUTATI(N

The basic philosphy of this scheme is similar to that
of the laat one but it incorporates one mnre'degree of auto~
mation. Here the error is computed by analog circuits. The
complete costing scheme 18 shown schematicelly in Figz.4.3.
The digitel count Cp i8 converted to & proportiemal analog
voltage by using D/A converter. A voltage equivalent to 100
pulses of the substandard meter is generated. The two voltages
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are fed to an analog sudbstractor and the difference ( error )
is displayed on & moving coil meter. As the error may be of
either polarity, the meter required is & centre-zero meter,
Obviously, for thé next eycle counter Cp will have to be reset

to zero.

This scheme reduces the involvement of hunan operator
by one more degree 8s the error is nov computed 'qy analog cir~
cuits. Accuracy of the system depends on the apcurscy of the
D/A converter and the sccuracy with which the voltage proportien-
al to 100 pulses of the substendard meter is generated.

4.4, DIGITAL ERROR COMPUTATION USING SUBSTRACTCR AND COMPARATCR

The pulses obteined from the substandaré mete_r A anéd
test meter B are counted. These counts are then ccompared in
a digital cdmparator » Three distinet outputs for the three
possible conditions are evailable from the comparator. These
outputs are used to drive polarity indicators as well as to
give conmand to 8 digital substractor to perform substraction
if the two counts are wnequal, and to carry no operation in

case the two counts are same (Fif. 4'4)

445+ DIGITAL FRROR COMPUTATION WITH NEGATIVE AND POSITIVE FRROR
DISPLAYS
Unlike 'the other schemes discussed so far in this
Chapter the markings on the two meters are not identicel.
The substandard meter is marked to pgive pulses ( 8 in Fig.4.5.)i

1000 in number or its multiple for a fixed number of revolutions
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of 1ts disc. The test meter pulses (B) are divided using
dividers to give one pulse, C, for the seame number of revo-
lutions, AND~1 gate rem2ing enzbled during the high state of
pulee C and allows the pulses from the substandard meter to be
counted and digitally di9played. If the test meter speed is
emaller than that of the substandard, the reading of comnter
is the error ( negative), In case the speed of the test meter
is pgreater than the speed of the substandard meter the count
will have to be substracted from 1000 to give error, To perform
this function 2dditional pulses from a clock ere added to the
cownter C, to make the count 1000, These clock pulses, also
alloved to be accumulated in eownter Ch, are &1gi£ally dig-
played to give the positive error. The addition of pulses is
performed during the subsequent low time of the pulse train
C. 45 soon &s the cownt in cownter C, becomes 1000 negative
error display gives zero feadipg and the cArry resets a flip-
flop to disable AND-2 gate to étopr" the feeding of any more
pulse to the two counters automatically.'Not' gate keeps the
AND-2 gate disabled dwring hipgh times qf pulse C. For the
next cycle the cownters are required ts be 'reset ' to zero

and the flip-fiop need be set.

This scheme eliminates the error in reading analog

meter by the humen operator.

4.6+ DIGITAL FRROR COMPUTATION WITH FRROR AND POLAPITY DISPLAYS

This scheme has been practically realized by the author
and is shown in block schematic form in Fig.4.6, Detaile of the
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scheme ere discussed in the next chapter.

This scheme has a common display for the magnitude of
errbr ( for posltive end negative errors ) and separate

indication for polarity of the error.

4.7. MICROPROCESSOR BASED TESTING

In this scheme author proposes the use of micro-
processor for the te'stihg. While a fixed number of pulses from
the substandard meter are counted by a hardwére cownter, the
actusl corresponding number of pulses from test meter are
cowted in the microprocessors. The error in magnitude and sign
both, is then computed by the software of the micrn(pitoce~'ss.or.

Thié scheme has been discussed at length in Chapter~6.
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CHAPTER-5

A DIGITAL SCHEME DEVELOI’ED FOR AUTOMATIC TESTING

From the various schemes discussed in the preceding
chepter, the author hes chosen the ome described in section 4.5
for practical implementation. The scheme adopted is fully auto-
métic one with inevitable manual start and ensutomatic stop.
Digital circuits have been chosen for the computation and dis-
play of error. Compared to the analog circuits, the digital
circuits have greater resolution, better accuracy, lower sus~
ceptibility to noise, &nd aveold parallex and other errors in

reading.,

5¢1. PRINCIFLE OF TESTING

The basie principle of the testing scheme is shown in
‘flow-diagrem’ form in Fig.5.1. Pulses from the substandard
meter (A) are counted during ‘high' stete of the test meter pul~
ses (C). If the substandard meter pulse coumt is equal to 1000,
the test meter does not have any error, relaiive to the substandard
meter, The difference of actual pulse count from 1000 represents
the magnitude of the error in the wnits of 0.1%, In case the
pulse cownt is greater than 1000, pulses after 1000th pulse are
comnted and displayed and at the same time negative polarity
of the error is also indicated, However, if the pulses ere less
then 1000 in count, extra pulses from sn external clock are fed
to make the count 1000, These extra pulses which‘reﬁresent the

magnitude of the error in this case are counted and displayed.
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Provision for positive polarity indication of the error has also

been incorporated.

5.2. ELEMENTS OF TESTING SCHEME

The design of an accurate measurement circuit requires a
systematic appraisel of the complete system consisting of primary
stimulus ( the physical quantity to be measured), the transducer
(used to convert the primery stimulus into &n electrical signal)
end the signal conditioner ( used to make the transducer output

aprropriate for the following stage )".

5¢20ts Primagx Stimulus

Ag the speeds of the two induction discs are to be com-

pared, the primary stimulus here is angular speed.

5.2.2. frensducer Assembly

The transducer consists of light sowrce and phototransistor
(ACP 132). Light from two sources is focussed on the edges of the
two discs which are marked in a specific manner ... The substendard
meter circumference is divided into hundred equal parts end of |
these élternate ones are pointed by black water-based paint.
The suﬁstandard meter disc edgp is painted black except for one
part ( equel to that of the test meter). The reflected light from
the discs is focussed 'using doublne convex lenses on two photo-
traﬁsistors. Whenever there is painted portion in line of inei-
dent 1ight, there will be no reflection of 1ight from the disc
on to the phototrarisistor and hence it remains ‘off ‘. tﬁpamted

or bare portion of the disc reflects light to cause an increase



in the collector current. Thus mechemical rotation of the discs
is treansduced into electrical pulses 50 per revolution of the
substéndard meter disc and 1 per revolution of the test meter
disc. |

L4

5.2.3. Signal Conditioners

(a) Amplitier:

Ag the pulses obtained from the phototrinsistor are of

~ very low magnitude, they have to be amplified (Fig.5.2). This

has been performed by using an operationsl emplifier- IC 741. The
cunnectiuna”hre shown in F&g.5¢4'“b Because the phototransistor
is located at some distence from the succeeding stege (emplifier),
induced pick-up in long lesds and unavoidable groum& loops givel
r;ee to signais vhich are many times greater then the traneducer
output signel, In an attempt to minimize the wmwanted signals.
shielded wires and proper earthing have beén used to correect the
trensducer to the emplifier.

(b) Zero-crossing Detector'

Because of the switching time the phototransistor givee
8 slowly verying output voltege.To convert'this slowly verying
voltage into an output having an abrupt waveform, occuring ‘at
a precige voltage ( zerohere), & zero crossing detector is used
(F18.5.2) .

5¢3s WORKING OF TESTING SCHEﬁE

The testing has been performed for 20 revolutione of the
test meter. Asg shown in fig.5.2 pulses from the test meter (B)
are divided by 40-using IC 7490 followed by IC 7493 in divide by
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10 and divide by 4 mode respectively -~ to give one pulse for

20 revolutions of the test meter. During & * high ' time of the
pulse train C, AND-1 gate remains enabled and allows the pulses
from the substendard meter to pass through it. If the substendard
meter pulses are more than 1000, 1000th pulse sets flip-flop=-1,
wvhich in turn enables AND-2 gate eénd disables AND=-3 gate, Output
pulses of AND-1 gate one now ecownted with the help of two cascaded
decade counters'> ( as the error 1s‘gpnera11y in the wmits of few
percents), Pulse cownt is decoded using IC 7447 and the count
(error) is displayed on 7-segment LED . To avoid the flickering
display, latehes ( IC 7475 ) are used as tempérary storage between
the counters and decoders/drivers. Informeation present at its
input is trensferred to its output when the clock ie ' high * and
the output follows the data input as long as the elock remains
‘high ', When the clock goes ® 1low ', the information ( that‘was
present at the input at the time of transition) is reteined at its
output mntil the clock is permitted to go.high. The first pulse
after 1000th sets flip-flop-2 to drive & LED to give negstive
polarity indication.

In case the pulses in the specified period - high time of
pulse train C - are less then 1000, flip-flop 1 remains reset
( all the counters and flip-flops are reset at the instants:-
of 'low’ to ' high * transition of pulse C and input tb AND-3
gete from flip~flop -3 reméins in * high °* state, For the' low’
state of the pulses C, AND-3 gete is enabled and clock pulses
gtert accumulating in the cowter and divider ( 4 1000 ). As

soon 88 enough pulses from the clock have accumulated in the



divider to meke its sewnt 1000, flip-flor-‘l ggts ' set' and stops
further accmnulatloh of pulses in the counter and divider, The
clock pulses, representing error, are finaliy digplayed, The dig~
play represents the error in the units of O.1%. First clock pulse
out of AND-~3 gate is used for positive polarity indication 1n the
aimilér nenner &8s used for negative polerity indication. Timing
diegrem shown in fig.5.3 helps in better understanding of the

sequence of operations.

5e4+ DESICN CONSIDERATICNS

The only elements requiring elaboration of design ave
clock, monostable ( deley) circuit, and power supplies, Other
components being in directly usable digital integrated circuits

no

requeédiseuss ions here,
5441, Olock )

IC 555 connected in free~running mode serves the purpose
of a clockw. Its connections are shown in Fig.5.5. The external
capaci_.tor C charges through R, & Ry &nd discherges through Rp
only.The cherge time ( output high ) is given by

ty = 0.693 (R, * Ryl
and the discherge time (output low ) by

Thus the totel period is given by
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The frequency of oscillation is then

£ a %— - 1.44
(Ry *2Rp)C

The clock is needed here to feed extra pulses during a
time period vequivalent to 20 revolutions. As the maximum speed
of the integrating meters at full load can be 100 r.p.n. the
time for 20 revolutions is 12 seconds. The provisioxi is required
to be made for feeding at the most 100 pulses ( as the error
can never exceed 10%) during 12 seconds. Thus sets the lower
limit of clock freguency approximately equal to 8.5 Hz,
Taken

X, = 10Kn,

Rg = 1Mo,

¢ = 100 PF.

These parameters result in clock frequency of 7 K-Hz. Such as
high frequency is chosen to make the error computation end dis-
- play time after the time of 20 revolutions minimum.

5.4.2. Monosteble (Delay) Circuit

latches are used between counters snd decoders/ drivers to
permit the transfer of counter output to decoder/driver and dis-
pley after theaddition of requisite number of clock pulses have
been added to make the count 1000. This 1s achieved by enabling
the letch after a delay of 100 times the time period of clock
pulses after the instant of ' high' to ' low ' transition of
pulse train C, Design of the delay cirougt?? (Fig.5.5) 1o ap
given below:



4'7

Supply voltage, Vec = + 5 volts transistor used are 50'106(NI’N)
Taken Ic(aat;) = 2mA |

When transiétor T2 is conducting

R + R ™ vcc | = 5+ 0 a 2,5 KA.
2 "F I (sat.)  2x 10 S
Similarly when T, is conducting
0
R, *R, = —220. = 2.5 K-
?1 E > x 100
Taken Re‘! = 2,2 K. |
I, : 2 x 1072
Now IBE = i = v = 001 mA
he, 20
5.0 0
R, *R o . - — - s 50K
172 " Torx 100

RB a 22 K.

Delay requived = 100 x T = O,69RC

01' 0069 RC = —;—9—0—-;-63—-—
X

100
RC = T = 0.2 sec.

T x 0,69 x 10

Teken R = 2 KL
C =22 (F
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5¢4+3+ * 5 Volts Regulated Power Supply (Fig.5.4)

A S~volt, 2 &mp. regulate¢ power supply is required for
the TTL ckts. Mains voltage ( 230V a,c. ) stepped down to 12-0-12
volts with the help of a 1150 ( 30 SWG)/120 (20 SWG) transformer
with secondary centre tapped. This voltage is then rectified
using a full wave rectifier to 9 volts. The unregulated voltage
is regulated using IC 723, Design of regulator circuit'® 1s given

below?

Reference voltage for 4 723 = 7,0 V ( specified )
Required output voltage, vout = 5,0 v
e v v "2

out ref*
Ry* Ry

5 = 7,0 x

Ry * Ry

ory, R, = 2 R, | (1)
To avoid poor regulation 8t low Vm end high dissipation at high
VIN the current drain from VREF should not exceed 2 mé,

. oV
s R+t R, = SOV
1 2 > mh

Taken Ry = 1,5 K, R, = 3,3 KO

= 3.5 K.CL‘ (2)

Tgextend the load current renge upto 2 &mp. two p~ cascaded
trensistors ( SL 100 and 2N 3055) are connected at pin 6 of the
regulator.
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Resistence for short circuit protection is given by

VBE(Coft ) . 06V
load <4

Taken C, = 0,1 Fe 02 = 100 p¥

RSC | = 093,.()—‘

5.4.4, * 12 volts power supply (Fig.5.4)

A stabilized supply of * 12 V required for supplying the
operational emplifiers was also designed and fabricated., Two
additional windings of 140 turns each are placed on the same
transformer as used for the *+ 5 V. supply. Volteages detained
from these windings are rectified and filtered <then end fed to
two identical regulators. Design of each regulator circuit using
IC 7238 i3 as given below 3

v-ref. = 7.0 volts ( specified )

vau‘b ‘. = 12 volts
short circult current, 11 oad ~ 50 ma

R

Voltege at pin 3, Vg = V o 2
F1 + R2
‘Taken V3 = 1,0 v
R
o.o 1.0 = 7.0 2
. R1 + R2

Taken B1 & 6,0 Knand R2 = 1.0

V.
(Rgy short circuit resistance ) = BE (offJ
11 0ed



o0

where, VBE( oef) ° voltage drop across base to emitter (in off.,

condition) of output transistor of the

regulator.
' . .0 o
¢ = 12 .
v RSC " 50 x 30
R, * R
v = V 3 }?4
out 3 1{4

Taken R4 5 1,0 KL

R, + 1

Ceo 122 1,0x 22—

or, R3 = 11 K-

Taken 33 a8 8 fixed resistance of 10 K.Nland a Pot.of 2.2 K S,

5.5, TEST SET UP.

Practical details of the developed test set-up ere
shown in Flg.S.S.

/25870

GENTRAL LIBRADY CNIVERSITY OF ROORRER
ROORKEB
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CHAPTER - 6

A MICROPROCESSOR BASED TESTING SCHEME

Testing ef energy meters using electronics, and of lake
digital computer, has drawn considerable interest and attention
of the test engineers as discussed in Chapter 3. Uge of digital
computer being very expensive has been limited to antomatic
batch testing and calibration of the meters, and a few pilot
projects set u§ in some technolegically advanced countries have
been reperted (Section 3.2.1 to 3.2.4). In the situations
where a single meter is to be tested, an inexpensive and semi-
automatic test set-up can only be justified. In this chapter
the author has presented such a testing acheme after success-
fully testing it in the laboratory. It is based on the use
of a SCMP microprocessorls (National Semiconducters, U.S.A.)

.1 6.1 PRIRCIPIE OF TESTING

The speeds of the induction discs of the test meter
and retary substandard (with which the test meter is to be
compared) are converted into propertional eleactric pulse
frequencies as has already been discussed in the preceding
Chapter. A time interval corresponding to a fixed number of
pulses from the substandard meter is produced by a hardware
counter. The actual number of pulses generated by the test
meter over the same time interval are counted in the micro-
processor through software. The difference betwesen this

number gecumulated in the microprocessor and the fixed number



céunted in the hardware counter is cemputed in the micro-
processorl which then computes the percentage error and

makes the same available to the test engineer.

The number of pulses to be coﬁi’xted by the hardware
counter is preplanned based on the numrber of pulses per unit
energy and the load for which meter is to be tested. A test
schedule for testing the meter at different loads is werked
out and correspondingly thé numbers to be counted by the hard-
ware counter are fixed up and stored in the microprocessor.
The microprocessor later uses these numbers to caléulate
percentage“ errors for the respective test loads. ‘The errera

for the varieus leads are finally printed out.

6.2 TEST SET-UP

Pig.&¢1 shows the block schematic of the tesﬁ ‘set-up.
Fhotoelectric transducers are used to generate electric pulses
from the retation ef the induction discs of the two meters.
The pulses from the test meter are applied directly to Sa
terminal of the microprocessor, and these from the substandard
‘meter are applied to SIN terminal through an AND gaté and a
counter. A starting command is monitered at Sg terminal. A
'dene’' signal is given out by the micremrocessor after complet-
ing the Jjeb.
6.3 SOPTWARE

Upen detecting a start command which i8 given after

ad Justing the applied lead to the meters, the hardware counter is
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reset and the AND gate is enabled te permit the Ceunting of the
pulses by the counter. Sjimultanecusly, the pulses from the
teat meter are counted by the software ¢till 'l;he hardware
'countermcompletea counting upto a preplanned number of pulses.
The erx;;r is eubaequen’tgly computed and stored in the memory
for print-eut. The counting of pulses by software is done by
detecting a =ve to +we gzeéro=-cromssing of the input signal and

incrementing a counter each tinme,

A gimplified flow chart 18 shown in Fig.s2
which is self éxplanatery and performs sll the operatiens
as mentioned above. It occupies only 68 bytes in the RAM.

6.4 PROGRAM
The pi:ogram uged is given in Appendix A.
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CHAPTER - 7

CONCIUSIONS AND SUGGESTIONS FOR FURTHER WORK

7.1 CONCLUSIONS

The dissertation combines a report on the state of art
of integrating wmeter testing and presentation ef the work done
by the suthor on automatic testing of energy meters. Scope
of the dissertation has been put out clearly in the first
Chapter.

The conventionel methods of testing followed in this
country and elsewhere have been reviewed (Chapter 2). An
exhans%ive account of thege methods is given under three
categories, viz. comparison of dial readings en the test meter
end a precision substandard meter, comparisen of speeds of the
' retors of the test meter and substandard meters, and time
checking of the speed of the rotor of the tesgt meter using

precission indicating inatruments anéd a‘*step watch.

Relative advantages and disadventages of these app:oachés
have been‘brnught sut. Teating procedures for 3-~phase meters,
reactive meters, kilewatt demand indicators, KVA demand indi-

cators and KVAh meters have bheen discussed.

In the third chapter various electronic and cemputer
controlled testing methods of testing asdopted in some advanced
countries er being develeped have been reviewed briefly. It has

bsen found that bdatch testing is preferragble in wany caaes.



Seme new schemes of automatic teasting involving auto-

mation in varied degrees have been preposed (Chapter 4).
These schemes offer the alternatives of manual start and
manual stop, manual start and aute step, automatic analoeg
errer computation, autematic digital errer computation with
seperate displays for negative and positive errors, digital
errer computatien with errer and polarity displays, digital
error couputation, digital error computation using sudb-

st ractor snd comparator, and microprecesser based testing.
Out of these, two schemes have been practically implemented.
All these schemes are based on the energy comparison approach,
i.e. comparison of the speed of test meter with that of a
rotating substandard, because ¢f its basic advantage that the
-pre-aet Pewer need net remaln censtant d1 ring the measuring
peried as both the meters are subject to the same power
variations. It also excludes the involvement of a human
eperator er automatic regulating devices that would other-

wise be required for maintalning the pre-set power constant.

A digital scheme for automatic testing has been success-
fully develeped by the auther. Digitsl circuits haove been
chosen in this scheme fer the measurement of errer and its
display because as compared to analeg circuits they have
greater resolution, befter accuracy, lower susceptibility to
neise, and are free frem parallex and other errors in reading.
Photeelectric transducers have been used for obtaining pulses

from the metion of the meter discs. To put marks en the meter



discs for such purpeses a numb r of paints have been tried by
the researcherela. The smthor has used black water-based paint
for this purpese with fairly good success. As such the provi-
sien needed in the meter fer electric signal generation is very
simple and includesg practically no extra cost. It can be very
easily incorperated by the manufacturers during preduction of
meters. Since substandard meter has been marked with 50 dets
and the test meter with one dot, only one dot has to be put on
the commercial megera- Shielded wires with proper earthing
have been used to exclude stray signals likely to be generated
in the leng leads connecting phototransistors te the follewing
atage. Indicatien for only one pelarity (positive) has been
given with a view to save the ceast of another indicator and a
flip~-fiep. The presence of errer magnitude en the digital
display unit and the absence of negative pslarity indicatien

indicates that the polarity of the error is positive.

This test set-up has been successfully used for testing
of an electromechanical energy meter with single phase, 5A,
230 v. 50 Hz ratingﬂo

A microprecesser based testing ascheme has also been
develeped successfully. Specds of the twe meters are menitored
autematically with the help of photoelectric tramnsducers, a
hardware counter, aoftwara‘peunting in the micreprecessor. The
errer is computed for every load in the micrepreceasor end
printed eut at the end ef the test schedule. As an altemative
to printing eut the error, the same cen be visually displayed
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on LED, LCD or nixie tubesg by cennecting these devices to

the input-sutput bus ¢f the microprecessor through buffers
and latches. Use ef-a digital computer can enagble fully
autematic testing of meters in batches with calibratien faci-
lity. The limited capabilities of microprocessors, however,
restrict their gpplication to eonly sémi-antomatic testing,
such as described here. But the difference between the costs
of digital computers and microprocessors is teo ebvieus te

be elaborated.

7.2. SUGGESITIONS FOR FURTHER WORK

The twe test schemes developed by the author ean be -

made mofe sephisticated and include mere automation.

The error (difference between substandard and test
meter speeds) can activate a servomechanism capable of eperat-
ing the adjusting devices en the test meter. The meter canm
thﬁs not only be tested but also calibrated automatically;

The schemeg can also be exiended to the testing of
demand meters as it additienally involves the checking of time
interval for which the demand is recorded. The time checking °
must be dene against a highly accurate andkstable timing device.
A crystal controlled clock, followed by digital frequency
dividers, is best muited for the purpose because of the very
high accuracy and stability of the crystal controlled

oscillator{
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The new testing methods in Chapter 4, 5 and 6 have
been described with regard to the electremechanical enerpgy
meter. Nevertheless, they can be used equally well for the
testing of solid state meters teo, though this class ef meters
18 #t111 in its infancyl®. Application ef the proposed test
methods to the solid-state meters would make the set-up still
simpler as no transducers would be required for obtaining
electric pulses. Such meters are generally based on trans~

ducing fhe megsured power inte proportional pulse rate.

Fﬁrthermure. the preposed schemes assume that the test
and Bsubstendard meters have sane rev./kwh constant. However,
they can be easily medified for meters having different
constants by including suitable frequency dividing eircuits.

Lagtly, the proppsed schemes zre directly appliceble te
the testing of individual nweters only. Nevertheless, they can
be extended for batch testing by using moving test benches er

moving detectorsg.



' APPENDIX - A
AN EXAMPIE OF ERROR LIMITS

According to I3 i 722 (Part II) - 1962, Clemse 7.5
the linits of error for single phase 2-wire whole current
wattheur meters at the rated voltage, standard fregquency and

standard temperature shall not exceed the values given hbelow.

Current (percentage of the Power Limita of Errer
rated current) Factor (percent)
2.5 1.0 +2.5
5 0.5 lag 1205

10 to 100 0.5 1ag _+ 2.0




APPFENDIX B

LISTING OF THE PROGRAM FOR MICROPROCESSOR BASED TESTING

TOFOO0
OFO0 o8 OP1E D4
OFO1 ca g;; g 10
98
LI B
OF0% OF greg 5 %
26
OFO6 36 OF27 9c
OFO7 c4 81"‘38 7
F29 9
OFo8 04 OF2A 5
LI B
| | 4
OFoA 19 OF2D 14
OFOB 40 OF2E 80
OF2F 98
OFOC D4 Sh50 28
OFOD 80 ggm gg
32
OFOE % has s
OFOF PA  OF34 %g
0¥35
OF10 ca ke b
OF14 00 gm? 8%
, I
OF12 ch o5 Do
Or13 00 QF 34 10
OF3B acC
OF15 02 OF3D 90
. OF3E EC
OF16 07 OF3F - c4
OF17 19 81«‘2? 8'}
OF18 40 Ry 96
ow w3 B
OF1 B 9C oF46 00
OFtC OF

OFtD 06
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