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Electronics is fast appearing every field of 

engineering, and in fact of the human life. Testing of 

integrating meters (energy meters) has also not been left 
untouched by electronics. Considerable work has been dovL 

by researchers in electronic testing of integrating meters, 

and to some extent the same has been adopted by the manu-
f'aeturere. The work done so far has been reviewed here 

critically. To bring out clearly the advantages and limi-

tations of electronic testing methods an al so computer 

testing, an account of the conventional methods has also 
been included. 

A testing scheme using digital electronic circuits 

and another one based on the use of a microprocessor has 

been developed by the author and successfully used for 

testing induction type energy meters. Principles of these 

schemes, as also the details of the hardware and software 

(for the latter scheme only) are presented here• Conclu-

sione on the work done have been drawn and some euggeatione 
for future work have been given at the end. 
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CHAP R «- 1 

I1 TROT1CTICK 

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 a•ce energy 
meter is the most widely used one 	As its single largest 
application it ie used for determining the energy consumed 
by electricity consumers. Ae such the dissertation is aimed 
at the testing of a.c. type integrating meters (energy meters) 
only. 

Because of the variation of voltage, frequency, 
friction and temperature the meters are proofeto become ero-
neous2 Integrating meter testing involves not only finding 
the actual errors but also includes the 'adjustments to bring 
the meter within permissible limits of error. The adjust-
ments in the electromechanical (induction type) energy► meters' 
are done by 

(i) a light-load compensator either in the form of a 
non-magnetic, conducting plate in the main air gap 
or in the form of a seperate shading coil on each 
outer limb of the voltage magnet• 

(ii) a shading device employed for the power factor or 
quadrature adjustment. 
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(iii) 	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 Indian Standard Specification no. 722. The 

scopes of various parts of this standard are an follows - 

(i) 	is : 722 (Part II) - 1962 	Single-phase 2-wire 

whole-current watthour meter. 

(ii) is : 722 (Part In) - 1966 	- 	Three-phase whole- 
current and transformer-operated meters, and single- 

phase two-wire transformer--operated meters. 
(iii) I3 	722 (Part I 	-- 1961 - 	Three-phase kilowatt 

hour meters with maximum demand indicator. 

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

(v) IS : 722 (Part VI) - 1968. 	- Reactive 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 - 

11 
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(i) Use of dials on the meter for checking against a 

preciesion diel testing instrument. 

(ii) Comparison of the speed of the rotor of the meter 

under test with that of a precission rotating sub-

standard meter. 

(ii.i) 

	

	Time cheek of the speed of the rotor of the meter 

using suitable indicating instruments and 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 engineers has shifted 
dW 

to electronic testing in the past 	decades. Electronic 

testing, incorporating counting computation and display using 

electronic components, has higher potential of accuracy because 

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 and this results in 

low resolution and noise contamination unless filtering is 

used. 

More elaborate design consists of hybrid digi.tal -  

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 velocity. Filtering 

is still necessary. 
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Digital designs 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 from 

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 designs are limited by the angular 

resolution of the diva and slow sampling time. 

1.2 	Overview of the Dissertation 

Chapter 2 of the dissertation deals 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 discussed. Chapter 3 reviews 

electronic and computer methods of testing. 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 last chapter 

conclusions on the present work and suggestions for future 

work are given. 
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CHAPT~A - 2 

CQ„IJ ,uPg 1QRAAL - TESTING r, 

Before going into details of electronic testing it 
is essential to have an understanding of the conventional 
methods of integrating meters'1. testing. Keeping this i,n view 
prevailing methods of testing integrating meters have been 
discussed in this Chapter. Advantages and disadvantages 
of those methods have also been discussed in detail. 

2.1. Scope of Meter fisting 

The purpose of motor 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 in coiunectlon therewith, The work of a testing station 
is not, however, confined within these limits, Most supply 
undertakings have in operation the systems of ck rging that 
necessitate the measurement of electrical quantities other 
than kwh, and the instruments used for these measurements 
demand indicators,, ICVArh and KVA meters . must be checked 
for accuracy* 

22. Range of Tests 
A typical scheme of tests for a,c energy meters 

would consist of tests 
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( a) 	at the lowest current at which the accuracy is 

guaranteed (usually 5 percent of marked current); 

(b) at one intermediate current; 

(c) at the highest current at which the accuracy is 

guaranteed; 

	

{d) 	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] 

	

f) 	at zero current, with 10 percent excess voltage 

applied to the voltage circuit, to ensure that the 

meter does not creep under these conditions. 

All the tests except (f) are carried out at normal 

voltage. Test (a), (b), (c) and (e) performed at unity power 

factor. 

2.3 Methods of Testing 

The three methods of test specified 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 substandard rotating 

meters. 

(b) one long period dial test. 

0 



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 register of 

the meter is obs#rued 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 substandard. 

The two meters are started simultaneously on the required 

load and, after a suitable time interval, stopped simulta- 

neou®ly. The regulation of the duration of the test load 

to an,  exact number of seconds is obtained by means of a 

flexible cord in the voltage circuit of the meter. A flash-

ing device actuated by a standard clock is better for this 

purpose than a stopwatch. The duration of the test must 

correspond to not less than ten revolutions of the pointer 

of the last (or lowest reading) dial. 

Advantages - 

(a) 	Complete elimination of errors due to starting 

or stopping of the substandard® or stop watches. 

7  



(b) No need -)f any necessity for holding the load 

absolutely constant. 

(c) Complete verification of the accuracy of the meter 

as an integrating instrument because 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 pure ose, 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 set of tests. 

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

have to be made during testing. 

2.3.2 Short-time Teat agoinet Rotating Substandard 

In this method energy corresponding to a stipulated 

integral number of revolutions of the rotor of the test meter 

Is measured by means of a substandard meter which registers 

revolutions and fractions of a revolution of its moving 
element. 

Number of revolutions of the rotor of the test meter 

is stipulated, and when the sub standard meter regi sters in 

rotor revolutions and fractions thereof, the advance of the 

substandard corresponding to the stipulated revolutions of 

the test meter is calculated. 

• w' 
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Let 	r a counted revolutions of the meter under test 

R = counted revolutions of the substandard meter 

kh  = watthour constant of the meter under teat 

Hb  = watthour constant of the substandard meter 

Ro  = revolutions of the substandard meter, if the 

test meter was hundred percent accurate. 

r kh  -- k 	( since then Ro  Rh  = r kh) 

Percentage error is thus 

Calculated revolut i ons - obse ed revolution X 100 Observed revolutions 

The test is normally, carried out for between 5 and 

100 complete revolutions of the disc of the test meter. As 

the disc may make some 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 some-

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 excessive waste of 

time. 

(b) Avoidance of load holding. 

(c) Elimination of errors due to starting and stopping. 
(d) Constancy of test load is not essential and hence 

only one observer is required. 
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Main disadvantage of the test is that the short 

period of the test at each load prevents the meter from 

reaching a steady temperature at that load• 

2.3.3. Test by substandard indicating Instruments and Time 
Measurement 

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 

instruments, snd the accuracy of the perfornmance of the meter 

is assessed by the measurement of time interval required for 

a etip 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 

number of revolutions 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 

time required in any condition is given as 

x revolutions x 3600 
second, 

volts x amperes 

From this the time required for three different load* (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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It the eo.: ree t time is Tl and the observed time T 

for N revolutions, the actual rotor ep3ed is N/T and the 

correct epbed is N/Tl. The difference in these speeds 

expressed as a fraction of the correct speed is 

N ( -4 

N/!1 

The percentage error would then be 

P
' 
-P --~ fi----~r loo, 

the meter being fast if T < TZ 

If the errors are the same at the three test logs 

these errors are merely of calibration, and either the in-

herernt speed/load characteristic of the meter may be altered 

to suit the gearing constant or the gearing constant may be 

altered to suit the actual characteristic. 

Notable advantage of this method is the superior 

accuracy of standard wattmeters in comparision with rotating 

standards. 

Di sadvant ages 

( a) 	Ceaseless vigilance is required to maintain the 

load constant at its stipulated value during the 
teat. 

(b) 	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 me t r°s of similar rating are to be 

handled and adjusted rapidly. A beam of light is directed 

perpendicularly at the edge of the disc of the substandard 

meter (Fig. 2.1). This edgO has teeth which alternately 

intercept and pass the beam. When the beam, is passing 

through a space between teeth, it activates the photoelectric 

cell whose output is amplified to flash a neon lamp placed 

near the disc of the test meter. This disc is marked with 

regularly spaced black spots. These spots appear to stand-

still if the meter speeds are the same, as should be the came 

if both are accurate or have the same error and both have the 

some watthour constant. If the meter speed 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 of the brake magnets so 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 adjusting device, geared to a dial indicating devia-

tions from correct speed in percentages fast and slow. The 

speed of the substandard Is adjusted to exact oortespondence 

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. 

(b) The method affords a means of adjusting the meter 

during the run and thus substantially shortens the 

time required for testing. 

(c) It also eliminates many opportunities for mistakes 

in calibration and in recording the sign of the error• 

(d) Measurements of the time intervals and personal 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 

adapted the method to low load testing by temporarily substi-

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 tested for creep with its current 

circuit open and with 110 percent of the rated voltage applied 

to its voltage circuit under these conditions the disc of the 

meter should not make more than one revolution. 

13 



2.6 Low- Power Factor Teets 

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 factor. To check this a.©. 

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 indirectly. The approved apparatus 

for any testing station is listed below:- 

Standard Apparatus . D.C. -potentiometer, standard cells, 

voltage dividers and resistance standards for current 

measurements. 

Ship's chronometer or pendulum clock. 

Substandard Apparatus : . Indicating wattmeters, ammeters, 

voltmeters, rotating meters, 

etcpwatchej or other timing devices. 

Current, voltage and phase control apparatus. 

Verification of substandards is briefly discussed below - 

2.7.1. Verification of Indicating Subetandards - 

The verification of a substandard indicating meter 

14 

consists essentially in comparing the true with the indicated 



values of the quantity purpoted to %be measured by the 

instrument approximately at stipulated points of the scale. 

There are two ways in which this comparision may be made. 

First, the quantity to be measured may be adjusted to such 

a value that the pointer of the instrument deflects exactly 

to a 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 Sub stand and e 

Substandard stopwatches can be verified for accuracy 

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

comparision of the stopwatch reading with the advance of the 

standard chronometer or clock over a period of 5 minutes 

reveals any error of the order of the maximum of 0.15 per 

cent# permissible with certainty. In practice 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 indicated 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 

15 
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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 light 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 is 

required to be accurately adjusted by trial, so that. the 

flash is given at the extreme point of the travel. Any error 

in this position will result either in no flash being obtained 

or in the flash being double. After making the adjustment 

once, the integrity of the 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 tested by comparision with substandard integrat-

ing meters, these must itself be verified by indicating sub- 

standards. Testing of sub standard 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 subetandards is used for the testing of A.C. sub`-

standard meters. In this the time during which a load of 

measured power passes the meter is regulated automatically by 

a standard clock. The automatic time control is obtained 

either by special contacts fitted to the ' eeape' wheel shaft 
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of the clock 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 revolutions and 

fractions of a revolution of the moving element is compared 

with the energy corresponding to the measured constant test 

power flowing for. the time period controlled by the standard 

clock. 

This method- of testing avoids two sources of error: 

first, 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 must be tested in 3-phase circuit. 

Three-phase 4-wire meters may be tested in 3-wire circuits 

which supply the testing currents, in which case the 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 voltage supply. The sedimentary connections for testing 

a 4-wire supply meter by a 3-wire substandard are shown in 

Fig. 2.2. 



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 condition. When?., 

however, 3-phase meters are tested by means of iridic a*in g 

substandards, the maintenance  of a steady load during tet--

in g is 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 these small adjustments do not cause 

sensible departure from the balanced condition of the load. 

If, however, the total power in the phantom load is measured 
by two substandard wattmeters , it Is by no means easy to math-
tam n an absolutely constant value of this total power by 

adjustment of a loading resistance, If the supply voltage is 

not quite steady., because with a star connected load, such 

adjustment will alter the power indicated by each wattmeter. 

It is practically impossible to maintain a 3-phase test load, 

supplied by a varying voltage, at an absolutely 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. 

1 s- 
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In addition to the usual 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 element in 

turn. These tests are carried out at power factors of unity 

and 0.5 lagging, th* later power factor being subject to a 

tolerance of 10 per cent. It is to be noted that, in the 

balance test, unity and 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 balance test is conveniently 

carried out with one line supply to the load interrupted, as 

shown in Fig. 2.3. 

2.9 'Testing Reactive Meters 

As the only meters requiring certification are those 

which register kwh, there is no officially approved procedure 

for testing the accuracy of a meter which either registers 

KVArh or which is a component of a meter registering KVAh. If 
substandard Instruments indicating 3-phase VAr were available, 

the testing of reactive meters would be similar to the test-

ing of 3-phase energy meters. 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 delta'. 

The normal tests of a reactive meter are carried out 

at zero 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 zero VAr is observed and a test in made with an 

intermediate lagging power factor. The test for balance of 

the elements of a polyphase reactive meter is made with normal 

voltage excitation and with current in each element singly. 

If there are no means available for the me asuremen t 

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 oombersome and undesirable as it involves 

simultaneous readings of three ammeters, three voltmeters 

and one or two wattmeters, togptber with an awkward calcula-

tion. Moreover, this method is only fundamentally 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. - 

times the difference of these readings will give the 3-
phase VAr if both currents and voltages are accurately 

balanced. The disadvantage of this method is that the accu-

racy of the VAr measure so obtained depends so much upon the 

balance of the currents and voltages. 

Third method involves the use 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 in connected In an ordinary 3-phase double circuit, 

which the voltage supply is derived from the secondary circuit 

of a phase-shifting transformer. A polyphase substandard 

meter is included in the circuit. 

Neither of these three indirect methods can be consi-

dered as anything more than a makeshift. The only satisfactory 

way to test a reactive meter is by reactive sub standards, and 

the most satisfactory available eubatandarde for this purpose 

are ordinary substandard wattmeters or integrating meters 

used with substandard voltage compensators. The accuracy of 

such substandards will, of course, depend upon exactness of 

balance of the. supply voltages, and if unbalance errors of 
the substandards are similar in magnitude and phase to those 

,caused by voltage unbalance in the reactive meter, the test 

will indicate the accuracy of the meter in balanced voltage 

conditions. No test of a reactive meter can be considered 

conclusive till single-phase internally compensated reactive 

substandards are available of an accuracy at standard frequency, 

comparable with th&tt if a substandard wattmeter. 

2.10 Testing Kilowatt Demand Indicators 

The accuracy of the Merz demand indicator, provided 

the associated meter is free from error, will depend upon 

the accuracy of the gearing ratio controlling the advancement 

of the pointer and the accuracy of the avetaging 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 a procedure similar to a long-period dial test. The eorree-

ponding advances of the sub-standard meter will give the true 

values of the average power corresponding. The testis should 

be oonductod at full load and about one-quarter of full load. 

When the averaging 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 duration's 

of these periods simultaneously measured. The tzue average 

KW in this case will be obtained from the substandard advances 

and the observed times. 

2.11 Testing KVAR Meter and ICVA Demand Indicators 

These instruments are of four classes : KWh and 

KVArh combinations with a seperate KVAh mechanism, phase-

compensated KWh 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 

class are to test the KWh and KVArh components seperately by 

the methods which have aalready been described. The KVAR 

register and KVA demand Indicator should then be tested by 

methods corresponding to a long-period dial test 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, but 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 

illustrated by the schematic diagram (Fig. 2.4). The ZVA 

instrument is tested without its current transformers, as 

a 5-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 wattbour 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 adjusted by the voltage regulator to be 

exactly equal to those applied to the rsubetandard watthour 

meter, this equality being indicated by the voltmeters V1  and 

V2 . In this circuit the phantom volt-amperes in the KVAh 

instrument and in the polyphase 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 advance of the substandard meter 

will correspond to the KVA in the phantom load for all values 

of the power factor of this load. Thus, setting the rotor 

of the phase-shifting transformer to give the desired values 

of power factor of the phantom load in the XVAh meter, the 

advance of the KVAh register or of the SVA indicator should 

correspond to the advance of the substandard watthour meter. 
The pblyphast substandard wattmeter is used to obtain the 



position of the phase-eh .fter rotor corresponding to zero power 

factor, indicated by zero reading of the wattmeter. Thereafter 

the movable pointer of the phase-shifting transformer is eft 

to I$ degrees in the usual wry. The power factor of the phan-

tom load in the KVAR meter will thereafter he directly indi-

cated on the power factor scale of the transformer KVAh meters 

should be tested at zero 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 tran s-

formers as a single measuring unit. But this is overweighed 

by the convenience of obtaining 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 made during tests of the KVAh register and RVA indi-

cator is that of maintaining voltages Vl  and V2  exactly equal. 

The above mentioned method of testing is immediately 

applicable 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. 

RVA demand indicators, which consist of a watthour 

meter with fixed phase compensation, can also be tested by 

the method just described at the nominal pf. at which they 
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and correct. This p.f.  can be set by the PST, and it can be 

checked by comparing it with the ratio of the wattmeter read-

ing to the maximum reading which can be obtained by phase 

adjustment of the voltage. The meter should then be tested 

with the phase of the voltage shifted 10 degrees on each aide 

of the position corresponding to the average p.f. to verify 

that, in each of these positions, a slow error of about 5 per-

cent is obtained. 

Three phase KVA demand indicators containing three 

current operated electromagnetic elements should be tested 

for balance at two or three loads, the voltage-compensating 

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 sage 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 values of the 

applied voltage 10 percent above and below the rated value 

to check the accuracy of the voltage compensation. 
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CHA?TER 3 

ELECTRONIC AND COMPUTER TESTING 

3.1..  ILHCTR CSF T C TESTING 

in the field of meter testing electronics has been 

introduced for carrying, out objective measurements, There are, 

for example*  crystal clocks#  photoelectric scanning equipment, 

which has cane into general use, and electronic counters for 

counting the revolutions of meter discs or the pulses of 

calibrating meters. 

3.1.1. Stroboscopic  and Counter Method 

This method has been discussed by M.L. Done5  and 

A.J . Bagott6. in this methods  shown diagramaticelly In Fig..3.1 _1  

a rotating substandard is fitted with a pick-off devices  either 

of photoelectric or inductive pattern arranged to give either 

200 or 400 impulses per reVoluti€ n of the disco The output is 

amplified and switched to either a strobe lamp fitted with a 

flash tube or else, through dividing circuits to a aeries of 

counters, one for each meter. 

The rotor of the meter under teat is impressed with 

markings which are arithmetically identical to the subdivisions 

on the disc of the rotary substandard and under the/aetion of 

the stroboscope an indication 'of the performance of the test 

meter is given,(n 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 timbre. The speed of the PSS . 

Meter and the division factors a ►e so arranged 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 manually could 

be operated autoamati cally., 

3.1,2. Calibration and ?epair Bench 

M.L. Done5  has discussed a testing,$  repair and cal„ibra-

tion bench which can accept two batches of meters„ fifteen each, 

with calibration facilities capable of being transferred from 

one batch to the other. In operate, on,, sine batch is being repaired 

while the other is being calibrated, the calibration facilities 

are then transferred to the first batch while the other Is 
moved on for dial test and a new batch put up and repaired. 

3.1.3. Automatic Load Holding Paciljty  

Another device given by M.L. Danes is an extension 

to a conventional test set whereby the total load an the meters 

under test is controlled to a predetermined level on an inte- 
grated energy basis. Stop watches may then be used to time meters 

In the normal way.. 

3.1„4, POIER TIME METH FCR PRECISION METE"S 

A system particularly suitable for the calibration and 

testing of precision watt hour meters as well as precision 

standard watt meters, single and three phase, has boon described 
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by J. Favlat7. It functions by the power-time method. With 

the use of self- balancing comparators for the power measure-

ment and an electronic controller of original design, an accu-
racy and stability of the power control of better than + 0.05. 

is obtained. The development described in this paper aims 

firstly at eliminating the necessity for the potentiometer 

and manual regulation of the d.c • control and, secondly, auto-

matically to control the a c . (power). Ode of the main advantage 
claimed by eliminating the potentiometer with its manual con-

trol is the reduction of the response time from about 4 seconds 
to 200 miliseconds. 

3.2. AUTOMATIC t Tom' TESTING 

The automation of meter testing is a subject which 
has aroused considerable interest in recent years and a number 
of papers has appeared in literaturrean installations which 
involved automation In various degrees , 

3.2.1. Automatic watthour Meter Test E 4 ent Controlled by  
Electronic Computer 

This test equipment was developed by Japan 1Lectrio 

Meters Inspection Corporations. It can test 60 meters per hour 
with an accuracy within + 0,,2 ,. The equipment consists of 
meter desks, electronic computer, a controller *  power supplies 
and a control panel. The errors of the meters are measured by 

comparing the speed of their discs with that of a precision 

rotating standard,, and then calculated and printed automatically 
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according to the computer program . he comparison of ° speed is 

carriedout by counting the standard pulses from the precision 

rotating standard by means of a counting system shown in Pig.3 2. 

On receiving the ' start ' signal, gate G is opened and counter 

starts. tJhenever, one or more signals of the meter cone to the 

'Ott' circuit, its 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 

no that the last bit ( 14th bit) of the counter means the 

`atop ' signal, The count preset is determined keeping certain 

consideration in view. 

(ii) Comments s The measuring accuracy of the equipment is 

determined by the following 

(a) Counting accuracy, 

(b) The accuracy due to the fluctuation' in one revolution 

of the standard, 

(c) Variation in the power supplies and ambient conditions.. 

Efficiency is determined by the time taken for self 

heating which is more than 30 minutes. 

Advantages s The advantages which matte the equipment economical, 

reliable and easy to maintain are : 

(a) Saving of detectors and their change - over switches 

by using the horizontal driven detecting device. 

(b) Saving of counters by using computer counting eyotcm ,. 
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3.2.2. Camy{~Icater Controlled Automatic Testing  

D.F. Aohton9 proposed that automatic meter testing can 
be employed which will assist the testing staff. This may be 

controlled through a testing cycle based on either method B 
or C (described in seat, on 2.3.) by a digital computer which 

will also handle stores records and meter doeunentation, inclu-
ding production of the certi fication sheet entry... Figure 3.3. 
shows how the test operators work in oon3.unction with the 

computer controlled test bench • This system based on a work 
study, shows that two operators could handle 86,004 meter per 

annum and that in testing time of 10 minutes ( statutory time 

for methods B or 0 ) each operator could perform the manual 
tasks for eight meters. A layout for an automatic test bench 

which will realise this productivity has also been suggested by 
the author. Batches of four meters only are loaded alternatively 

onto two moving belts which carry the meters through the stages 
of meter warm up, automatic load testing and computer supervised. 
The control console would have a purpose built keyboard arranged 
to assist the operator in correctly inputting the computer data 
in shortest possible time. The programming of the computer would 
be arranged to indicate to the operators what their next f nnc- 
tion should be i.e. load meter to indicated position, take dial 
reading„ etc., etc. The operators would remain In overall control 
by failing to perform the next indicated step. At this point, 

testing would continue on those meters at present on the teat 
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 all testing has been completed*  the computer 

Indicates whether the meter ib satisfactory or not0 Meters 

successfully passing all the tests will then be sealed and will 
be returned to stores • Meters failing test will not be sealed 
and will be returned to the calibration section elongwith a 

print out of the full test results. 

	

3.2.3. Automatic Test Eent  n 	 01 

An Installation at Bexleyheath6  comprises tMo duplicate 

test equipments, or precalibrat ors which can be operated indepen-

dently to feed four dial test benches . each carrying 60 meters 
in single rows (Fig.3.4 ). The precalibrators contain normal 
power waits, control and monitoring instruments appropriate 
for testing a single meter . Before the test cycle can c ammence 
a quick set adjustable probe is adjusted to the disc of the meter 
under test to -obtain information and control the teat pr ogranune. 

The supplies to both meters are provided conventionally 
except that four separate outputs, solenoid controlled, permit 
the pre-set loads to be applied to both meters in series accord-
ing to the selected programme • The rotating standard meter is 
fed via variable ratio current and voltage transformers adjusted 
so that its speed Is equal to the theoretical speed of the teat 
meter. 

The test cycle is programmed by the meter vo der teet h  
controlling the load changes and error determination. An output 
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si nal for each rev oluti cn is taken 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 meter with whose speed the speed of the 

teatmeter Is comparedl  is fitted with a pbotoelectro trans-
der and provides for a count of 1000 impulses if the meter 

under test is error- free. Deviations from this cont represent 
errors in units of 0,1%. The count Is displayed separately for 
each load and percentage error for each is printed out. 

The sign al output from the standard meter, after €mpli- 
fication$  , is fed to four separate decade 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 th b al count and 1000. 

The printer takes its information from the counter eye- 
terns via a sign and error detector. Print out is at the end of 
the programme cycle when the four load counts are displayed„ 

The equil ent has built in facilities for reducing 
the number of loads taken so that if a detailed investigation 

at one load is needed repetitive checking at this load can 

take place. For stability and other investigations this is a 
useful way to obtain vital information. 
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3.2.4. Fully Automatic Meter Testing S Totem 

E.F. Haerdleld  has described. a fully automatic meter 

testing system which 

1) - can test upto 40 meters simultaneously and fu .ly 
automatically, 

2) works with test. records in the form of .p mehed cards, 

3) and produces the meter records necessary for adminis- 
tration, so that manual punching is no longer necessary 
and the meter records are kept automatically, 

The teat arrangement consists of the meter installation 
as such, the electronic control equipment, the recording and 
processing apparatus for the measured data, the punched tape 
output. The meter test installation is conventional in principle. 
The electronic control assembly consists mainly of the American 

Packard Bell 250 computer instructions to be followed and the 
operands necessary for the computing are stored in a single 
store*  The store consists of a number of ma► etoetrjotive can" 
ductore, In which the information is propogated in the form of 

a pulse train of torsions of the wire. At the two ends of 
each wire there is a write out coil and a reading coil to trans-
form electric pulses into torsion pulses and to perform reverse 
transformation respectively. 

A special electronic device records the measuring data 
coming from the test equipment in the form of pulses and 
processes them In such a way that they can be taken over by 
the stores in the computer.  
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The method of measurement used is an energy comparison 
method, If the meter is eorrect$he nunber of pulses counted in 
an electronic counter are equal tp the rated value. 

While the first group comprising 20 meters is tested, the 
20 meters of the second group are preheated in their suspension 

. frames. This is followed by no-load and half-load - tests.Meenwhile 
the photoelectric scanning heads-- one for each meter are ad3uated 
to the sensitivity needed for reading the marks on the meter 
bead. When the maxtinum sensitivity of these heads has been ad" 
3ueted the computer starts the precision test to interrogate 
continuously the calibrating meter aswell as the meters wider 
teat,. 

3.s3. O~G?MM€EM (V STR0B COPIC T}STING 

Stroboscopic methods have the advantage of giving an 
instantaneous indication of the dive speed and may be used with 
an unmodified meter since the normal disc markings suffice 

These methods can easily be used for calibration purpose. 
The use of these methods for the calibration of hi loads 
reduces calibration time while providing the requisite accuracy 
at these loads, It is, however, unsuitable for low load ealibra- 
tion. To cope with the diverse range of meters encountered to 
Area Board Test Rome, precision current and voltage transfor-
mers and pulse test division techniques will extend the range 
of the method, 
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However, there are a t mpla&nte that ctrobocc opie testing 
causes eye strain and operator fatigue, and to avoid these 
conp].aLnto a cathode ray tube display has been developed, Pulces 
derived from markings on the disc of the rotating substandard 
are filtered to produce a sinusoidal wave This to used to 
producó a circular trace on a C,ROT, Pulses from the dice of the 
toot mater intensity modulate the trace giving a dashed pattern 
on the circle . If the test meter disc is rotating at the same 
Wed as the rotating substandard dice then the Vattern is 
statIonary. This method is favoured by one parttcular manu.taa" 
truer iboro the test meter pulses are obtained Prom on optic  
detector ?orktng on the serrated disc edge In this schema the 
C ,T. hoe now  been placed with a ring of light +knitting 
diodes far greater reliability. 
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CHAPTER-4 

NI SCHEMES FOR AUTOMATIC TESTING 

In this Chapter author has proposed a few schemes for 
meter testing incorporating automation in various degrees. 
The advantages and limitations of each scheme have also been 
dealt with. 

Generation of pulses fromthe meters is achieved by 
placing uniformly spaced marks on the meter dices and using 
photo devices. This aspect has been djsoleed at length in the 
next chapter. 

4.1.  MA UAL STAR'S AND STOP  (P . 44.1) 

The pulsea obtained fromhe substandard and test 
meters are counted by electronic counters over a fixed period 
of time,, Computation of error from. the two counts is done 
manually. The meters which are started manually,, are also 

I 
stopped in the same manner after the predetermined time has 
elapsed. 

This scheme, ae also the following schemes,, involving 
electronic counting eliminate the error In reading and record-
ing of number of revolutions by the human operator(s). As  the 
number of revolutions of the meters for a fixed period of time 
may at many times not be an integral number$  human operator is 
unlikely to read it accurately. Also different operators may 
read the some amount as different ones. 
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4.2 , MAMWWAL START AND AUTO STOP 

In this scheme pulses from test meter are counted 
corresponding to a prefixed ( say 100) number of pulses from 
the substandard meter. The two meters are started manually and 

at the same time flip-flop is I set ' externally (pig.4.2 ). 
Setting the flip-flop enables two 'AND', gates and the pulses 
from two meters start accumulating in the counters CA and C. 

As soon as the counter CA registers 100 pulses not only the 

counter CA but also the flip-flop gets ' reset ' a Resetting of 
flip-flop in turn disables the 'J ND' gates to prevent further 
entry of pulses to the counters. Error in magnitude and a .g. 

is then computed manually. Whereas the resetting of counter CA 

by the last pulse makes it ready for the next cycle„ counter 
C.~ should be manually ' reset ' to zero before commencing  the 
next cycle. 

This scheme, has the advantage of automatic extinction 
of counting of pulses. 

4.. AVA LO R01 CC UVAPI (J[ 

The basic philoaphy of this scheme is similar to that 
of the last one but it incorporates one more degree of auto-

mation. Here the error is computed by analog circuits. The 
complete costing scheme Is shown schematically in Fig.4.3. 
The digital count CD is converted to a proportional analog 

voltage by using D/A converter. A voltage equivalent to 100 
pulses of the substandard meter is generated# The two voltages 



are fed to an analog substractor and the difference ( error ) 

is displayed on a moving coil meter. As the error may be of 
either polarity0  the meter required is a centre-zero meter, 

©bvi ously 9  for the next cycle counter CB  will have to be reset 

to zero. 

This scheme reduces the involvement of human operator 
by one more degree as the error is now computed by analog airy 
cults. Accuracy of the system depends on the accuracy of the 
D/A converter and the accuracy with which the voltage proportion-

al to 100 pulses of the substandard meter is generated. 

4.4.  DIGITAL ER1OR CQQVTATI USING SUBSTMCTOR AND C 4PARATOR 

The pulses obtained from the substandard meter A and 

test meter B are counted„ These counts are then compared in 
a digital comparator. Three distinct outputs for the three 
possible conditions are available from the comparator. These 
outputs are used to drive polarity ,indicators no well as to 

give ct nmand to a digital substractor to perform substracticn 
if the two counts are wequal, and to carry no operation in 
case the two counts are same (Fi3.4 .4) 

4.5.  DIGITAL EPRO i Cf PUTATXc WITH NEGATIVE AND POSITIVE E'OR 
DISPLAYS 

Unlike the other schemes discussed so far In this 
Chapter the markings on the two meters are not identical. 
The substandard meter is marked to give pulses ( A in Fig.4£ ) 
1000 in nunber or its multiple for a fixed number of revolutions 
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of Its dine. The test meter pulses (B) are divided using 

dividers to give one pulse, C,, for the same number of revo- 

lutions. ABD-' l gate remains enabled during the high state of 

pulse C and allows the pulses from the substandard meter to be 

counted and digitally displayed. If the test meter speed is 
smaller than that of the substandard„ the reading of counter 

is the error ( negative). In ease the speed of the test meter 

Is greater than the speed of the substandard meter the count 

will have to be subetracted from 1000 to give error, To perform 

this function additional pulses from a clock are added to the 

counter CA  to make the count 1000. These clock pulses, also 

allowed to be accumulated in counter CB, are digitally die-

played to give the positive error. The addition of pulses is 

performed during the subsequent low time of the pulse train 

C, As soon as the count in counter CA  becomes 1000 negative 

error display gives zero reading and the carry resets a flip- 
flop to disable AND-2 gate to stop:- the feeding of any more 
pulse to the two counters automatically.'Not' gate keeps the 
AND-2 gate disabled during high times of pulse 0. Por the 
next cycle the counters are required to be 'reset ` to zero 
and the flip-flop need be set. 

This scheme eliminates the error in reading analog 

meter by the human operator. 

4.6.  DIGITAL TROP COMPUTATI WITH 1ROR ANp POLAPITY DISPLAYS 

This scheme has been practically realized by the author 

and is shown in block schematic form in Pig.4.6. Details of the 
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scheme are discussed in the next chapter. 

This scheme has a common display for the magnitude of 

error (for positive and negative errors ) and separate 

indication for polarity of the error. 

4+7. 	O1 CESSO BASED TESTING 

In this scheme author proposes the use of micro 
proce:ssor for the test .ng. While a fixed number of pulses from 

the substandard meter are c ousted by a hardware counter, the 

actual corresponding number of pulses from test meter are 

counted In the micropr.oaassor, The error in ma itude and sign 

both,, is that computed by the software of the micro p 'ocessor. 

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

A DIGITAL SCHEME DRVEL021ED FOR AUTOMATIC TESTING 

From the various solemes discussed in the preceding 

chapter,, the author has chosen the one described in section 4.5 

for practical implementation. The scheme adopted is fully auto-

matic one with inevitable manual start and anautanatic 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, and avoid parallex and other errors in 

reading* 

5.1 •   PRI C1PLE OF TESTING 

The basic principle of the testing scheme Is shown in 

'flow-diagram' form in Rig.5.1.. Pulses from the substandard 

meter (A) are counted during 'high' state of the test meter pul-
see (C). If the substandard meter pulse count is equal to 1000, 

the test meter does not have any error, relative to the substandard 

meter. The difference of actual, pulse count from 1000 represents 

the magnitude of the error in the units of 0.1w. In case the 
pulse count is greater than 1000, pulses after "000th pulse are 

counted and displayed and at the same time negative polarity 

of the error is also indicated. However, if the pulses are less 

than 1000 in count, extra pulses from an external clock are 'fed 
to make the count 1000. These extra pulses which represent 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. ELEM VTS OF TESTING SCHEME 

The design of an accurate measurement circuit requires a 

systematic appraisal of the complete system consisting of primary 

stimulus ( the physical quantity to be measured),; the transducer 

(used to convert the primary stimulus into an electrical sial) 

and the aipial conditioner ( used to make the transducer output 

appropriate for the following stage )1 1 , 

5.2.1. Primary Stimulus 

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

pared# the primary stimulus here is angular speed. 

5.2,2. Transducer Assembly 
M - WI~RIIYYiw~ ~I 	YY 	tl~lw i~/ w~R~ 

The transducer consists of light source 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 substandard 

meter circumference is divided into hundred equal parts and of 

these alternate ones are pointed by black water-based paint. 

The substandard meter disc edge is painted black except for one 

part ( equal to that of the test meter). The reflected light from 

the discs is focussed using double convex lenses on two photo-

transistors. Whenever there is painted portion in line of mlici-

dent light, there will be no reflection of light from the disc 

on to the phototranajator and hence it remains ' off '. Unpainted 

or bare portion of the disc reflects light to cause an increase 
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in the collector. current. Thus mechanical rotation of the discs 

is transduced into electrical pulses 50 per revoluticm of the 

substandard ueter disc and I per revolution of the test meter 

disc. 

5.2.3. si rtal Candjtioners 
w+r.~..~~rr.. ~ ~w sir 	■ ~i - i r+wrrw i r 

(a) Amplifier: 
IiMW YM`i~liir. 

As the pulses obtained from the phototransistor are of 

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

has been performed by using an operational amplifier IC 741. The 

connections"rare shown in Fig,5*4 `.. Because the photot ane.istor 

is located at some distance from the succeeding stage (amplifier), 

induced pick-up in long leads and unavoidable ground loops give 

rise to signals which are many times greater than the transducer 

output signals In an attempt to minimize the unwanted signals, 

shielded wires and proper earthing have been used to correct the 

transducer to the amplifier. 

(b) Zero-crossing Detector 

Because of the switching time the phototransietor gives 

a slowly varying output voltage .To convert this slowly varying 

voltage into an output having an abrupt waveform$ occuring'at 
a precise voltage { zerohere ), a zero crossing detector is used 

(Fig.5.2 ) 
5 3, Wo1 +1G OF TESTING SCHEME 

The testing has been performed for 20 revolutions of the 

test meter. As shown in f ig.5.2 pulses fran 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 a ' high ' time of the 

pulse train C, AND-1 gate remains enabled and allows the pulses 

from the substandard meter to pass through it. If the substandard 

meter pulses are more than 1000, 1000th pulse sets f .ip-flop-1, 

which in turn enables AND-2 gate and disables AND-3 gate. Output 

pulses of AND-1 gate one now counted with the help of two cascaded 

decade counters13  ( as the error is generally in the units of few 

percents). Pulse count is decoded using IC 7447 and the count 

(error) is displayed on 7-segment LED To avoid the flickering 

display, latches ( 1C 7475 ) are used as temporary storage between 

the counters and decoders/drivers. Information present at its 

input is transferred to its output when the clock is ' high ' and 

the output follows the data input as long as the clock remains 

'high ' . When the clock goes 0  low ' , the inf Ormatjon ( that was 

prevent at the input at the time of transition) is retained at its 

output until the clock is permitted to go high. The first pulse 

after 1000th sets flip-flop-2 to drive a LED to give negative 

polarity indication. 

In ease the pulses in the specified period - high time of 

pulse train C - are less than 10,©0, flip-flop I remains reset 

( all the counters and flip-flops are reset at the inS ents:-
of 'low' to ' high ' transition of pulse C and input to AND-3 

gate fran flip-flop -3 remains in ' high ' state. For the' low' 

state of the pulses C, AND-3 gate is enabled and clock pulses 

start accumulating in the counter and divider ( 	1000 ). As 

soon as enough pulses from the clock have accumulated in the 
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divider to make its count 1000, flip-flej i gets ' set' and stops 

further accumulation of pulses in the counter and divider. The 

clock pulses,' representing error$  are finally displayed. The dis- 

play represents the error in the wilts of 0.1 . First clock pulse 

out of AND--3 gate is used for positive polarity indication in the 

similar manner as used for negative polarity indication. Timing 

diagram shown in fig5.3  helps In better understanding of the 

sequence of operations. 

54.  DESIGN C TSIDERATIC S 

The only elements requiring elaboration of design are 

clock, monostable ( delay) circuit; and power supplies. Other 

components being in directly usable digital integrated circuits 
no 

requlre4diacusslone here. 

5.4.1. Clock 

1C 555 connected in free-running mode serves the purpose 
of a cloek.14 . Its connections are shorn in Pig.5.5, The external 

capacitor C charges through RA  & RR  and discharges through RR  

only.The charge time ( output high ) is given by 

ti = 0.693( RA • RB) C 

and the discharge time (output low ) by 

t2 = 0.93 (RD) C 

Thus the total period is given by 

T='tI  +t2=4.693( SRA  *2Ra  )C 
r 



40 

i4' 

r 7 i . r ' " 	• 	Z .~ 	~` . 	.. 	I- 



46 

The frequency of oscillate, on is. then 

f ~ 	~ 	1.44 
(RA * 2 RB) C 

The clock is needed here to feed extra pulses during a 

time period equivalent to 20 revolutions. As the maximum speed 

of the integrating meters at full load can be 100 r.p.m. the 

time for 20 revolutions is 12 seconds, The provision 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 frequency approximately equal to 0#5 Ha 

Taken 

11A = 10 I Acs, j 

1MCL, 

r = 10p  F. 

These parameters result in clock frequency of 7 Y-Ez. Such as 

high frequency is chosen to make the error amputation and die-

play time after the time of 20 revolutions minimus. 

5.4.2. 	atable (Delay) Circuit 
If~' n 	Yrwr+irrhd 	~ 	rwrn ■ r r.+r,rrwew 

latches are used between counters and decoders/ drivers to 

permit the transfer of counter output to decoder/driver and dis-

play after thhaddition of requisite number of cloak pulses have 

been added to make the count 1000. This is achieved by enabling 

the latch 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 circuit15 (Fig.5.5) is as 
given below: 
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Supply voltage $ Vcc * 5 volts transistor used are SG ' 106(NW)  
Taken I0(sat ) = 2 in A 

When transistor T2 Is conducting 
Q 

R + RR a 	Vc© 	5* 	2.5 KSL 
02 	10(sat.) 	2 x Its 

TakenRE a 1K_c~- , I Q2 = 2.2K 

Similarly when T1 is conducting 
Rel + RE 	5.0-- 	- --+-~- 	= 2.5 I . n.. 

2 x 10 

Taken R01 a 2.2 Kil. 
Y C 2 	 2 x 1 4 3 

ht~ 	 24 

5.0 
R ` Rc2 = 	 a50 K .- 

Q.1 x 10 

Taken R I a 47 1-s'--

RB = 22 K -a. 

Delay •required 100 x T An 0,69RC 

Or 	0.69 R C = 100 
7

x 1O 

100 
RC 	 - = 0.2 sec. 

?x0.69X 10 

Taken R a 2 K -rL 

C a 22 r-F 



5.4,3• •5 Volts Regulated Power supply (Pig.5.4) 
■i 	 M4■I A i ■ 	 1~I11 	 lii ®OYI ~ii•rly ■11■ 

A 5-volt, 2 amp. regulate( power supply Is required for 
the TTL ci~ts . Mains voltage ( 230V B.C.  ) stepped down to 12u012 
volts with the help of a 1150 ( 30 sw0)/120 (20 SWG) transformer 
with secondary centre tapped, This voltage is then rectified 
using a full wave rectifier to 9 volts. The vnuegulated voltage 
is regulated using IC 723. Design of regulator cirouit14 is given 
below: 

Reference voltage for :+ 723 = 7.0 V ( specified ) 
Required output voltage, rout 0 5«0 V 

R2, 
R 1• R2 

5 	7.O x R2 

or, R2 =2R 
	

(1) 

To avoid poor regulation at low V1. and high dissipation at high 
YIN the current drain from YRS, should not exceed 2 in. 

P1 + B2 	7.0 V 	 * 3.5 K _ti. 	 (2) 
2 m,A 

Taken R I n 1.5 K n~ , R2 a 3.3 

Tx  tend the load c 	rent range upto 2 amp. two P- cascaded 
transistors ( SL 100 and 2N 5055) are connected at pin 6 of the 
regulator. 
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Resistance for short circuit protection is given by 

R . V(off)
~.. 	0.6! - 	= 0-3-S), 

load 	 2 

Taken C1 a 0„1 	02 = 100 pP 

5.4.4. * 12 volts power supply (Fig 5.4) 
Y.I■ .■1/IYI !Y 	■ 

A stabilized supply of • 12 V required for supplying the 

operational amplifiers was also deemed and fabricated. Two 

additional windings of 140 turns each are placed on the same 

transformer as used for the * 5 V supply. voltage detained 

fran these windings are rectified and filtered then and fed to 

two identical regulators. Design of each regulator circuit using 

IC 723 is as given below s 

Vr f, = 7.0 volts ( specified •) 

Vout , 12 volts 

short circuit current, Road 50 mA 

Voltage at pin 3. V3 Pref' 	2 
R; R2 

' Taken 	V3 	1.0 Y 

• R 
• 1.0 	7.0 	2 R1 + R2 

Taken I~ 1 a 6.0 Kn nd R2 = 1.0trL- 

(R5 short circuit resistance ) 	.. _HR C°~ __.. C 
'load 
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where, VBE(off) 	voltage drop across base to emitter (in off. 

condi,ticn) of output transistor of the 
regulator. 

. 	 . 0.6 	= 12 sL 
• • pSC i° 	50 2 40-̀  

Vout , V3 	4 

Taken F4  = 1.0 K JL 

. 	 R1 

or, F3  M 1'! K ..n-• 

Taken F3  as a fixed resistance of 10 KM -and a ?et. of 2.2 K.SZ-• 

5.5. TEST SET U 

Practical details of the developed test set-up are 

shown In Fi g. 5..5 . 

/ ?S-  cP 

1EERAL LiBR","Y G'T'r"S!TY OF R©ORRE; 
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CHAPTER - 6 

A MICROPROCESSOR BASED 'TESTING SCH IE 

Testing •f energy meters using electronics, and of late 

digital computer, has drawn considerable interest and attention 

of the test engineers as discussed in Chapter 3. Use of digital 

computer being very expensive has been limited to automatic 

batch testing and calibration of the meters, and a few pilot 

projects set up in some technologically advanced countries have 

been reported (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 scheme after success-

fully testing it in the laboratory. It is based on the use 
of a SC/MP microprocessor16  (National Semiconductors, U.S.A.) 

6.1 	IN CI 	OF TES'. IN G 

The speed., of the induction discs of the test meter 
and rotary substandard (with which the test meter is to be 

compared) are converted into proportional electric 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 between this 

number accumulated in the microprocessor and the fixed number 

51 
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counted in the hardware counter is computed in the micro-

processerh"h which then computes the percentage error and 

makes the same available to the test, engineer. 

The number of pulses to be counted by the hardware 

counter Is preplanned based on the number of pulses per unit 

energy and the load for which meter is to be tested. A test 

schedule for testing the meter at different leads is worked 

out and correspondingly the numbers to be counted by the hard-

ware counter are fixed up and stored In the microprocessor. 

The microprocessor later uses these numbers to calculate 

percentage errors for the respective test loads. The errors 

for the various loads are finally printed out. 

6.2 TEST sEP--UP 

Fig.6l shows the block schematic of the test '"set-up. 

Photoelectric transducers are used to generate electric pulses 

from the rotation of the induction discs of the two meters. 

The pulses from the test meter are applied directly to SA 

terminal of the microprocessor, and those from the substandard 

meter are applied to SXR terminal through an AND gate and a 

counter. A starting command is monitored at S$ terminal. A 

'done' signal is given out by the micro rocessor after complet-

ing the job. 

6.3 s2 !A1 
Upon detecting a start command which is given after 

adjusting the applied lead to the meters, the hardware counter is 
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reset and the AND gate is enabled to permit the counting of the 

pulses by the counter. Simultaneously, the pulses from the 

test meter are counted by the software till the hardware 

counter completes counting upto a preplanned number of pulses. 

The error in subsequently computed and stored in the memory 

for print-out. The counting of pulses by software is done by 
detecting a -vs to 4+ve zero-crossing of the input s! gnal and 
incrementing a counter each time. 

A simplified flow chart is shown in Fig.6.2 

which is self explanatory and performs all the operations 

as mentioned above. It occupies only 68 bytes in the RN4. 

6.4 PRS 

The program used is given in Appendix A. 



CHAPTER - 7 

CONCLUSIONS AND SUGGESTIONS FOR FURTHER WORK 

7.1 CoN CLU SI ON $ 

The dissertation combines a report on the state of art 

of Integrating meter testing and presentation of the work done 

by the author on automatic testing of energy meters. Scope 

of the dissertation has been put out clearly in the first 

Chapter. 

The conventlonel methods of testing followed in this 

country and elsewhere have been reviewed (Chapter 2) • An 

exhaustive account of these methods Is given under three 

categories, viz. comparison of dial readings on the test meter 

and a precision substandard meter, comparison of speeds of the 

rotors of the test meter and substandard ineters, and time 

checking of the speed of the rotor of the test meter using 

preeiesion indicating instruments and a•step watch. 

Relative advantages and disadvantages of these approaches 

have been brought out. Testing procedures for 3-phase meters, 

reactive meters, kilowatt demand Indicators, KVA demand indi-

cators and KVAh meters have been discussed. 

In the third chapter various electronic and computer 

controlled testing methods of testing adopted in some advanced 

countries or being developed have been reviewed briefly. It has 

been found that batch testing is preferrable in many caaes. 

54 
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Some new schemes of automatic testing involving auto-

mation in varied degrees have been proposed (Chapter 4)• 

These schemes offer the alternatives of manual start and 

manual atop, manual start and auto step, automatic analog 

error computation, automatic digital error computation with 

seperate displays for negative and positive errors, digital 

error computation with error and polarity displays, digital 

error computation, digital error computation using sub-• 

stractor and comparator, and microprocessor 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 of its basic advantage that the 

pre-set power need not remain constant di ring the measuring 

period as both the meters are subject to the sane power 

variations. It also excludes the involvement of a human 

operator or automatic regulating devices that would other-

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

A digital scheme for automatic testing has been succees-

fully developed by the author. Digital circuits have been 

chosen in this scheme for the measurement of error and Its 

display because as compared to analog circuits they have 

greater resolution., better accuracy, lower susceptibility to 
noise`  and are free from parallex and other errors in reading. 

Photoelectric transducers have been used for obtaining pulses 

from the motion of the meter discs. To put marks en the meter 
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discs for such purposes a numb *r of paints have been tried by 

the researchers18. The author has used black water-based. paint 

for this purpose with fairly good success. An such the provi-

elan needed in the meter for electric signal generation is very 

simple and includes practically no extra cost. It can be very 

easily incorporated by the manufacturers during production of 

meters. Since substandard meter has been marked with 50 dots 

and the test meter with one dot, only one dot has to be put on 

the commercial meters. Shielded wires with proper earthing 

have been used to exclude stray signals likely to be generated 

in the long leads connecting phototrsneistore to the following 

stage. Indication for only one polarity (positive) has been 

given with a view to save the clet of another indicator and a 

flip-flap. The presence of error magnitude an the digital 

display unit and the absence of negative polarity indication 

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 ratings. 

A microprocessor based testing scheme has also been 

developed successfully. Speeds of the two meters are monitored 

automatically with the help of photoelectric transducers, a 

hardware counter, software counting in the microprocessor. The 

error is computed for every load in the microprocessor and 

printed out at the end of the test schedule. An an alternative 

to printing out the error, the same can be visually displayed 
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on LED, LCD or nixie tubes by connecting these devices to 

the input-output bus of the microprocessor through buffers 

and latches. Use of -a digital computer can enable fully 

automatic testing of meters in batches with calibration faei-

lity. The limited capabilities of microprocessors, however, 

restrict their application to only semi-automatic testing, 

such as described here. But the difference between the • costs 

of digital computers and microprocessors is too obvious to 

be elaborated. 

7.2.  3 G ESTION S FOR FURTHER WORK 

The two test schemes developed by the author can be 

made more sophisticated and include more automation. 

The error (difference between substandard and test 

meter speeds) can activate a servomechanism capable of operat- 
ing, the adjusting devices on the test meter. The meter can 
thus not only be tested but also calibrated automatically. 

The schemes can also be extended to the testing of 

demand meters as it additionally involves the checking of time 

interval for which the demand is recorded. The time checking 

must be done against a highly accurate and stable timing device. 

A crystal controlled clock, followed by digital frequency 

dividers, is beet suited 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 electromechanical energy 

meter. Nevertheless, they can be used equally well for the 

testing of solid state meters too, though this class of meters 

is still in its infancyl9. Application of 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 the measured power into proportional pulse rate. 

Furthermore, the proposed schemes assume that the test 

and substandard meters have sate rev./kwh constant. However, 

they can be easily modified for meters having different 

constants by including suitable frequency dividing circuits. 

lastly, the proposed schemes are directly appliceble to 

the testing of individual meters only. Nevertheless., they can 

be extended for batch testing by using moving test benches or 

moving detectors9• 



AP DI.X - A 

AN EXJ PM OF ERROR LIMITS 

According to IS : 722 (Part II) - 1962, Cl au 3e 7.5 

the limits of error for single phare 2-wire whole current 
watthour meters at the rated voltage, standard frequency and 
standard temperatuace shall not exceed the values given below. 

Current (percentage of the 	Power 	Limits of Error 
rated current) 	Factor 	(percent) 

25 	 1.0 	2.5 

5 to 100 	 1.0 	2.0 

5 	 0.5 lag + 2.5 

10 to 100 	 0.5 lag j2.0 



APPENDIX B 

LISTING CF THE PROGRAM FOR MICROPROCESSOR BASED TESTING 

TOPOO 

C4 
44 
32 
C4 
or 
36 
C4 
04 
07 
19 
40 
D4 
80 
9V 
PA 
C4 
00 
CA 
00 
04 
02 
07 
19 
40 
D4 
60 
90 
OE 
06 

0200 

0201 
0202 
0203 
0204 
0205 
0206 
0207 
0208 
0209 
OPOA 
OPOB 
0200 
OFOD 
OFOE 
0202 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
0218 
0219 
OFTA 
OFtB 
opt : C 
OFID 

OF1E 
OF.1F 
OF2 0 
©F21 
0222 
0223 
0224 
0225 
0226 
0227 
0228 
0229 
0F2A 
0F2B 
0220 
0F2D 
022E 
0222 
OF f o 
©F31 
0232 
OF33 
0234 
0235 
OF36 
0237 
OF36 
0239 
OP3A 
OF3B 
0Pc 
OF3D 
OF3E 
OF3F 
0240 
0241 
0242 
0243 
0244 
0245 
0246 

D4 
10 

98 
FB 
B1 
00 
06 
D4 
10 
90 
FB 
90 
EC 
.19 
40 
D4 
80 
98 
OR 
06 
D4 
10 
98 
FB 
BA 
00 
06 
D4 
10 
9C 
FB 
90 
EC 
C4 
01 
07 
90 
FB 
A4 
00 
00 



.. .A...._E. 	LC. .S.. 

1. 	OoLdtng, I„ tis and t .ddi st  F. C i 'tectrica. Merux meat 
and Moasurn Ittstru t3' , The iUsti Long u 4 Book 
Society and Sir Issac Pitimn & Sons Lt4., London, t963. 

2, Dc.thLn, C.T. s 'Bmc1antis of 1ectrjca1 L asuzezamrrts' 
LyaU Boot Depot, Luhiana, 1969. 

3. 	ac1Lngb3m H. and Price,# L.MM.s 'Pr1,nciplos of aectri6al. 
Measurements', int Las, 196. 
Stubbings 0. t:. i ' aectricity Ibtors and Meter Test s g►, 
Caapn and H .1 Ltd.,, London # l9)7 

. Dana,, P ,L : 'Meter Tes# gRgjxL ent' , Proceedings of 
intornaticzzaL Con ronce an Metering and Apparatus for 
MOdzn OCtricZLty Supply 	ffs, IZ 	if+ x a+o 
Pubcation 170.359 30 Oct.... I Nov. 19679 p.185. 

6. DgOt, A.3.: ' dery M to Testing Bq i tints and, 
ibc iqu3s', 1bd d, P. 1910 

7. Petr at: J'.: 'A Nei; ecisicn Test Systema for ELectricity 
tit s' , i1a., p.209, 

8. Uakaoku A susue. 'Automatic  tai t aur Mcter Test 
Equipment Ccs►tr tied by J!Lectronie t puter#.4  ibi.d,p.200. 

9, Ashton, D. F. s $ A Review of Automatic Methods for Motor 
Testing Stu .ones',, Proceedings of 2nd Int3n2ationa. 
Conference on Metering Apparatus era d  ' riffs for mectr " 
c .ter sup*y, I, , Confe r rnce Put.i cat.ora No.92, 26 2g S3pt, 

1972, p•3S9* 

CE1]TRA L14? ., " .' StIi O ;QcCi: r. 
1iOO .sri 



W. '` ora o2 a r`o t 'CCtOLC ":3 O1 Tbfl .8' ,".1 t Pcooz U C 09 
c ti Ana Ap 	tUO tO 13 

oic it L ty 	pplyy 	6tf2II, XI . R .f * 9 onco ia3i e ~ IcAl 

 1 flov. 967, P.1960 

9' . 	crit G.B. s a Z nQz r £3tOgICtO 	zcit 	, U 2s', 

t 	. c .v, Lonoio 1975• 

12, Ci  Un E.F. V,na D1ccoi1, F.F.: •O3tcnz, Ai 	tiara 
,Cn& !4nt 'tj;cto C cui;" && 9 Pre-&i± ca.wxU 	.,, mAw Eeiv4e.~, 1 977. 

13. 	11122 9 `acob cnt . .aug CIwi c a C.: f In'CPg to 
tr4.co5 Jnroaa bait 	to G Syo t&& 

UoQvE3fl 10 IZØk 	 1972. 
9)+. 	i a , & E a ' 4 p .cat ono Of Lin Xnt txted 	. t3' , 

o 	%2Qy +C: 8c 	iJ ax c v1, ZnL. 1975. 
t, 

 
Uiiar 3. +cad mil), 1I. s I 	so,, 	.c, ice. ,ca Si t 2.•  

t.l fo st v I G wt 	1 r o3. oicny1 133 Zok, 19C. 
16. OPt? i2,+ mo ocoz' Pz:Ln L u 1 fltc. 

au o o G G t cn Ltd. 1976. 
17. 2c p o nc o cd 	113 Gcputor Zjc .o' ►v 

tjcatjo 1977. 

13. Coo p D.F»e 't Ojica. ;DUict oro IiLoctiaUr Ioz  
Mao D3tO oW.00 for A3atort.tc ibt oOtAn5l q 1'oc3t.nO 
02 2C M X xt2.ciz 	f o c3 Ci XtoLn Apperctuc ted 
aU,fo fc kLOCt?iCtt7 &tP 'p 11 	tQiLbzco Pub1icc 

a flof92, pZ), Capt. 1972, p.333.  
19. 1. 	4 coy, 3. Cad Vo 	U.1.: • !fit Moct 	c zoc 

e Xt,g F r is i" Q .n ' ,, fou=ai or I . tuttcm. or  
a 3 fCo1'Q ( Uc), Vol , 3, 	1V , 19789 p•ss. 


	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Appendix
	References

