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GENERAL INSTRUCTIONS ON EXECUTION OF THE LABORATORWORKS

Internal regulation

1. Laboratory works are carried out in accordanith the laboratory work schedule given to students
at the beginning of every term.

2. Only students instructed on rules of safetysuess are allowed to carry out the laboratory works

3. Laboratory works are carried out by teams ofgiz&ons.

4. Each student must be ready to training by medirisaving a notebook containing all necessary
schemes, calculations, explanations concerninglfioéint of the work as well as the tables to fillwith the
investigation results. Untrained one is not allow@darry out the laboratory work.

5. Before the work execution, the team chief ghts get of type elements and necessary electric
measurement instruments from a laboratory assjdtantesponds in all possible damages and aftexoiie
execution he turns over the set to laboratory &stis

6. There must be corresponding order and work enment during laboratory training. The group
chief and student on duty respond for the ordenteaance.

7. Strict follow-through safety instructions duritige laboratory work execution is obligatory.

8. After completing the lab, each student has t@iolthe teacher’s signature in notebook testifying
the correctness of measurements and permissiasrt@dtle the circuit. In case of wrong results shedent
makes measurements once more trying to get poséstets.

As for the report, the calculation results are @ernied in the table form, moreover, the calculatior
example is given for but one test from table. Fdamware noted initially with letters, further thatd are
substituted for the letters and finally the caltiola result is performed with obligatory preserdatiof the
dimension units. All the physical quantities’ urdte expressed in SI-form. Plots are drawn at ¢h&e svith
presentation of the dimensions at the axes; expgetihpoints being to be shown in form of littleotp

Special attention is to be paid to conclusions amkwhaving been fulfilled; the test results obtaine
being to be compared with known theoretical cotiates; causes of possible inaccuracy being to b
mentioned.

Properly formalized report combined with rough copye is performed by the next laboratory
training.

9. Missed labs are carried out at extracurricuksinings in accordance with schedule.

Safety measures

All voltages one may deal with in the laboratormselectrical engineering are dangerous for huma
life. That's why there are the following safety regees which are to be strictly kept.

1. Electric circuits are to be assembled at swdabié energy source only.

2. Assembled circuit need to be checked by teashktboratory assistant. Circuit may be switched or
with their permission only.

3. At knife-switch closing, all apparatus (sourcdsgostats, coils etc.) is to be in such position t
guarantee the minimal current in the circuit.

4. All students are to be familiar with emergenbytsdown system of the electric energy source.

5. In the laboratory, it is prohibited:

5.1. To switch on a circuit without warning of tteam members. At switching it is necessary to say
“I'm switching”.

5.2. To touch bare parts of installation being unadtage.

5.3. To produce reconnections in a circuit undettage. Any reconnection is produced at
disconnected knife-switch. After any reconnectioa tircuit is checked by teacher or laboratorysisst.
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5.4. To jam the laboratory table with secondargdbkiincluding excess connecting wires.

5.5. To leave the installation being under voltag@out care.

5.6. To disassemble a circuit without prior conagrischarge.

5.7. To switch on a circuit if there is a vacand @fi any connecting wire.

6. In emergency case at the working place (equipi@mage, blowing of a fuse, etc.), student shouls
immediately switch off electricity supply and reptwr a teacher.

7. In case of electric injury one should immedwatlitch off electricity supply at the working p&c
and render the first aid to victim.

LEGEND ON THE INSTRUMENT SCALES

In accordance with State Standard 22261-82 anytriglemeasuring instrument is supplied with
following notation on its scale: designation angeyf instrument; trade mark of the manufacturenasNo
and year of manufacture; as well as other notgbioimting to the principal metrological characteast
application conditions, etc.

Notation of the electric measuring instrument tyoasists of the letter code, it being followed by
figures. The letter code characterizes the instniragstem.

There are following letter codes; they being emptbyor the most types of the analog measurin
instruments:

M — instruments of D’Arsonval measuring system (f@eremt-magnet system);

3 — electromagnetic instruments;

J1 — instruments of electrodynamic system and femadyic measuring system;

C — instruments of electrostatic system as wellatisarie-ray oscilloscopes (oscillographs);

U — induction instruments;

L1 — rectifier (detector) instruments;

® — electromechanical instruments with electronipkifiers;

H — recording meters.

Principal legend mapped on the instrument scalesdéordance with State Standard 23217-76 is
presented in the following table.

Legend on the measuring instrument scales

Designation Legend

1

1. Current kind

Direct current

Alternating single-phase current

Three-phase current (general notation)

2. Safety

Testing voltage 500 V

Testing voltage over 500 V (e.g. 2 kV)

Instrument insulation is not to be tested

3. Working position of instrument

Instrument is applied at vertical position of scale

Instrument is applied at horizontal position oflsca

Instrument is applied at the sloping position aflede.g. angularly 60 with
respect to horizontal plane

N H B )
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Notation pointing to the instrument orientatiortte external magnetic field

4. General legend

Instrument of the permanent-magnet system with inleviaame

Logometer of the permanent-magnet system

Instrument of the permanent-magnet system with inlevaagnet

Electromagnetic instrument

Logometer of the electromagnetic system

Instrument of electrodynamic system

Instrument of ferrodynamic measuring system

Logometer of electrodynamic system

Logometer of ferrodynamic measuring system

Induction instrument

Instrument of electrostatic system

Permanent-magnet system instrument with rectifier

Instrument of the permanent-magnet system with chéthkermoelement

Instrument of the permanent-magnet system withlaed thermoelement
(thermoelectric device)

Instrument of the permanent-magnet system withreleic transducer in the
measuring circuit

DD o Q® k| @t Mo | |z

Electrostatic screen

Y
~ 7

Magnetic screen

Clamp to earth

Corrector

Main working conditions (reference to the instrurtni@struction)

>0 1O

5. Accuracy rating

Accuracy rating expressed in percentage termgiatial value of the

guantity under measurement (at predominant addit&ecuracy) 1,5
Accuracy rating expressed in percentage termgiatial value which is

determined by the scale length (for the instrumeuitts sharply irregular 1,5
scales) Y4
Accuracy rating expressed in percentage termseofjtiantity under

measurement (at predominant multiplicative inaccyya @
Accuracy rating expressed in percentage termseofjtiantity under 05/0.2

measurement (at commensurable additive and mahiple inaccuracies)
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Legend allows obtaining the principal charactersstof instruments. That's why before the executior
of each laboratory work one should look through lggend of all instruments involved in the laborgto
work, it being placed into the instrument tableaport.



Example to perform a report

| 5CuC-08un-4 | Report on laboratory worke | | Mohammed Awodi

Validation test of instruments

1. The purpose of work

Examination of technique to verify technical instrents and definition of their principal charactecs

2. Installation and instruments

Table 1
List of the instruments involved
System © | = o o m
= () o =
o © = c T o c L
® Z S >~ | 3| ¢ > =ge] g
Name > | 8 |g|€ | § 2| | 5 |EF| %
— Q |2‘ > 5 o] 8 2 ; 8— -
N %) 9 k= ) 2 0
< | O e
1. Ammeter 2378 34101 | BM 1.5 1-5A 0.2 A/div 2
3. Work contents
3.1. Definition of the main inaccuracies.
3.2. Definition of the transition time of the reags.
3.3. Definition of the power consumption.
3.4. Definition of the instrument insulation resaiste.
4. Testing schemes.
5. Measurement and calculation results.
6. Analysis of the results obtained and brief casidns
Executed by Checked by Page Pages Signature

Mohammed Awodi| Muxaiinos B.E. 1 3




Laboratory work 1
CALIBRATION TEST OF TECHNICAL INSTRUMENTS

The purpose of work: examination of technique tofya@echnical instruments and definition of their
principal characteristics.
Installation and instruments
Technical ammeter of the electromagnetic systemhefaccuracy rating 1.5 and standard ammeter
the electrodynamic system of the accuracy ratirdga8. well as rheostats, step-down voltage trangfigrm
stopwatch, megaohmmeter, millivoltmeter are emgdogt the work execution.

Work contents

1. Definition of the main inaccuracies.

2. Definition of the transition time of the reading

3. Definition of the power consumption.

4. Definition of the instrument insulation resistan

Explanatory notes to work

The measurement means are always to be ready picatpn, to guarantee unity and reliability of
measurements. In application process of an elattmeasuring instrument, its accuracy and relighof
the measurements are not kept (there are diff@@mndes). That's why in accordance with State Standa
8.002-71 all the measurement means are to be tifjgperiodically calibrated. At calibration, theost
important characteristics of the instruments (basaccuracies, transition time of the reading, iason
strength, self power consumption) are determined.

By the validation test results, the conclusion @nmg the instrument suitability to the further
application is realized.

Let’s consider the principal characteristics of ¢hectrical measuring instruments.

1. Basic inaccuracies and their definition.

In dependence on designation, the pointing meagunstruments are divided onto standard anc
working ones.

The results of a physical quantity measurement yawgiffer from true quantity by definite value
which is termed the measurement inaccuracy nevesghethey are executed thoroughly with perfec
instruments.

Absolute errotd of an instrument is difference between the imagnt readingX,, and true valu&

of the measured quantity, i.e.
A= Xp—-X (1.1)

Ratio error (relative error)o0 of an instrument is the ratio of absolute emwmrtrue value of the
measured quantity; it being usually expressed ingrgage terms:
J= %100%: élOO% (1.2)

Reduced error )y is the ratio of absolute errat to true fiducial valueXx; it being expressed in
percentage terms:

X, = X

5= 100% = XA100% (1.3

H H

The fiducial value is a conditionally assumed valimecase of an instrument with unilateral scale, i
being usually equal to full-scale deviation.

The measurement inaccuracy may not depend on the ghthe measured quantity or may vary with
its variation. Constant component of the measuréimeccuracy is termed additive inaccuracy, thealde
component proportional to the measured quantitggpealled multiplicative inaccuracy.

Friction in supports as well as wear and tear @frings and other causes result in variations in th
instruments’ reading.

Variation in the instruments’ reading means thayegy possible difference in the instrument reading
one and the same value of the measured quantisyddtermined at soft approaching of pointer ettésted
scale mark initially from the lower scale part ahdn from the higher scale part.
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Inaccuracy value depends on the measurement comgliiemperature, pressure, air moisture, etc.).

Basic error is an inaccuracy at normal operatingddens for instrument.

Inaccuracies owing to deviations in conditions framrmal ones are called additional inaccuracies
The highest inaccuracy which the instrument majobed to be valid at and to be allowed to applaats
called limit of allowable inaccuracy.

For majority of the electric measurement means usathtic mode, the limit of allowable inaccuracy
is rated. Questions connected with rationing ofdhewable inaccuracies are considered in Statedata
8.401-80 “Accuracy ratings of the measuring me&eneral requirements”. In accordance with Standar
8.401-80, the instruments are given with definiteusacy rating. It is the aggregate characteristian
instrument which is set by limits of allowable maand additional inaccuracies.

Accuracy rating is symbolized in dependence onrtiationship character between the instrumen
inaccuracies and value of the measured quantity.

The majority of indicating pointer and recordertioments possess predominant additive componel
of inaccuracy; particularly, inaccuracy owing tacfion and the reading error, it being constantaatiund
the instrument scale, i.él = const Ratio error of such instruments increases wii&ermeasured quantity
decreases. That's why the accuracy rating for sustihuments is set by reduced error which is corisad
around the scale and is expressed by single number.

A numbermeaning the accuracy rating defines the limit tdvahble reduced basic error. For example,
for the instrument of accuracy rating 0.2 thegesj value of the basic reduced error should nogeck
0.2%.

For measuring instruments with nonuniform scale (festance, ohmmeter), the fiducial valXg,
which is used to calculate the reduced error, issbe equal to the full scale length or to itstgan mm)
corresponding to the measurement range. Accuraoygraf such instruments is symbolized by single
number supplied with little angle below, for instance).1.

There are the measuring means which measuremectunagy is proportional to the measured
guantity, it being so-called multiplicative inacaay.

To symbolize the accuracy rating, in this caselsingmber placed in circle is used, for insta,.l
Here, the accuracy rating sets the limit of allokeahtio basic error.

If both additive and multiplicative inaccuracies asomparable quantities (as it is true for digital
instruments), the accuracy rating is given in farfhiwo numbers separated by division sign, foranse,
1.0/0.5. At the same time, the limit of allowab#tio basic error is rated too, however it is cated under

the following formula:
X
o=%c+d| -1
[ [ X ﬂ (1.4)

where: ¢ - number over the fraction line; d — number below the fraction line in symbol of the
accuracy rating.

Correspondence to the accuracy rating is verifitedugh determination of the basic inaccuracies; i
means at the normal application conditions. Basacg¢uracies are usually determined by comparativ
approach when the reading of the tested workingumsent is compared with reading of much more geeci
standard instrument. Accuracy of the standarduns#nt has to exceed the accuracy of the testednone
than 3 times. In this case the accuracy of thedst@hinstrument is of no importance and its readig
assumed to be true value of the measured quantity.

In DC case the instruments of the permanent-magystém are used as standard instruments while
AC case the instruments of electro-dynamic systenused.

2. Transition time of the reading
Speed of response of the pointer indicator is charaed by the transition time of the reading; it
being the time interval from moment of the measugedntity change up to moment when the instrumer
pointer is remote from the new steady state positat far than 1% of the scale length.
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For absolute majority of analog devices the tramsitime of reading could not exceed 1 s with
exception of thermo-electric and electrostaticrinsients. They are allowed to have the transitiore tof

reading up to6 s.

3. Power consumption

Power consumption of the instrument is one of tlesthmportant feature, however it being not ratec
by standard.

As the electrical measuring instrument being cateteto a circuit under voltage, it starts consuygmin
definite power from the circuit. In most cases tpmwer is negligible as for the electricity economy
However, at measurements in low-power circuits gwothis power consumption, the circuit mode may b
changed, it resulting in the measurement inaccurasgase.

To determine the power consumed by ammeter, a etdinis connected to its terminals, it being done
at nominal current of ammeter. The voltmetemigasure the voltage drop across the ammeter tdenisni@
have quite little limit of effective range as waB high inner impedance. The most suitable forghipose
instruments are electronic, or digital, or rectifieltmeters.

Consumed by ammeter power is found under the fatigiormula

P= Iannp
where Rips - inner resistance of the tested instrument wisaalculated under the readings of ammeter anc
voltmeter.
In accordance with State Standard 22261-82, thdaten resistance between the frame and electri
DC circuits at nominal temperature and moistureddams is to be higher than 40 MOhm at working

voltages up to 1000 V.
Measurement of the insulation resistance is felfilbby megaohmmeter with nominal voltage 500 V.

Order of the work fulfillment
1. Do examine instruments used in the laboratorykywarite down their rating into the instrument
table.
2. Assemble the scheme for testing.

o T

: ()
ERiE

[o, ©
Fig.1.1 Scheme to test an ammeter

3. Supply the scheme for testing with voltage. Migvihe slide contact of the rheostat, make th
instrument pointer to travel from zero positiontopnaximal one and backwards; make sure the fridip
pointer is absent.

4. Warm up the instrument with nominal current.eifthne circuit is switched off, check if the pointe
is at the zero scale mark. If necessary, do sqidivger at the zero scale mark with the aid ofector.

5. Do set the pointer of the tested instrumentl atuemerical scale marks one after another firatiyhe
current increase from zero to the biggest scalgevahd then at the same marks at the current cechesn
the biggest value to zero. Pay attention if thenjoiis approaching the numerical mark from but side.
Determine real value of the measured quantityegdhmarks by standard instrument.

6. Place the results of observations and the imacgwcalculations into table 1.1. Calculate thalneg

variation K, and correction 4 under the formulae:

I -1
— Ososp 0 yovis 0 - A = I - I
Vi = — 100% o~ In

H



Table 1.1
Reading of the| Reading of the Absolute Relative Reduced Reading | Correction
tested ammeter, standard . . . . . o
inaccuraciesA | inaccuracies, % | inaccuracy, %| variation, % , A
A ammeterA
|, loincr | lodecr | Aing | A decr Oincr O decr ) 4 War -4

At the calculation of the reduced inaccuracy andemtion for each pair of the absolute inaccuradtes
is necessary to choose the biggest value.

7. Do determine the transition time of the testedfrument reading at the numerical mark in thereent
of scale. Turn on simultaneously the scheme antbprvgatch, do turn off the stop-watch at the time
moment when the oscillation amplitude of the pairstarts being less than 1% of the scale lengtpeRe
test three times. Place the results of observatadgshe calculations into table 1.2.

8. Measure the resistance of the tested instruraetiie nominal current by method of ammeter-
voltmeter. Place the results of observations aadt#iculations into table 1.2.

9. Measurement of the insulation resistance. Cdrthecclamp “line” of megaohmmeter with one of
the terminals of the tested instrument; the clameprth” being connected with the instrument frame
Rotating the megaohmmeter generator handle unijomith speed 90-120 rev/min, do make reading by
scale. Write down the observation results intogdbp

Table 1.2
Definition of the instrument characteristics

Resistance and power consumption of the testerlesistance of

Decay time, s . ) .
instrument insulation

t]_ t2 t3 I, A U, V Rns y Ohm Pms, W st ,MOhm

tav

Contents of report
1. Scheme to verify the instrument.
2. Table of the measurement and calculation results
3. Corrections plotted (do connection of experirakpbints with direct lines).
4. Analysis of the results obtained and conclugitimey meet the requirements of the State Standard
5. Answers the self-control questions (in accoreanith teacher’s instruction).

Self-control questions

1. What is purpose of the instrument periodicalifiation? Which characteristics are determined
while verifying?

2. How are absolute, relative and reduced inacesaalculated?

3. Give the additive and multiplicative inaccuraoncept.

4. Perform the basic and auxilliary inaccuracy empic

5. What is the accuracy rating of the measurenaamilittes? What ways exist to ascertain the acgurac
rating of the electrical measuring instruments?

6. The accuracy rating of an instrument is 1.5. /do@s it mean?

7. How is the transition time of the reading detieed?

8. How is the self power consumption of an instrahuetermined?

9. What is purpose to measure the instrument itisnlaesistance?

10. Give the definition of the reading variation.
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Laboratory work 2

ANALYSIS OF THE DIRECT AND INDIRECT MEASUREMENT RESLTS
The purpose of work: study of the methods of anslgsad performance of the single determinatior
results by example of the rheostat resistance memsunt.
Installation and instruments
While working, there are used: milliammeter, voltexe2505 (359), M2004, rheostat 100...800 Ohm,
DC-source.
Work contents
1. Determine the rheostat resistance through tiesict measurements:
- execute measurement by scheme an ammeter aiéneeter;
- execute measurement by scheme a voltmeter aftamaneter;
- provide two variants of the voltage measuremenefich mentioned case:
by means of a voltmeter of the electromagneticesyswith relatively small inner resistance;
by means of a voltmeter of the permanent-magné¢isywith big inner resistance.
2. Determine both instrumental and methodical inemties at the resistance measurement and ¢
perform the results obtained for each case.
3. Analyze and compare the measurement resultghedtan accordance with State Standard 8.011-72

Explanatory notes to work

Any measurement result contains the inaccuracgldatric measurements, one distinguishes both tr
instrumental inaccuracy which possesses the randoamacter and the methodical inaccuracy whick
possesses the systematic character.

The instrumental inaccuracy is such inaccuracy wigcinherent to the measurement facilities their-
selves i.e. in that device or transducer by mednwhoch the measurement is fulfilled. Causes of the
instrumental inaccuracy may be imperfection of tineasuring facility’'s characteristic, influence of
environment upon this characteristic and so on.

Methodical inaccuracy is the result of the mease@mrmethod’s imperfection:

- lack of correspondence between quantity and @dgnv circuit used at the measurement;
- influence of the measuring facility upon the éelsbbject and processes occurring in it.

For instance, voltage at the rectifier output isuased to be constant and may be measured, f
example, by magnetoelectric or electrodynamic veten However, if the measured voltage possesges t
variable component (pulsations) then voltmeterse giNfferent readings because they react upon the:
pulsations in different manner.

Temporary connection of an ammeter (fig. 2.1) sodmeter (fig 2.2) at the direct measurements i
the example of the instruments’ influence uponnteasured object. Value of current or voltage habiegn
measured is less than true value.

E,

a) Figure 2.1 b)

In order to measure the current flowing throughjl&, the ammeter is employed. Let’s calculate the
methodical inaccuracy at the temporary connectfaanmumeter.
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Real and measured current values (in schemes 2dlla)are determined under Ohm'’s law:

| = E, | = E,
0" h +p x =
Ry, + Ry R, + Ry + Ry,
Then absolute methodical inaccuracyis: 4, =1, -1, =1 “Eo\Ra \
oY 0T Ry +R, R TRy R )
H 0 H
. o . A R,
Relative methodical inaccuracy is: J, =—100% = -—————100%
I 0 RO + RA + RH
_ RA 0,
If to assumeR,; >R, and R, >R, then J; = —?07 %
|
0

In order to measure the voltage across the |ddda voltmeter is employed. Let's calculate the
methodical inaccuracy at the temporary connectiforolimeter.

Ro Ro

o On 50 @R o,

>

a) Figure 2.2 b)

Real and measured voltage values (in schemes @d2d)are as follows:

— EoRy U. = EoRy Ry
? R0+RH * RORH-i-RORV-i-RHRV
Then absolute methodical inaccuracy is: 4, =U, -U,, = (Ro x RO_RIf,O FI;:FF:EXR - )
+ + +
0" "
Relative methodical inaccuracy is: d, = AlOO% = - Ry Ry 100%
U, RRy + RyRy + Ry Ry
R
If to assumeR, >R, and R} >>R, then J, = —=2 100%
Vv

There are two schemes being of use at measurerhtrg cesistor’s resistance by voltmeter-ammete
method: an ammeter aftevaltmeter and a voltmeter after an ammeter (fig.213d 2.3b respectively).

a b
0, 0,
RX RX
o ® o ®
Fig. 2.3

While calculating the resistor resistanég under Ohm’s law, the instrument influence is néeta
into account for both schemes, it resulting in rdtbal inaccuracy appearance.
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In scheme fig. 23 the ammeter measures the curigndf the resistor with resistanc®, and the
voltmeter measures voltadd, =U «+1 yR5. HereR,; — the ammeter resistance. Thus, the measuredyedka
equal to sum of voltages across resistabgeand across the ammeter terminals.

From here, in accordance with Ohm’s law, the rasist measured (sum of resistances of resistor at
ammeter) is as follows: R{ = Uy/Ily=Ry+R,

However, real resistance is determined under famul
Ry = R{ -Ri =R{(1-R{/R,)
Then absolute methodical inaccuracy isd ,,= R,'- R, =R g
It is obvious that the measurement inaccuracy nmeayelduced by means of the ammeter resistanc
decrease. A A
Relative methodical inaccuracy: J,=-==100%= - = 100%
X
This scheme (at calculation under Ohm'’s law) isallguemployed to measure relatively big
resistances wherky >> R, .
In scheme fig. 2.3b, the voltmeter is connecte@atly to the resistor terminals and it measure:

voltage Uy across resistor. The ammeter measures sum ok#igar current and current in branch with
voltmeter

Ia=lx+ 1y
Then total conductance is:

O = la/ Uy= Gt Qu=1/Rc+ 1/R,
where R, — resistance of the voltmeter.

The resistor conductance may be found by subtraabio the voltmeter conductance from total
conductance determined earlier:

K=0—0 =0 (1-g/0¢), R« =R{/ (- R'/R)

112
ical i : —p! — _(Rx)
Then absolute methodical inaccuracy: A, =R -R. _ﬁ
- R)lc
Relative methodical inaccuracy: JM =—2X100%
It is seen, we can improve the measurement accimaayeans of the voltmeter resistance increase.

This scheme (at calculation under Ohm’s law) isallguemployed to measure relatively little

resistances wheRy <<R\, .
Methodical inaccuracy has systematic charactert'sthahy it has to be eliminated from the
measurement results by means of the correctioncapiph:

Rx = Rxl -4,
Rxl - AM = Rxl - Pﬁ
For scheme b) Re=R'-4,=R/+(R/ ¥/ (R/-R{) =

For schema) Ry 1
RR,
R -R:
The instrumental inaccuracy has the random charantedepends on the instrument accuracy rating.
In case of the indirect measurement of a resistaheeinstrumental inaccuracy is determined unde

formula: 35, == /53 + 32

where J; andd, are relative errors of the ammeter and the voltnretspectively.
While performing the measurement results, one shimliow the rules:
1. The measurement result consists of the measyuwadtity and numerical accuracy figure (the
measurement inaccuracy) characterizing the precidioneasurements.
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2. Numerical expressions of the measured quamidyraimerical accuracy figure are to have the sam
order of the least number position.

3. Numerical accuracy figures are expressed irswfithe measured quantity and are to contain nc
more than two significant digits.

Such presentation of the measurement results eslbaghe fact, that they determine only the bounds
of interval within which the true value of the meeed quantity occurs.

Order of the work fulfillment

1. Do choose the measuring instruments for indireesurements of the rheostat resistance. Whil
working, do make use of DC-source 25 V.

2. Assemble the scheme fig. 2.3do make use of magnetoelectric voltmeter andtreleagnetic
milliammeter. Take the instrument readings andlabuhem in tables 2.2 and 2.3.

3. Substitute the magnetoelectric voltmeter bytebacagnetic one and do take reading. Place data in
tables 2.2 and 2.3.

4. Assemble the scheme fig. 2.3b, do make use dainetaelectric voltmeter and electromagnetic
milliammeter. Take the instrument readings andlebuhem in tables 2.2 and 2.3.

5. Substitute the magnetoelectric voltmeter bytebacagnetic one and do take reading. Place data in
tables 2.2 and 2.3.

6. Note down the serial data of instruments andniggiulfilled necessary calculations, do fill irbla 2.4.

Table 2.2.
Parameters of the measuring instruments
Instrument . Accuracy . Absolute
) Fiducial value . Division value .
Scheme Type of resistance rating inaccuracy
V0|tmeter RV RA) UN) | N KV) KAI CVI CA) A\/l AA!

Ohm | Ohm V A % % | V/div Aldiv V A

b
Table 2.3.
Results of the direct measurements
Scheme Type of Indication Reading of instruments Measurement tesul
voltmeter | q.,div. | aa, div. U, V In, 4 U£/A /N | 1£/4a], A
a
b

Contents of report
1. Perform the schemes of investigation (fig.2.3).
2. Tables with the measurement and calculatiortsesu
3. Table of the basic characteristics of instrurment
4., Conclusions on work.
5. Answers the self-control questions (in accoréanith teacher’s instruction).
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Table 2.4.

Calculation results of indirect measurements

Scheme

Type of
voltmeter

Xy

Ohm

owm,
%

Aw,
Ohm

RX ]
Ohm

Ou,
%

Ay,
Ohm

Measurement resulf

Rc# /A /

S

2. What measurements are termed indirect ones?
3. What is the measurement inaccuracy?

Self-control questions
1. What measurements are termed direct ones?

4. Present the classification of the measuremextcuracies.
5. Give definitions of the absolute, relative, sysatic, random, additive multiplicative and

instrumental inaccuracies of measurements.

6. What is the cause of the instrumental and maéthbohaccuracies’ appearance?
7. How are ratio and absolute errors of the elegitnneasuring instruments calculated with different

notation of the accuracy rating?

8. What are the rules to express the measuremsarits®
9. Find out in table 2.4 the most precise measunénmesult and explain it.
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Laboratory work 4

INVESTIGATION OF SINGLE-PHASE ACTIVE ENERGY METER

The purpose of work: study of the single-phase d¢tidn counter construction and execution of its

calibration test .
Installation and instruments

While working, there are used: three-phase phas@gnaghtransformer, laboratory autotransformer,
voltage transformer 127/36 V, ammeter, phasometatimeter, tested single-phase induction counter c
active energy and stop-watch.

Work contents

1. Determination of the relative inaccuracy of #otive power measurement by wattmeter-stop-watc
method.

2. Shunt running test of the induction counter.

3. Determination of a counter’s threshold of sewigyt

Explanatory notes to work

Single-element single-phase induction counter ipleyed to register (to indicate) the active enargy
single-phase AC-circuits. Its crucial elements aee follows: parallel 1 and series 2 electromagnets
aluminum disk 3, permanent magnet 8 and countehamsm combined with screw-gear 7 (fig. 4.1). The
series electromagnet winding is made from relajivieick wire, it being connected in series withdodhe
parallel electromagnet winding possesses the greatber of turns of thin wire, it being connected in
parallel to load. Disk 3 with axis 4 is set in begs 5, 6.

Alternating currents flowing through the electromeaty’ windings create the alternating magnetic
fluxes shifted each to other in space and in tiuh@gnetic fluxes penetrate the aluminum disk, thmelucing
EMF in it. Owing to EMF the eddy currents appeatha conducting disk. Interaction of the eddy cotse
and magnetic fluxes results in torque; disk stantating.

In order the rotation speed of diskvould be directly proportional to the load actp@ver P= C;n,
the braking torque is produced in the counter Withaid of magnet 8.
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Since power isP= C;n, then active energyV, consumed by load during time is:
t t
W = [Pdt=C,[ndt=C,N (4.1)
0 0

it means the active energy is directly proporticmahumber of the disk revolutiomMs during time .

W _Pt_tUICosp

Here =2 =—= - real constant of counter, it presentirg eénergy consumed
N N N by load per one full disk revolution.

Real constantC; depends on the counter working condition andenegal case is unknown. That's

why the energy consumption is determined throughnibminal constanCp, which is the energy registered
by the counter mechanism during one disk revolution
W,=C, N (4.2)
Nominal constant C, may be determined through the reciprocal quanbky which is termed the
gear-ratio and is indicated at the counter platenfmer of revolutions corresponding to 1kW-hour loé t
registered energy):

_ 1000 3600
Quantities N,, C,;, depend on the counter mechanism construction amaarstant. As a result of

difference betweenC),, and C,, the energy measurement through the nominal cong&arealized with
inaccuracy. The counter ratio error is:

— Wx _Wa

H

(4.3)

c,-C

) 100% = 2 100% (4.4)

0 0

The frictional torque in the counter mechanism badrings has essential influence upon the accuras
of the counter reading at the low loads (at smattentl). This frictional torque is directed towards the
running one, that's why the energy registered hynter is less than real one. In order to reducethmter
inaccuracy from the frictional torque action in oters of all types, the additional running torque i
produced. This is so-called compensating torque.ileNthe counter running, compensating torque
sometimes exceeds the frictional torque, the couwdigk starts rotating even at zero curren0, i.e. when
the consumer is not supplied with energy.

The shunt running is the counter disk rotation urlde voltage action which occurs across the parall
circuit terminals at the absence of the currentha series circuit. The counter disk should nobagaish
more than one full revolution at the absence ofctireent in the series circuit at any voltage bdmogn 80%
up to 110% of nominal one.

The counter’s threshold of sensitivifis minimum current value expressed in percentaged of

nominal current when the counter disk starts arep&erogressively rotating at the nominal voltagesy
and current being lower than the values givenetd.1.

S = Im_ln (4.5)
I HOM

Basic requirements produced by State Standard 8516-single-phase counters are presented in tab
4.1.

The electric energy counters are to be validatadcordance with State Standard 14767-69 whicl
foresees the verification in one of the followingys:

1) the wattmeter-stop-watch method; here the ralalevof electric energy is determined

W, = Pt, (4.6),
it being necessary to obtain the given numbehefdisk revolutions;

2) method of the standard counter; the readindgheftésted counter is compared with reading of th

standard counter.
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In present work, a single-phase counter is tesyetid wattmeter-stop-watch method.

Table 4.1
Basic requirements produced to the counter:
Power factor | Current, % of Limit of ‘heF(";‘:'?r‘l’vea:::‘f:;f;ig'/vfag‘nzcscuracy %
Cosp nominal value 05 10 50 55
From 5 to 10 1.0 2.0 2.5 -
1.0 From 10 to 20 - - - 3.5
From 20 tol nax 0.5 1.0 2.0 2.5
0.5 From 10 to 20 1.3 2.0 2.5 -
at ind. load From 20 tol max 0.8 1.0 2.0 4.0
P,
Threshold of sensitivity (% df,om) 04 05 05 10
at Upom, Cosp and current

Order of the work fulfillment
1. Do examine instruments used in the laboratorykywarite down their rating into the instrument
table.

2. Assemble the scheme fig. 4.2; do pay attentiponuthe correctness of the connection to the
generator terminals of the counter, wattmeter draspmeter.

™ @7/s6
A a
R
x X
I A o« _f
i oF : J\ :
AL a I 4 )
=8 Al 1
Lo 2 I
! i
L—-—-——-——-—-l-—'-—-——-——-—---—-l

Fig. 4.2

3. Do setCosg=1.0 (by phasometer) with the aid of the phase-shiftragpsformer atl=U oy and
I=I hom Do keep U=Upom and Cosg=1.0 and set the current = 10, 20, 50, 75, 100 %of I,om For each

load current value, do measure the poRemwith the aid of the standard wattmeter and tiney stop-
watch) which is necessary for the counter diskrtmipce the number of turdsgiven in table 4.2.

4. Do keepU=U om and Cosg=0.5 and set the current = 20, 50, 75, 100 %of I,om For each load
current value, do measure the powewith the aid of the standard wattmeter and tin{by stop-watch)
which is necessary for the counter disk to prodheenumber of turnBl given in table 4.2.

5. For each measurement, do calculate and plaebli| 4.2 the following:

- active energyVy measured with the aid of the counter (under foenduR);

- real active energW; (under formula 4.6);

- ratio error of measuremera (under formula 4.4).
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6. Perform the shunt running test. &kt1.1U,o,m and I=l,om Disconnect the load circuit and do
determine number of the counter disk revolutionsngul min.

7. Determine the threshold of sensitivity. S8tUom 1=l hom and Cosg=1.0. Do reduce the load
current down to 0. Additionally into the load cifcdo connect a milliammeter (with limit of effeeé range
200 mA). Increase gradually the circuit current and tryget the continuous disk rotation. Determine the
threshold of S under formula 4.5.

Table 4.2
The measurement and calculation results
Y |, % | Measured Calculated
8 of A’ P, P, N, t, W, W, 0,
Inom div W rev S W-s W-s %
10 2
20 4
1,0 50 10
75 15
100 20
20 2
50 5
0.5 75 8
100 10

Contents of report
1. Scheme to validate a single-phase counter.
2. Tables of the measurement and calculation results.
3. Results of the shunt running test.
4. Results of the determination of the counter’s thoés of sensitivity.
5. Conclusions.

Self-control questions
. Owing to interaction of which magnetic fluxes ddles running torque of a counter appear?
. Explain the means to create the breaking torqueaniunter?
. What is the shunt running of a counter?
. What conditions is the counter shunt running teatized at?
. What is a counter’s threshold of sensitivity?
7. What methods are employed to verify the counteith respect to the correspondence to the
accuracy rating?

8. How is the counter nominal constdrit determined by the counter rating?

arONRE
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Laboratory work 5

ACTIVE POWER MEASUREMENT

The purpose of work: examination of the active pomeasurement schemes in three-phase circuit
connection of wattmeters through the measuringsfoamers.

Installation and instruments

While working, there are used: electrodynamic waters, measuring current transformer, rheostat

laboratory workbench with three-phase active load.
Work contents

1. Do measure the active power of a three-phasmbadl and unbalanced load by scheme of sing
wattmeter.

2. Do measure the active power of a three-phasanbatl and unbalanced load by scheme of tw
wattmeters.

3. Do measure the load power by a wattmeter coadeébtough the measuring current transformer.

Explanatory notes to work

Active power measurement in three-phase circuitsersessary for registration of the electric energy
consumed by plants.

In dependence on the connection scheme and thecloadcter, the active power in three-phase
circuits is measured by scheme of single, two mehvattmeters.

Scheme of single wattmeter is employed but atduwtuit symmetry; it means at the equality of the
active powers of different phases to each otRgr= Pg = Pc = Pph. One wattmeter is so connected to
measure the active power of a phase and then rtbe-fihase circuit active power is:

P =3P (5.1)

It is prohibited to measure the active power ofdhbalanced three-phase circuit by scheme of sing
wattmeter because it results in hard error.

Scheme of three wattmeters is employed at the anbatl four-wire three-phase circuits (Y-
connection with neutral). Wattmeters are so coratktd measure active powers of separate phases. Tl
time, the active power is:

P =Pa+Pg + Pc (52)

Scheme of two wattmeters is crucial one at thevagtiower measurement in three-phase three-wir
circuits independently on the load character. Bdgg of such measurement is based upon fact shat of
currents of different phases in three-phase thiiee<circuit is equal to zero. Indeedl, +ig +ic =0. Then
instantaneous power is:

P=Pa+Ps+Pc=Usian+ Ugig + Ucic = Uaia+ Ug (-ia—ic)+ Ucic= Ung ia + Ucg ic.

Let’s pass from instantaneous power value to tlegame one; we obtain:

P =Pp+ Pg+ Pc= U/_\B |A Cos ( 30+ %) + UCB Ic. Cos ( 30 - %) =P+ Py (53)

Here Py = Upg Ia Cos (30 + @ ) u P,= Ucg lc. Cos ( 30- @ ) —readings of theSiand 2°
wattmeters, respectively, of scheme fig.a5It is seen from the phasor diagram shown for ¢eisnection
scheme in fig. 5.1b.

A UAB UA
én
B IA
UCB
lc <

c Ja > I ? -

? Pw2 e \

* Fig.5.1 Ue U,
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Expressing ia = (-ig —ic) or ic = (-ig — Ia) it is possible to obtain two more equations
identical to equation 5.3. Thus, there are thre@neotion schemes in the two-wattmeter method, ah ea
scheme the series current coils of wattmeters bemmgnected in two any line conductors while the
beginnings (generator clamps) of the parallel podkooils of wattmeters being joined with the salme

conductors and their ends — to free line conduétbangles@> [1601], the reading of one of wattmeters is
negative (downscale reading). To obtain the upsealding it is necessary to reconnect the termiofaike
parallel coil of this wattmeter (for that the lahtory wattmeter possesses special voltage switshrgading
being taken with sign “minus”.

In order to obtain the three-phase circuit powese,wattmeters’ readings are added algebraically

P=P;+P; (5.4)

In practice, in order to measure the three-phasmuitiactive power, three-phase wattmeters ar
employed. Two-element three-phase wattmeters ad usthree-wire circuits and they are connected i
accordance with two-wattmeter method, while thressent wattmeters work in four-wire circuits under
three-wattmeter scheme.

In order to expand the measurement range, the wtdten are connected through the measurin
current and voltage transformers. However, it iseissary to make sure the currents in the wattneeiés
have right (correct) direction.

The measurement inaccuracy consists of the methloahcl instrumental ones.

Ratio instrumental error for the single-wattmetelneme is as follows:

J,, = /302 =4/38, (5.5)

while that for the two-wattmeter scheme is

2 =~0us O, (5.6)
where Jdy , w1, Qw2 - the wattmeters’ inaccuracy, they being determimedugh the instrument accuracy
rating.
At the wattmeter connection through the measunagsformers, the instrument error of the powet
measurement is found taking into account the egivsn by the current and voltage transforme¥s (and

o ):

8, =B; + 65 + 0, (5.7)

Then absolute instrumental inaccuracy is: A = Oy Py (5.8)
u
10C %
Methodical inaccuracy of the three-phase load pomeasurement is explained by power self-
consumption of wattmeters as well as the conneciibieme of instruments.
There are two possible variants to connect themetdr coils, both of them being shown in fig. 5.2.

b) * )
o *( W —

Fig.5.2

In scheme fig. 52 the wattmeter parallel coil is supplied with aglée equal to the sum of the voltage
drops across the load impedance and own curreht Aotordingly, the wattmeter reading in this case:

Pw =1 (U + Uger) = P + Pger Is overestimated by the power vall®er consumed by own series coil.
Methodical inaccuracy in this scheme is:

Sy = L2100 9 = o 100 96 (5.9)

Py R,
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In scheme fig. 5.2b, current flowing through theese coil of instrument is equal to sum of the load
current and current of the own parallel coil. Ttime, the instrument reading includes the load poage

well as power consumed by parallel coil of wattmete Pw =U (I} + Ipar) = P + Ppar, andmethodical
inaccuracy of this scheme being:

R
Syw = Lo 100 % = 5100 % (5.10)
PH Rnapm

Scheme fig. 5.2b is applied to measure the powévaaf with impedance of no importance; however,
scheme fig. 5.2a is by far the most common.

Methodical inaccuracy under consideration appettheawattmeter connection in both single-phase
and three-phase circuits. Furthermore, while méaguthe three-phase load power, the methodica
inaccuracy caused by the wattmeter connection setvam appear. In two-wattmeter scheme used in-thre
wire circuit (without neutral) and in three-wattreescheme used in four-wire circuit, such erroabsent.
While measuring the three-phase load power by singittmeter (or by two wattmeters in four-wire ait},
even at the negligible circuit non-symmetry there high errors. Methodical inaccuracy of the single
wattmeter scheme in comparison with true two-watitmscheme in case of three-wire circuit is a®fed:

P,, - P
Oy = —H1—H2100% (5.11)
H1
where P; and P, - load powers determined by single-wattmetertaradwattmeter methods, respectively.

Summary methodical inaccuracy of the three-phagé fmwer measurement is determined under th

following expression: PR )
5M = \/Zizl 5Mvvi + 5M cx (5.12)
Methodical inaccuracy being systematical has toebkeluded from the result with the aid of the
instrument correction: O P
=4y =-T—" (5.13)
10C %
The measurement result of the three-phase loadrmpewe
Pl=P' 4y, where: P|'=P| - Du (5.14)

In work of question, the measurements are execaitdtle laboratory workbench, its scheme beinc
shown in fig. 5.3. At closed switcK, resistances i, Rsn2 Rons create the three-phase balanded
connected load. In one of triangle phase theredis@nnection, here the series coil of wattmetgrlaced,
wattmeter measuring the phase power. At the opewdtth K, the three-phase circuit starts being
unbalanced one.

*  Pwi
Aol .
Roht
Roh2
B
*
C o * Pws

Fig.5.3

Order of the work fulfillment
1. Assemble the scheme fig. 5.1 to measure theeggtiwer by single and two wattmeters.
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2. Take the instrument reading at balanced loadtqs\w is closed) and at unbalanced load (switch
is opened) and place the results into table 5.1.

Table 5.1
Three-phase load power measuremen
Load power
Load Wattmeter reading Single-wattmetery Two-wattmeter
scheme scheme
Pwi ,\W Pw2 W Pws ,\W P, W P2, W
Balanced one
Unbalanced one

3. Calculate instrumental inaccuracies and plaegtwer measurement results into table 5.2.

Table 5.2
Inaccuracy calculation

Instrumental inaccuracy of Instrumental inaccuracy of

) Power measurement result
instruments schemes

W W W 1-wattmeter| 2-wattmeter| 1l-wattmetern 2-wattmeter

Load ! 2 8 scheme scheme scheme scheme
dvl: dNZa dNSa d! Al! é! AZ! Pll , W P2I , W
% % % % w % %
Balanced one
Unbalanced one

4. Do connect a wattmeter to measure the singlsebacuit power through the measuring curren
transformer (fig. 5.4). Determine the load powewad as inaccuracy of its measurement. The loadepas
determined under the wattmeter reading with accafinthe nominal transformer ratio of the current
transformer:

P = PuKin (5.15)

H uzm

I .
where K, = 1H - nominal transformer ratidh® current transformer.

5. Place results into table 5.3.
Table 5.3
Measurement of the single-phase load powe

Wattmeter | Transformer Load

. . Measurement inaccuracy Measurement result
reading ratio power

PV\/,W K|H PHu3M1W JHW,% 5TT,% JH, % AI/[, % PH1W

Contents of report
1. Table of the instruments employed.
2. Schemes and tables with the measurement results.
3. Conclusions.
4. Answers the self-control questions (in accoréamith teacher’s instruction).
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Self-control questions

1. What schemes to measure the three-phase Iaad potver do you know?

2. In which cases is it possible to apply the snagattmeter scheme? Perform the examples of suc
schemes. How is the load power determined by tsteument reading?

3. In which cases is it possible to apply the twattmeter scheme? Perform the examples of suc
schemes. How is the load power determined by tsteument reading?

4. In which cases and where is it possible to appythree-wattmeter scheme? What isay (order)
to connect the wattmeters in this scheme? Howeisahd power found?

5. Why in two-wattmeter scheme, at correct conoaadf instruments, may the reading of a wattmete
be negative? What is necessary to do in downseat#ng case?

6. Why at the load active power measurement bywattmeters, should one strictly follow the rule of
connection of the coil generator clamps?

7. What does the instrumental inaccuracy of thegtphase load power measurement depend on? Hc
is it determined?

8. What does the methodical inaccuracy of the thieese load power measurement depend on? Ho
is it determined?

9. What istheway to determine the measurement result?

10. What is purpose of the wattmeter connectiomutin the measuring transformers? Give ar
example of the connection scheme. How is the lacadep determined in this case? Does the manner ¢
connection of the measuring transformers haveenite upon the measurement inaccuracy?
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Laboratory work 6

SINGLE D-C BRIDGE

The purpose of work: examination of the bridge P888struction and technique of the resistance
measurement.

Installation and instruments
While working, there are used: bridge P333, seesistances, multirange voltmeter.
Work contents

1. Do acquaint with the measuring bridge P333 canson and do look through the service
instruction.

2. Do measure five resistances under dual clamgnsetand do determine the bridge’s sensitivity.

3. Do measure two little resistances under the diaahp scheme as well as under four-clamp schem
determine error of the measurement of little resisés under two-clamp scheme.

Explanatory notes to work
Bridges are the comparison instruments; they bamgnded to measure the resistances or othe
guantities, which are expressed through them.

Such device is based on the measuring bridge schen
The bridge schemes are commonly used at the electr
measurements owing to high accuracy and sensetivity

The bridge schemes are divided onto four-armed an
multi-armed bridges; there are two- and four-clazopnection
schemes for a resistance under measurement.

The simplest bridge scheme is shown in fig. 6.1eihg
four-armed single D-C bridge. Poiras, b, ¢c andd are termed
the bridge vertexes: branchas, bc, cd andad are the bridge
arms; brancluc is the energy supply diagonal; braraghis the
measuring diagonal.

The bridge schemes possess an important property:
definite ratio of the arm resistances, there artha@ecurrent nor

o) > o) voltage in the measuring diagonal at any supplyaga. Such
+ U i bridge state is termed the balanced state; ratidhef arm
Fig.6.1 resistances of the balanced bridge being termedbtidge

equilibrium condition. While the balanced bridge inge
employed, zero indicator is inserted in diagonal{gnometer, microammeter, nanoammeter).

D-C bridge is balanced by changing of the bridge egsistance. While the bridge being balanced th
potentials of pointsl and b are equal to each other. Hence, the voltage daomsss the first and third as
well as across the second and fourth bridge arm&lantical.

As the current through zero indicator is absenhatns the equalitidg =1, and I3 =1,.

Let’s obtain the equilibrium condition for four-aeah single bridge:

R R
RR,=R,R;, or R_Iz = R_j (6.1)

Thus, for the balanced bridge, the products of sjgp@rm resistances are equal to each other.

If resistances of any three arms of the balancedigérare known, then it is always possible to
determine the fourth arm resistance from the dojuilm condition.

R
Letitbe Ri=R,, then R, =R, R—Z (6.2)

4

As a rule, a measuring bridge is balanced by adyistf the resistancds .
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: R, I o :
The resistance ratloR—2 in equilibrium equation is called the scale facits value being chosen to
4

be equal to 18, where n is integer positive or negative number (maye 0). In this case the third

arm of the bridgeR3 is termed the equilibrium arm, correspondinghe second?> and the fourth Ry

resistances are the ratio arms.

Measurement range of a bridge is chosen with tthefdhe ratio arms.

Measurements by the balanced bridge are calledmaithod of measurement.

The bridge measurement range is confined as frentojh as from the bottom. It is confined from the
top by the insulation resistance as well as byiteitg of zero indicator, it being for usual bridg 1§ - 1C°

Ohm. From the bottom, it is confined by influendetee lead-in resistancds;- and resistance of transient
contactRy-, they producing the following error:
R +R
o = Z ( IIR]’ u )100 %

X
As the wire and contact resistances are of ord@®10and 0.01 Ohm, then while measuring the

resistancdR, of order 1 Ohm, these inaccuracies give annoymgpirments.
The measurement field of the single bridge conogrrittle resistances may be expanded by
application of four-clamp connection scheme ofrigstance under measurement. In this case thefewr

clamps to connedR, on the bridge board (fig. 6.2). Now the

resistance of wire leading froR, to clamp 3 is included into the
arm resistanc®3, while the resistance of wire leading frdfa to
clamp 4 is included into the arm resistafl®e Resistance$

and Rz are taken sufficiently great; so, it is possiblentmlect by
influence of resistance (R, + R, ). Resistance of wires from

clamp R, to clamps 1 and 2 are included, respectivelythia
bridge diagonal resistances. Four-clamp conneotibhe little
resistances allows to measure resistances dowd‘t®@im. Thus,
d total measurement range of the single bridge imfi®@* to 16
Ohm.

For more strict measurement of the little resistancsix-

© > o clamp (double) D-C bridges are applied.
+ U - In addition to single and double bridges, so-caliedsersal
Puc.6.2 bridges are involved, they working successfully@emscheme both

single and double bridge.

Important property of a bridge, which characterizes service performance and operational
functionality, is its ability to find out little dnges in a quantity measured, it means its seitgitivhus,
among the extremely sensitive null methods are ureagents with the aid of the balanced bridges.

While an magnetoelectric galvanometer being empldgebe zero indicator, absolute sensitivity of
the D-C bridge is as follows:

_4a
S =" (6.3)

where Aa - deflection of the movable part of the galvanometer;
AR - absolute change of the control arm resistanaa fte value at the balanced bridge.
In practice it is convenient to estimate the bridgasitivity to relative change of resistance

| Aa Aa
= = 6.4
¥ AR/ R,[100 4R IZLOOR3 (6.4)
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The highest sensitivity of the single D-C bridgedached under the following condition:

Ri=R2, Rs=Ry
The measurements by two-clamp and four-clamp scheare realized with the aid of brid@833.
The bridge’s characteristics are performed in t&hle

Order of the work fulfillment

1. Do examine the construction of the measurinddgaP333. Look at the tag on the internal side of
the bridge cover; look through the scheme as wellbaef service instruction of the instrument and
determine its technical characteristics.

Table 6.1
Principal characteristics of brid@833
: Accuracy :
Measured resistance rating Suggested factors u, Vv Connection scheme
510°-0,0999 5
110" -0,9999 1,0 0,0001 1o 4-clamp
1 - 9,999 0,001 1-15

10 - 99,99 05 0,01 15-3

100 - 999,9 ’ 0,1 3-10

1000 - 9999 1 2-clamp

10°— 99999 10

10°— 999999 5

2. Do prepare the bridge to measure the resistamms 2-clamp connection scheme fig. 6.1; for,that
it Is necessary:

- disconnect clamps;

- throw the scheme switch into positiaviB";

- shunt the clamps 1 and 2;

- connect the resistance measured to clamps 2;and 3

- set the switch of the arm ratio on correspondiangor » in accordance with table 6.1 depending on

the probable valudr;

- set the probable resistance on the four dialadieswitch of the balancing arm.

3. Assemble the bridge scheme (fig. 6.3), its epegpply being realized from the external source
The bridge supply voltage is chosen in accordanitie table 6.1 depending on the probable value ef th

resistance measured. R
X
I1 12
+ Ui Uo
« 1 2 3 4 s 5886738
R O+ o o O O 1 2 3 4
(V)| 5 P333 5| 3
o- - (e}
-0
Fig.6.3 Fig. 6.4

4. Press buttonski.I™. If at such pressing the energetic off-scale iregds observed, it is necessary
to choose another factor in order to obtain the pointer deflection not mtran 0.2-0.4 divisions from
zero mark. Then do fix the buttoax!1. I'. Press buttonrpy6o (rough)" and do balance the scheme, using
the knobs of the dial switches until the galvan@anebinter is set in zero position.

Press button tbuno (precisely)" and do balance bridge finally. Detgre R, by position of the dial
switches, place the result into table 6.2.
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5. Determine the bridge sensitivity. While all tettons of the balanced bridge are pressed, dterota
the low dial switches and do reach the galvanomgténter deflection by 5 division&da=5). By the

switches’ position, do determilﬁ,eyp (unbalanced resistance) place it into tableléefbuttons be free.
CalculateR, =n R, ; AR, =R, - R, : Su and S 'v by formulae (6.3) and (6.4),

respectively. The calculation results place intud#.2.
6. Do perform all measurements and calculations sityifar two more resistances.

Table 6.2
Measurement of resistances under two-clamp scheme
Characteristic of resistances !
n Rypl RHeypl Rx; AR! AO’, ) S’ . S ’
Ry, Ohm Ohm orm | onm | onm | div | divVOhm | div/Ohm

7. Prepare the bridge to measure the resistandes tour-clamp connection scheme (do not assemb
the energy supply scheme of bridge), for that riecessary:

- disconnect the jumper (shunt) joining clamps d 2n

- connect the resistance under measurement to slamp, 3 and 4 with the aid of the four wires (in
accordance with scheme fig.6.4).

8. The balancing process and calculation of thesomement results are realized in accordance wit
step 4. Do place results into table 6.3.

9. Calculate the conductivity by the measuremesult&®, and given length. and diameterd of the
wire-wound resistor:

S : . .
P=R, K where S is the wire cross-section.

Tabulate results into table36.

10. Measure the same little resistances under tamog scheme, the bridge being prepared ir
accordance with step 3; do connect clanipsand |, of the resistances under measurement to the bridc
clamps 2 and 3, respectively; fulfill the measuratae

Calculate the error of the little resistance measient under two-clamp scheme, the value o
resistance measured under four-clamp scheme hkadieg s true value:

0, :@10%
RX4
Tabulate the measurement and calculation resutigable 6.3.

Table 63
Measurement of the little resistances
Geometric sizes of
. Four-clamp scheme Two-clamp scheme
resistors
n
d,m|L,m|S,nf Ryp4 Ry, Ohm| P Ryp2, Ro | 5, %

Ohm Ohm-m Ohm Ohm

Contents of report
1. Four-armed D-C bridge.
2. Tables of the measurement and calculation gesult
3. Conclusions.
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Self-control questions

1. Equilibrium condition of D-C bridge.

2. What is practical way to reach the equilibrivomdition of a bridge?

3. While measuring the resistances by single foored bridge, what is cause of the top value
limitation?

4. While measuring the little resistances under-t¥amnp scheme, what is cause of the bottom valu
limitation?

5. Four-clamp measurement scheme expands the regamirrange; what are the factors to guarante
this phenomenon?

6. What is absolute sensitivity of a bridge?

7. What is practical way to determine the bridgesgevity?
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Laboratory work 7

MEASUREMENT OF THE GROUNDING CONDUCTOR RESISTANCE
The purpose of work: examination of methods antripie of the grounding resistance measuremen

Installation and instruments
While working, there are used: device M-416, grangdmodel, ammeter, voltmeter, the current
source.
Work contents
1. Do measure the grounding resistance by ammeteneter method.
2. Do measure the grounding resistance with thefale test prod.
3. Do measure the grounding resistance with thefdille device.

Explanatory notes to work

The grounding is purposeful connection with earthth@ metallic parts of an electric installation,
which are not normally under voltage, by meansefgrounding conductors.

Grounding electrodes are metallic bodies suppligd & current and buried underground, they being
the constructive elements of the grounding. Eleatrequipment is connected with the grounding ebelets
by means of the grounding conductors.

Totality of the grounding electrode and groundingauctors is termed the grounding connection.

Resistance of the grounding connection during @agan in accordance with State Standard 10.1.03
81 is to be not more than 0.5 -10 Ohm.

There are following peculiarities at the groundatgctrode resistance measurement:

a) grounding electrodes perform a galvanic couplg@moist environment of soil;

0) as current flowing through the electrodes, théagmation occurs, it increasing the grounding
resistance;

B) there are the stray currents in soil which arée ab induce stray voltage in the grounding
conductors;

r) stray voltages are not constant; so, being sumetathey can distort the measurement results.

Measurement of the grounding resistance by amnvetaneter method
In order to execute the measurements, it is negessaave got three or more groundings.
Variation of the voltage drop across groundingtetetes R; and Ry (fig. 7.1) is presented by curve
OABO.

/7 ////////////‘}////////////
R]_ RZ

U,V 'S
A B j 1”2
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The biggest voltage drop and the current denseyodaserved in the vicinity of electrodes, this are:

being of radius 10 m. As for area betwd®n and Ry, resistance of the soil layer is assumed to balequ
zero.

Thus, electroded?; and Ry are supplied with voltagd,= U+ U,= (R1+ Ry)-112.
Consequently, measuring the current and voltaigepidssible to determine resistance

U12
R, =2 =R +R
12
Executing in analogous way two more measuremergsphtain system of three equations with three
unknown quantities, their right parts consistingred measurement results:
U12 U13 U23
R+R="#=R, ~ R*R="2=R;, R+R="2=R, (1
12 13 23
Solution of the equation system gives:

R1=R12+R213_R23 R2=R12+R223_R13 R3.=R23+F;13_R12

(7.2)

Measurement of the grounding resistance with tteathe test prod
If a bridge for the grounding resistance measuré¢meals with but two grounding electrodes and the
are remote by 50-70 m from each other, it is pdssdbmeasure voltagés, and U, (fig. 7.1) with the aid
of the special test electrode-prod. A prod is aaftietrod which is plunged into soil by moderateptteat
the area AB. Then voltmeteV; measures voltagké), , while voltmeterV, measures voltagd), .
Consequently:

U,

U,

|12 |12

Measurement of the grounding resistance with ttefthe deviceM-416

In device M-416, compensation method of the groogdiesistance measurement is employed, |
making use of auxiliary grounding electrode and pesd. Front panel of device (fig.7.2) contains:

"IT" — knob to control the measurement range;

"P" — slide-wire knob;

"K" — turn-on/off button of device;

four clamps to connect the measurement object;

slide-wire scale;

microammeter.

Device has four measurement bands=A20hm; 0.5-500hm; 2—2000hm; 10-10000hm.

LT °—0 O ©

o
o
o

SRS

Ry R, Rs
Fig.7.2
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Order of the work fulfillment
1. Assemble scheme fig.7.3, do make use of thantl 2 grounding electrodes, measure and write
down into table 7.1 the instrument readimgs, U1, . Perform the same measurements with usage df'the
and 3 electrodes; finally, do work with thé'®and & electrodes; measure and write down into table 7.1
respectively,llg , Uiz and I3, Usz.

Calculate resistanceR;,, Ri3, Ro3 (under formulae 7.1) and resistand@s, R, , Rs (under formulae
7.2). Tabulate results into table 7.1.

o U o——

—

O o
e Ve aaaaau ///////////i//
Rs

R]_ RZ
Fig.7.z

Table 7.1
Measurement of the grounding resistance by amnvetaneter method

|12, U12| R12| |13| U13, RlS, I23, U23| R23| Rl; R2| RS;
A V Ohm| A \Y Ohm| A V Ohm| Ohm| Ohm| Ohm

2. Assemble the scheme fig. 7.4; make use of thel@ctrode as a test prod, measure and place
table 7.1 the instrument readinds, , U; . Perform the same measurements with theldctrode as a test
prod; do the same with thé%lectrode; measure and write down into tableréghectively, |3 U, andlis
, Uz .

©
<

JIAS S ///////////1/
Ry R> Rs
Fig.7.4

Calculate the resistancd$;, R,, Ry under formulae:

:& Rz = & R3 -_3

I 12 l 23 l 13
Place the calculation results into table 7.2.

Table 7.2
Measurement of the grounding resistance with tdetthe test prod

| 12, U, Ri, | 23, U, R2, | 31, Us, Rs,
A V Ohm A V Ohm A V Ohm
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3. Connect the device M-416 to the grounding mockumeasure the resistanBg (in accordance
with fig. 7.2). Place knobIT" in position "X1". Do short-term press on buttoK™ In case of in-scale
reading, keeping the buttoK™ pushed, do set the equilibrium indicator pointezero position with aid of
the slide-wire knobP". In case of off-scale reading, change the measemé range with the aid of the knob
"IT" (one after anotherX’5", "X20", "X100").

The measurement result for resistaftes equal to product of the reading from the slidee scale
times corresponding factor.

Connect the device to measure resistaRge finally, measure resistanég .

Place the measurement results into table 7.3.

Table 7.3
Measurement of the grounding resistance with ttefthe deviceM-416

Measurement method R:, Ohm R,, Ohm R3;, Ohm

Method of three measurements

Single measurement method

Measurement by devidd-416

Contents of report

1. Schemes to measure a resistance by ammeteretettmethod, with the aid of the test prod, with
the aid of the devichI-416.

2. Tables of measurements and calculations.

3. Conclusions.

Self-control questions

1. What is the voltage distribution between twaetedes at the current flowing?
2. How many tests are necessary to determine thending resistance by ammeter-voltmeter method
Why?

3. What is a test prod?

4. How many tests are necessary to determine thending resistance with the aid of the test prod?

5. Is it possible to measure the resistance afg@esigrounding electrode? If it is, which condicare
necessary?



