_1._'2_0 (EN-Sem-3) Electrical Measurements

PART-1

- Measurement System, Characteristics of Instrument, Methods of
_Measurement, Errors in Measurement and Measurement Standards.

" CONCEPT ODOUTLINE : PART-1

* Instrument:It is defined as a device for determining the value
or magnitude of a quantity or variable..

* Measurement : It is the process by which one can convert
physical parameters to meaningful numbers.

* Characteristics of Measurement System :
1. Static characteristics
2. Dynamic characteristics

*  Error: Deviation from the true value of the measured variable
is called error. It is of three types :
a. Gross error
b. Systematic error (instrumental and environmental error)
c. Random error

Questions-Answers

Long Answer Type and Medium Answer Type Questions

':\ EIQue 1.1. I Discuss measurement system.
N5
o

" Answer
A measurement system comprises of the following elements :

1. A transducer is one which converts the measurand (quantity, property
or condition) into a usable electrical output.

2. A signal conditioner, which converts the transducer output into an ‘
electrical quantity suitable for control, recording and/or display. !

3. Display or read out devices to display the required information about
the measured, generally in engineering units.

4. An electrical power supply which provides the required excitatiPn to
the transducer and the necessary electrical power to the signal
conditioners and display devices.

5. The output signal may be an analog or digital quantity. The read out
or display device may be in analog or digital form.

—rr—r
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Electrical Measurements & Instrumentation 1-3C (EN-Sem-3)

Analog
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To digital cont rollerfeomputer interface
m"l'l'lA_mﬂm measurement aystem

Que 12, | What is an instrument ? Classify various types of

electrical instruments,

[ AKTU 2012-13, Marks 05 |

. OR
Discuss the role of null type instrument in the measurement of low
range resistances, BKTU 2015-16, Marks ﬁf

Answer |

Instrument : Refor Concept Outline : Part-1, Page 1

‘ -2C, Unit-1.
Various types of electrical instruments are:
1 Absolute and secondary.
2. Deflection and null type.
3. Analog and digital type.
Absolute instruments :
L These Instruments pj i
; Bive the magnitude of the qu
a
. ;:ea.su.rement In terms of physical constants of the iistrt:::;tunder
- Lxamples are Tangent Galvanomet, !
. il erand Rayleigh's Current Balance
1. These instruments g
T€ 50 constructed that th i
Enin € gquant,
" as ed can only be measured by observing the output j IF’V heh
e instrument, potindicaed by
2.

These instruments are calibrated by comparison with an bs
secondary instrumen; which hag e
nt,

instrument or another

calibrated against an

absolute instrume a]ready been

1-4 C (EN-Sem-3)
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Electrical Measurements

3. Examples are voltmeter, glass thermometer and pressure gauge.
Deflection type :

1. Ininstruments of this type, the deflection of the instrument provides a
basis for determining the quantity under measurement,

2. The measured quantity produces some physical effect which deflects or

produces a mechanical displacement of the moving system of the
instrument.

3. An opposing effect is built in the instrument which tries to oppose the
deflection or the mechanical displacement of the moving system.

4. The opposing effect is closely related to the deflection or mechanical

displacement which can be directly observed.

5. The opposing effect is so designed that its magnitude increases with
the increase of deflection or mechanical displacement of the moving
system caused by the quantity under measurement.

6. Thebalance is achieved when opposing effect equals to cause producing
the deflection or mechanical movement.

7. The value of the measured quantity can then be inferred from the
deflection or mechanical displacement at the point of balance.
Null type :

1. In a null type of instrument, a zero or null indication leads to
determination of the magnitude of measured quantity.

The null condition is dependent upon some other known conditions.

In contrast to deflection type of instruments, a null type instrument
attempts to maintain the deflection at zero by suitable application of
an effect opposing that generated by the measured quantity.
Analog type :

1. Signals that vary in a continuous fashion and take on infinite number

of values in any given range are called analog signals.
"2, The devices which produce these signals are called analog devices.
Digital type :
1. The signals which vary in discrete steps and thus take up only finite
different values in a given range are called digital signals.

The devices that produce such signals are called digital devices.

Que 1,3, l Distinguish between the null type and deflecting type
of instruments. Give examples to support your answer.

| AKTU 2015-16, Marks 05|

2.
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" Electrical Measurements & Instrumentation
8.No.| * Null type instrument | Deflection type instrument
1. | It uses null detector, the effect | In this instrument the
produced by measured quantity | quantity of the measured
and opposite effect to obtain null | produces some effect which
condition.

deflects the pointer against
controlling torque.

The accuracy is high.

The accuracy is low.

Highly sensitive as null detector
has to cover a small range
around the null point.

Less sensitive,

Not suitable for the dynamic and
rapid measurements.

Preferred for the dynamic
measurements.

e T . N B T o .
-]

The example is DC
potentiometer.

The example is moving coil
ammeter.

Quantity to |Primary

- QueMI Discuss with block diagram, generalized

instrumentation system.
Answer
Generalized instrumentation system :

Variable Variable

be

sensing con
1.

1

WIS 'R YT L TRV ERAT RSN 1 11T BRSSOV I NN -

’.I..':llm iy 3 MEIns

e et

2, Tlns act is then immediately followe
Into an analogous electrical signal,
3. This is done by transducer
known as detector transducer stage.
B. Variable conversion element ;
The output of the primary

any form. It may be a vol
parameter,

: P
element

—_—
Data conditioning element

Fig. 1.4.1. Functional clements of an
A. Primary sensing element : .

Th_e quantity under measurement makes its
Primary sensing el

instruments_ﬁ_on system.

first contact with the

tofa

e AT it v

ement system.
d by the conversion of measurand

. The first stage of measurement system is

sensing element may be electrical signal of
tage, a frequency or some other electrical

1-6 C (EN-Sem-3)

2.

D

Electrical Measurements

Sometimes this output is not suited to the system. For instrument to
perform the desired function, it may be necessary to convert this output
to some other suitable form while preserving the information content
of the original signal. i

Variable manipulation element :

The function of this element is to manipulate the signal presented to
it preserving the original nature of the signal.
Manipulation here means only a change in numerical value of the
signal.
It is not necessary that a variable manipulation element should follow
the variable conversion element. [t may precede thé variable
conversion element in many cases.
Data transmission element :
When the elements of an instrument are actually physically separated,
it becomes necessary to transmit data from one to another. The element
that performs this function is called data transmission element.
Data presentation element :
The information about the quantity under measurement has to be
conveyed to the personnel handling the instrument or the system for
monitoring control or analysis purposes.
The information conveyed must be in a form understanda_hle to the
personnel or to the intelligent instrumentation system. This function
is done by data presentation element.
In case data is to be monitored, visual display devices are nmd_ed.
These devices may be analog or digital indicating instruments like
ammeters, voltmeters, etc.
In case the data is to be recorded, recorders like magnet_ic tapes, high
speed camera and T.V. equipment, storage type CRT, printers, analog
and digital computers or microprocessors may be used. -
The final stage in a measurement system is known as terminating
stage.
What are gle different characteristics being used in

easurements ?

‘Answer I

Performance characteristics are of two types:

isti fi t of quantities
1. Static characteristics : It on the : nt of
which are either constantly or very slowly varying with time. There
is linear relation with time. N
2. Dynamic characteristics: It involves the measurement of quantities

that vary with time but maintains a second order or third order

differential equation with time.
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Electrical Measurements & Instrumentation 1-7C (EN-Sem-3)

They are of different types as follows :

Accuracy : It is the closeness with which an instrument reading
approaches the true value of the quantity being measured.

2 Precision:It indiceftes the degree of agreement with a group of various
measurements by different person of the same variable.
3. Sensitivity: It is the ratio of i i
; ; change in out i
oy ge inoutput with respect to change in
Sensitivity = Changes in Output
Changes in Input
4. Reproducibility : It indicat
c C es that the same out; i
the same input conditions, SR
5. Resolution :

B R e e |
=

8. Changes in output are achjey i
| red only after making a change i
pitch value of a specific instrument, ¢ =

b. E:lam ple : A voltmeter of 100 V with a pitchof 1V, change in output
B ue frpm_ﬁ[} V t'o next value only when there is smallest of 1V,
. therwise it will indicate 50 V (previous reading)
Dead zone: A zone in which v : i
it roment o winlr;:n ;ﬂifrument never shows change in output

Hysteresis : Hysteresis is defined as the magnitude of error caused

in the output for a given value of input.

8. Static error:

input.

9. Drift : It is undesirable chang,
means that with a given input

.:’?07 S

Errors which varies linearly with respect to changes in

e in output over a period of time, It
the measured valye vary with time,

Que 1.7. I List some dynamic characteristics of instrument.

Answer I
They are of different types as follows :

R EREREEEATLR LT BTSN SRR I W
=3

: L. Fidelity: It indicates ade i :
: Itir ' adegree to which an output cha it
s g ;: changr_: in input without considering dynamic errgfse Pt reepact
l ; hﬂg It indicates the delay in output response, whenever there |
. change In input parameters, " or Hhere is
3. Speed of :
response : It refers to rapjdj i
o &l rapidity of instrument
; wards the changes in Input quantities, HIATRRD
1
|
: i
i |
| |
L L 3

a4

r..-_'— —— el —

.1-8 C (EN-Sem-3) Electrical Measurements

—

4. Dynamic errors : It is difference between the value indicated by
instrument and the true value changing with time, if there is no static
error assumed.

" | Explain the methods of measurement.

" We classify this generally into two broad categories :
" A. Direct measurement :
1. These are made by measuring the unknown quantity to some
calibrated standard and comparing the two.
9. It is done by human being, so it is quite possible that an error can be
introduced during measurement. -
3. Example : Dip a thermometer in hot water container and read the
temperature directly.
B. Indirect measurement :
1. These are made by measuring some other quantity that is in relation
with the actual unknown quantity.

9. Example : We can measure the temperature of a point on.a wall that
is filled with melting metal. Thermometer is used to measure the
temperature of the wall of furnace at outer side because it may get
damaged if it is inside the furnace. Furnace wall temperature is related

Fc\,?:}o the interior temperature by a certain factor.

Que 1.9. l What are the various types of errors occurring in

| electrical measureﬁlﬁ ? Explain them. y \05
i‘ 2 Tobsa)iewse] « '""W [AKTU 201213, u.‘m% 105
OR

= _ 1.0@!
'@hat are different types of systematic error ? Discuss. 1\(9 _:é
[ARTU 2013-14, Marks 05 |
s OR
Describe the various types of errors in measurement.

[AKTU 201415, Marks 05 |

OR
Discuss and analyse the error algebra in rement sy

[AKTU 2016-17, Marks 10 |
Answer l
i

A. Gross error:
1. Ttis also known as operational error or human made error.

9
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I 2. This type of error is introduced as a part of the total error if the employed
3 operational techniques are poor even though the system is accurate and
. carefully selected.
: 3. These errors are mainly due to human mistakes in reading observation
: or in using instrument.
1 4. eg., A person can read 7.14 A to 7.14 V due to carelessness.
1 5. Errorlike improper adjustment of instrument, incorrect scale marking
i or reading, poor training of instrument operator etc., comes in gross
t error category.
5 B. Systematic error :
! This type of error is usually divided into three different categories :
!._ 1. Instrument error : This type of error is coherent in measuring
. Instrument because of their mechanical structure. This error gets
i introduced into the measurement due to -
'_‘ a. Inherent short-coming of instrument :
- 1. This type of error is inherent in measuring instrument because of
: their mechanical structure.
: 2. eg. Inthe d'Arsonval movement friction in bearings of various moving
1 components cause incorrect readings.
: 3. Elrregul‘a: spring tension, stretching of spring or reduction in tension
. due to improper handlings or ove rloading of the instrument will result
] in errors,
3 4. \Tr:lef: rrors may cause the instrument to read too low or too high
b. Misuse of instrument :
1. Sometimes errors are committed b ‘begin - toi
: y beginners due to im:
an instrument for measurement work. w et
. 2. eg., A well ca]ibrate_d voltmeter may give incorrect reading if it is
; connected across a lngh_ resistance circuit. The same voltmeter when
- - connected to a low resistance circuit may give a more reliable reading.
c. Environmental error ;
1. These errors are due to conditions exte ¢ i
] : re L rnal to the measuring device,
‘L:xla]::;dmg_ Cﬂrd.ltlon.‘! surrounding the instrument such as the effect of
‘ Ee in temperature, humidity, ic -
E electrostatic fields ete, T restursiug magl.\ctlc e
: 2. Observational error :
i a. These errorsare introduced;
! b ey uced in measurement due to wrong observations
b. The error due to “parallax” is
| the best example of this
| O Paiidon sk ats toas e, ype of error.
" 1. Ifwe measurea i
| s & quantity more than once at same external condition,
: T Some variance exists from one reading to another readj "
: after all the systematic error have been accounted for, S e
B
i |
b
LU

e —

1-10 C (EN-Sem-3)
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2. This is because the quantity of measurement is affected by many
happenings which oceur in universe and are not known.

3. These disturbances about which user are unaware are random and the

errors
error”.

i by these random distur are known as “random

"Qne_l.'l_.o.‘" Explain limiting errors /| guarantee errors in
;n;aa.surement.

1.

5.

Lumlmg errors/guarantee errors are those errors which are defined
by manufacturer.

Such errors exist in instruments due to utilization of different part in
facturing an instr t.
Each part has some errors, which combined together will be large.
Such errors can be found by comparing the instrument against the
standard quantities and accordingly are specified by the manufacturer,
The value of limiting error largely dependent upon design constraints
of component used in instruments.

Que 1.11. l A resistor is measured by the Voltmeter-Ammeter

i scale and
Method. The voltmeter reading is 123.4 volts on the 250 V
the ammeter reading is 283.5 mA on the 500 mA scale. Both meters

aranteed to be accurate within 21 perwntufm]lsfale readmg.
g:lf:lat.c (i) the indicated value of the resistance, (ii) the limits
within which the result can be guaranteed.

[AKTU 2012-13, Marks 05}

Given : Voltmeter reading, A, =1234V,£,=001 =
Ammeter reading, A = 2835 mA, £,=001 261
To Find : i. Indicated value ofres‘iatanm. R
i Limiting valoe of resistance.
i.
imiti or of voltmeter is
b Tamiting error 54, = ¢, A, = 0.01x 250 =25V

2. When magnitude of voltage measured is 1234V,

; _ 25
Relative error = a =134

imiti f ammeter is
i 8A =5 A, =001 x 500 =5 mA

4, Magnitude of current measured is 283.5 mA,

=002
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Relative error = oA = = =0.1s
A, 12835
5. Rison™ oz = 43627 W
ii. Resultant error = + (0.02 + 0.018) = + 0.038 = + 3.8%
B
R

S ) +8R =% 16250,
Hence limit which can be guaranteed is 435.27 + 16.25 Q.

"Qﬂl‘l_!}-_!& I A circuit was tuned for resonance by eight different
students, and the values of resonant frequency in kHz were

recorded as 532, 548, 543, 535, 546, 531, 543 and 536.
Calculate :

The arithmetic mean

Deviations of mean

The average deviation

Standard deviation

poge

e. Variance | AKTU 2014-15, Marks 05

c. The average deviation :

d. S_tandard deviation :

‘Answer

.- G‘im:flzﬁszmz,f,=545kHz,fa=543sz'f‘=535kHzl
¥ n-mk_H:.f,:%lkHz.fT'-EdakHzanﬂfazﬁaﬁkHz
a. The arithmetic mean :

S
AM= s

n
_ 5324548 + 543 + 535 + 546 + 531+ 543 + 536

= 539.25 kH:
b. Deviations of mean : . z

§:; ;,, d, =532 53925 = — 7.25 kHz
s ;’ d, = 548 - 539.25 = 875 kHz
e fs, j, =543 - 539.25 = 3.75 kHz
Bufy 4 535 - 539.25 = — 4.95 ki,
du ;, s = 546 - 539.25 = 6.75 kHz
¥ dy=631- -
et s 539.25 = - 895 kHz
o d.,, d, = 543 - 539,95 = 3.75 kHz
" d, = 536 539.25 = _ 3.25 kHz

Electrical Measurements

Sidl
T
n

_ T25+8.75+3.75+ 425+6.75+8.25+3.75+3.25
8

=5.75 kHz

L -
SDy = =0
(SD —
(7250 + (8751 + (3757 + (- 4.25]
_ +(6.757 +(-8.251 + (3.5 + (-3.26)"
B 8-1

= 4277 kHz
SD = J42.77 =6.54kHz

e. Variance:
Variance = (SD)* = 42.17

%e 1.13.\ Three resistors have the following ratings

R, =2000+ 5%, R, = 100 Q = 5%, R, = 50 Q = 5%. Determine the
magnitude of resultant resistance and limiting errors in
percentage and ohms, if the above resistances are connected in

[ARTU 2013-14, Marks 10|

(i) series (ii) parallel.

Answer \

Given-.nl=2oon:5%.n,=1mn:s%,R,:sﬁn:g.qé. Sl
To Find: i Resultant resistance, R,umiRl= S
ii. Limiting error :

i.
1. Al are connected in series.
R,=R,+Ry+ Ry

=(350 £ 17.5) Q@
2 % limiting error = 5 % in ohm, 17.5Q
3. R,=350Q+5%
ii.

1. Al are connected in parallel.
Let, R, and R, are connected in parallel.
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=30.71 %
R, =28.75 + 30.71, error in ohm = 8.775

Electrical Measurements & Instrumentation 1-13 C (EN-Sem-3) | .1_._-1—4 LN o) Electrical Measurements
The type of standards are classified b
e RR, oo s it y their function and
]
B+ By A International Standards :
200 %100 o
e 1. These are defined on the basis of international agreements.
=66.67Q 2. These standards are designed to represent certain units of
measurement to the closest possible accuracy.
3. % limitingerror=5% + 5 % + Rf:‘ (error of R,) 3. 'These standards are checked and evaluated regularly against absolute
B, measurement in terms of the fundamental units.
+ R+ R, (error of R,) 4. These are maintained at the international bureau of weights and
measures and are not available to ordinary user.
=10%+ %x5%+%x5% B. Primary Standards :
=10%+5% 1. These are absolute standards of such a high accuracy that they can
=15% be used as the ultimate reference standards.
5 N . R, = 66.67Q + 15 % 2. The primary standards are maintained in national standards
A ow R' p 18 connected in parallel with R, laboratories. .
R = RE' R, 3. Main function of primary standard is the verification and calibration
L3 R;, +R, of the secondary standards.
_ 66.67 x50 C. Secondary Standards :
66.67 + 50 1. These are the basic reference standards used in industrial
6. % limiti =28.57 O measurement laboratories.
? imiting error = (error of R')) + (error of Ry) 2. These are maintained by the industries working on these standards
P i ( R R, and checked locally against other reference standards in that area.
B 5 lern y
(R, + Ry) SR R +R, (error of Ry) 3. A particular industry is responsible for the maintenance and
66 calibration of secondary standards.
=15%+5%+———.'__._x15%+ 50 ” » labo g
66.66 + 50 56.66 + 50 x5 % 4. 'These standards are sent to the national standards laboratories on

periodic basis for calibration and comparison against the primary
standards.

Que 1.14. [ Explain the term “Standards” i

5. These are always verified in terms of primary standards.
| In measurement system.
Also mention the various types of stand

D. Working Standards :
ards used in industry, g

‘Answer 1. These are used to check and calibrate general laboratory instruments
il St d ds as ' for their accuracy and performance.
" . =
A i 'af @ i - 2. Manufacturer of precision resistance may use a standard resistor in
standard is a physical representation o

the quality control department of his plant to check the values of

f unit under meas
The standards are Ve resistors that are being manufactured.

used for t .
physical quantity. OF Hhe purposa ot obtaining the value of a

3. eg., the fundament

3. By this way, manufacturer verifies that his measurement setup
is the kilogram,

; _ y, manufact ified.
al unit of mass in the international standard (SI) performs within the limits of accuracy that are specifie

T —— o
R ttiine. <8 \_:M‘ R s e s s—
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- [PAarRT-2]

Review of Indicating and Integrating Instriiments :

b Voltmeter, Ammeter, Three-Phase Waltmeter. -

CONCEPT OUTLINE : PART-2

-

-

e 1w

. Its introduction into the circuit, where measurements are to

- They are connected in series in the circuit whose current is to
. Power loss is PR,

. Therefore, to minimize the voltage drop and to absorb low

- They are connected in parallel with the circuit whose voltage

. Its power loss is ;—

. Therefore, it should have high electrical resistance in order to

. Electrodynamometer 4. Hot wire

. Electrostatic 8. Rectifier

The essential requirements of a measuring instrument are :

be made, does not alter the circuit condition.

The power consumed hf them for their operation is small.
AMELER‘S :

be measured.

where, E_ = Resistance of ammeter
I = Current to be measured

power, it should have low electrical resistance.
Voltmeters :

is to be measured.
2

where, V = Voltage to be measured
R, = Resistance of voltmeter

minimize the current and hence power consumed is small.
The main types of instruments used as ammeters and
voltmeters are :

PMMC 2. Moving iron

Thermocouple 6. Induction
A dynamometer type wattmeter is most commonly employed

for measurement of power in AC as well as in DC circuit.
Measurement of power in 3¢ circuits :

Three wattmeter method 2. Two wattmeter method
One wattmeter method

SR

nd odium Answer Typo Questions

e i A s

OR
Explain the construction and working of electrodynamometer type
I'_AK‘I_‘U:M!EJ%HWN_]

wattmeter.

Movable coil

Pointer

'Fig. 1.18.1, Electro
Construction + It consists of
Fixed coil ¢ AR

i a fixed coil.
%h:jez.{izilldism d‘i}ﬁﬁ:icmm{wo sections to givea mor]el:ftnifcm field near the
of the instr ts )

cfe‘ixednmc:?l: ::eatllls?l\:ﬁy wound with heavy wire carrying the main current
in ammeters and wattmeters. :

Moving coil :

A single element inst!
The moving coil is wound
metallic former.

Control : . )
The controlling torque is provided by two control springs.

These springs act asleads to the moving coil.
Moving system :

The moving coil is moun .
The moving system also carries
pointer.
Damping:

-

rument has one moving co}]. )
either as a self-sustaining coil or else on a non

ted on an aluminium spindle. . .~ ;
he counter weights and truss type

pMErgREQ PrE @

ed for these instruments and is provided

~m

ir friction damping is employ : 8 provt
:lyr: 1;:::0;;_ :lun:lljinil\;:m vanes, attached to the spindle at the
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F. Shielding : It is necessary to shield an electrodynamometer typ, | g Inthiscase the moving coil i8 shun!.eﬂ a;gass by a low resistance to
instrument from the effect of stray magnetic fields. | limit the current through moving coil to mA.
G. Cases and scales : | Flectrodynamometer Voltmeter : J e
i 1 i vo
L i o i in h | electrodynamometer mm’femen_t is used as a !
pll]-‘?]x,li.al:Ledra"omrnumlrJr st::dﬂrﬂmmstmm?nts el eptained.tn HER } & f::necting the fixed and moving coils in semes with a high nnn-

|
Electrical Measurements & Instrumentation 1-17 c-(EN.sgm,:,]} _
_‘"; c (EN-Sem-3) Electrical Measurements
2 These vanes move in sector shaped chambers. .! 1-18
i

| Z N jstance as ghown in Fig. 1.15.3.
9. These cases are so constructed as to remain dimensionally stable over JoducHve o8 . =
long periods of time. ]
3. The scales are hand drawn, using machine dividing equipment.
Operating principle : |
1. A permanent magnet moving coil instrument is taken with AC supply,
2. It would have a torque in one direction during one half of the cycle
and an equal effect in the opposite direction during the other half of
the cycle. 3
3. If the frequency is very low, the pointer would swing back and forth
around the zero point.
4. However, for an ordinary meter, the inertia is so great that on power . =1.I f‘l‘.
frequencies the pointer does not go very far in either direction but 2. Deflecting torque, Ty = I1'z "5
merely stays around zero. v
5. If, however, we were to reverse the direction of the flux each time the 3. In this case, L=h= Fi
current through the movable coil reverses, a unidirectional torque vV dM _(V * dM
would be produced for both positive and negative halves of the cyele. Ty= (E)[E)Ea’ =[E] e
Blwchridy o A s I where V = Voltage across the AnEpes it
1. Inthisthe fixed coils and moving coils are connected in series as shown : Z =Im of the mstrumlent circuit.
in Fig. 1.15.2. Therefore, coils carry the same current ie., v: dM
;'_1 ;:2 and ¢ g 0. 4. Deflection, 8= 17 o
i oving Fixed
1=1, ecoil 1, coil coil __Que 1.16 l The inductance of a 25 A electrodynamic ammeter
—— T — i s de Aada L i
changes uniformly at the rate e Fmd;ﬁ:: d:::c:il:m at
AWy constant is 107 N-m/degree. Determine tha s - SR
Supply Shunt Load TARTU 2014-15, Marks (7
“¥ig 1162, Electrodynamometer ammeter.
9. Deflecting torque, T;= I* E‘d%
I*dM
e gom 105
and deflection, =X do

where, M = Mutual inductance between fixed and moving coils.
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_ @) .. =

T x0,0035x 10°® = 2.1875

Que L17.| Explain the operating principle of electr

nstrument. Write the force and torque equations also,

osta),

1. The operating principle of the entire electrostatic instrument is basy
on the principle that there exists a force between the two plates wity
opposite charges.

2. 'This force can be obtained using the principle that the mechaniey
work done is equal to stored energy if there is a relative motion 4
plates. ;

3. Let tv\fo plates A (fixed) and B (movable) are taken. Both plates an,
oppositely charged. Plate B is restrained by a spring connected
fixed point.

4. Let a potential difference of V volt is applied to the plates, then fore
of attraction F between the plates exist.

5. The energy stored E is given by

1 |
E= r CV? joule
where, C = Capacitance between the two plates,
6. Wheq applied voltage increases by dV, the current flowing through
capacitance also changes and is given by :
;_dg d
i=2_2 cy
dt dt
2 av .. .dC
i=0—4V—
dt dt
A
+
i
+
Fixed *
plate *
4
+
5.5 Phadooutamscet ' motig electrostat instruments;
Vidt = VAV 4 v2
8. New stored energyis : e

1
E'= 3 €+d0)-(V+avp

1-20 C (EN-Sem-3) Electrical Measurements

9. Thechange in energy stored is given by :
' 1
E-E= % (C +d0)(V + dVP - 5 OV

=
}'2{0+d0)(V3+dW+2VdW— 3 cv?

12 V2dC + CVdV

(neglecting higher order terms)
10. From the principle of conservation of energy,

Input electrical energy = Increase in stored energy + Mechanical work
done ;

or,  VAdC+CVdV = 12 V2dC + CVdV + Fdx

11. Similarly for rotatiq_nf_gl_g_lgt_@l with angular deflection 8,

1.,5dC T
deflection torque, |T; = EVﬁ?e. )'fﬂ‘\)"’"

1vide
and deflection, 8= SN
Td = Kb

where T, = Deflecting torque

8 = Deflection of pointer

K = Damping or spring constant
Fized plate

‘Que 1.18.| An electrostatic voltmeter reading upto 2500 V is

controlled by a spring with spring constant of 10 x 10° N;t'mfderz
and has a full scale deflection of 80°. The mpaclt_u;::e i::.e .
voltage is 10 pF. What is the capacitance when the po :

indicates 1 kV ?
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Given : Spring constent, K = 10 x 10% N-mideg
=2500V, 0 =80%, C;= 10 x 10 F -

B
when pointer indicates 1000 v,

"
L Final steady deflection, 9= 1Y_4C

2 K do

dc _2Ke
do - V2

-

(2500)

, 80°
2. Deflection for 1000 V = = 32°
T 2500 x 1000 = 32

3. Capacitance when reading 1000 V

=2.56 x 1071° Fjraq

C' =10 x 102 = 2,56 x 1010 x[32° — 0] x —"
180°

C =10 =102 4+ 143 = 10~
=153 x 10 = 153 pF

8?.‘.’1‘% Define working and construction of rectifier type
ammeter and voltmeter,

{Answer
Rectifier type voltmeter :
L Rectification of input wave is required to measure AC waveform.
2. Rectification is the process of converting a bidirectional AC waveform
into a unidirectional waveform that can be read by AC meter.
3. :::;2‘;;“5 placed between DC meter and AC waveform being
4. Two main types of rectifiers are used for this purpose, which are
a. Half wave rectifier |
- b. Full wave rectifier 1
A. Half wave rectifier baged AC . ) |
L. Half ractification & . B : . ;
Wiih;:r?)c meter, 118 achieved when a diode is connected in serics
2, 1

diode permits current only in one direction.

jcal Measurements
1-22 C (EN-Sem-3) Electri .
___.--'-'-_-__

When anode is positive w.r.t. the cathode, the diode is forward bl.ased
* and current will flow through the meter.

4 Conversely, when anode is negative w.r.t. the caﬂwdt;:, the diode is
} reversehiasedandmmmntﬂmthmughthe.m 0
5. Thus only the positive half AC waveform is applied to the m
" negative halfis cut-off. o
g. Therefore, this process is called "half wave rectification”.

R, [ldeal diode

- 0o full wave rectifier. -
can be imPID\N:d by us slelfwr d makes the

1. Meter sensitivity :
9. Full wave rectification also reduces PP

smooth DC wa?ﬂ!orm-
pulsating DC easier t0 filter so as to produce & : .
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3. Generally, bridge rectifier is used for full wave rectification,
4. This circuit uses a group of four diodes arranged in a bridge shape,
5.

Main advantage with brid
flows through the comple
always indicates a stea
value of current,

Rectifier type ammeter :

1. A rectifier ammeter cons;
moving-coil instrument
transformer,

2. InPFig. 1.19.3, it is not
instruments), as the
the movement would

ge rectifier is that unidirectional current
te cycle of input voltage thus meter pointer
dy deflection i.e., proportional to the average

ists of a bridge-connected rectifier and a
connected across the secondary of a current

possible to use a shunt (as in DC moving-coil
Pproportion of the total current

passing through
vary widely with the total current, owing to the

sistance with current. The resulting scale shape
would depart so far from uniformity as to be practically useless,

When a current transformer i
‘current is proportional to the

4. As the burden is so sm

Xpal ncies,

\ ¢ all, the transformer can be made very small in
size and will be quite cheap, its frequency characteristics may also be
made very good,

The current range is 0 — 15 mA.

3-terminal
rectifier

State advantages and disadvantages of rectifier type

.. The freq_uency range extends from about 20 Hz to high audio

! 1-24 C (EN-Sem-3)

2. Theyhave a much lower operating current for volimeters. . -
3. They have very- low power consumption.

4. They have uniform scale for all ranges.

5. Sensitivityisvery high.

Disadvantages : . :

The reading gets affected due to rectifier resistance.

i isti temperature
;. It is temperature sensitive, as diode characteristics are pe! -

; dependent. . EE oy
3. The rectifier capacitance may affect the r‘eadmg as f:qare :: ;hanrm g
) The measured values of rectifier type instrumen o

4

average values rather than the rms values. L .
input signal has a different type of wavefo et squmﬁth a
% 'the o o 51gnl-tlmth type then instrument is cahbr bt
mualiliﬂ:iz; ?:::or of the sinusoidal AC input otherwise 1 :
m
erroneous readings. ‘ A
voltmeter is the most accurate |
® Elatmﬂa?aéﬁ:fle::e:::g:ivities are low in comparison with the DC
:t?lirrﬁnel;ts and range from 10 to 30 Q/V..

| multiplier resi 10V rms
Que 1.21. | Compute the value of multiplier resistor for a

sinusolda ng volim . 1.21.1. The
i i d 1 AC range ol the hown in Fl‘ 1

f oltmeter s
forward resistance of the diode is zero and the reverse resistance

is infinite.

R Diode

Multiplier
resistance

5

To Find ; Resistance of mlfiler ¥y
1. The sensit.ivit.y of meter movement for DC

1_ 1 o000V
Sd.c= Tr:_]_xlo_s
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2.  For half wave rectifier, the AC sensitivity
8, = 0.45 x 1000 = 450 WV
3. Total resistance of circuit for AC operation
=S,V =450 x 10 = 4500 0
4. Resistance of multiplier,
R, =S V-R -R,
=450 x 10 — 300 — 0 =4200 Q

construction and working of three-phase

s -1

A dynamometer type three-phase wattmeter consists of two separate
wattmeter movements mounted together in one case with the two
moving coils mounted on the same spindle, the arrangement is shown

in Fig. 1.22.1.
3¢ wattmeter
ot g
Element 1

Load
Element 2

__________ 5

3¢ wattmeter

£y

A. Construction :

HE W

There are two current coils and two pressure coils.

A current coil together with its pressure coil is known as an element.
Therefore a three-phase wattmeter has two elements,

Working :

The torque on each element is proportional to the power being

measured by it. The total torque deflecting the moving system is the
sum of the deflecting torque of the two elements.

Deflecting torque of element 1 « P,

i ts
1-26 C (EN-Sem-3) Electrical Measuremen

3, Deflecting torque of element 2 « P,
‘ Total deflecting torque = (P + P)«P

: Hence the total deflecting torque on the moving system is pmlla?rtlonal
" {o the total power. =
In order that a 3-phase wattmeter reads correctly, t:nsere should
& br; any mutual interference between the two elements. 1 ot

enl
7. A laminated iron shield may be placed between the two elem

climinate the mutual effects. .
Explain, with phasor diagram, the power measuremen

Que 1.23.
m E-p‘husl
be determi

indi can
circuit using 2-wattmeters and indicate how load pf
ned in case of balanced load ?

Fig. 1.28.1. Phasor dia
1 Fié. 1.23.1 shows the phasor diagram

’
Let L‘ Vo ¥V be the rms values of phase volt,age_s and I‘
2. U I

rms values of phase currents.
3. The loadis balanced, 'cb‘e;refu{rla,= o
" Phase voltages, V3=V2='3 e
Line voltages, V= Vaa -} ijl.{saﬁ
Phase currents, IL=l=13=
Power factor = €08 ; i
The phase currents lag the corresponding phaser tages |
4, =
i voltage across preﬁ. : “f. e.
?[;h urrent through watt ter PllsI‘and . :
5. e

(30°— &)
coilisvs.llleadsvuby::rnnslﬂ o>
: Rea}:lmg of P, wattmeter,

I, I, be the

me
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—_—

Py=Vi4l 008 (30° - 6) = /3 VI cos (30° - ¢)
6. The current through wattmeter P, is I, and volta

T ; £€ across its pregg
. y Iy 1ags V,, by an angle (30° + ¢), o
Reading of P, wattmeter, "
7 i Py = Vily 03 (30° + 4) = /3 V1 cos (30° + ¢)
. Sum of readings of two wattmeters,

Py +Py= 3 VI [cos (30° - §) + cos (30° + )
. s =3Vicos ¢
° Thm ’I}; the total power consumed by load
#+ Total power consumed by load ‘
. P=P +Pp,
Difference of readings of wattmeters

P —P =
=P, Jﬁwleos(30°-¢)-cos(3o=+¢n
= JﬁVIsind;
B-P, _V3VIsing tang
R+P,  3Vices¢ 3
¢=tan-! JE———“.—P
F+F,

Power factor = cos ¢ = cos |:t.an" NE) fi~b
R

or,

power fact

¥ meter watt e u
Ad TLAmo ter w meter is sed to measure the

KF capacitor. T

determine the

- Givem: Capicitancs 020 1 Bt
Aimrven ¢ G, C=20 .
.~ Inductive reactsncee o o
ctive reactance = 15 0, £ 50 ool
i -_factor_ . capaci:::} Current eoil resistance = 0.1
Phase angle of the pressure coil cireyjt o |
P =tan™! 16/1000 = 0.015 rad = ble

1-26C (EN-Sem-3)
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5 Capacitance reactance X; = ﬁ 10°/(2x x 50 x 20) = 16920 °

a  Letrbethe series resistance of the capacitor. Total resistance of the
load circuit including resistance of current coil
=0.1+1.65+r=175+rchm
¢ = phase angle of load circuit
= tan* 169.2 /(175 + 1)
4. The load circuit has a leading power factor as the reactance is
capacitive.
5. For leading power factor reading of wattmeter o cos f cos (¢+P)
g Forawattmeter reading to be zero
cosPeos(d+f)=0

or cos (g +p)=0

or b+p=90°

or $=90- 51.6' = 89° 8.4
and tan ¢ = 66.8

7. Hence 169.2/(1.76+ r)=66.6
or resistance of capacitor,
r=0640Q

Impedance of capacitor = J159.2) +(0.64)° =1592Q
Power factor of capacitor = 0.64/159.2 = 0.004

Que 1.25. ‘ Explain the causes and remedies of the errors occurring

in a wattmeter. l AKTU 201213, Marks 05 l
OR
Describe the errors in electrodynamometer type wattmeter. )
[ARTU 2014-15, Marks 05
OR

What are the different sources of errors in electrodynam
type wattmeter 7 How these errors can be corrected 7

‘Answer |

Causes and remedies of errors occurring in a wattmeter :

ometer

AKTU 2015-16, Marks 10

i. Error due to pressure coil inductance :

1. Incase of ideal wattmeter, the current in the pressure coil is in Ph”;
with the applied voltage because the pressure coil is assumed to be
purely resistive without any reactance.

2.

But if it is having inductance the current in the pressure coil 1ags
behind the supply voltage by some angle. :
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-

ii.

Because of this, an error is introduced in the measurement gp ¢ |
power by the wattmeter. tn*'.

Compensation of error:

The error due to pressure coil inductance can be compensated as ghgy, |
in the Fig. 1.25.1. b
A capacitor C is connected in parallel with a portion of serjes resistang,
(multiplier resistance) as shown in the Fig. 1.25.1. a2
._{C
o_rm\ l'l'l'l'l'l'l'l' .I'l'l'l' o
L r
- Rp >
[Fig. 1.35.1

The total impedance of the circuit is given by,

Z,= (R, -r)+ joL + X3/ 0C)
rd

wC
(rl=jXeCr+ j)

=R -r)+joL + ——2"2 707

p 4 (wCr - jMwCr+ )
= = : r= joCr?
A T T

With proper selection of circuit constants at power frequencies
02C%rl<cl

Z,=(R,—r)+joL + r joCr? =R, + (oL - wCr?)
=R, +jolL-Cr?)
If L = Cr? then Z,=R, and p = 0° which is desired.
Thus the error caused by pressure coil inductance is almost completely
eliminated.
Error due to pressure coil capacitance :
In addition to inductance of pressure coil there may be capacitance
due to inter-turn capacitance of the series resistance, The effect of
capacitance is exactly opposite to that of inductance. Thus the
wattmeter reads low on lagging power factors.
The phase angle between pressure coil current and applied voltage
depends upon the reactance of the pressure coil circuit. The inductive
reactance is normally greater than capacitive reactance, thus the
phase angle increases with increase in frequency.

If the capacitive reactance of the pressure coil circuit is equal to its

.inductive reactance, there will be no error due to these effects since

the two errors will neutralize each other.

1-30 C (EN-Sem-3) Electrical Measurements

iii.

1

2.

3.

Error due to method of connection : ) o
There are two ways of connecting wattmeter in a given circui t. ]
Because of the power loss in the current and pressure coils, error 18
i i t of power.
ntroduced in the measuremen 4 e
tWith small load current, the voltage drop in current coil is small so
connections in Fig. 1.25.2 introduce small error. ) -
Alternatively if load current is large, the pressure coil current is very
gmall as compared with load current. ;
Hence power loss in pressure coil circuit
r consumed by load. .
;::1: connection shown in Fig. 1.25.2(a)is preferal_:le fn_lr snlmglé g(.u];e:::
while for large current the connection shown in Fig. 1.25.
ferable. . ] -
;r:t ifload current is high the power factor is small, m;ectmn sil:::;nan'
Fig. 1.25.2(b) results in large error as the total power maﬁon o
'.':lmgt.hi.s case a compensating coil may be used for compens:

is small as compared with

Current coil I

(a)

I+Ip Current coil ”
= —— " R
Supply el
voltage
(b)
wgrms »
' . i ic field because of :
T o an alternating magnetic fie espaphs
7 o curent ol o el ol s
whicl ; ;
the thickness of ﬂ;r:d mnd;n:&rs‘;nd BTN prod il
2. These currents produce tries =
: e
current coil. fluxes in mn:ent coil P eced by the
b e ?Triiies the deflecting tord™® P :
increased which de el e i

% factors.
instrument for 1agging pawar agging POWET facto
4, The wattmeter re

ads low forl

Scanned by CamScanner



Electrical Measurements & Instrumentation 1-81 C (EN.Sem
: Lperon i

leading power factors.

5. 'Tominimize this error, solid metal patts are avoided as far as possible 1
Standard conductors are used for the current coil if it carries larg: |
current. i

6. Thus in practice a special type of wattmeter called low power facto,
wattmeter (LPF) is used. ! |

: 1.28. | A wattmeter is rated at 10 A and 25 V. The current coj] 1

ha? a resistance of 0.06 Q2 and a reactance of 0.02 Q. The potentia]
coil circuit may 'be assumed to be purely resistive having 5
resistance of 6250 Q. Find the errors due to two different
connections of watimeter coils. The load is 10 A at p.f. of 0.174
lagging. The voltage across the load is 25 V.

| AKTU 2016-17, Marks 10]

~ Given:V=25V,I=10A,R,=6250Q, R, =0.06 Q,

b Xc=002!'1, cos $=0.71

i  ToFind: % error.

1. Power consumed by load
=VIicos ¢=25x10x0.174 =435 W

2. Current I=1I(cos ¢ —j sin ¢) = 10(cos 80° - j sin 80°)
=10 (0.1736 -~ j 0.985) = 1.736 — j 9.85 A

3. Voltage drop across current coil
=1Z, = (1.736 - j 9.85)(0.06 + j 0.02)
=0.301 - j 0.5569

4. Voltage across pressure coil V,
=25 + 0.301 - j 0.5569

) =25.316 £ 1.26° V

5. Power indicated by wattmeter
= 25.316 x 10 x cos(80° — 1.26°)
=495 W

6. Reading of wattmeter
= power consumed in load + consumed in C.C.

=435+ (10 x 0.06 = 49.6 W

7. % ervor= 395485 y00-138%

43.5
8. Power lost in pressure coil
=(25)2/6250=0.1W
9. Power indicated by wattmeter
=435+01=436W

43.6-435
10. % error = ——— =
r 55 x100=23%

Electrical Measurements
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GDNBEF‘T OUTLINE @ PART-
d or consumed over a time

. Energy is the total power delivere

interval, that is, ‘
a Energy = Power x Time

e issipated as heat over
Electrical energy developed as work o dissipa
an interval of time ¢ may be expressed as :

¢
W= I vi dt watt-hour

]

* 1 unit = 1 kilowatt-hour s

Energy meters are universally us.ed for measurement 0 gy

in domestic and industrial AC circuits. o s "
Meter constant : It is defined as the rati

revolutions to kilowatt-hour.

1] piscuss in detail about multimeter.

rbiberl o . in Fig. 1.27.1.
1. The ar’a“gme?: fagh Rectifier D
2

Ry

Ry

Input
voltage

Shunt

ST
e L e 7 Lh,wcxrt"-ﬂt-
2. Two diodes (rectifier clements) are used mthat it receives only half of

d
wave rectifier with the meter 80 connecte

the rectified current.
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Rectifier D, conducts during the positive half cycle of the input wavef;
and causes the meter to deflect according to the avera
half cycle.

The meter movement is shunted by a resistance R
more current through rectifier D, and move its o
the linear portion of current-voltage characterist
In the absence of rectifier D,, the ne,
voltage would apply a reverse voltage across rectifier D, causing 4
small leakage current in the reverse direction.

The average value of the complete
it should be for half wave rectification.
Rectifier D, deals with this problem.
On the negative half cycle, D,
the measuring circuit which n,
the meter,

ics.

ow is in the opposite direction, bypasses

'i A "_- -‘.\.-_

1. Ind

uction type of energy meters are universally used for measurement
of energy in domestic and industrial AC eircuits,

It possesses lower friction and higher torque/weight ratio.
Tl_:ey are inexpensive and accurate
wide range of loads and temperat

Que

and retain their accuracy over a
ure conditions.

=

escribe the constructional details of single-phase

|AETU 2013-14, Marks 05 |

A. Principle :

It works on the prigciple of induction i.e., on the production of eddy
currents in the moving system by the alternating fluxes,
These eddy currents induced in the moving system interact with each
other to produce a driving torque due to which the

record the energy.

disc rotates to
B. Construction :

There are four main parts of the o

perating mechanism :
8. Driving system :
1. It consists of two electrom ) .
stee] Iniuingting ele agnets whose core is made up of silicon

1-33C

(EN—SQM_E
ge value of ty,
o i order to drey,
perating point inty :

gative half cycle of the inpyt

cycle would therefore be lower than E

» conducts heavily and current through

1-34C (EN-Sem-3)
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ilis excited by
The coil of one of the electromagnets, called current coil is exc
load current. g SR
i t called pressure co
il of another electromagne e s
E::u:: supply and therefore, carries a current proportio
g i nets
‘:1: ai two electromagnets are called series and shunt mag
es
respectively.

 Fig.129.1.19 energy meter
Moving system :

Light aluminium disc mounted on a light alloy shaft is the main part
!
of moving system.

i ts.
This disc is positioned in between series and shunt magne
Braking system : i Fl
A permanent magnet is placed near the edge of aluminium disc
braking mechanism.

. ing torque
The disc moves in the field of this magnet and thus, a braking
is obtained.

d. Registering mechanism : o i e
1. It records continuously a number which is proportiona

revolutions made 'hy the aluminium disc.
Practicall pomter tj pe teglstemg mechanism

i letes certain numb

3. Thepointer indicates one kWh when the disc

of revolutions.
o i1, which is carried
1. The supply voltage is applied across the pressure coil

by shunt magnet M. Bk : ) b
2 S!:: jes magnet M, carries current coil which carries the curre

. il

3
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a.  Energy meter

Pk e g . or torque proportional
aly Y being measured, this torque is known aps deflecting

1-35C ‘EN&%
Both these coils produce alternating fluxes ¢, anmi
These fluxes are proportional to current in their co; - |

A ] ir coil |
these fluxes links with disc and induce emfin it tand ] p Aty
This emf induces eddy current in the dj i ]
magetie Su protir s M, and M, 1sc, which reget with lhe:

Thus, each portion of disc i . ]
disc rotates. Siperieness & mechanical force, tharegel

]

Beneratesa meéhanical force

It ps ming nerti, .
hel in overco: the Inertia of the movir 1g system

2 cont“'“inl torque :

a.  This force or to
: Tque is equal and oppoc:
in on.ier to make the deflection i;I;OtS}:lte to _‘-he deflecting force
" magnitude, e pointer at a definite
. This torque is .
ZeTo position Wﬂ}ll.:‘:llzehce force 1o bring the moving system back to |
3. Damping torque : % removed. 1|
a. The deﬂecﬁ_ns and controllj |

b.

to :
_So, befm coming to rest t;i l'?]ues act in apposite direction.
inertia, about the equil; pointer alwayg gge;))

brium position, ates due to

1-36 C (EN-Sem-3)
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¢. Damping torque is required to bring the pointer to rest in a short

period of time.

d. This torque is proportional to velocity of the moving system rather
than the operating current.

31. | Describe various errors in energy meter. How are they

Some of the common errors in energy meters and their remedial

measures are :

Phasor error :

The meter will read correctly only if the shunt magnet flux 1ags behind
the supply voltage by exactly 90°.

Since the shunt magnet coil has some resistance and is not completely
reactive, the shunt magnet flux does not lag the supply voltage by
exactly 90°.

The result is that the meter will not read correctly at all power factors.
Adjustment :

The flux in the shunt magnet can be made to lag behind the supply
voltage by exactly 90° by adjusting the position of the shading coil
placed round the lower part of the central limb of the shunt magnet.
A current is induced in the shading coil by the shunt magnet flux and
causes a further displacement of the flux.

By moving the shading coil up or down the limb, the displacement
between shunt magnet flux and the supply voltage can be adjusted to
90°. ;

This adjustment is known as lag adjustment or power factor
adjustment.

Speed error: ‘TJ\;\

Sometimes the speed of the disc of the meter is either fast or slow,
resulting in the wrong recording of energy consumption.
Adjustment :

" The speed of the disc of the energy meter can be adjusted to the desired

value by changing the position of the brake magnet.

If the brake magnet is moved towards the centre of the spindle, the
braking torque is reduced and the disc speed is increased.

Reverse would happen if the brake magnet be moved away from the
centre of the spindle.

Scanned by CamScanner




Electrical Measurements & Instrumentation

..3
i
4
|
i
4

|

C.

1

187 C (EN-Sem, |
—Semyy

Frictional error :

Frictional forces at the rotor bearings and in the countin
cause noticeable error especially at light loads.

At light loads, the torque due to friction add:
braking torque. Since friction torque is not p
but is constant, it can cause considerable e

ITOT in meter reading,
Adjustment :

In order to compensate for this error, it

is necessary to provide 5 |
constant addition to the driving torque th

at is equal and opposite tp
the friction torque.
This is produced by means of two adjustable short-circuited loops
placed in the leakage

gaps of the shunt magnet,
These loops upset the symmetry of the leaka,
small torque to oppose the friction torque.

This adjustment is known as light-load adjustment,
Creeping :

Sometimes the disc of the meter makes slow but continuous rotation

at noload i.e., when potential coil is excited but with no current flowing
in the load. This is called creeping.

This error may be caused due to over
excessive supply voltage,
Adjustment :

In order to prevent cree
in the disec.

compensation for friction,
vibrations, stray magnetic field ete,

ping two diametrically opposite holes are drilled

The disc will come to rest with one of the holes under the edge of a
pole of the shunt magnet, the rotation being thus limited to g maximum
of half a revolution.

If a hole is under the edge of a pole, the circular eddy current path in
the disc will be distorted as shown in Fig. 1.31.1.

The effective centre of the ed
point is the central

dy current paths is then at A’ ang this
the currents.

point of the equivalent magnetic pole produced by

Examination of polarities shows t,

hat there is a resulting force on the
disc, tending to move A’

away from the pole axis A.
Thus, the disc may creep until the hole reaches a position near the
edge of a pole, but further movement is opposed by the torque produced
in the manner just described.

The magnitude of this tor

que is not sufficient to affect action of the
meter on load.

In some cases, a small piece of iron is attached to the edge of the disc.

. |
i g mechanig, |

s considerably to the |
roportional to the speeq |

ge flux and produce a- |

Electrical Measurements
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t on the iron
force of atiraction exerted by t.he brake magne
i nt to prevent creeping of disc. s
. ' Permanent magnet po

piece s
i

Following questions are

e ERSITY

Q.1. What is an instrument ?Cl
' instruments. 1
Ang Refer Q. 1.2, Umt-1.

; the null

< 4t ovish between

Q.2 F‘\:r::’tt,;—u.tmi‘:ent:;. Give examples to SUpp
1

Ang Refer Q. 1.3, Unit-1.

ort your answer.

3. What are the various lain :hem.
ik measurements ? Exp

ang Refer Q. 1.9, Unit-1.

:ine the
Determine
s Eﬁmntﬁns‘mn*

and limiting errors

of
Describe the principle of operation
Q.5. Des

wattmeter. d
ang; Refer Q. 1.15, Unit-1.

—————
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Electrical Measurements & Instrumentation

1-89C (g

Q.6. Explain the ca N-Semy,
use . |

i Wiktaoiar s and remedies of the errorg Wi “W;]__

ARE Refer Q. 1.25, Unit-1. ng lll

QT i
g:;::;}k: f'the constructional details
¥YPe energy m
AME Refer Q. 1.29, Unit-lfgy eer

Q.8 Explain
the vnrioua o
ANE Refer Q. 1.30, Unit-1, perating torques in an ene - .
- r,

of Hin gle,pha.. 1
1

i Us errors in energy meter.,
ANE Refer Q. 1.31, Unit-1.

©0©

Measurement of
Resistance, Inductance
and Capacitance

(2-2C to 2-11C)

Part-1.

THoasurement of Low, Medium and High Resistances
« Insulation Resistance _Mea's'ummptj--_- ; o

A. Concept Outline : Part-1 2-2C
B. Long and Medium Answer Type QUESHONS wucvvrsssesssssmmuressississs 2-2C
Part-2 (2-12C to 2-31C)

(« AC Bridges for Inductance and Capacitanice Measurem
A. Concept Outline : Part-2 ..
B. Long and Medium Answer Type QUeSEions ..ucvcuweseess

2-12C
s 2120

21 C (EN-Sem-3)
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2-2 C (EN-Sem-3)

Measurement of W, Medium and Hzgh .Rﬂ.ﬂslgno_ga;
- Insulation Resistance Measurement. -

O

CONCEPT OUTLINE : PART-1

Different methods of measuring low, medium and high resistances -
* Low resistances (resistances of the order of 1 Q and under) :
i. Ammeter voltmeter method
ii. Kelvin's double bridge method
iii. Potentiometer method
* Medium resistances (res
0.1 MQ):
i. Ammeter voltmeter method
ii. Substitution method
iii. Wheatstone bridge method
iv. Ohmmeter method
* High resistances (resistanc
upwards) :
i. Direct deflection method

di. Loss of charge method
ii. Megaohm bridge

3 Questions-Answers -

istances from 1 Q upwards to about

es of the order of 0.1 MQ and

Electrical Measurements & Instrumentation

2.

3.

4.

2-3C (EN-Sem-3)

i i d
’s bri ovides increase
1t is modification of Wheatstones bridge and pr

accuracy.

1t incorporates the idea of second set:;
double bridge and the use of four
resistance arms. 5
The circuit diagram is shown in Fig. 2.1.1.

of ratio arms, hence the n.,f;.;:;:::r
rminal resistances fur_ the

Rp

T el

= nk.nuwn— ; resistance .
}; = ';tandnrd resistance of the order of magnitude
as R

+ = Connecting link of low resistance

5. P,Q and p, g are two pairs of known non-inductive

one pair P, por @,¢ is variable.

6. The ratio p/g is made equal to P/Q. Under balanced

r
is no current through galvanomete:

.{2.11)
i E“=E it
o = :E—E (Voltage divider rule)
7. Since, E = 710 b
(p+q1r]
E,= I[R+S+_————P+q+r
‘P [(pw)rn
= EWE[Rer p+a+r

pr
= I[R+p+q+r]
8. For balanced oond.itior_:E
ad — T ame
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24 |
C (EN-Sem-3) Measurement of R L&
— PR
P [R+S+(p+q)r
| tra | pr
P+@Q pPtg+r } - I[R+p+q+r]
or R= £.S+——q—r-_ £—£
Q  pig+r|@ g
Q@ ¢
then we have R= fs
Q

Que22. | wp ;
e msest at precautions are taken while measuring low

resistances 7 Explain the
P reason how i
measures low resistances without errorg Helvin

AETU 2012-13, M
ox

's double bridge

2. Then
. ull detetctor sl.mu]d be sufficiently sensitive,
nLargefthe rcmegis ;n cia;;smg through the resistance may change th
been ) rmanently due to overheating, Ty avoig thi fan e
st be [0 278 must be calculated well i s sl
) ted to a gafe value, "~ reta ey

In the Balvanometer cirey;
T circuit, the dissim;

and » the dissimj]ar

1 gel}erate the thermal emf which metals cq

me in contget
l':au.sle? errors while measuring

s St

Electri

SOVA e o > S IS SR
5. 3 aw ;
ot

cal Measmments & Instrumentation 2-5C (EN-Sem-3)

1 The resistance is the ratio of voltage and current.

Thus measurement of voltage and current separately is sufficient for

% resistance measurement.
- Voltmeter reading _ V. @31
™" Ammeter reading [
3. Two types of connection are used in this method. The connections are
' shown in Fig. 2.3.1.
4 1 Iy
! I
v \i. \i’ R
. @ ° ®
A T R T STTIN S
Fig. 23.1. Men;l]xeﬁa:enf of 'ret;utanmiy ammeter-volm&her ;mthqi!;'
a. Consider cireuit of Fig. 2.3.1(a).
1. Let R, be the resistance of the ammeter.
9. - Voltage across the ammeter,
V,= IR,
3. Measured value of resistance,
V. Y%
m= T = 1
~B+B; _R+R .(232)
4. - True value of resistance,
R, =R (1-—RL\' e 4089
R=Rﬂ|l_ @ mlk le}
5. Thus, measured value is greater than true value.
-R _E 23.4)
Relative error, €,= R"“R =~ (
be small if value of
6. From eq, (2.3.4) error measurement would mall if va
resmn' tanttl:e under measurement is high, therefore, this circuit is used

for measuring high resistance value.
b. Consider circuit of Fig. 2.3.1(b).
1. Let R, be the resistance of voltmeter.
2. . Current through the voltmeter,
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26 C (EN-Sem-3) Measurement ki ¢
¢
I.= —
Y Ry Electrical Measurements & Instrumentation 9.7 C (EN-Sem-3)
3. Measured value of resistance, i
Vv v R = Unknown resistance
Bna= 17 T S = Standard variable resistance
Ip+1y Vv V
r E | A = Ammeter
R R \ r = Regulating resistance
e e 5 Thereisaswitchfor putting Rand Sinto circuit alternately.
Ry 3. When switch is put at position 1’ and resistance R is connected in the
4. True value of resistance, circuit, the regulating resistance r is adjusted till the ammeter pointer
: | is at chosen scale mark.
R= Rz By =R 2{ L | 4. Now,the switch is thrown to position ‘2’ putting Sin the circuit.
po— m! . r
By = By 1- hJ A 5. Thevalueof Sis varied till the same deflection as was obtained with R
Ty 1 in the circuit is obtained.
R=R,, [1 + E'Lz] | 6. Since, the substitution of one resistance for another has Jeft the current,
5. Thus, measured = By (236 emf of battery, and position of 7 unaltered, the two resistances must be
» value is smaller than true value. equal. ]
6. Relative error, € = Bp-R _ RY, | 7. Thus, the value of unknown resistance R is equal to the dial settings of
R B ] istance S.
¥ Ry R (237 resi )
SSRGS Bny=R, : The accuracy of this method is greatly affected by following -
e R factors : .
8. From " Ry .(2.3.8) 1. Ifthereis any change in the hattery emf during the time the readings
msism‘;!; (2.%8] error in measurement would be small if val | on the two settings are taken.
under measurement i if value of . Lk luding R and S.
used for measuring low resista;:::ig‘f:mu' therefore, this circuit is | The resistance of circuit exc uding

ue2.4. 1 . The sensitivity of the instrument.
ﬁ&bmea ; Describe the substitution method of measu ot | 4. The accuracy with which standard resistance S is known.
um resis i remen _
tances. List the factors on which the accuracy of the

m nds. :l - -
EKTU 201#15;@“-103 | medium resistances.

Que 25. | Explain Wheatstone bridge method for calculation of

L %:mcm:utionr method : ] % Wheatstone bridge method : :
on diagram is shown in Fig. 2.4 | The bridge consists of four resistive arms P, @, R and S together
s ' with a source of emfand a null detector (galvnnumeterl

2 5 :
Balance condition :

|
Ia 1. When bridge is balanced, the galvanometer carries zero current and
Switch k[ does not show any deflection. :
i inci i ints B and
1 R | 9. Thus bridge works on the‘pnnmple of null deflection. Poin
D must be at same potential.

. (25.0)
.\“M[h _ . ' Thus, IlP—IER -

For zero current in galvanometer
A2.5.2)

<2}
]

E
L=h=75.q
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Norweas

2-8C (EN-Sem-3)

Measurement of R Lg

and

L= 1=

...(25_3]
where, E = emf of battery

Unknown
it Standard

resistance

E
- Fig. 25.1. Wheatstone bridge.
Cnmhmi.ng eq. (2.5.1), (2.5.2) and (2.5.3), we obtain :
P R
P+@ " R+S8
P
R=8—
Q

where, R = unknown resistance,

e .
gll 2.6.- | Explain the loss of charge method for measurement of
resistance,

[AKTU 2612-13, Marks 05]

in Lh:smethod the insulation resj
I d, resistance | t,
In parallel with a capacitor ¢ and electrosto
The itor i )
vi(:;i;::::;t[,ur ;se charag::ii !{:sﬁlme suitable voltage, by means of a battery
rha i .ta V en allowed to discharge through the
The terminal vol e is observed co- me
] tage is ob i
3 ; ; 0 OVer a considerahle period of ti
The voltage acrogs on
. 088 the capaci; i
ikl Pacitor at any instant 4 after the applicati

b_e measured is connected
atic voltmeter.,

VV =vexp(-t/iCR)
7 = eXp (- CR)

|
!
'l
i

Electrical Measurementé& Instrumentation

2-9C (EN-Sem-3)
Insulation resistance, : )
t 0.43431¢
k= Clog, (V/v) Clogy,y(V/v) s
o
L =
=¥ R Eé C

5. The variation of voltage v with time ¢ is shown in Fig. 2.6.2.
From eq. (2.6.1) it follows that if V, v, C and t are known, the value of
R can be computed. . .
7. If the resistance R is very large, the time for an appreciable fal} in
voltage is very large and thus, this process may become time
consuming. e ; y
i i and ss grea
8. Also, the voltage-time curve will thus be very _ﬂa‘f
care is taken in measuring voltages at the hepnnnfg and end o_f the
time A, a serious error may be made in the ratio V/v causing a
considerable corresponding error in the measured value of B.
9. More accurate result may be obtained by change_in the .vult.age V-v
directly and calling this change as e, the expression forR be\comes

pe oAU 2%
Clo [—_] N
E10 V-e LY
tv V =ve¥yRC
vl
ol —t

T ]

10. This change in voltage may be ed Ylg.m SR
11. This method is applicable to high resistances but it reqmr:::n i?::mg
of a very high leakage reactance as high as the resi
measured. :

r
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e In this ;nethﬂd, a high resistance (1000 Q) and VEry sensit
coil galvanometer is connected in series with the ive gy
measured along with supply voltage.

2. By this method, insulation resistance can be obt
to the deflection of galvanometer.

3. The galvanometer measures current I,

betwee
metal sheath. n the conductey and

4. The leakage current, I, over the surface of
carried by guard wire.

5. The ratio of the voltage applied between conductor a

tween them gives the insul

insulati Ng mate ri-ﬂ.I o

nd meta] sheath

Insulating
material

- P 200 Measuremoni orin
Lo T eAsurement of insulation resis
dmhhlﬁngg resistance :

OR
resistance measurement
The value of §
The ingt nsulation regigyan ce i .
"‘Umem used to meagyps i:x “‘l‘“a_“.v in order of mega ohms.
2 ::ZWGM ; ulation resistance is known as
dLid
obimegs of a hang driven DC ge
3. Benerator and a direct reading

Permmn
t Magne
Provide fieldy for bath,

Electrical Measurements & Instrumentation

resistﬂnc% i N ]

ained witp Tespeg |

ation resistang

2-11C (EN-Sem-3)

5. The moving element consists of three coils, one current coil, potential or

pressure coil and compensating coil.

4. The coils are mounted over a rigid shaft and are free to rotate over a

C-shaped stationary iron core.

Conta:ol circuit
E j

6. The coils are connected to the circuit by means of flexible leads or
ligaments. :

7. E and L are the test terminals . The current coil is connected in series
with the terminal L.

8. The series resistance R protects the current coil in case the test
terminals are short-circuited and controls the range of the instrument.

9. The pressure coil, in series with a compensating coil and protection
resistance R is connected across the generator terminals.

10. Compensating coil is provided for better scale proportions and to make
the instrument calibrated.

11. When the current from generator flows through pressure coil, the coil
tends to align itself at right angle to the permanent magnet field.

12. For infinite resistance, no current flows through the current coil and
pressure coil governs the motion of the moving element causing it to
move its extreme counter clockwise position, the point under this
condition is marked infinite resistance.

13. Current coil produces clockwise torque on moving element, when the
terminal L and E are short circuited, the current flowing through
current coil is large enough to move the pointer to its extreme clockwise
position, marked zero.

14, For any resistance connected between L and E, the opposing torque
of the coils balances each other so that pointer comes to rest at some
intermediate point on the scale.
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2-12C (EN-Sem-3)

i’:

CONCEPT OUTLINE : PARTﬁ |

1. Maxwell’s bridge
ii. Hay's bridge

iii. Anderson's bridge
iv. Owen’s bridge

i.  De Sauty’s bridge
ii. Schering bridges

Measurement of self inductance with AC bridg

Measurement of capacitance with AC bridges :

Measurement of mutual inductance

es

B with AC bridges :
L. Heaviside mutual inductance bridge
ii. Carey Foster bridge
iii. Campbell's bridge
. Memmement of frequency with AC bridge :
L. Wien's bridge
_Long Answer Type and Medium Answer Type Questions.

= DC bridge ]

source for
bridge.

These bridges use
galvanometer as detector,

measure resistance,

AC bridge
These bridges use a DC

excitation of

= =
DC bridges are used to

| What are the differences between DC bridges and AC

8. No| " Dohade T

These brid,

ges use an AC source
for

excitation of bridge.

These brid
el

ges use head phones,
ectmdynamumeter, moving coil
nstrument etc., as detector,

AC bridges are used to
. measure
Impedance, inductance,

c_apx_acit_anee. quality factor,
Sipation factor ete,

_2 ;

of a suitable example,

Electrical Measurements & Instrumentation

Quez10.

2-13 C (EN-8em-3)

All arms of DC bridges

Arm may be resistive, capacitive,
should be purely resistive.

inductive or combination of these
quantities.

Balance equation for DC
bridge is :
R,R, =R,R,

Balance equations for AC bridge
are :

i lzlll |Z‘| = |Zz! ]Z._,|
i, £, + 20, = £8, + 48,

ol

Explain the concept behind AC bridges with the help

'Answer e
F.ig.-é.lo.l shows a basic AC bridge. The four arms of the bridge are
impedances Z,, Z,, Z, and Z,.

The conditions for balance of bridge require that there should be no
current through the detector.

i i d
This requires that the potential difference between points b and
should be zero.

This will be the case when the vnltag'e drop from a to b equals to
voltage drop from a to d, both in magnitude and phase.

| E—»la—E
4-—,h 138

Source
(Fig R0
In complex r_mtat‘mn we ;s.n thus write ..‘{_."..10.1)
Fa (210.2)
or N2, =12, ;
Also at balance,
E ..(2.10.3)
L=ly= ——
Z,+Z,
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2-14 C (EN-Sem-3) Measurement of R, L & C
and L=l= x
2=l= =5 .(2.10.4)
Substitution of eq. (2.10.3) and (2.10.4) into eq. (2.10.2) gives,
RS -(2.10.5)
or when using admittances instead of impedances
Y =YaYs (2.10.6)
Eq. (2.10.5 i ——
g bu-id)g?d (2.10.6) represent the basic equations for balance of
7.

Eq}; :12‘1;25;;15 lwnvenient to use when dealing with series elements of
ile eq. (2.10.6) is useful when dealing with parallel

elements.
8. [Eq.(2.10.5) can be re-written in the polar form
(Z, 2802, 28) = (Z, £8,) (Z,20,) (2.10.7)
Thus for balance, we must have : o
Z\Z, £8,+0,=Z,Z, /8,+0, (2.10.8)
9. Eq.(2.10.8) shows that two conditi s
N i 2
ar i o itions must be satisfied simultaneously
10. The first condition is t i i
el is that the magnitude of impedances satisfy the
2,2,=2,2,
11. The second condition is th i
ot is that the phase angles of impedances satisfy
L0+ £0,= £0,+ 28
o b e 5 s o ..(2.10.9)
capmp!laseﬁw s ct; ‘pcsttwe for inductive impedance and negative for
If we work in terms of rectangular co-ordinates, we have
DR LRy Ky
. 3= Ry +jX; and Z, = R, + jX,.

Thus from eq. (2.10.5) for balance,
(R,Rﬂx,} (R, +JX,) = (Ry + jX,} (R, + jX;)
WB-X X4 +JXR,+ X,R))
14. Eq. (2.10.10) is a com R} R?RE _X2X3 +ﬂX2R3 . XaR?) i

A plex equati T :
only if real and imaginary pal:t’; ﬁd;:ﬁmplex equation is satisfied

separately equal. Thus, for batane side of the equation are
RR,-X X, =

and xin‘ +x1);§' = Bty - XX, .(2,10.11)

VIR KR, (2.10.12

g

a1 Measurements & Instrumentation 2-15 C (EN-Sem-3)

Electric

Thus there are two independent conditions for balance and both of
them must be satisfied for the bridge to be balanced.

Discuss different detectors used in AC bridges.
of inductance.

‘Que 2.11.

Enumﬂ te different methods for the measurement

—

AKTU 2015-] farks

‘Answer |

Detectors used in AC bridges : The detectors commonly used for

bridges are :

A. Head phones :

1. Head phones are widely used as detectors at freq
and over upto 3 or 4 kHz.

9. They are most sensitive detectors for this frequency range.

When working at a single frequency a tuned detector nurmelly_gives
the greatest sensitivity and discrimination against harmonics in the
supply.

B. Vibration galvanometers :

1. Vibration galvanometers are extremely useful for power and low audio
frequency ranges.

9. Vibration galvanometers are manufactured to work at various
frequencies ranging from 5 Hz to 1000 Hz but are most commonly
used below 200 Hz as below this frequency they are more sensitive
than the head phones.

Tunable amplifier detectors :
Tunable amplifier detectors are the most versatile of the detectors.

2. The transistor amplifier can be tuned electrically and thus can be
made to respond to a narrow bandwidth at the bridge frequency.

3. The output of the amplifier is fed to a pointer type of instrument.
This detector can be used, over a frequency range of 10 Hz to
100 kHz.

Methods for the measurement of inductance : Refer Concept
OQutline : Part-2, Page 2-12C, Unit-2.

ies of 250 Hz

= 0

Que 2.12. l Derive the equations for balance in the case of Maxwell's
inductance capacitance bridge. Draw the phasor diagram for
balance condition. (ARTU A B 10]
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rement opp Ly |
t 5l ectrical Measurements & Instrumentation 2-17 C (EN-Sem-3)

L. In this brid

ge, an induct g

Sta-ﬂd&rd variabl ! ance 1s measured
e e capacitance, by compay; o 4 R,= R,
L, = Unknown inductance llh‘ R,
& RI = Effective Nsistance of i and Ll : RZRSC-I. ) ) ;
Ry, R, = Known nop.i inductor 7, 5. Thuswe have two variables R, and C, which appear in one of the two
n-in I balance equations and hence the two equations are independent.

and

ductive ;
C, = Variable stan resistances,

ST -——»h—_.da;:rd Capacitor. 6.
I ab 3

The expression for @ factor
Q=oLyJR, =aC.R,

Advantages : ;
1. 'The two balance equations are independent if we choose R and C as
variable elements. i
The frequency does not appear in any of the two equations. ;
This bridge yields simple expression for unknowns L, and R, in terms =
of known bridge elements.
4. The Maxwell's inductance-capacitance bridge
measurement of a wide range of inductance &

frequencies.

Disadvantages : :
1. This bridge requires a variable standard capacitor which may be very .
expensive if calibrated to a high degree of accuracy.
2. The bridge is limited to measurement of low Q coils.

is very useful for
t power and audio

Qlle?.-.ls.l Draw the bridge arrangement and describe the Hay’s
ductance m t. Draw the phasor diagram.

AKTU 2012-18, Marks 05

bridge for i

{Answer, |

1. The Hay’s bridge isa modification of Maxwell's bridge.

9. This bridge uses a resistance in series with the standard capacitor
(unlike the Maxwell's bridge which uses a resistance in parallel with
the capacitor).

» We haye

o Ill {

I Writing the equation for 1oy 6 2.12.1, i L L, = Unknown inductance having a resistance R, |

! ® 4 o balance ; Ry, Ry R, = Known non-inductive resistance,
%)(mj =R,R, 1 and C, = Standard capacitor. |
& g oty 3 4, At balance, |

4, Sepﬂratj:,g4t;m1‘1£‘ SRR, +JORR C. R (R, +joL;) R, —jloC) = E.Rq :

€ real and jm g =ty or 11 i _.LRL =R
aginary termg RR, + C, + joIy Ry oC, 2Ry

[T
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Measurement of g g
___‘Q

Flectrical Measurements & Instrumentation 2-19 C (EN-Sem-3)
-—".______,_.—-—'—_._

Q = oL/R, = VoCR, :

g, The expressions for the unknown inductance and resistance contain
the frequency term.

9. Therefore it appears that the frequency of the source of supply to the . .- :
bridge must be accurately known.

Advantages @

1. This bridge gives very simple expression for unknown inductance for
high Q coils, and is suitable for coils having Q> 10.

9. This bridge also gives 2 simple expression for Q factor. i

Maxwell’s bridge requires a parallel resistor, R, of avery high value.
Disadvantage :

The Hay’s bridge is suited for the measurement of high Q inductors,
especially those inductors having a @Q greater than 10.

This bridge requires only a low value resistor for R,, whereas the i

Que 214, Derive balance equation of Anderson’s bridge along
with its phasor diagram. Mention advantages

of this bridge.

and disadvantages

1. In Anderson’s bridge method, inductance is measured in terms of a
standard capacitor. )

) _—-.'1—_ :
8 ‘Fig. 243.1. /
- v
parating the real and imaginary terms, we obtai
4 obtain

R
Ryt é’f =R2R3 and Li=- R,
o’R,C,

Solvi
lving the two equations, we have
L= _RBCy
1+ o?CiR?

2
R, = SRERCE

1+ w?C2Rt
The Q factor of the coi] is &

and
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Elecl-l'iwl Measur ements & Instrumentation

2-21 C (EN-Bem-3)
Advantages :
L Incase ac!ju.stments_are done by manipulating control order r, it is
much easier to obtain balance in case of Anderson’s bridge than in
L Maxwell bridge for low @ coils.
il g 9. A fixed capacitor can be used instead of variable capacitors.

—— i

It can be used to accurately determine capacitance in terms of
inductance.

IR, o SR
1=®+r)  Ba=LRi=1/oC I Disadvantages :

- () 1. It is more complex to set up and manipulate. The balance equations
Lot F(g_ 2141, are not simple and are much more tedious.

L = Self' o

1 -indu

R1= a clance to be meas
> Remtan' ce of self-inductor
1= Resistance connec ¢

2. An additional function point increases the difficulty of shielding the
bridge.

_Quez.‘ls.l In an Anderson’s bridge for measurement of

ted in . p :
R, R, R, < lII{l:uctor. Series with gelf, inductance L, and resistance R, in the arm AB, arm CD and DA
and 3 6 = AN0Wn non-inductive resist have resistances of 600 Q each and the arm CE has a capacitor of
3. At balance = Fixed standard capacito Ances, 1.0 uF capacitance. With an AC supply at 100 Hz supplied across
’ Li=Landl,=] 4] T O K & C: balance is obtained with a resistance of 400 €2 in an 2r=
Now, IR~ x 1 e DE and800ninannrmBC.Calcuhtetheva!nedL.ande.
_ K AKTU 16
% wrmﬂg&ie e = 1 joCR.
oth 3
L, + B 4 opdance equations (2141)
1 J"—"Li) = IIR2 + Icr :
e LEd— (2142
6. Wﬂn ) LUFUR-;
value of ] from eq, (2.14.1) ; ToFind :L, Ry =
o L Iy + R, +joL ) = I gy .(2‘ 14.2), we have By 1. For balance condition,
i 1r+R, +JjoL, _j"’CRall') __Iiz-'-fp'mc.ﬁ'ar -y 5&_"‘
) =2ty . (2.143) 'R
i JoCR,I, (r + _ﬁ} | o Y R
T Pioag Lijecn , + joCR JjoC) ~ M2 ~1,joCR,R, and L=C R (R, + R+ RR.]
€q. (2, 5 i b
y 143) and (9,14 4, ’i’;: By =1R, (21449 B G R - 00x80_ 500
1V +R btain ' a 600
1+jol, _;
1=JoC, o -
5 Equating gy, =y, {%HW&FM ) 3. 1, = 110 <800 1400600 + 600) + 600 6001
realang e, R R, 9oCRR) - '
#lnary partg )
. % ’ 7] perive the equation of balance for a low voltage
y R ' bridge. Draw the phasor dia
¢t v :
R T R) 1 RB))

R i Sk ok
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Measurement of R Lg
bt
Describe with i e
with phasor diagram, how capacitance can be m
by Schering bridge ? S

C —Ca I].c.e 18 to b
1 pac1tor WhDSE capacita i
demmined,

r, = A seriesresi 3
1 resistance represent: .
capacitor C,, ; ing the loss in the

C, = A standard capacitor.

o (b)
T L n P *

b g ﬂmvww- vy |.

E]ectrical Measurements & Instrumentation 2.93C 3)
o (EN-Sem-

,, This capacitor iseither an air or a gas capacitor and hence | :
However, if necessary, a correction ma; be i
Ko y be made for the loss angle of

R, = Non-inductive resistance,

C, = Variable capacitor,

and R, = Variable non-inductive resistance in parallel
with variable capacitor C,.
3. At balance,
(r+ 1)\ R ]_ i g
|1 * FuC, ) \T+ joC,R,) ™ JoC, ™
( 1)
or = R, = RN :
= g e
or rR-LRi_—._.'_‘EL RJR-ICI
14 mcl J = C-_., + 02
4. Equating the real and imaginary terms, we obtain
ry=RCJCy
and C, = C4R/Ry)

5. Two independent balance equations are obtained if C, and R, are
chosen as the variable elements.

Dissipation factor,
D,=tan§=0Cyr, = w(C,R Ry * (R,CJC)
=oCR,

7. Therefore values of capacitance C,, and its dissipation factor are
obtained from the values of bridge elements at balance.

_antz_.__l_'l_s h)mw the Hay's bridge and its phasor diagram. Explain
the operation of a cap:

OR
Derive the equation of balance for modified De Sauty Bridge. Draw
the phasor diagram for balance condition.

“Hay's bridge : Refer @ 2:13, P2g® 2-17C, Unit-2.
De Sauty’s bridge _
L The bridge is the simplest method of comparing two capacitances. .
Let C,= Capacitor whose capacitance is F" be measured,
Cy= Astandard capacitor, 7
and R, Ry= Non-inductive resistors.
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2 24C (ENBem-3)

Mmm“‘“&l.gc
- Y _—_--_-\
{_1"_23 ’f 1 1}?.,
3. &m,ljwl} e [M:j
o C,=CRR,
4, The balance can be obtained by varying either R, or R,.

5. The advantage of this bridge is its simplicity. But this advanta&e
nullified by the fact that it is impossible to obtain bal -
capacitors are not free from dielectric loss. Thus with thu; methey
only lozs less capacitors like air capacitors can be compared

fs—E, _“'!’:"—Ex"—"l

Ez-—-ﬁg——- E,
— AL

(a)

Ea=E4'1133= IR,

I, 1

having dielectric loss) the bridge is m st
. ; odified as shown in Fig. 2.17.2.
This modification is due to Grover, il

Resistors R, and R, are connected jn series with C, and C, respectively.

ryand r, are remt.anr,es
capaami-s representing the loss compcn,ent of the two

At balance,

2-25 C (EN-Sem-3)

Mﬂl" nts& T Lo
{R1+r,+j:cJRt- By4ry+—r-0H ‘JBJ
from which we have
G _Ben B 2171
C; B+n R

10, The balance may be obtained by variation of resistances R, Ry, By, By

-—E, -—h-i-;— Eg—»
I

7.2, M
" jtors C, and Cy
11 The angles s are the pbase Engles of cRPRSEE T
: 1
respectively.

tion factors for
12. Dissipa e e

the capacitors are :

=aC,r;and Dy =tan 8= 0Cy'y

13. From eq. (2.17.1,%e have
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2-26 C (EN-Sem-3) Me
asurement of g Lg : g ectrical Measurements & Instrumentation 2-27 C (EN-Sem-3)
L
C, B+n
or Cyry=Cyry=C iR -C;R, :'
or wCyry—oCiry = o(C,R, -C,R) by
D,-D, = o(C\R,-C,R,)
14. But C/Cy=R/R,
- C,=CRyR, I
15. Hence  D,-D,=oC, [RiBi_p) il
2= 0, 2| R, sz (2179 i

16. Therefore, if the dissipation factor of i
herefore, one of the i i
dissipation factor for the other can be detemin:ga o, .

. This method does not gi : ; :
_ Eive accurate results for dissipati i Ry + oL\ B P,
its value depends on difference of quantities R,;;::E:t;;]:l f:;ctur o e - e
1 s
Define Owen’s Bridge with phasor diagram,

and disadvantages also.

3, At balance,

4. Equating real and imaginary parts, we obtain : )
Give | oc
— L,=R,R,C, and Ry=RyG-

Advantages :
- 1. Owen's Bridge can be
be used for measurement of an inductance in terms inductance.

b

T used over a wide range of measurement of
1 This brid ge may

e | i i i frequency

2, Le: N L 2 The balance equation are simple and do not contain any
s Rl = gnknown self-inductance of resistance R component.
3 = Variable non-inductive resist g . . :
2 ance, Disadvantages : . B s
gs = Fixed non-inductive resistance 1. Owen’s bridge requires 2 variable capacitor which :::x;:::te i

- Fire : d . i ather

and s = Variable standard capacitor, 5 The value of capacitance , tends to become ¥

C, = Fixed standard capacitor. e ~uring high @ cols

Que 2.19. ‘ Explain the construction nnd w
. 28 vi ent of frequency.

bridge used for the measurem

Answer. |

Wien's bridge is prims.ll'ily i
Its balance equation mvn_lv_es req R et
individual bridge element is independent -y
3 11]1 : be employed in harmonic distortion analyze!

. 1t may

orking of a Wien's

of frequency.
uency, but the performance of

used for measurement
1.
3- .
d HF (High

Frequency) oscillators:

_._._!5-—-—]3.'—'[32';,%;]&

I
4. At balance Ll_'_ijlR,l
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2.28C (EN-Sem-3) Messroment of B, i3 etrical ess s & Instrumentation 299 C (EN-Sem-3)
R_R.C '(mc R, 1 J Wmnmlmwhedjmuymnhrmmmd&equmummm
or =4 = R o] G oC,R, 10. from €4 (2.19.3). ) . i
Ry 2 :s bridge is guitable for ement of freq from 100 :
5. Equating the real and imaginary parts, 11. '{g:kﬂs. It is possible to obtain an accuracy of 0.1 to 0.5 percent.
c : . .
% = % *C, (219 =71 Explain Heaviside's bridge with vector representation.
* 5
: OR
: 1 . p hich is used to me e the
I o =0 on for the bridge
. and oC,R, oC,R, perive tr:d‘;ﬁr;m terms of known self inductance.
i rad/s mutuel r y
o= ; T 3 i . ;
RlR!C‘C’ " The bridge shown in Fig. 2.20.1 measures rmutual inductance in terms
2 L )f-inductance.
s - Hz ..(2.19, known sel
and frequency, f 2 RRCC, (2.19.2) of & _

i R
b Mechanical

6. In most Wien bridges, the components are so chosen that

R,=R,=Rand C,=C,=C.
7. Then eq. (2.19.1) reduces to,
RJR, =
and eq. (2.19.2) reduces to,

1
=53 (2.19.3) o b :
8. Switches for resistors R, and R, are mechanically linked so as to fulfill %-‘ U -+ wn mutual i0d% Ly of mutual
the condition R, = R,. — M= gelf-inductanc® of secon® v
5 = Self- '

9. Aslong as C, _am"l C, are fixed capacitors equal in value and Ll jnductance:
: R, = 2R, the Wien's bridge may be used as a frequency determining

device, balanced by a single control,

Scanned by CamScanner



Measurement of R |, &
a1

2-30C (EN-Sem-3)
L, = Known self-inductance, and
R, Ry Ry R= Non-inductive resistors.

3. At balance, voltage drop between b and ¢ must equal the voltage g
rop

between d and ¢.
4, Also the voltage drop across a-b-¢ must equal the voltage drop 5
Crom

a-d-.
5_. Thus we have the following equations at balance :

LRy = LR,
and (I + IYjoM) + IR, + Ry +joL)) = L(R, + R, + joL,)
2

f,{£+1}jmu+12§t (R, + Ry + joL)) =
R, R, 1708 JoLy) = I(R, + R, + joL,)

sl Ry Y R
o M| =2 ;
" lﬁg"l}*g:&‘rmum&ﬁkﬁ‘ =R, + R+ jaL,

R, = R,RyR,
o L-LBIR) Rl -RL,
IR (Ry/Ry)+1 R;+R,
3 clear from eq. (2.20.2), that L, the i
» 'y ) self- ¢
of the mutual inductor must be i{nown inlj::iueiﬁ:i 11;'-11)1: ::Cllﬂdary
easured

6. Thus
.(2.20.1)

and

.(2.20.9)"

by this method.
8.
In case R,=R,, we get
. M=L-L
and 2 ..(2.20.3
Rl . R2 (2.20, )
+02.20.4)

9. This method
can be used for
o ; : measurement of self-i
- Frppose L, is the self-inductance to be determi .
- From eq. (2.20.1) and (2.20.2), we get et

1= MEB+R)+RL
R,

- w1 By By
and P RgJ R, ...(2.20.5)
12. In case g~ RIRA""Ea

R, = R,, we have ..(2.20.6)

L2=21'kd'+,:f,1m1(”32=JRI

A Wheatgton s ’
nm; l;:odse has resistance of P 1000 Q

= rL =

Thebatt»eryhasanemfofsvam;

2-31 C (EN-Bem-3)

rical Measurements & Instrumentation

Flect
culate the deflection of galvanometer and the sensitivity of the
s of deflection per unit change in resistance.

rm

pridge i8¢

i
i}.ﬂlven%R
1 Deflection, 6, Sensi it ty of bridge, Sz '

sistor required for balance

. ."stistance of unknown re

1:
R=(PIQ)S = (1000/100) * 200 = 2000 Q
9, Inthe actual bridge the unknown resistor has a value of 2005 Qor
from the balance condition is AR = 2005 — 2000 =5 .

the deviation

3, Thevenin's source generator emf

R __P
E,=E th' P+Q-!

2006 1000
= 5 v =
2005 + 200 1000 + 100
= 1.0307 x 103V
4. Internal resistance of bridge,
: RS PQ

R,= 275 P+Q
= 2005200 , 1000x100 _ 57980
5005+ 200 1000 + 100

nce the current through the galvanometer

5. He 3
iin Ey =1.D307xm AZ277 A
s Ry+G 272.8 +100
6. Deflection of the galvanometer
g=81= 10 x 297 = 97.7 mm/Q

7. Sensitivity of bridge
217 _ 554 mm/Q
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Measurement of R, [, &g
—&¢

2-32 C(EN-Bem-3)
t precautions are taken while measuring ),
s ::'::u:‘m 7 Explain the reason how a Kelvin's ‘tnllbn
bridge low resist without error 7
amg Refer Q. 2.2, Unit-2.
Discuss ‘losa of charge' method for high resistancy

Q.2
measurement.
amE Refer Q. 2.6, Unit-2.
Q. 3. Explain the concept behind AC bridges with the help of a
suitable example,
ang Hefer Q. 2.10, Unit-2.
Q. 4. Discuss different detectors used in AC bridges. Enumerage
different methods for the measurement of inductance,
amx Refer Q. 2.11, Unit-2.

Q. 5. Discuss Muxwell inductance and capacitance bridge for
measuring inductance.

Amg Refer Q. 2.12, Unit-2.

Q.6. Draw the bridge arrangement and describe the Hay's
bridge for inductance measurement. Draw the phasor
diagram.

REx Hefer Q. 2.13, Unit-2,

Q. 7. Derive bulance equation of Anderson's bridge along with
its phasor diagram. Mention advantages und
disadvantages of this bridge.

Aux Refer Q. 2.14, Unit-2.

Q.B. Derive the equation of balance for a low voltage Schering
bridge, Draw the phasor diagram.
Amgk Refer Q. 2,16, Unit-2.

Q.9. Explain the operation of a capacitance measuring
instrument.
AME Refer Q. 2.17, Unit-2,

Q. 10. Explain the construction and working of Wien' id
used for the t of freq B,l.r i
ABE Refer Q. 2,19, Unit-2.

0O

Instrument
Transformers

(3-2C to 3-20C)

Part-l e

Currentand Potent
Ratio and Phase

" 3-2C

) t Qutline : Part-1 e :
1‘{' C[’;::f::nd Medium Answer Type Question e 4

PR PN
ions and Testing

3-20C
_ 3-20C

Design Considerst

ne ; Part-2 o
ium Answer T,

A. Concept Outli ypc Questions

B. Long and Med

3.1 C (EN-Sem-3)
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Instrument Tra“ﬂfﬂrme
Ty

and Phase Angle Erropy |

T

CONCEPT OUTLINE : PART-1

Instrument Transformer : Transformer used in conjunction
with measuring instruments for measurement purpose.
Current Transformer : The transformer used for

of current is called current transformer.
Potential Transformer : Potential transformers are used for

protecting the voltmeters, the potential coil of wattmeters and relayg
from high voltage lines.

Tement

q@_ﬁm-MWGﬁ

' Long Answer Type and Medium Answer Type Questions

Que3l.

Define the following terms as used for instrument

transformers :

i
i
iii.

iv.

iii.

. Ratio correction factor

Rated current
Nominal current
Transformer ratio
Nominal ratio
Turns ratio
Burden

[AKTU 2016-17, Marks 10|

Rated current : It means the maximum value of current, voltage or
any other parameter beyond which the machine will not be operating
according to its desired operation.

Nominal current : Nominal current is the current the device is rated
at for continuous service.

Transformer ratio : The actual transformation ratio is defined as
the ratio of the magnitude of actual primary phasor to the
corresponding magnitude of actual secondary phasor.

Magnitude of actual primary current

R=
Magnitude of actual secondary current

_ _Magnitude of actual primary voltage
Magnitude of actual secondary voltage

3-3 C (EN-Bem-3)

Elearical Measurements & Instrumentation

The actual ratio is also called transformation ratio.
al ratio : The nominal ratio is defined as the ratio of rated

in
v r:z:_,q quantity to the rated secondary quantity, either eurrent or
voltage. :
K = Rated primary current
=~ Rated secondary current
K = Rated primary voltage
»~ Rated secondary voltage
rns ratio : ki
o . _ Number of turns ofsmdaﬂifm%mﬂ
Turns ratio, " = —Jumber of turns of primary winding
Number of turnsof primary windiog
™ = Number of turns of secondary winding
ading which is

is the volt-ampere lo
i en : The rated burden is ! t-ar
w l;;::-t:l“:i.ssi\:li.c1.\!"1t.l:ml.|t.er‘mrﬂ thehmlufort}m;nmuhr class
of accuracy-.

Total secondary winding burden

i
indi rent)? x (Impedance © i
= fi:‘mdm. "';“,dlg :::::::ndudmg 1oad and winding) '
winding burden due toload ’
. i oo induced voltage
’(// SE'UNMM.-
= {mpedance of load o2 secondary "m‘:‘::-d
g E pedance on
Secondary mnﬂmE} *Cfemlﬂm i
L current
is the
factor of a transformer is t
ii. Ratio correction factor nominal ratio. 3
vil. tion ratio divided by o B « Nominal ratio

transforma’ 7
ationTatio =
Transform R=

Secondary

with expressive

in the current transformer

ratios
OR

Expla
‘What are the

agram of current

Ques2.

phasor diagram-

Draw connection i

system. OR
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1. Acurrent transformer basically has a primary coil of o,
2. In some, the bar carrying high current may act ng g
3. Thesecondary of the transformer is made u pofala

4. 'Thisisusually rated for 5 A. Thisis connected to

Hc@&m-&) Instrument Ty,

e O anafurmen

Describe bow high current is measured with thm

transformer ? And show the relationships in a current ““"‘}lmm
trang Orm

I

from equivalent circuit of it.

€ Or more turng

of heavy cross-sectional area.

primary, Thig jy

connected in series with the line carrying high curren

of fine wire having small cross-sectional area. T8¢ number of ty,,

ammeter. the coil of normg) range
Heavy
line current

W.m.....‘.,..., i S
. “'ﬁinxpme{pli'; 321, Current traniformer.

1 These transfo
i nrl'n;:ir': 3 I:l;.!;:i{.lj’ step up transformers i e., stepping up
. s ndary, Thus the current reduces from
So from current poj i
point of view, the
okinicta » these are step down tr i
i current value considerably from pﬁ;ma?sf:g;? e
N\ = Number of turng of primary =
N,= Number of turns of secondary
::, = Primary current
_— o Secondary current
LM
ASN, is very high co. .
218 Very high cop,
” pared to N, i i
s : : f iherstwl,tolzw also very high for
tran o CurTent ratio g indieated f,
e, OT representing the range of current
: w -

1

Electrical Measurements & Instrumentation 3-5 C (EN-S8em-3)

7. For example, consider a 500 : 5 range then it indicates that C.T. steps
down the current from primary to secondary by a ratio 500 to 5.

C. Ratios of current transformers :
1. Transformer ratio,

_ Primary winding current
"~ Becondary winding current

2. Nominal rati‘o,

K = Rated primary current
n~ Rated secondary current

Number of turns in secondary
Number of turns in primary

3. Turns ratio, n=
D. Phasor Diagram :
Ep = Primary induced voltage

E, = Secondary induced voltage
1

s T

5,4_.-—_;2 —
2
&

n = Turns Ratio
I = Primary current
1: = Secondary current
I, = Exciting current
I, = Magnetising component of exciting current
I, = Loss component of exciting current

¢ = Working flux of C.T.
a = Angle between [, and ¢
L)
- [n+n]
= Angle between E, and I,
A= tan? [ﬂ]
Te
= Phase angle of secondary burden

4 = Phase angle of transformer
Transformation ratio from phasor diagramis :
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3-6 C (EN-Sem-3)

i 1
I
Re .+ 1,80 (6+a)

E

I

&
- Ilf' +Im sind +I. cosd

I

nl, Lnd s

oSin LEY)
€

.23, Phasor diagram of C.1,

Discuss the effect of secondary burden

on errors in CTs, : p-f. and Current
i OR
Explain the construction, princi

ple of operation an

phasor d.i.agram

current transformer, Draw its
that normally occur in its operation,

d working of 5
and explain the errors

(AKTU 2015-16; Markaos]

i

C;:nstt;uction inci

: » Principle of i

= yr- Operation, workin

i gr‘li.m‘I = curf-enl. transformer : Refer Q.32 Pagg ;-I\IS%,DI?;:;T

5 Ra'l'ype. error introduced intq a circuit by C.T. :
I.metmr:ltismainlydue tofe

to energy component of exciti
. 3 1 current.
Ratio Error = Nominal Ratio - Actual Ratio =

Actual Ratio

2 Phase angle
error:ltig;
component of excitat o tesd

ion current, ainly on account of magnetizing

Electrical Measurements & Instrumentation

3-7C (EN-Sem-3)

180} I, cos 8- 1I,sin% )
gz —|m . d
ﬂ:{ nl,

0= E%EE_A] degree (approx.)
P

B. Effect of secondary burden p.f.:

The p.f. of the secondary circuit depends on the p.f, of the burden on
secondary. This directly affects the two errors of the transformer ;
Ratio error:

1. For all inductive loads, 8is positive, hence sin (3 + a) is positive.

Hence, actual ratio R is always greater than the turns ratio n. For
capacitive burdens, &is negative and R is less than turns ratio.
Phase angle error:

1. When load is inductive and & is small positive, then 8is pos:t.lw

But as 5 approaches 90°, as load becomes highly inductive, then

becomes negative. For capacitive load, & is negative and 0 is always
positive.

Effect of change in current :

The I and 1, are directly related thus as I, changes, /, also changes.

For low values of IP’ I,is dominating thus I and I_are also dominating
parts of I . Thus, errors are higher.

As],increases, part of I becomes insignificant from 1. Hence IandI
are also less significant compared to I i.e., I,. Thus, errors are less.
IQt_lg 34. | Describe how high currents and voltages are measured

with the help of instrument transformers ? Draw diagram to
illustrate your answer.

Answer
Measurement of high currents : Refer Q. 3.2, Page 3-3C, Unit-3.
Measurement of high voltages :

1. The basic principle of these transformers is same as current

transformers.

The high alternating voltage is reduced in a fixed proportion for the

measurement purpose with the help of potential transformers.

3. The construction of these transformers is similar to the normal
transformer. These are extremely accurate ratio step down transformers.
The windings are low power rating windings.

4. Primary winding consists of large number of turns while mndary has
less number of turns and usually rated for 110 V, irrespective of the
primary voltage rating.
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C (EN-Sem3) Instrument "I'.-,,1-,._”‘“,1_”[%ll
imary is connected across the high voltages line while secop, Electrical M ts & Instr tat 3-9 C (EN-Sem-3) il
5 i? e paected to the low range voltmeter coil. One end of the secondary, = tan-lxJr E
£ ose. The connections are ‘ - . :
is aJFw:iray; i’r;unded for safety purp c shown in E, = Primary winding induced voltage ; 4 :iﬁ
i e N, P.T. 1= Primary winding current . P,
{ :/ » = Resistance of primary winding ji;.‘
! { , = Reactance of primary winding
High ! 0-110V
voltage i Voltmeter Laad
t 2 : i
T ]
Primary of P.T Lol Secondary of P.T,
6. Asanormal transformer, its ratio can be specified as,
.M
2 Ny
v

So if yoltage ratio of P.T. is known and the voltmeter reading is known
then the high voltage to be measured can be determined.

" LQusiS.ﬁ) Draw and explain the phasor diagram of pﬁtential
transformer.
Angwer
1. Fig. 3.5.1shows the equivalent circuit and phasor diagram respectively
of a potential transformer.
¢ = Working flux
I, = Magnetizing component of no-load (exciting)
current
I,=1Iron loss component of no-load (exciting)
current
I, = No-load (exciting) current
E, = Secondary winding induced voltage
V, = Secondary winding terminal voltage Ly
N.a = Primary winding turns
N, = Secondary winding turns

I, = Secondary winding current 1

r, = Resistance of secondary winding ' g E'r‘“*"'-“sﬁ';?

%, = Reactance of secondary winding ngﬁwm:wm
7, = Resistance of secondary load circuit Transformation ratio from phasor # :

A = Phase angle of secondary load circuit
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N.Sem-3 Instru
3-10C (EN-Sem ) ment Trangs,
OTmep,

R= 1’&=ﬂ+n1,(r, cosA+x,sinA)+[r g
v, e

5

L” Explain the construction and working of g &
transformer. Draw and explain the phasor diagram. Whay tent;
are the

yarious errors occurring in it 7 Explain. AKTU 2012-13 Maris
: 2 10

T
Construction and working of potential
Refer Q. 3.4, Page 3-7C, Unit-3. Yransfer
Phasor diagram of potential transformer :
Page 3-8C, Unit-3. or 1 Refer q. 34
W in potential transformers :

io (voltage) errors : The actual ratio of transformati i

operating conditions and the error in second ey varles with
may be defined as : ary voltage. The ratio ervor

mep :

R

Percentage ratio error = -—K"}; x 100

Phase angle error : Ther ists i
oy e exists a phase difference between V. and
I

Lx - R si
et ( o COSA R, sinA)+Lx, -1,
nV,
I
= ?' (X, cos A— R, sin A) + 1% L,
A nVv,
where, I, = Secondary winding current
X, = Eqm‘va]ent reactance of transformer referred
to primary side
RP = Equi_valent resistance of transformer referred
to primary side

I, = Iron loss component of no load current
I = Magnetizing component
V, = SBecondary winding terminal voltage

r, = Resistance of primary winding
x, = Reactance of primary winding
A=tap-1 %

A
= Phase angle of load circuit.

Explain
w *
ith circuit diagram, how ingtrumeﬂt

tmn.f
can be .
elia measure high power ?

Electrical Measurements & Instrumentation 3-11 C (EN-Sem-3)

OR
E,,p].nintheappli tions of p tial t f in the extensi

of instrument range. AKTU 2014-15, Marks 10|

{Answer

1. For very high voltage circuits, the high rating wattmeters are not
available to measure the power.

2. Therange of wattmeter can be extended using instrument transformers,
in such high voltage circuits. The connections are shown in Fig. 3.7.1.

3. The primary winding of C.T. is connected in series with an ammeter and
the current coil of the wattmeter.

4, Theprimary winding of P.T. is connected across the supply and secondary
is connected across voltmeter and the pressure coil of wattmeter.

5. One secondary terminal of each transformer and the casings are
grounded.

6 Now, both C.T. and P.T. have errors like ratio error and phase angle
error. For precise measure ments, these errors must be considered.

High
voltage
supply

 Fig. 87,1 Power me:
7. Considering the various parameters as
V = Voltage across the load
I = Load current
= Phase angle between Vand [
V, = Wattmeter pressure coil voltage
1, = Wattmeter current coil current
IP — Current in pressure coil of wattmeter
& = Phase angle between currents in current coil
and pressure coil of ‘wattmeter
& = Phase angle of P.T.
0 = Phase angle of C.T.
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Instru ment Ty angf,

pressure coil. o ind“‘”-'t&uee of

1
.vaersed v

=a+0
V Reversed d=o hind;

(a) Lagging p.f.

Re\?ersedl I $=a-0:5-p Y
(b) Leading p.f,
_ Fig. 372,
For lagging power factor, ¢ is given by
$=u+]3+8+9 & negative
’ =a+B+8+ iti
For leading power factor, ¢ is given gy Rt
b=a-P-5-0

& negative

10. Correction factor, $=c-B+8-8  3positive

n..x

K= %8¢

hi cos B cos o
re, U=¢-B-5-
3y ik H’; b +% llasg'mg pf (negative 5)
' K : eading pf (negative 5)
reading xactualratio of C.1. x actual ratio of P.T, x wattmeter
=Kx [R.CF
[nominal ratiq pob L BT«

00f C.T.] x [nominal ratio of P.T.] x
[wattmeter reading]

. "Mery
B = Angle by which I, ]agsm g

Electrical Measurements & Instrumentation 3-13 C (EN-Sem-3) .

;Qn 3. A current transformer of turn ratio 1 : 200 is rated as

1000/5 A, 25 VA. The core-loss and magnetizing component of the
primary current are 4 A and 7.5 A under rated conditions. Determine
the phase angle and ratio errors for the rated burden and rated
secondary current at 0.8 p.f. lagging and 0.8 p.f. leading. Neglect the
bt and leal t of dary winding.

L) ¥

4
1. a=tan TI'— =tan! O i tan-1(0.533) = 28.05°

2. 8=cos™!(0.8) =—36.8° (Negative sign for leading p.f)
I, cos 8+ 1, sinb
I

L]
4x0.8+7.56(-0.6)
e T

3.  Actual current ratio, K, = K, +
= 200

00+ =199.74

3.2-45
5

4, Ratioerror = %‘— =100

€

200-199.74
199.72 x 100 = 0.13%

1801 cos®-1,sm@] 180 7.5x0.8-4(-0.6)
5. ‘P‘haseangleemr.ﬂ—T[ KT, 1\_ =% St

. _@x 6+2.4 =0.48128° = 0°28'53"
n 2005

s i

instrument transformer.

A current transformer with 5 primary turns has a secondary burden
consisting of a resistance of 0.16 Q and an inductive reactance of

0.12 0, when the primary current is 200 A, the magnetizing current .

is 1.5 A and the iron loss current is 0.4 A. Find the number of
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SO BNSemT

mﬂﬁ turns needed to make the current ratio 100 : 1 apq the
phase angle.

Instrument ’I‘rmformer
8

iﬂ'ernce between power transformer and instrumem
_transformer:

‘8.No.| Power transformer . Instrument trmsm
1. | Power transformer is used | Instrument transformm
to transform large amount | for measurement and protective

of power at one stage to a | application like voltage anq
similar amount of power at | current measurement iy
different stage. electrical power system, power
system protection and control,

2. | The voltage ratio of primary | Voltage and current ig
to secondary is approximately | proportional to the source voltage

the same as the turn ratioof | or transmission voltage and

primary to secondary. current.
3. |Itisoftwotype:step-upand | It is of two type : current
' step-down. transformer and voltage
transformer.

4. |In step down, voltage on
primary is high but in step-
up, voltage on primary is

Current transformer is used to
provide current in its secondary
coil proportional to current

low. flowing in primary coil and
voltage transformer is used to
have transformation ratio in both
magnitude and phase.
Numerical :
iven:

Primary winding, N, = 5, Magnetizing current, I, = L5 A
nloss, [ =04 A,7,=0160,%,=0120 '
Fir d Numberof Becondary turns, N, and phase angle, 6.

1. Secondary circuit burden = /(0.16)? + (0.12) =0.20
2. For secondary winding,

0.16
- cosf= — =),
080= g =08
’ 0.12
b= — =
sin 02 0.6
K, =100/1=100

" Primary current = 200 A
Secondary current = 2 A

ctrical Measurements & Instrumentation 3-16 C (EN-Sem-3)

Ele

=n

00

- «|z = |_2

n=
500
180 L.gjﬂ;f_?‘_"_ﬁ]
K3

1

5, Phaseangle, 0=

]

T

80 1.5(0.8)-0.4(0.6}]
x 100x2

i} l‘i‘l[?ﬁ’ﬁ] - 0.275=0°1630"
= [200

e 3;10- l curr ent trans ‘ormer wlﬂl a bar P ary has 300 turns
u

. d reactance of secﬂndary
. inding. The resistance anc e {ransformer
inits ?econcia;'yn“:::d 1.5 Q respectively mcludlgg th';i nding, the
it 2 1 R e fowing i seson e L
windin L d theiron los o
P fis 100 AT an -
magnetizing mm

ratio and phase angle error.

.Ahs'wer | e AT

N LTIN 300, R, = 150, X, = 18
Gwen.Np~1.N,_ ittty ;2.“’ :

1.=6 A_}mmfs IDUﬁ.T,_Il'GII_n:lOIBE—: AN

';'o Find : Ratio error andphm gn.gi_e.er{l‘:l_ 38

N! JR—
1. Turns ratio, K=~

9. Secondary circuit impedance,

= J1.5" + (.57
= [225+225 _Ji5 =21Q
5

15 _m

15 . m,eind=37

3 cos &
s

_E _105 _o03
5 Primary indl.lce':l voltage = Ep = 300 300

Tronloss _ 12 _34294A
6. A 03

_‘
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Instrument T""'“Efnrm
ry

7 =lthr-.!92
m N, =100 A

8. Actual transformation ratio
K 1, 8in8+1, cond i

= 300 + 100x0.71+34.29 x 0.71

5
71+ 24.36
e300+ ——2
N = 319.07
Knnm = K, =300
10. % ratio error = 500 ~319.07

“am.07 %100 =-5.9%
1 Phisangls, 07

n K,

0= 180 {mox 0.71-34.29x0.71
x 3005

& 1_39[?&@
© | 1500 ] = 1.78 degree

Give the differences between C.T and P.T.

Current t
- — t‘rl:et:mdnfom?r Potential transformer
elsrbiate x:mede:s v;'s:t:;? :t can be treated as parallel
short circuit conditions. szzzzsz;er g ot
2, Secondar .
ey y must be always S_econdary is nearly under open
. ! circuit conditions.
; small voltage exists acr:
/ \ oss | Full Li
g one ss | ] ne voltage appears across
seﬁesrmn.als. nnectedin | its terminals,
4. | The winding carri
; A
nLdmg esfullline | The winding is impressed with
curre full line voltage.

Electrical Measurements & Instrumentation 217 C (EN-Sem-3)

The primary current and

Th x
excitation varies over awide e line voltage is almost

constant henee exciting current

range. and flux densit i
¥ varies
limited range. . i ol
The primary current is | The primary current depends on

independent  of the | the secondary circuit conditions
secondary circuit conditions. '

Needs only one bushing as Two bushings are required when
the two ends of primary neither side of theline is at ground
winding are brought out potential.

through the same insulator.

Hence there is saving in cost.

Que 8.12. l Explain the method of turns compensation used in
current transformers to reduce ratio error with the help of a

AKTU 2013-14, Marks 05 |

suitable example.

/Answer |
1. 'Wehave, actual transformation ratio :
R=n+IJI,

2. Thus if we make the nominal ratio equal to the turns ratio the actual
transft tion ratiok s more than the nominal ratio.

3. Now if we reduce the turns ratio and keep the nominal ratio equal to
the earlier value, the actual transformation ratio will be reduced.

4. 'This would make actual transformation ratio nearlyethltothemmiml
ratio. Let us make it clear with the help of an example.

5. Let us consider a 1000/5 A current transformer with loss component
equal to 0.6 percent of primary winding current. 3

6. lisnominalratio, K, = 1000/5 = 200.

7. Losscomponent, 1= (0.6/100) x 1000 = 6 A

8. Let the number of primary turns, N =1

.9, Iftheturns ratio is equal to the nominal ratio, we have n.= 2004

Secondary winding turns
: N'an'=2ﬂull=2m
10. Actual ratio, R=n+lfl,= 200 + 6/5=201.2

11. Now suppose We do not use 200 turns for the secondary winding and

instead use 199 turns. ) y
12. Actual transformatiOnratio with turns compensation
R=n+I.H,=199+ﬁJ‘5=200.2
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Thus we find that by reducing the secondary winding ¢

13, duciag & - b
the actual transformation ratio is made nearly equal to th, unﬂﬁa Electrical M ts & Instr tation 3-19 C (EN-Sem-3) ¥
14. Usually the best number of secondary winding turns is one Or twy, 6. An increase of secondary turns means a reduction of 1, as compared
than the number which would make actual transformation ratig Olegy with an uncompensated transformer cnusm‘i an increase in ratio R.
to nominal ratio of the transformer. The phase angle error i aﬂ':q This action is nee‘ci'led to ﬂatte:n the {":[“:::: :; mt;n: t&?&i an:lel:m
very little by a change of one or two turns in the secondary wip d;:ed m-lglf.w;liih ;e;: a:try current are flaf :
i ion i indi . ic .
15. The correction by reduction in secondary winding turns, ig Gty E prac y .
for a particular value of current and burden impedance, nly . qaog Frimary

The C
this case may be called “compensated™. “T.in == ‘ Smnﬂ“}‘l

Que 3.13. | Explain how errors in current transformer are reduceq
bjr use.of shunts and Wilson compensation method 7

{Answer
Methods of reduction of error in current transformer :
A. Use of shunts: Short
1. Ifthe secondary winding current is too large, it may be reduced by a circuited
shunt placed across the primary or the secondary winding. Rt
2. This method makes an exact correction only for a particular value ang
type of burden. It also reduces phase angle error.
B. Wilson compensation method : v
1. It employs a few turns of wire called auxiliary secondary turns passed ; it 2 Secuncan .
through a hole in the core and connected in series with the secondary
winding.
2. Ashort-circuited turn is placed around one position of core to improve
the phase relationships. — :
oI O R TR R e v
3. The auxiliary turns are connected to magnetize in the same direction [Fig-313.1. Vi ”_.Lw..‘w_..mnw..-‘“";n@. L
around the core as the main secondary winding and thus their effect =t tisation of the core
= fiig % for demagne
opposes the flux set up by the primary winding. The auxiliary turns Que 3.14. lExplmu the methods fo! ndary circuit has been
tend to set up a circulating flux around the hole as indicated by the & ;I;u;rent transformer whose SecOnr . g was energi
dotted line in Fig. 3.13.1(b). The two fluxes are additive in the section A accidentally opened when the primary E
of the core and subtractive in section B.
4. Atlow flux densities the addition in flux is equal to the subtraction in
flux. However, as the flux densities increase (with larger currents T s L isation :
i o : ‘Answer demagnetisation
I and 1) section A tends to saturate, so that the flux in section A is no The following two methods are usually adopted for . winding
longer linearly proportional to the current and the increase in flux in g isto passamrren" : winding
; I ; : s 1 Thefirstmethodis i when C.T. secondary
this portion is less than linear proportional to the current. Ll which was passing .
equal to that
5. The section is equivalent to transforming some of the core flux to open circuit took place. e = N
= St ; . s o di mnnt]SIEn ope 3
section B of the core, where it links with the auxiliary turns and gives 9 The secondary winding a motor alternator set-
the effect of increased secondary winding turns. 3. Theprimary current is drawn from
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I
nstrumeng Trangf,
4. Themotor is shunt down with alternat )
5. Asthespeed of the set falls the altern
t,; zero, and the core of the C.T. is
of cycles of magnetization of gr,
finishing at zero mﬂgnetization.g Winally decma’ing ampljt,
ii. 1. In the second method, the Primary wind; o
current and a very high variable o
ohms is connected across the secg

or field atj]) excited
- aa;t:: }:mltage gradual]. f:
rough 5 large nuyma]h

v g is excited y;
:szmr:ance of severg) :lf-hd:ﬂﬂ
‘ ' winding. Hidred
2 Thfs amounts to practically apen circuiting ¢ "

3. This resistance is then gradually reduced , trmmmer'

possible. to zero ag uniformly o

‘4. Bythis means the magnetization of the

from a very high value to its normal v, transformer core ig reduced

alue gradually,

Deagn{ 7 Cousidem ations mdm;,,g

) CONCEPT OUTLINE : PART-2

* Testing ﬁmnt transformers :

L b!utua] inductance method

2. Silsbee's method

.-::.' Arnold’s method

esting of potential tran

sf -

é: ?{hﬂn]ute null method Aot

ethods employing capacitance dividers,

The de
: ;:;n featureg of C.T. are as foI
kecweptt?a Hlagnetizing‘curre B

nt.
materig] value hy""m’gmre:, :m_ﬂnd loss component, I, must be
2 Primay, g high permeability and low magnetic
feeding ii_ind
ng, it ig deﬁira:;:mnt l'at[ngs : What . :
t shoulq pe that the rqy; ever equipment a C.T. is
small. o of exciting current to primary

T AR SR

Measurements & Instrumentation 3-21 C (EN-8em-3)

Electrical
Leakage reactance : Leakage reactance tends to increase ratio error.

3 Therefore, the two windings primary and secondary should be close to
cach other to reduce the secondary winding leakage reactance.
4 Useof shunts : If the secondary winding current is too large, it may

Ve fuced by a shunt placed across the primary or the secondary
winding. This method reduces phase angle error also.

m What are the design features of potential transformers ?

Answer |
" The design features of P.T. are as follows:
1. Core:The core may be of shell or core type of construction. Shell type
’ of construction is normally only used for low voltage 'transformers.
Special precautions should be taken to assemble and mferleave the
core laminations so that the effect of air gaps at the joints may be
minimized.

9 Winding : The primary and secondary windings are coaxial to reduce
the leakage reactance to minimum. In order to simplify the insulation
problems, the low voltages winding may be a single coil in low voltage
transformers in order to reduce the insulation needed between coil
layers.

3. Insulation:Cotton tape and varnished cambric are used as insulation
for coil construction. Hard libre separators are used between coils. At
low voltages, the transformers are usually filled without compound
but potential transformers for use at voltages above 7 kV are oil
immersed. Dry type, porcelain insul ted transformers have been
developed in the continent for use upto 45kV.

4. Bushings : Oil filled bushing are usually used for oil filled potential
transformers as this minimizes the overall size of the transformer.
Two bushings are used when neither side of the line is at ground
potential. Some potential transformers, connected from line to neutral
of grounded neutral systems, have only one high voltage bushing.

Discuss the testing of instrument transformers.

.Tésﬁ;g of instrument transformer : :
1. Absolute method : In these methods the transformer errors are
determined in terms of constants-resistance, inductance and capacitance
of the testing circuit.
2 Comparison method : In these methods, the errors of the transformer
under test are compared with those of a standard current transformer
whose errors are known.
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-3) Instry,
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hese two test methods can be ¢] % mﬂz‘q
{ these two e clasg;
Each 0 t technique employed as : sslﬁ&d: acgy,

uremen

i S:;lsoction methods : These methods use the deflect;
instruments like electrodynamometer watt by

quantities related to the pl_lasars under considerag;
deflection. The required ratio and phase an gles are ion
from the magnitudes of deflection. These methods m
reading in some cases.

ii. Null methods : These methods make use of a network ;
appropriate phasor quantities are balanced against one .dltbe
ratio and phase angle errors are then found out from gha'n_otherl T
elements of the network. The method may be mag, e i,

A e di
terms of calibrated scales on the adjustable elemen irect rg Pedangy

r‘]ing b

B,
or
© Mage 4.
ey

: t5inthe pge 88
%% Explain mutual inductance method of testing of
ko Naipre e =

; H:tu:i inductance method :

1 This is an absolute method using null technj :

shownin Fig. 3.18.1. que. The connections o,

5 ,
Primary winding .
AAAAA
C-T- —— Semndary erry -

Burde,

2 R e :
5 ;:ngf:,d&r; [;:;r:ﬂslﬁ‘tdang?l non-inductive shunts, R, is variable while
3 The voltage d'.l'ap me wn’re for fine adjustment of resistance.
ffm R, Avibration ga]remtance R is matched against voltage drop
© balance congiggere. 2 ometer (V.G.)is put in the circuit to indicate
Assuming g, the :

T the vibratio g I8¢ thera is no phase difference betwees}

R . 2nometer will indicate zero deflection if
= I'R'

ng i
Meterg for I:fm%]e |

D

Electrical Measurements & Instrumentation 3-23 C (EN-Sem-3)

IJl=R,R,
Therefore, R, and R, should be so chosen that the ratio R,/ R_is nearly
equal to the nominal ratio of the current transformer. i
Resistance R, is adjusted to render the two voltage drops equal, In

B order to obtain zero deflection the magnitude and also the phase of the
voltage drops should be same.
6. Thus amutual inductance M is put to compensate for phase difference

petween I and I, as without any phase compensating device it will be
impossible to obtain balance with resistance alone.

oM

IIBR:'
Ly
Fig. 3.18.2. Phasor diagram for mufual inductince methiod”
7. Fig. 3.18.2 represents the phasor diagram under balance conditions.

tanf= 2 — """ and cos@=
IIRJ R: IFRP
9. From these relations, we have
Phase angle, gn OM
Rl
3 I R R,
i = 2= L] —
Admiritlo. o I, Rpl:us(“liaaﬁl_1
as 0 is very small.

Quea.is. Describe Silsbee’s method for testing of current

transformer.

Rl

Silsbee's method :
1. Silshee's method is a comparison method.
There are two types of Silsbee’s methods : deflectional and null.
The arrangement for deflectional method is shown schematically m
Fig. 3.19.1. :
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4. Here the ratio and phase angle of the test transformer X are determineq
in terms of that of a standard transformer S having the same nominai

ratio,

Fig. 8.19.1, Silsbee's deflectional method.
5. The two transformers are connected with their primaries in series. An
adjustable burden is put in the secondary circuit of the transformer
under test.

Fig. 8.19.2, Phasor diagram for Silsbee’s method:
6. An ammeter is included in the secondary cireuit of the standard
transformer so that the current may be set to the desired value.
_ 7. W,isawattmeter whose current coil is connected to carry the secondary
current of the standard transformer.
. The current coil of wattmeter W, carries a current 4 / which is the

“difference between the secondary currents of the standard and test
 trangformers.

Dl

Instrument Transformerg

Jectrical Measurements & Instrumentation 8-25 C (EN-Sem-3)

E

The voltage circuits of the wattmeters (i.c., their pressure coils) are

supplied in parallel from a phase shifting transformer at a constant

voltage V-

10, The phase of the ?oltage is 50 adjusted that wattmeter W, reads zero.
" Under these conditions, voltage V is in quadrature with current I . The

position of voltage phasor for this case is shownas V . a

2.

Reading of wattmeter, W,
W, =V, I, cs80°=0

15
Reading of wattmeter W,,
W, = V. x Component of current Al in phase with V,
=V,
=V] sin(d,-0)
0, = Phase angle of C.T. under test,
9, = Phase angle of standard C.T.

11, The phase of voltage Vs shifted through 90° so thatit occupies a position
v, and isin phase with 7. ;
Reading of wattmeter W,

W, =V, I, cos0= VL,

where

Reading of wattmeter W,
W,, = V, x Component of current Al in phase with ¥,

12. If the voltage is kept same for both sets of readings, then
V= V‘T = Ve
W,, = Vi, sin (8,-8)
= VI, -1, cos(0,-6)
= VI, - VI, cos(0,-8)
=W, - VI, cos (8~ 8)=W, - VI,

13. As(0,-0)isvery small and, therefore, cos (8,~ 8)= 1

Wﬂ = WLp"W'JP
R=LII,

14, Actual ratio of transformer under test, L
Actual ratio of standard transformer, ,‘; A,
: Ry Ve o
5. .. B o Ty
W,
______.1_.——-—-' =1+ ﬁ-z'g'
= 1= (W, Wip) 2
[ _Y!’_gl‘i
= 1+
R, R'l W, ,,J
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e _‘_—\
Wap
; )= ==
16. sin(8,-86) VI,
wu_w w’- _‘W2
cm(gl_al):_w_zi’_s_fw P
W,
. 6 -08)= i
n. - s ‘“.I.p_wﬁp
18 ©,-6)= My
s T W, - W,

Phase angle of test transformer,

6= —22__ 40, rad.
W, - W,

W,
~ —22 10, rad as W, is small.
1p
Hence if the ratio and phase angle errors of standard transformer are
known, we can compute the errors of the test transformer,

Que 3.20.
transformers.

Arnold's method :
1. Thisis a comparison method involving null techniques.

2. This method is used for getting very accurate results. The errors of

transformer under test X are compared with those of standard
transformer S.

Explain Arnold’s method of testing current

3. Inorder toisolate the measuring circuit from the secondaries of CTs, a
5/5 current transformer T'isused. This transformer has negligible errors.
4, . Balance is obtained when

AIxR+Ir-1 joM=0 .(3.20.1)

I
5. Now A=l -1, ‘Butfuz—?p(cos 0, + jsin®)
ool s o
= - R, (148,) as 6, is very small
and I, = —51(14.'[!
£ R, Jo,)
Thus, . R, .
w= -2+ 0, ~0,)] I,

H

Electric

6.

m A

10

1 Measurements & Instrumentation

3-27 C (EN-8em-3)

A= 1,,{1-%--.“ i®, -e.\fl

1, =1, 8stransformer Tas1:1C.T.
gQubstituting these values of Al and I, in eq. (3.20.1),

L 1_%{“;1(9,_a,n]zcu,,(jmu-rho.
'z

R

RS
p i

R,

%—R(G,—ﬁ,)=mM

Equating real quantities,
RL" - .&) =T

Equating imaginary quantities,

_oM R o4
R R,

r

R

11. ButR_ =R and, therefore,
Bl’
Phase angle

of transformer under test

"

: s 3 i
a8, Arsolds ewnod.
: W e i b

oo n
* R
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0, = % +0, rad.
Que 321 ‘ Explain the absolute null method for testing of ,
potential transformer.
Answer

Ahso:lutc null method :

Fig. 3.21.1 shows the connections for testing
using a resistance potential divider.

2. The burden with which the transformer is
across the secondary winding, and the no
normal frequency is applied to the primary
One end of the secondary windin
primary winding,

A non-inductive potential divider is
winding. The lower part of the divide
series with a side-wire S, and
voltage resistor in series with
M.

a potential transfam;e,

to be tested is connecteq
rmal primary voltage, at
winding.

g is connected to one end of the

connected across the primary
r consists of a fixed resistor in
the upper part consists of a shielded, high
the primary of a variable mutyal inductor

5. A capacitor C shunts a small partr of the upper part of the divider, VG
is a vibration galvanometer. The resistances are chosen so that the
nominal ratio of the test transformer is equaltoR/R,,

Voltage transformer
sec. winding

Voltage ?
transformer v
burden
3

H.V. Resistor

Voltage transformer
primary windin g

Fig. 321.1. Absolute method of testing potential transformers.

IR, + dR)

1 =
0 YoM =V
Vv

8

VP 3312, Phoso diagra,

glec"ic“l Measurements & Instrumentation
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L is the primary m_ndmg mffuct.mce of the mutual inductor and will
6. wuseaphmm‘?“he divﬁer.'l‘hecapncitnr(!mmmmt.egforihin
error in the following manner. The impedance of the whole divider is :

Z=R-r+joL s
rH +1+j(nCr

=R-r+jolL+ — " ___ (1_joCr)
4 1+ olChH?

r ( ct
=HK- —_— i i P e Tt
o 1+0?C3t % JwL 1+ wzc‘r‘)
. Lo > =L, the divider is non-reactive at the operating
7, Bymdking 1+0?Cr® ) ‘
frequency, which is usually 50 Hz, and the total impedanece is
r
d=Bort o ocP
i ed with unity and may be
term ®?C?r® is normally small compared v
& :::'lected, so that the impedance of the divider is equal to R.

ide-wi tual
ing out the test, the contacts on the slide-wire and the mu
> li?:';ﬁi:‘nire adjusted until the vibration galvanometer gives no
deflection.

10. The phasor diagram correspondingto the balanced condition is shown

V . . e
i i i i der. The
in Fig. 3.21.2,inwhich I = —}% is the current in the divider. The phase

angle 6 of the test transformer is small so that

v
V=I1®R+dR)= 5 R, +dR)

R
.. P 2,
and the transformer ratio is —Va = RedR

=]

Nominal ratio — Actual ratio
_ Nominal ratio - Actualralio

11. The ratio error erR

R R ' o
R, R +dR g &+dﬁ_1=__
= _.1__}5-—-—3 R R
R, +dR :
The slide-wire can therefore be calibrated directly
12. From the phasor diagram,

invalues of ratioerror.

oM

O w— _
phase angle, tan0~8= R, +dR ofphase angle.

: irectlyin
and the mutual inductor can be calibrated diree
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Electrical

322, Descnhe the comparison method using Wattmeterg g _ = :}V ;'q =_V., 8in (8, -8,) x I,
g of potential transformers. ¥: =V, 1,sn(8, -8).

TR

Metho-c-l using wattmeters :

i

! 1. This method is analogous to Silsbee’s deflectional comparison '
for current transformers. The arrangement is shown in Fig. a.;;elthod .
| 2. The ratio and phase angle errors of a test t -
| est transformer are determj
. int fth ; ined v I
in _efms ofthose of a standard transformer S having the same Noming] = q
Ve
X
" LW " __
o [Fig: 3929 Phasor diagrarm foreireuicy
% W I Vo 9. Thephaseofcurrent] is shifted through 90° so that it occupies a position
W, 1 ) j}’gein phase with ‘;:r’ 0
ading of W, is
_@ BT sy, L0V, ],
i f wattmeter W, ) 3
‘ Reading of wa mW M éomponent of voltage AV in phase with I, x I,
I ItPhaseshming Sp_a_v xI =[V..-V_cos(8,—0)1I
- " - el po— . t.rans romler - p P 7 “‘ - : P
[Fig. 3.22.1, Comparison method using wattmeters, 10. If the currentis kep'ff?e_f?r both the reading
3. Thetwo transformers are connected with their pri . B

. s their primaries i " in(@.-0)W, =
: burden is put in the secondary circuit of test tra’;usfu:;:i " A :?q ::; y m‘:" ( :os (i; ;P N .
| 4. W, isawattmeter who ial coil i . p= e = e M
i s transfnrm:f-,p()tentm] coil 1s. connected across the secondary =V I-V,1cos (0 - 0,) =Wy, - Vel
! 5. The pressure coil of watt te i 0. —0.)is very small.
| which is the difference be meter W, is so connected that a voltage AV 855[ Vsl V. =W, -W
' transformers, is i ce between secondary voltage of standard and test 2 - 5 M

B ers, is impressed across jt, 11. Actual ratio of test transformer
2 € current coils of .
of the two wattmeters are connected in series and are R,= 5’-

supplied from ifti
> a phase shifting transformer. They carry a constant current

adjusted that the watt

;;l':l Under these conditions current / s in quadrat; u:e m:hter in reads i ?L
Position of current phasor f with voltage V, =

8. Readi or for this case is shown in Fig. 3.22.2 as | Vol Wy Wap

ng of wattmeter W, is B -K&=_L=_—__L_11+W

. : R - \ ,J W;,'sz 1p

]q=V“!qc08900=0 : .
12. Ratio of transformer under test

Reading of wattmeter W, is
W, =Com ( EZ.E-
2 ponent of voltage AV in phase with I x J B=h [h Wiz
7% 'q
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ang;
2 . fo
sin (8, -0)) = E\‘-’- =
| VI
and costex-a,)=v“—f_—"§‘i LT/
i =
: tan (6,-8,) = . "
W, - Wy,
BI - Bs = ﬁﬁtﬁ’_ rad
15. =
Phase angle of test transfor:'ner -
W,
8 = :
I & 2q
W, - W, "0 +0,rad

16, Wattmeter W, should have a
ve

Vi g 4
oltage AV is impressed upon it ry low voltage range since on]

s pressure coil. Y 8 small

VERY IMPORTANT QUESTIONS

Following
questions are Z
may be asked in very important, These :
asked in your SESSIONALS as foall as.
EXAMINATION,

Q.1. Define the followi
. transformers : "
R Rated current
. Nominal current
iii. Transformer ratio
iv. Nominal ratio
v. Turns ratio
vi. Burden
vii. Ratio correction fa
ans: Refer Q. 3.1, Unit-3. eter

g terms
as used for instrument

Q.2. E i
dix;::m tl:;hcurrent transformer with
. g am, What are the ratios of cur €Xpressive ph
Ang Refer Q. 3.2, Unit-3. TNt transformey 7
mer ?

Q. 3. Discuss the effect of
second
errors in CTs, Gl wk

and
AuE Refer Q. 3.3, Unit-3. “Hrenkon

Q.4. Explain the construction and workj
transformer. Draw and explain the pha::r °1; B Dotentig)
ia

are the various errors occurring in i
e it ? E*Plnim . What

\

Electrical Me asurements & Instrumentation 3-33 C (EN-Sem-3)

ans Refer Q. 3.6, Unit-3.

Q.5 Explain with circuit diagram, how instrument transformer
can be used to measure high power 2 )
xng Refer @ 3.7, Unit-3.

Q.6 A current transformer with a bar primary has 300 turns in
its secondary winding. The resistance and reactance of
secondary circuitare 1.5Q and 1.5 0 respectively including
the transformer winding with 5 A current flowing in
secondary winding, the mng;netizingmmf {8 100 AT and the
iron loss is 1.2W. Determine the ratio and phase angle error.

Ang Refer Q. .10, Unit-3.

Q.1 Explain the method of turns compensation used in current
transformers to reduce ratio error with the help of a
suitable example.
Ang Refer Q.3.12, Unit-3.

Q.B. Explain how errors in current transformer are reduced by
use of shunts and Wilson compensation method 7

Amg Refer Q. 3.13, Unit-3.

Q.9. Explain the methods for demagnetisation of the core of &
current transformer whose secondary circuit has been
accidentally opened when the primary winding was

energised-

anw Refer@. 3.14, Unit-3.

Q. 10. Describe Silsbee's method for testing of current

transformer.
g Refer Q.3.19, Unit-3.
Q.11. Explain Arnold’s method of testing current transformers.
Ani Refer Q. 3.20, Unit-3.
Q.12 Explain the absolute null method for testing of a potential
transformer.
Ang Refer Q. 3.21, Unit-3.

©09
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e e T e
e . 4-24C

41 C(EN ’Sem.a)

CONCEPT OUTLINE : PART-1 |
Electronic Voltmeter : In electronic voltmeters, rectifying properties
of diodes whether vacuum tubes or metal rectifiers of semi-conductor
diodes is used.

Multimeter : Electronic multimeter is capable for measurement of
DC and AC currents, voltages and resistances.

Vacuum Tube Voltmeters : It falls into following categories :

i.  Diode type ii. Singletriode type

fii. Balancedtriodetype iv. Rectifier amplifier type

v. Amplifier-rectifier type

Long Answer T

Que 4.1. | Explain the advantages of electronic voltmeters over

conventional voltmeters.

‘Answer

1.  An electronic voltmeter uses rectifiers, amplifiers and other circuits to
generate a current proportional to the voltage being measured.
2. Inan electronic voltmeter a measured alternating voltage is rectified
using a diode rectifier or detector and a rectified direct current is
- produced which is the measure of the original alternating voltage.
Advantages of electronic voltmeter over conventional
voltmeter :

1 Low level signal detection : Sensitivities corresponding to full scale
deflection with an applied alternating potential of less than 1 volt are
readily obtainable. )

2. Low power consumption : The electronic voltmeters present very
high resistance across the circuit whose voltage is to be measy:ed.
Thus, they consume very little or practically no power from the circuit
whose voltage is being measured.

3. High frequency range : The response of electronic voltmeter can be

m%t pr;::ﬁ,;auc: ind it of freq y within wide limits: They
can be calibrated at a low frequency and then can be used upto very
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111

high radio frequencies without any correction being made, S
. S0me

o resistance of 10° Q or more is used fo

electronic voltmeters permit the measuremen A serie : iy r the purpose of
: t of voltage from D - asurement of a sinusoidal input voltage, s s POrpann. 0
4 If-r::lfenmes of the order of hundred of MHz. Cto f:vetﬂﬁe current through the meter is :
= input capacitance : Electronics voltmeters have very low in @ I = E,, E E
k5 p;lcx::]nce that may be of the order of a few pico Farad (pF) put Rl ﬁﬂ_ﬂ =045 "'Rn‘ P
o loading errors : Electronics voltmeters avoid the loadi b : i
2 5 are the rms and aver al .
Eyk:ﬂag:mwer required for measurement by using ex::r‘::]gc?r rcr:i;‘:.; E': ir,:i i,;s . age values of applied voltage,
’ Adv 5 . .
—_— . gimplicity * The average reading diode type meter is simplest in
Que 42, | Explain the construction and working of an average ” onizmet ist d 1
reading diode VIVM. ibe i . gigh input resis ance and low power consumption :
T Describe its advantages and disadvantages. 2‘ The inputrcsistanoe of the circuit depends upon the value of resistance
{Answer L o which ranges from 10° Q to 1 MQ. ;
1. Fig. 4.2.1(a) show. P T . Power consumed by the voltmeter can be made negligibly small.
voltmeter using a Vsaci:;hfﬂ':téfog;aﬂmm for an average reading ;_ Conversion to rms reading voltmeter : The average reading
} voltmeter can be converted into an rms reading voltmeter by calibrating
L, tv; R the meter scale in terms of the rms value of a sine wave.
il diode pisadvantages :
O e=Epsinat = . 1. Frequency range : The frequency range of this instrument extends
AC input = R = T:n?iu:.ﬂ'ti:r ) well over the audio-frequency range, but at radio frequencies the value
3 capacitance and the distributed capacitance of the series resistance, R
PMMC upset the voltage division and makes the instrument useléss.
It o 2, Response to low voltages : The instrument gives a deflection
) pruport.ional to the mean value during the conducting half cycle provided
= r R=0, it is not used for voltages comparable with the voltage drop across the
E 50 valve. The instrument has an evenly divided scale because of linear
8 ! B2 > characteristics for higher voltages but exhibits non-linearity for lower
2 voltage and the refore for lower voltages, a graphical treatment may be i
A | LR TN T 1 used to determine the voltage. . i
A ey _( av 1
g |: e " Que 4.3. I Explain the construction and working of the following :
£ g Plate voltage types of peak reading VIVMs: |
\ 2 i. Series type !
ii. Compensated shunt type. ;
E P!
7 -] i
'Answer :
" (b) i Seri . |
Fig. 4.2.1. Av + = g eries type : 3 . etector :
2. Tharr .23 J‘\\‘ﬂt_‘rage reading vacuum tube diode voltmeter,' 1. The series type peak reading voltmeter ’scﬁn ;’:z::fcd : |
Th arrangement includes a vacuum tube diode, & resistance K, and & e e hivh load resistance R and aPMNCES 1
2 : rument, all connected in series. ! ¢ in series. _ 8 ||
* pplied voltagads - 4= B, sin ¢ 2. The principle of operation s ShoW® inFig 4310k o charged

A high series resistanc lmd 3 iti lied input voltage, capact
e R . Ateach positive peak of the app

woltage-current characteri lllﬂli_lt the current and to make the plate toa tpoil lfh‘:i is equal to the peak voltage: been lost it

®esential in order to mak 13;;.: inear. A linear plate characteristics are 4 A ) p he neat cycle the charge that has B¢ 7 .
Plate e the current directly progortional to voltage . t the positive peak of the ne rrent hrough the diode. i)

e s e Tt oo st this way is replenished by 8 pulse or cu
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Electrical M
The voltage across capacitor C, and the resistance R, is built up ¢,

peak of the applied voltage. the
6. Applied input voltage is not too small, so the peak voltage and the

rectified output are linear.
2 Vacuum

4~ Lube diode

To amplifier

AC input and meter

PMMC meter

(a)
Rectified voltage across R and C

v U Applied
voltage

¥ =¥

Current through diode tube
1 g
4n 0 A N,
Time, t - e

(b)
. B L1 e type p ng diode vacuum tube voltmeter,
A sing instrument across the amplifier output, :
can be indicated. ’ R e
8. Re:ismnce Rcanbe r{lgde very high for reducing the power consumption
z;dalso a less sensitive type of PMMC type of instrument could be
gis‘adt;::tage : If the applied voltage is too small, then some current
og:n:is r ughout the cycle of the voltage as a result of the high velocity
i T;t:iiofelectmns and the input resistance may be a few hundred
) and this defeats the very purpose of using electronic instruments.
ii. Compensated shunt type :
1 oy
3;::; n::.;rs are used when it is neither possible nor desirable to have
e ;’ ;:zll_i;r:n}e:}t as t_he return path for the voltmeter. Diode
iy ristic which is referred to as a contact potential
2. This i
veincﬁ;i-fef: ; t?:li;l:d;ﬁitee]ectmm striking the plate with sufficient
a negative potential
. f'l;‘lamenl. or heater circuit is in |:p1.:\(5r‘a'cia:u'lp‘:| whenever the tube
3 e negati i g )
G dicahﬁ:;l:e tﬁ‘:ﬂt:iar::rtﬂt?tre a steady deflection of the PMMC
0 issi i
the absence of any i i electron emission current even in

The meter shows
bt some deflecti . ;
it. This has to be mmpenzgectlm evenif there is no voltage applied to

ted ;
ero when there is ng volta;e :;;;z;h;tt;};e ms‘;;m‘lent can be set t0

o =

4-6C (EN-Sem-3) : Electronic Measurements

] Vacuum
e (T
f PMMC

_ﬂv_ R meter

e=E_ sinot

Fig. 4.3.2, sho

peak reading diode VTVM.

The compensating circuit consists of a variable resistance R, and a
bucking battery. The battery provides a “bucking voltage”.

In the absence of any applied voltage, the resistance R, is adjusted so
that the meter reads zero.

Thus this compensating circuit is in facta “zerosetting” arrangement.
The resistance B, must have a value greater than that of the meter in
order to prevent the path formed by resistance R, and the battery
forming a low impedance path for strong signals.

Que 4.4. 1 Explain the working of electronic wattmeter.

Answer l
power measurements

=

82

Electronic wattmeters are used for direct, small
or for power ts at freq
electrodyna ter-type instr ts.

A simplified electronic wattmeter circuit is shown in Fig.4.4.1.

beyond the range of
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-current curveg 1e3r Portig,
4. The syn:l.r:'netrical resistive T network bet ‘ B
will provide V, and V, voltages proport; .
load current and voltage, respectively. B

eenthe

alto Eenery

s m'nclinl:,ha%.wi

5 A source of AC power is connected to th it
resistors R and R, e load thr‘)l.‘lgh

the serig

6. These two resistors are of equal valu
the vo_ltage drop across them fr
appreciably.

¢ and are made

om reducing ¢ sma“tumm

he load
s Vol
R, is made | ige
ade large enough to have negligible power ¢
0

8 Therefm?e, the R voltage is e
across either series resistor
output currents of the tubes.

nsu'mptian_

©, and theg y

qual to the load voltag
differenge i:a u:

is proportional tg the

9. Theaveragev
ge value of the diffe
connected to r 3 rence could be m
10. This read the voltage poteatial between the grid yoC e
; method is adequate only at low frequenci gridsof V. anq v,
cies.

11. As the frequency

2 increascs
also increase, es, the stray

capacitances ang inductane
es

Que 4
 Que 5. IExplain the energy meter
Answer |

L Theme
asurement of
meter. Such an ele:t::r:!ircgy ¢an be done by using an electronic energy
measurem energy met i p ireui
b B ent of energy can be dividecg l;;::?;nteirta s
cally energy § PPN
OVEr a time pfl?;u:i d;ﬁned as the total power delivered or ¢ ed
measuring the powe © the measurement of energy ot 035 ne by
3. Afunctig al bl rand time over which it is co:fs) cnl;] el
: nal blo . umed.
inthe Fig. 4 5 1‘:k schematic of an ele ctroni i
i 1 ic energy meter is as shown

Ba&ica"

i ¥ the av

instang Brage power

& 4negyg POWer is equal to the mean product of the

voltage ac,
ross load and instantaneous current through

4.8C (EN-Sem:3)

Electronic Measurements

+ +ie (
3. The matched triodes are operated in the ENB\"I
characteristic grid-voltage, plate non-Ji 1

tera.ud |
it |

Fig. 45.1. Block disgram of electronic energy meter. |

By using potential divider,
level. This voltage is then scaled appropriately in the required range by
ing device. While the current scaling device scales

using voltage scal
hich is proportional to the load current.

the load voltage W
Both these scaled voltages are
multiplier unit. This unit outputs
of AC voltage and current.
The current proportio
voltage-controlled oscil
current charging of the capacitor.
controlled oscillator is basically voltage to frequency
converter, it produces a square wave output.
£ this square wave is proportional to the cutput current

nal to an instantaneous power is applied to the

9. The frequency o
of voltage-current multiplier.

10. Thus the power
current decide the value 0

11. The analogsignal i
display unit display

dependent current and the frequency depé'adént

£
converted by using analog to digital cof#é';igr.'l‘hu
/s energy in watt-hour. P

Voltage

Current
scaling
device

the supply voltage is brought to required
connected to voltage and current

the current as a result of the product

lator. It works on the principle of constant

[ the consumad energy.

£
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. .| Explain, with the help of block diagram, about ¢,
: L]

T

various parts of an electronic multimeter.

{An A
The block diagram illustrates the main circuit components of g,
multimeter. They are :

A Power supply : The power supply furnishes the necess ary Operating

potentials to the amplifier portion of the instrument. Two 1 _;, volt dry

cells (BA - 30) are included as part of the power supply. These dry cells
supply voltage to the chmmeter circuit.

B. Amplifier: The amplifier receives the input voltage at high impedance
and converts it to the same voltage at a low impedance. This output
voltage is then applied to the indicating meter.

C. Indicating meter : The indicating meterisaOto 1 m movement with
the appropriate seales printed on the face,

D. DCprobe: The DCprobe isa test prod with a built-in isolating resistor

to prevent capacitive loading of the circuit under measurement.

AC probe :

The AC probe consists of a diode mounted in a holder. In addition,

there is a coupling capacitor, a coupling resistor, and bypass ca pacitors.

2 The_diode acts as arectifier which changes the applied AC to DC. The
DC is then applied to the amplifier and indicated on the meter.

3.  Because of its construction, the input resistance is high over the audio
range, and the input capacity is low,

F. Switch section:

Thg range switch (8,) is used to select the proper range on voltage or

resistance measurements,

2. The function switch (5)) is used to select the desired function. In the
extreme counter clockwise position (OFF), the switch turns the

[

=

instrument off,

G- Tem{nals :

1 ‘The OHMS and COMMON terminals are used in the measurement of
resistance,

2. The case terminal is a connection to the cover and chassis of the

n;ultimeter. It permits grounding the instrument so that the influence
ofexternal fields is negligible, '

Electronic Measurements

i O Bl g

. | Al s, the use
Q 4.7 Explain bl'leﬂy with the hEI.p of neat (hagram th
ue .

of electronic multimeter.

Answer |

A Use of multimeter for D >
The Fig. 4.7.1shows the arrangement used in
the DC voltages.
For getting different range
are connected in series whi
selector switch. . S
ifferent ranges to m :
> ‘3{12 :::-Epie: rcllg::ance in sgeries with the basic meter.

R, R, R;

C voltage measurement :
multimeter to measure

1
es, different series resistances

e sy th the range

* ch ean be put in the circuit wi

DC voltages by selecting

M

AWy l selector switch
"DC voltage

—
TS

5000V DC

¥ig. 4
i i ter
. Use of multimeter as an amme! i
1. To get different current ranges, different shu_::t; are connected
‘ thegmeter with the help of range selector sw1 ch. B
The Fig. 4.7.2 shows the arrangement used in the m :

as an ammeter.
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B

S

RS M

250 mAS500 ma

50 mA 8 Range
F? ] selector
) switch
. Fig. 4.7.2.
. Use oll'mulumetor for measurement of AC v
L TheFig. 4.7.3 shows voltmeter secti e
2. The rectifier used in the circuit rectj
measurement of AC voltage before

onofa multimeter,

fies AC voltage into DO

voltage f
i " current passes age for
e other diode is used for the — purpo: through the meter,
R R, se.
1 2 R1 R.g R, Rectifier
A
- = '“
AC voltage input
Fig. 473, 1

?. Use of multimeter fo e opeAmmeter,

The Fig. 4.7.4 shows

r resistance measurement :
multiplication of 1

ohmm i
eter section of multimeter for a scale

Bam-,-y+

Zero adjust

= i
Resistance 1o be rEesaured

Fig. 474, Ohmmeter circuit R x 1 range,

_——

4-12C (EN-Sem-3) Electronic Measurements

9. Before any measurement is made, the instrument is short circuited

and “zero adjust” control is varied kil the meter veada zaro resis
i e., it shows full scale current, Enee

Time, Frequency and Phase Angle Measurements usin
CRO, Spectrumjun_d"_i\"ﬂge Analyzer.

CONCEPT DUTLINE : PART-2 J

Time measurement : Time period, T'= (Number of divisions

ime
Division

occupied by eycle) x

+ Frequency measurement : The ratio of two frequencies is
. F,  Number of horizontal tangenicies
ohkaincd o8 Fy  Numberof vertical tangenicies

« Spectrum and wave analyzer :

1. Aspectrum analyzer sweeps the signal frequency am_i displays a
plot of amplitude versus frequency (operating range
0.02 Hz - 250 GHz).

9. Anwave analyzer is a voltmeter which can accurately tune to

measure the amplitude of a single frequency (operating range
10 Hz - 40 MHz).

r Queltim-AnW{H-l‘l S R

rhmg Answer Type and Medium Answer T""

_Que4s. l Explain the construction and working of abasic Cathode
Ray Oscilloscope (CRO) circuit with the help of relevant diagrams.

[AKTU 2012-18, Marks 10|

OR
Explain the working of Cathode Ray Oscilloscope (CRO). .
AKTU 2016-16, Marks 05

Answer ‘

i i ful and versatile
1. The Cathode Ray Oscilloscope (CRO) is a very use '
laboratory instrument used for display, m_eaaurement and_an?lysfi:f
waveforms and other phenomena in electrical and electronic circul
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413 C (EN-Sem.g,

Input signal [ Vertica]
y amplifier

Fig 481,
CROs are in fact very fast X.Y plotters,
versus another signal or versys time,
The normal form of a CRO uses a hori
internally generated ramp voltage called “Time Base”,
However, it is possible to convert current,
and other physical quantities into voltage:

displaying an input signa)
zontal input voltage which is an

strain, acceleration, pressure
s with the help of transq ucers

and thus to present visya] representations of a wide variet ¥ of dynamie

phenomena on CROs,
Working of a CRQ 1

When signal is to be displayed or viewed on the screen it is applied
across Y-plates of a cathode ray tube (CRT).

But to see itg waveform or Pattern, it is essential to spread it hori zontally

from left to right. Thisis achieved by applying a sawtooth voltage wave
to X-plates.

would move uniformly from

bration of the input signal
versus time,

Due to repetitive tracing of the
display because of persistence of visj
display on the Screen it j

Sweeping of the beam with the input s;
Time measurement

:I‘hg \_avaveform is displayed on the screen such that ope complete cyele
18 visible on the screen, Thus accuracy increases if single eycla occupies
as much as the horizonta] distance on the ECreen,
The period of the way

eform can be obtained as,

T'=(Number of divisions oceupied by 1 cyele) x b—q“!-m—?— = Time period
The l'requeucy isthe reciprocal of the Pperiod. e

2 |
=z

414C | s

i

1.

8.

30 The ratio of two frequencies is

Electronic Measurements

ement : % izontal
Freq“enc!;nﬁ:o?;l:;:oltages are simultaneously applied to horizo
When t¥%0 8

i ed which is called
rtical deflection plates, a pattern is observi
d vertl
?_,?ssajous pattern. - on
Out of these two inputs,
u

; i ied to Y-plates.
g 1&8}?{::9“1?;@%0? is to be measured is applie 3
The signal W

e z -plates.

1 applied to X-p! .

ree of variable frequency is ppears asa circle
a4 knowndarﬂ ;ee:“en"-'f' is adjuswd;nn'l th:lzl: :-t:;?same frequency.
The stan_ indicating that both the Blgn_ uency to the exact
or an ellipse l‘Ele to adjust the standard stgngl.:fgmted to a multiple
It fx.0k pos[?:he unknown signal, the standard i ource so that pattern
g clti‘ple of the frequency of unknown s
or a submu

appears stationary.

is Fig. 4.8.
v 5:““’: :;::gCRT spot travels two complete cycle
It show:

i i irection.
irection against one in horizontal dll’:;.‘;
g’i: pattern obtained is in the shape of 8.

e is known frequency and other one is

" . d Y plates.
2 sine wave is applied to X an sp_m the vertical

. ches top or bottom
f times tangent tou - -
5. Nm: of times tangent touches cither side
fx

b

Voltage applied to¥
plates (frequency 2f)

Voltage applied to X
plates (frequency f)

|

f.= 'I-‘l:i’uér[éﬁ of signal applied to Y-pla:es

; : Frequency of signal app]ied'tu Xt-:;a &Z:uemy_
he time period cz:n also be determined by inverting

11. So the tim

DApLRY

]

where,

e
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4+15¢
(
;:ase angle measurement : i
en two sinusoidal voltages of

i equal fi
with each other are applied to the horizr
g'l;}t;s;“tfle pattern appearing on the screen is g ggpy:
hylei 0 equal voltages of equal frequency but Taight Jin,
pplied to a CRO, the trace on the screen i th phase g

equency w};
ic
ontal g.,9 "ert}i] are

Two equal voltages of i2  circl, N %
to a CRO we obtain FY:’-T‘;TQUEI‘IC}' but with a phase shift ¢ ; ]
Regardless of the two amplitudes of the applied vo} " “Ppligg

a i -
simple means of finding phase difference bet‘tfge theel)j .
een twO vo]tage&

ind= J1_ % .
sm¢— _._t'_l =sin-1 _}l=sin_] x
Yz Xy Y2 ;_
Resulting  Verti 2
ertical deflectj
pattern voltage lon

$=0°

@¢ =30%or 330°
DH¢ = 90° or 270¢
@Eé = 150° or 210¢

are
ca] denphe-’e
eann |

416C (EN-Sem-3) Electronic Measurements

Que 49, ' Determine the minimum time/division sensitivity for

an oscilloscope that is to be used to investigate 50 MHz waveform.
Assume that the time base magnifier expands the horizontal display
by a factor of 5.

Answer

Given : Frequency, fs 50MHz, : R
_ﬁ«;r‘md:hﬁnimumume!diﬁsio;i sensitivity, '~

1 1
T=== =20ns
% F 50 MHz
2. For one cycle occupying four horizontal divisions,
T 20ns

minimum time/div = 1 o 5na/div.

3, Using the five times magnifier to give 5 ns/div.,
minimum time/div. sensitivity =5x5 ns/div, = 25 ns/div.

Que 4.10. l Describe the basic circuit of a spectrum analyzer.

Explain how the spectra of the following are displayed :
i. continuous signal

ii. amplitude modulated signal

iii. frequency modulated signal

iv. pulse modulated signal

Answer l

1. Spectrum analysisis defined as the study of energy distribution across
the frequency spectrum of a given electrical signal.

9. The study gives valuable information about bandwidth, effects of
different types of modulation and spurious signal generation.

3. The spectrum analysisis divided into two major categories on account
of instrumentation limitations and capabilities. They are :

a.  Audio frequency (AF) analysis,
b.  Radio frequency (RF)spectrum analysis.

4, The spectrum analyzers are sophisticated instruments which are
capable of portraying graphically the amplitude as a function of frequency
in a portion of RF spectrum.

5. These instruments find wide applications for measurement of
attenuation, FM deviation, and frequency in pulse studies.

6. The modern spectrum analyzer basically consists of a narrow hq.hd
superheterodyne receiver and a CRO.

[ARTO B1ET5; Warka 1]
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7

8

10.

11.

14,
15.

The receiver is electronically tuned by varying the ﬁ'EIII.ancy Of the
local oscillator,

The circuit incorporates a sawtooth generator Which supplieg aram
voltage to the frequency control element of the voltage tuneq IacaI]}
oscillator,
The local oscillator then sweeps through its frequency bang at
recurring linear rate,

Detector
and videg
amplifier

CRO

Voltage
tuned local
oscillator

Fig. 41071,
The same sawtooth voltage is simultaneausly applied to the horizonta)
plates of the CRO,

The RF signal to be tested is applied to the input of the mixer stage.
The sawtooth Benerator makes the local oscillator sweep through its

equency band to beat with the input signal to produce the desired
intermediate frequency (IF),

- AnIF component is produced only when the torresponding component

is present in the RF input signal.

The resulting IF signals are amplified, and then detected.

After that they are applied to the vertjca) deflection plates of the CRO,
thereby producing a display of amplitude versys frequency on the
screen.

Continuous wave (CW) signal :

When a continuous wave (CW) input signal is slowly swept through by
the spectrum analyzer’s local oscillator, the response displayed on the
Screen is a plot of the IF amplifier pass band.

Since the CW signal has energy at only one frequency and therefore
the display on the screen is a single spike,

This occurs in case the total RF sweep width or spectrum width is wide
a8 compared to the [F band width in the analyzer,

Amplitude modulated signal :

continuous waye signal of frequency, f.»is amplitude modulated

by an '0put signg] of frequency, f,» two side-band frequencies of 1, +F,
andf, ~f,are Produced, .

With twr, - "L the spectrum analyzer screen is a signal of frequency_ T

0 side. frequencies whose magnitude relative to the carrier
ncy depep g upon the percentage modulation.

Electronic Measurements

E
E -t
- f

f-fff+f,

o s

Frequency modulated signal

2 e

(&)

A te f, it will produce an
iii. . ency modulated at aratef,
ignal [, is frequency
1fa CW signal f,

o infinite number of sidebands.

Inp
considered.

ese are i rvals tlff +Rf,

Th located at inte: / IEne
e co! cant power are

actice, on]y th sidebands nta.u:nngl m@]ﬂ t usuall

T » y

.n\HI\l‘lH\n{

wheren =

aninteger, 1,2,3...

g bemy b

=

. : I | t
i i —— eform, with zero rise time and no 001
. i arwav X
Anidealized r_ectangu] overshi
" iz shown in Fig. 4.10.4(a).
Spectral
lines
T
Rt |
o
=
- T 11“req'|.lem:y.f -
e (b)
Tim
- Sum of fundam?ntnl
2nd harmonic
Average Fundamental -4 average value
value of
wave .
P g Tt —
=~7C\ & /::.?J{
N\ A
¢ 2nd hamonie)
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b.  This pulse is shown in the time dom
is to be analyzed, it must be broke
components.

¢.  This isshown in Fig. 4.10.4(6), where a constant voltage, a fundamentg|
frequency, and its third harmonic are added algebraically to form a

wave which eventually becomes Square wave as more odd harmonies
are added in phase with the fundamental,

d.  The pulse becomes perfectly
of odd harmonics are added.

_| e.  Aspectral plot, in the fre
Fig. 4.10.4(c), where the
harmonics are plotted.

Que 4,11, ] Describe the circuits and working of wave analyzers
used for audio frequency and megahertz ranges.

ain, but when its frequency spectrum
0 down into its individua] fmquemy

rectangular ifan in finitely large number

quency domain, would have the form given in
amplitude and phases of an infinite number of

OR
Draw the circuit and describe the working of wave and analyzer
for audio-frequency range. BKTU 2013-14, Marks 051
Answer
L

A wave analyzer is an instrument designed to measure relative
amplitudes of single frequency components in a complex waveform.

There are two types of wave analyzers, depending upon the frequency
ranges used :

a.  Frequency selective wave anal yzers.
b.  Heterodyne wave analyzers.
Frequency selective wave analyzer :

This wave analyzer is used for measurements in the audio frequency
range (ie., from 20 Hz to 20 kHz).
2. The block diagram o

f this wave analyzer is shown in Fig. 4.11.1(a).
Aninput attey, uator
panel,

that is set by the meter range switch on the front

4-20
mﬁerfmm.u.nuud-muamm

#lﬂC{EN.sem.a’
I | [ 1)
“Aed gl Ll 39 4
T T T T T T T T
-
(d)
'Fig. 4104,

c ‘E‘N.ﬁgm—iﬂ Electronic Measurements

iter.
ﬁnemwrmmiﬂu"f““’“d"d arrangement of RC resonant sections
and filter amplifiers. ) e
nce polystyrene capacitors are generally used for selecting
Clos:-toi:::cr r::ii“' Precision potentiometers are used to tune the
lr‘::ﬂr:" any desired frequency within the selection passband.
i

The buffer amplifier can be used to drive a recorder or an e'lu:tmi_:

counter.

Variable frequency high-Q active filter
R's varied with frequency. Control
C's varied with frequency multiplier

' © ?
11}

t meter
Meter amplifier ?.:;:::u range
and detector and db range
Auxiliary output

for recording device

Fig. 4.11.L Block diagram.

i typically about 1
8. The bandwidth of the instrument is very narrow, ypi

percent of the selected frequency.
Heterodyne wave analyzer : I N
squency measurelr_u-m:s in the mrlfmm N
: f'v?a:&f:r;ﬁ:lyzer construction is used, as § i s
9. The input signal is fed thr'.angL: :n attenuato!

' being mixed witha local oscillator.

: ive a fixed frequency
frequency of this oscillator is “:J‘;’;f&:’ﬁ'f.::
> Z:fpurfim is in the passband °“c:nd ol controled ol "
i ith a se b
4. This signal is then m“e‘:hﬂu;h: output from the mixeris centred

whose frequency i8 such
zero frequency.

L ]
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Frequency contrg]
@
Amplitude

control

@
Bandwidth contrg]
Fig. 4.11.2. Block diagram of 5 heterodyne wave analyzer
5. Theactive filter has a controllable bandwidth anq Passes the selecteq
component of the frequency to the indicating meter,
6.  In automatic fre

auency control (AFC), the local oscillator locks to the
signal, and go eliminates the drift between them,

Que 4,12, | With the help of block diagram e

xplain the working of
a harmonic analyzer,

AKTU 2016-17, Marks 15
OR

What is total harmonic distortion ? How many type

8 of harmopje
analyzers are there ? Explain th

€ concept of tuned circuit harmonje

analyzer. AKTU 2012-13, Marks 19
Answe_r

L

) is measured in terms of the
harmonic content of waves :

(X (Harmonics)?]/2
D= — T
- Fundamental

THD = ,[pZ ; Di+DI ..
VE;+EZ+EE4 .
= .___——El—______
Harmonic distortion analyzer is used to measure THD as shown in
Fig.4.12.1,
The signal source h

as very low disruption and this can be checked by
reading its output distortion by connecting directly into the analyzer,

ignal from source is fed into the amplifier under test. This generates
5 The sﬂ:ics and the original fundamenta] frequency, The fundamental
harmuzn cy is removed by notch filter,
z:’:m ual system of Fig. 4.12.1(a) the switch
6.

(Epia
Then the switch is moved to position 2 to measure just the harmonics
e i
7.
Eq
g, Thus,the

8., isfirst placed in position
d the total content of fundamental and harmon; ed,
1an

THD = EH , 1009
Er

an alternative arrangement, where valugs of E
9. Fig ;Ilil(fe);ih:i::ultaneously and their ratio caleulated and d.!xplayeﬁ
::‘-irH{) on the indicator.

od accuracy the notch filter must have excellent rejection and
10. g;;hg:ass characteristics.

It should attenuate the fundamental by 100 dB or more and the
5 .
H harmonics by less than 1dB.

Amplifier
under test
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4-23C (EN-g

——Semy
12. Filter should be tuned accurately to fundamental of the signa] Source |
At

is manually difficult to achieve and is done automatically,

12. Itisdone atonly one frequency and at this frequency, output voltag
2 at

bridge null detector is minimum.
There are four types of harmonic analyzer :

a  Tuned circuit
b. Heterodyne

c.

Dynamometer

d Fundamental suppression

L

3

N e o

8.

' Input '

Tuned circuit harmonic analyzer :

In this, a series resonant circuit consisting of an inductor and a capacitor
is tuned to a specific harmonic frequency.

The harmonic component is coupled through transformer to the input
of an amplifier.

The output of amplifier is rectified and fed to a meter circuit.

After obtaining the reading on the meter, the circuit is retuned for the
next harmonic and the whole process is repeated.

In this way, reading for various harmonic components is obtained.
However, the simple circuit has two major disadvantages.

For low frequencies, the values of inductance and capacitance and hence,
their physical size tends to be very large.

Secondly, it becomes difficult to discriminate between the harmonics of
signal frequencies which are often very close to each other.

Amplifier
circuit

Attenuato:
Tunable

amplifier

Qu

1.

2.

/—-\ Explain the concept behind digital measurements.

4. Readingaccuracy can bei

Electronic Measurements

CONCEPT OUTLINE : PART-3 _l
Digital counter : The decade counter can be easily

ina commercial test instrument called digital counter.

A decade counter is a circuit of flip-flop in cascade, which
counts in the base 10 (decimal number system).

uency meter : Digital frequency meter is used to measm
display the frequency of any periodic waveform.

and

ed.13.

The digital instruments indicate the value of the measurand in the

i ber.
form of decimal num = -
The digital meters work on the prln_u!)le of quantization. The a::lhtz

uantity to be measured is first subdivided or quantized intoa n
q

i £ to many decimal places.
of small intervals up! ¥ R

ject igitali t isthen tode
objective of digital instrumen termir Lo
:it" ltahe iubdivision the measurand can Lhu.sbe identified as an integral

i £ the smallest unit. .
tiple of the S increasingthe number of decimal

the quantizing levels.
can it be used o measure

mul

places L.e., by increasing

Que 4.14. l Whatis a digital counter? How

the following :
i,  Totalising
ii. Frequency
iii. Ratio mode
iv. Period mode
v. Time interval mode

T iy k2 ks ‘est
Digital counter : ve easily incorporated in 8 commereial
e
1. The decade counter cal 3 ter.
instrument called an electronic €U
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3. Typical modes of operation are totalising,

1. In the totalising mode, as shown in Fig. 4.14.1, the in

4-25C (EN'sﬂm-a)

2. Adecade counter is a circuit of flip-flop in cascade,

which i
the base 10 (decimal number system), 1¢h countg in

frequency, period, rag;, ;.
interval and averaging. »Tatio, tip,,

Totalising :

Put pulseg
switchis clogeg

Decade Overflow
Counter Indicator

: of the totalising mode of an digital countr,
If the count pulse exceeds the ca oy
overflow indicator is activated and
Frequency mode :

The time interval in which the pulses are being totalised is accurately
controlled, the counter operates in the frequency mode.

A block diagram of an electronic counter o
mode is shown in Fig. 4.14.2. The freque:
computed as

counted (totalised) by the decade counter as long as the
Input Signal

i

pacity of the decade counter, ti-.e
the counter starts counting agaip,

perating in the frequency
ncy of the input signal js

N

where f= Frequency of the input signal
: N = Pulse counted
¢ = Duration of the gate pulse

Input Signal

Decade Digital

1
Gate [ Counter Readout
Pulse

Ratio mode ;

The ratio mode of operation simply displays the numerical value of the
ratio of the frequencies of the two signals.

c (EN-Sem-3)

426 Electronic Measurements

A basic circuit for the ratio mode of operation 1a shown in Fig. 4143,

Time interval mode:
The time interval mode of operation es the time elapsed betw
two events. : .
The measurement can be done using the circuit of Fig. 4.14.4.
2.

i A

e i

._Anu_wer l

i isplay the frequency
1. A digital frequency meteris used to measure and display
of any periedic waveform. .
2. Tt operatesonthe principle of passing

: R al.
through main gate during a fixed time interv

3. Letmain gate enables at T'sec

T=——
i ency.
i pscillator frequ
where, T indicates the time penpdoi.' the mstais e i
Assume that, n pulses of unknown grm::ilmwuﬂ' b uring
* T s:c::nds with each pulse having
=1

5. Then

J'IJ:T
L
n

t=
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where f = Unknown signal frequency

n = Number of pulses read by
Counter Assemblies)

F = Gating frequency
Unknown frequency = Number of pulses x Known frequency

6. The unknown frequency is applied to the Schmitt trig,

h ger. Th, i
trigger converts these pulses into square wave pulses. * Schmity

7. These are applied at x terminal of the AND gate.

8. The c:ystal oscillator frequency is converted into
Schmitt trigger.

DCA’s (Decag,

positive pulses bya

Frequency
trigger Counted
2]

Main
gate

Schmitt
trigger

4
i » i P_l‘cgde dividers
Fig. 4.15.1. Block diagram of a digital frequency meter,
¢ ';'he ﬁ:eque‘ncy is 100 MHz so the positive pulses at the output of the
cchm;tt trigger are spaced 1 ps apart. These pulses are applied at 6
:sicl:c:;e:\:?;l? viders. The required time period can be selected using
10. '
iﬁ;%f;;mzngtm“@ the time base circuit and selector switch
al i ; ;

main AND gate gate control flip flop. It is a start pulse and it enables the

Electronic Measurements
¢ EN __gem-sl

; mn}hwedtapamthmughmmmhuedwno\mt
! ‘P‘-"ls

11. :nhg se pulsss.

v 3 i
se is astop pulse and it disables the main gate
'.n:e s:;ﬁiif:m not allowed to pass to m nter. o
inpu umber of pulses which are passed during the time interval bet
13. : and stop are counted and displayed. : th::‘“mmd
sta frequency can be read directly by properly setting
e
14. point in display area. ‘ -
be with psec se'ttmg wi
® ?:;ZE::HI give reading in KHz.

Write a short note on DVM.

&ewmmmwhﬂemm

Adi tal voltmeter is snimt.rumentwbichmn\rerts analog voltage signals

gl
into digital form.

{Fig:4:16 -:\.M"-" : - usedeg,if
Bt e to A/D converters
mcmsmﬁedamﬁffi’t?; lled Ramp type DVM and 0

In neral DVM's
® aDg\?MusesﬂamPW
on.

A/D converte
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¥’ " ; .Sem-3)
Electrical ) s & Instr ation 4-29 C (EN.Seyy, C(EN v
-3) 4-30 : after which it opensand V,
itch S is closed for time Ty
3. DVM can be used to measure DC and AC currents, ohms, temperg; 12 Therefore th:;;\; g )
pressure etc, tre, gtarts decre Monastable
Qg———===amr = V4 Multivibrator eoycheator

In order to measure such quantities a signal conditioner is used,

5. The function of signal conditioner is to convert such quantitieg inty
corresponding DC voltage,

How many types of digital voltmeters are there 7

f mEl
> Binary =110 i pinary
Cgunter g

Explain the integrating type of digital voltmeter. Whag are jig Integrator
specific advantages ? AKTU 2012-13, Marks 15 ' Vg
R
[Fig AL

OR
Explain with the help of a block diagram, the working of intcmginx
type digital voltmeter.
There are two types of digital voltmeter :

a.  Non-integrating type
b. Integrating type

Integrating type :
L An analog voltage can be converted into digital form by producing

pulses whose frequency is proportional to the analog voltage,

2. These pulses are counted by a counter for a fixed duration and the
reading of the counter will be propartional to the frequency [, of the

e e

pulses and hence to the analog voltage. ;

3. The first part is voltage to frequency converter, T ncy of waveform V,and Vg i
i 3

4. The analog voltage is applied to an integrator whose output is applied 11. Ifintegration time T >> Ty the freq| g

at the inverting input terminal of a comparator. : 1 1 1Y%
5. The non-inverting input terminal of the comparator is connected to a “TeTy T 7 Vi . portional to

reference voltage — V,,. : whose frequency 18 BT0

2 tain output waveform
6.  Initially the switch S is open and the voltage V, decreases linearly with 13, Thus we ob! w}m -
é | analog input voltage. Tis
: ) | - 1=
time V, =—V,, b‘_ : | 14. The reading of counter£=23 1V
| At X, (3

7. When the decreasing V, reaches - Vg att =T, the comparator output e it TV o and output

Ve goes high. jon between an unku‘o“‘“:‘illtt:ie-
8. This is used to close switch S through a monostable multivibrator. 15. 1t shows the ‘r':i?;:::ly with variation ininput¥ tion frequency 18
9. When switch S is closed the capacitor discharges thereby returning frequency \'ﬂn.e inear upto the point where satur i

the integrator output V, to zero. 16. The variation isliné
10. Since pulse width of the waveform V¢ is very small, a monostable obtained. should be same.

17. Slope of both curves

multivibrator is used to keep the switch S closed for a sufficient time to
discharge the capacitor com pletely.
11. Let pulse width of monostable multivibrator be Ty .
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Saturation
f Frequency

+ve

r jection as noise and super;

out during the process of- integration, Sy Averaged

b.  The RC time constant doesn
The integra

ot affect the in put volta,

tor responds to the it

and hold circuits are not msed.mmrag\e T el S

d  The accuracy is high and
Tequirements,

Surement,

nce sample

can be readily varieq according to the specified
L

of Ramp type digital voltmeter,

ARTU 2013-14
Describe th i OR Lot i
e working of ramp ¢

Ype DVM with suitable diagram,

431C EN-Sepy

T

Electronic Measurements

\
Vg - ] ® -bit
rBinary o Binary
12 utput
Analog B

wvoltage 4

3. A negative reference voltage -V, is applied to an integrator, whose
’ output is connected to the inverting input terminal of the comparator.

The analog voltage V, is applied at the non-inverting input terminal of
the comparator.

The output of the comparator V, is at logic level 1 as long as the output
of the integrator V is less than V.

When V_crosses V,att=T, V_ goes low.

The AND gate is enabled when Vg, is low and switch S remains open.
When Vg, goes HIGH, switch Sis closed thereby discharging the capacitor.
Also AND gate is disabled.

0. When AND gate is enabled the clock pulses will reach the clock input

terminal of the counter. The output of the counter is the digital output
corresponding to V.
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4-33¢C EN-Sepy

11. Time Tisgivenby T'= -V, ie., Tis proportionalto V. _
R a
12. The counter reading is n at ¢ = T'then

where
i.e., Count n is proportional to V.
Merits of DVM ;
It is free from observational errors on part of observers
displays value of AC or DC voltage as discrete numerals,
Free from parallax and approximation errors.
Speed of operation is higher.
Qutput of DVM can be fed directly to memory devices for storage,
Versatile and accurate.
Smaller in size and hence portable,
Cheaper for same accuracy.
Requires lesser power.

ml What is the concept behind digital measurement ? Draw

the block diagram of digital multimeter.
AKTU 2015-16, Marks 7.5

Digital measurement : Refer Q. 4.13, Page 4-24C, Unit.4.
Digital multimeter :

1.  Thedigital multimeter is an instrument which is capable of measuring
AC voltages DC voltages AC and DC currents and resistances over
several ranges.

2. The basic circuit of a digital multimeter is always a DC voltmeter as
shown in Fig. 4.19.1.

4.

n=f.T=foV,

y R
[, = Clock frequency 6.
T

et

as it directly

Rl

BCD
output

83 B st i i,
ted to voltage by passing it through low shunt

c (EN-Sem-3)

Electronic Measurements

The AC quantit.ies‘ are converted to DC by employing various rectifiers

and filtering circuits. )

While for the resistance measurement the meter consists of & precision

1ow current source that is applied across the unknown resistance while
ives DC vultag_e. —— ) :

E | the quantities are digitised using analog to digital converter and-
Af‘ layed in the digital form on the display.

?[1;2 block diagram of a digital multimeter is shown inFig. 4.19.2,

v
PN

. A digital multime
Fig dd Qe ATIRTES
: b A tt ltmeter, In order to measure
8. Asmentioned above basicallyitis aDC vo circuitis implemented.

unknown currents, current to voltage converter

9. This is shown in the Fig. -:;.?!3

e I S\ T S e
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10. The unknown current is applied to the i 'jmctionﬁmth
input of op-amp. -
11. Asinput current of op-amp is almost zero, the current I, js ] most "
asl,
12. This current I, causes a voltage drop, which s Proportiong) 4, he
current to be measured, ’
13. Thisvoltage drop is the analog input to the analog to digita) -

i i i Verter
thus providing a reading that is proportional to the unknown ¢ )

14, Inorderto measure the resistances, a constant current souree ig useq
The known current is passed through the unknown resistance. .

15. The voltage drop across the resistance is applied to analog to digital
converter hence providing the display of the value of the unkngy,
resistance.

16. To measure the AC voltages, the rectifiers and filters are used. The A¢
isconverted to DC and then applied to the analog to digital converter,

17. Inaddition to the visual display the output from the digital multimeters
can also be used to interface with some other equipments,

0, Explain storage oscilloscope.

Sto:-;agé oscilloscope : Two storage techniques are used in oscilloscope
CRTs : mesh storage and phosphor storage.

B

1 A mesh-storage CRT uses a dielectric material deposited ona storage
mesh as the storage target. This mesh is placed between the deflection
plates and the standard phosphor target in the CRT.

2. The writing beam, which is the focused electron beam of the standard

CRT, charges the dielectric material positively where hit, )

The storage target is then bombarded with low veloci ty electrons from
aflood gun and the positively charged areas of the storage target allow

4. Thus the mesh storage has both a storage target and a phosphor display
target. The phosphor storage CRT uses a thin layer of phosphor to
serve both as the storage and the display element,

Mesh storage :

L Itis used to display Very Low Frequencies (VLF) signals and finds
many appliecations in mechanical and biomedical fields.

2. Amesh storage CRT is shown in Fig. 4.20.1.

3. esh, flood guns and a collimator, in addition to all the elements of a
mesh,

mesh mesh

1 ta;r;s a dielectric material deposited on a storage mesh, a collector
t con

standard CRT. ‘
The writing gun etches a positively charged pattern on the storage
e

* mesh or target by knocking off secondary .emmsmn elemomn.ned e
to make a pattern visible a special electron gun, ¢
B 1no:;d|;1n is switched on (even after many hours). L
. ct' on paths are adjusted by the collimator e‘.l’:ctm(::’:n .
& Th:t:!i?m: a low voltage electrostatic lens system- as s
co

ig. 4.20.2.
e Collimator

e :,, age mesh CRT L e
AL e b+t
7. Most of the electrons are stopped and B:h]m mypulledtothe storage

itive
Only electrons near the stored gﬁhe phosphor screen.

target with sufficient force to ; S s
B. The CRT will now display the signal and1 ; ‘ :
the flood guns operate. e
9. Toerase the patternonthe gt?fﬂieme‘ 1 P
. to neutralise the stored positive
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Lym. ‘3_,;]?' Describe the following types of oacil]oscope in det ail,
i.  Dual beam oscilloscope

ii. Dual trace oscilloscope AKTU-@UI{-LB, Marks m
OR

Describe the construction and working of dual beam CRo using

block dinm. AKTU 2016-17, Marks o

e e

Dual beam oscilloscope :

1 The dual beam oscilloscope has two separate electron
therefore two completely separate vertical channels, as in

beams, ang
Fig. 421

plate

T Sweep Horizontal
Tt ‘
Line Horizonta]

Horizontal
B sy plate
Fig. 4311, :

2. The two channels may have a common time base system, as in
Fig. 4.21.1, or they may have independent time base circuits, as in
Fig.4.21.1,

3. An independent time base allows different sweep rates for the two
channels but increases the size and weight of the oscilloscope.

4. Two methods are used for generating the two electron beams within
the CRT.

5. Thefirst method uses a double gun tube. This allows the brightness and
focus of each beam to be controlled separately but it is bulkier than a
split beam tube,

6. Inthe second method known as split beam, a single electron gun is used.
A horizontal splitter plate is placed between the last anode and the y
deflection plates.

7. This plate is held at the Same potential as the anode, and it goes along

the length of the tube, between the two vertical deflection plates, it
therefore isolates the two channels,

437¢C (EN-S“MJ
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lit beam arrangement has half the brightness of a single beam,

Th?c?hns disadvantages at high frequency operation.

o alternative method of splitting the beam, which improves ita
9. A‘? htness, isto have two aper_tu:es in the last anode, instead of one, 20

!:;i two beams emerge from it. J= ‘

disadvantage of the split ‘Dear_n mnstru:?hnn mthatthe?wo e}
10, T wave noticeable different brightness, if operated at widely spas
ds.
f[‘;ef;:::nes s and focus controls also affect the two traces at the same
11. 1he

ce oscilloscope :
::‘:,:i :::i.ngle electron gun but the beam is split into two separate beams
before it passes to the deflection plates. e

e are two separate vertical it?put channels, A and B, and t] use
* The::rate attenuator and preamplifier stages. ‘
f.1‘.:3[::;1-ernre the amplitude of each input, as viewed on the oscilloscope,

L

B indivi trolled.
be individually eon 15 .
j:fz:,er preamplification the two channels meet at atime into the vertical
* amplifier, via the delay line. o o
5. There are two common operating modes for the electronic switch,

lternate and chop, and these are selected from the instrument’s front
a

panel. _ .
6. The alternate modeis illustrated in Fig. 4.21.2.

o . 5
n ¢hannels A and B,
7. In this the electronic switch alterl;ﬂt;-” hl;emfweem sweep-
. letting each through for one cycle 0 % and hold-off periods, as in.a
8. The display is blanked during the flybac

i me of the
conventional oscilloscope. than the delay time o
9. Provided the sweep speed is much greasmb]te,erdisplﬂ.‘i of both the waveform

CRT phosphor, the screen will show 2
at channels A and B.
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10. The alternate mode cannot ; : )
A . ot be used for displaying very low freque
Que 422, | Di i
B f i Di the differ between dual scape
beam CRO. and dug)

ShcapwwTmpesope (HO Dual Beam CRO

Single electron beam is used.

Two electron beams are used

2. | Single verti ifier i
ingl cal amplifieris used. | Two vertical amplifiers
are

. [T used.
1 e two signals may not hav
e | Two si
same frequency. fmqueﬁ?; st e e
4. | Tw i :
(] :a:)setc:;tans;ient events | Two fast transient events
. canno ured, be captured easily. =

Simultaneous displa
difficult. play becomes

It gives a simultan i
eous displ
of two traces easily. ’ ayJ

VERY IMPORTANT QUESTIONS

> ing questions are very important. These
(s 107 B8 sked in your SESSIONALS as wett mp
" UNIVERSITY EXAMINATION.

. 1. co w n ave
Q xplmn the nstruction and orklng of an a g
E rage

reading diode VTV : :
disadvantages. M. Describe its advantages and

AnE Refer Q. 4.2, Unit-4.

Q.2. Explai i
xplain the construction and working of the following

. typesof peak readin )
L i g VTVMs:

ii. Compensated shunt type
AER Refer Q. 4.3, Unit-4. i

Q3. Explain the
worki .
REE Refor Q. 4.4, Unitd, of electronic wattmeter.

440 C (EN-Sem-3)
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Q.4 Explain, with the help of block diagram, about the various
parts of an electronic multimeter.

ans Refer Q. 4.6, Unit-4.

Q.5. Explain the construction and working of a basic Cathode
Ray Oscilloscope (CRO) circuit with the help of relevant
diagrams.
ans Refer Q- 4.8, Unit-4.

Q.6. Describe the basic circuit of a spectrum analyzer. Explain
how the spectra of the following are displayed:
i continuous signal
ji. amplitude modulated signal
jii. frequency modulated signal
jv. pulse modulated signal
ang Refer Q. 4.10, Unit-4.

Q.7 Describe the circuits and working of wave analyzers used
for audio freq vy and meg! hertz ranges.
ang ReferQ. 4.11, Unit-4.

Q.8. With the help of block diagram explain the working of a
harmonic analyzer.
ang Refer Q. 4.12, Unit-4.

Q.9. Draw and explain the circuit of digital frequency meter.
auw Refer Q. 4.15, Unit-4.

Q.10. How many types of digital voltmeters are there 7 Explain
the integrating type of digital voltmeter. What are its
specific advantages ?
ang Refer Q. 4.17, Unit-4.

Q.11. Draw a suitable block diagram to explain the working of
Ramp type digital voltmeter.
xnm ReferQ. 4,18, Unit-4.

Q.10. Describe the following types of oscilloscope in detail :
i. Dual beam oscilloscope
ii. Dual trace oscilloscope
angx Refer Q. 4.21, Unit-4.

©00
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PT OUTLINE & PART-

CONCE
h converts a physical quantity
alis called a transducer.
ive transducer which is
mechanical displacement

Transducers : A device whic
into the proportional electrical signi
« Strain gauges: 1t is passive resist

based on the principle of conversion of
into the resistance change.

Que 5.1.. l Define transducers and inverse transducers.

Answer ‘
is defined as a device which converts a

Transducers : A transducer
lectrical quantity e.g., LVDT, RVDT ete.

non-electrical quantity into ane
ducer is defined as a device

Inverse transducers : An inverse trans
n-electrical quantity. A

which converts an electrical quantity into a no

piezoelectric crystal acts as aninverse transducer because when avoltage

is applied across its surfaces, it changes its dimensions causing a
e

al displ t

¥

Que 5.2. \ Discuss various types of transducer with examples. What
are the basic requirements of a transducer ?

‘Answer

: Types 61’ transducer :
On the basis of transduction principle : Transducers are classified
on the basis of transduction principle whether resistive, inductive,
capacitive etc., depending on the input quantity to be converted into .
either resistance or inductance or capacitance etc. They can also be
piezoelectric, optical or thermoelectric ete.
ii. Primary and secondary transducers : There are some physical
quantities which cannot be converted directly into electrical form, thus
they are converted into an intermediate form, by means of a transducer

i
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known ag ‘aell'genernting type of transdy . r
producing output signa] ig obtained from the physica) Quantity being
Mmeasured,

The active transducers help in transduction of velocity,
light intensity and force, eg., tachogenerﬂtors, th
photovoltaje cells ang Piezoelectrie signals,

iv, Analog and digital
the input Quantity into an ang
time are knowr as analog tr
thermocauple, thermistor,
The transducers which convert the input quantity into ap electrica]
output which is in (he form of pulses are known as digital transducers
i.e., when the output js in the form of binary ( or 1.

The resolution of these transducers depends on the digits ¢
the binary numbers, The advantage of using digital trap

Omprising
increases fccuracy and outpyt signal is withoyt distortion

sducer is, jt

and external
noise,

€&, opto-electrica) frequency domain transducers, vibrating string
transducers,

quantity. An inverse transducer js defined as device whj
an electrica) quantity intg g non-electrical Quantity, A piezo-electric
crystal acts as an inverse transducer because when a voltage is applied

. anges its dimensjons causing a mechanical

displacement, N
Basic requirements of transducer

L Thestatje devices can be used for electrical amplification ang attenuation
very easily,

2 The mass-inertia effects are minimized,

3. The effects of friction are minimized.

4.

The electricq) or electronic systems require very small power.,

Instrumentation
Sem-3)
5-4 CIEN:
i ssed for the
The electrical output can be easily transmitted and proce
= s ment. :
se of measure e o
::p:utput can be indicated and recorded remotely at a distance
B ; : . .
medium. _ . e
- “?m:;‘::m be conditioned or mixed II; u‘btnn any com|
T -Tf 2{:: of similar transducers nlr contro nzmll. n;wunﬂh- o
ﬂ‘I‘h poutput can be modified to meet the require indic
8 e ating

or controlling units.

Que 53. l For a transducer describe the following :

i t characteristics;
i _I;;::“" characteristics;
:.L. Qutput characteristics.

T

ut characteristics : _ "
’I]nypop of input and opernti.nglrangv Thn dwﬁ :E::mnduwmw‘mx ey
the type of input it is Koing to measure e
Thev or limit is l.!u:idwlacmnillngtuthetmnsdr iy solseion
Trt.mluil:r limit is decided according to the error. nsdue
e lo d
. rood resolution. _ e
m;!“;'m ::'fﬁ'ets : The transducer must have no loading efTect
2  Loadin 3
input. :
Transfer characteristics : [t dependfu on ialatoe ol
1. Transfer function : [t defines a relationship
. T

L

the output,
ie q,=Mlg)
l-l"re g, = Output of transducer
— q, = Input of transducer
i
., dg
Sensitivity is defined as § = -&;;
tity q,.
It is not constant but dependent upon the quantity g,
=1_da
Scale factor = -

2  Error : When the transducer does m;:e follqw the input-output
relationship, error oceurs. The error can be :
s r : When output deviates from the correct value by a
* f:nr;:nr:?ac‘;.or over the entire ra.nge: - et
b. Sensitivity error : When output devistes from the correct
by a constant value.
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theoretj € experj
OWn as non-linearit etical transfe gy

Hysteresis : The out;

. put of trap, is
quantity and on input i sducer deﬂﬁnd
output is Dbtaineg foqumtltlea Previgys S Upon

I same vya], .
asing valy ue of in : e
values of ss €S, a greater output is phtq; put Quant; ;. Teng
me input quantity, ed thap the il‘lcre" fDr
Practica]
=
S
é‘ P Tactica)
turve

-
]

&
3
o

Input
(c) Non-canformity errar

s 'I'hl?oretical

cu;
L ve
Input
(b) Sensitivity error
=]
i
5
o Der:rensi.ng
input

Increasing
input

Input
error

(d) Hysteresis

5-6 C (EN-Sem-3) Instrumentation
jii. Error due tonoise and drift : Noise and drift ignals ith time
and are superimposed on the out; o e

L

: put of transducers. The noise impose:
the signals with random amplitude, frequency and drift mstel:a slcw:
change with time,

Error due to freq + Fr and high

¥ LEap ] ¥ Tesp
frequency cut-off are the two specifications that describe the response
of a transducer when a variable frequency sine wave is applied as input.
As the frequency increases the output of transducer falls,
. =1
AT L
the environmental disturbances, So precautions must be taken to avoid
the error due to the pressure and humidity changes, change in voltage
supplies and improper mechanical mounting ete.

Output characteristics :

1 The response of transducer is influenced by

Type of electrical output : The output of the transducer is in the form
of voltage, current, impedance or a time function of these amplitudes,

which must be manipulated such that they may be accepted at later
stages of instrumentation systems.

Output impedance : The output impedance must be made as low as
possible to minimize the loading effect. The output impedance determines
the amount of power which is to be transferred to next stage of the
instrumentation system. If the output impedance islow as compared to
forward impedance then transducer shows the characteristics of constant

voltage source and as constant current source when forward impedance
is low as compared to the output impedance.

Useful output range : The lower output range of the transducer is

limited by the noise signals and upper limit is set by maximum useful
input level.

Que 5.4. I Enlist the factors affecting the choice of transducers.

Answer

1

2

Operating pri

: The transd s are selected on the basis of
operating principle i.e., whether resistive, inductive, capacitive,
piezoelectric, optoelectronic ete.

Sensitivity : The transducers must be sensitive enough to produce
detectable output.

Operating range : It should maintain the range as per the requirement
and should have good resolution.

Accuracy : High degree of accuracy is acquired and gives small values
of repeatability.

Cross sensitivity : This factor is considered when the mechanical
quantities are measured. There are conditions where the actual quantity

is being measured in one plane and the transducer is subjected to
variations in another plane.

Scanned by CamScanner



Electrical Measurements & Instrumentation 5-7C {EN*Sem.a)
6 Static characteristics : Transducers must have a low non-linegy:

low hysteresis, high resolution and high degree of Tepeatabiy; ¥,

Transducers must be free from load alignment effects and temper, ltlt}".

effects. JeTature

7. Stability and reliability : Transducer should exhibit a hj
stability. They must be reliable i.e., if transducer fails than als

functioning of instrumentation system should continue unint p:o;]he

8 Errors: The transducers should maintain the expected input-

Bh deEree of

relationship. output

9. Transientand freq y response: The transducers must b
desired time domain specifications like peak overshoot, setlng

: : rise time, i
time and should ideally have flat frequency response curve, e
- 10. Loading effects : The transducers must have hi

¢ gh input im
and low output impedance to avoid loading effects At

16 5.5. | Explain the construction of wire wound strain gauge
and derive the expression for the g

ge factor.

L K a s_trip of elastif: material i‘s subjected to tension its longitude dimension
will increase while there will be a reduction in the lateral dimensions.

2 So _wh'en a gauge is subjected to a positive strain, its length increases
while its area of cross-section decreases then the resistance of the gauge
increases with the strains.

R« EL
fe——0L 4
—
: |-1——- L———-.{ AL }q—

Fi_g.ul Tensile force,
Expression for the gauge factor :

L Theresistance R of a conductor depends on cross-section area A, length

L, and resistivity pas ;

R= % (B.5.1)
2. Gauge factor G of the conductor is defined as

- %‘%:M (552

. ca
8. AR being change in resistance R due to axial strain ¢, which is
N
o)t a4t (5%

Instrumentation
(EN-S&'II‘I-s)

5-8C
gQubstituting the expression for derivatives from eq. (5.5.1)
u

. L
: MR
pividing by expression R from eq. (5.5.1), we get
B. K )

AR AL BA Ap

= =t

R L A p ) .
where B is geometrical dimension of the strain gauge

= CB', ds on the section,
Area A = ¢ : stant whose value depends on /
ﬁ' cross-section and £ hant £ diameter B and 1 for square section of

alto w4 for circular section o
sidesBean:hA A&~ 2.CBAB
AA ZCBaBsg
o o
AR _ AL 0B %0 e
7. Thus, 5 B 5

being ax:a‘. strain= —7» E, being transverse gtrain =—VE;, where v 1s
8. E L

Poisson’s ratio.

AR/R _ Aplp
o, Finally, * G=.-;——~1+2u+ =

Que 5.6 l Explain the types of strain gauge.

Answer \ .
fstrain gauges are :

i B They consist of & wire st.retclfed
i etal strain gauges : ey ¢ o e
- Unbun:i::l points in an insulating medl;]:}l ts.‘(llc;o:mm{full scmale).
betw::re produces a small displacement of aseucf t:engionin e
";rkzl?s displacement causes increase or decre

ing unbalance
This causes increase ©

r decrease of the r\eai5'cam.'.'er:-,;;\;z'.ml O
in the bridge producing an output veltage propo
mn (]
displacement and hence to the

applied pressure-
1. Bonded wire s ST Y i
and for construction ol U g
nsists of a grid of fine resistance wt;z o itig o t;
consy istribution of stress over the gn¢. e t'n‘lltrms{eow s
; “mfﬂl‘mrdls arrier to grid of wires. The mriim o
i m ¢ i ;
z{!set::rllzﬂ?and compressive strains of tx ::em .
iii. Bonded metal fo!l st '_ gau‘éise.s'fheyhave il
the bonded metal wiré a15:1'81110 emg;nyed T oth sress e
city. They are
:I:x:tnfction of transducers.

an extension of
heat dissipation
ﬂl}'sia and for
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iv. Vacuum and sputter deposited thin metal strain
gauges are mainly used for the fabrication of transdu,
sputter deposited variety. Both processes begin with
metal element. The elastic metal element converts the

Efuges ;
cers, '[']-“,_.3r of
a suitable elagtj,

Physical quang;
into a strain. g
V. Semi-conductor strain gauges : They are used where avery ki
gauge factor and small envelope are required. The resistance of the
semi-conductor changes with change in applied strain,
vi.

Diffused strain gauges : They are primarily used in transducers,

q‘“""_ I In order to measure strain in a cantilever beam

v single
strain gauge of resistance 1 k2, and gauge factor a and temperature
co-efficient 10 x 10%C is mounted on the beam and connected in
one arm of a bridge circuit. The other three arms of the bridge have

resistance of 100 k0 each. The bridge detector resistance is 100 kn
and its sensitivity is 10 mm/mA.
Calculate :
i. The detector deflection for 0.1 percent strain.
ii. The change in effective strain indicated when the room
temperature increases by 10 *C.

1. Change in strainc = 0.1 % = 0.001

Change in resistance

AR =0.001x2x1000=20Q
3. . Resistance of gauge
= 1000 + 2 = 1002 ()
4. Open circuit voltage of Thevenin's generator
[ 1002 100
‘0= (1000 + 1002 ~ 100 - 100] Epes

=5mV
Resistance of Thevenin's generator

1002 x 1000 = 100 x 100
RO = —

= 550.5
2 200 550,50
Current through detector

5x107*
sl TR e
and deflection of galvanometer = 7.7 x 10 =77 mm
in resistance due to change in temperature
AR = 10 x 10-5 x 1000 x 10=010
'nlﬁﬁquiva]ent strain

E= _A_'Ri_= 0.1
GR 2x1000
= 50x 10-¢6,

59C (EN'SEB‘I-‘&)

Instrumentation
5-10C (EN-Sem9)

l of2
8. A resistance wire strain gauge with a gauge factor
QIIOE -

ected to a stress of

ded to a steel .tmﬂ:m:a:im“nf-::gﬂ is 2 x 10° kglew’.

is bon odulus of el = element due
5:)0 kdcm:i‘ll::;;:sa in resistance of the strain gauge

Answer l PRSI
- §'= 500 kgl
Given  Guge fectoh 71 g Sm:‘; 1;1:%:::':- :
Modulus of elasticity of steel, B =2 X XL

AR 2 . b
Tofind : R = . 5
S __500__ 950 x10°
1 Skeains E=E 2x10°
AR _ G o=2x260%10%=5% 10+
R
- = 0.0005
AR _0.05%
3. R

. T
CONCEPT OQUTLINE : PAR

Therm stor : The resis ors having ne ative tEmel'&tl.uB
T t it 4 34 t
h 1

f lled thermistor. t develops
::;Efﬁments ar‘e C-‘d‘ Heiate ature tr sducer thal
- CL R

t and
b jon 0 ture between ho
< h is a function of temperaturt T
per et?f w:{l::smt.e,. when two metals ‘hsv:mg:l s
o JIEmcs 1zu-e 'plsced together, & “ﬂt:eg; ;ue fﬂm-
Soction which is proportional to the i N
]unct'll?rtl‘linenr variable differential mlam the}:wm_ it 08
' :::\::ctive type of transducer which trans linear

into electrical signals.
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)

m Explain the working principle of thermigg,
OFy wit),

suil

table diagram and give the applications.

AT

1

2.

3.

Thermistor is a thermall iti
‘ ly sensiti i i
Do e sy ve variable resistor made of ceram;
The thermistor have n i i
egative-tem i
decreases with increase in temper];:uremtm N e. resist g
So vei i :
ry ;:n:ge;hangzi e:]fwrgl?emtme can be easily dete, ted

thermistor. are or the r; i S .

i ange of —60 °C to 15 °C. "ih
Thermistor is com i

posed of sintered mixt
: ur i
manganese, nickel, cobalt, copper, iron and ur:n?-.fnin stallle Geion of
e - - . :
They are available in variety of shapes and sizes They can be
. an in the

form of beads, rods, chips or discs.
Glass

Leads

Leads Glass coated bead

Lead
\
() Disc
r!?jg;_g,; (d) Red
Working principle of thermistor :

- Thermlstarls = pe
non IIHEEI temperature de nde;
] pe: nt resistors witha ]llgh

;smtanpmc&w te:;geratume co-efficient,
ce, only thermis i :
g ermistor with a negative tem ient i
i o by perature co-efficient is
istance ver:
e sus temperature characteristic of a thermistor is i
in
R_=R ¢
where T'i pictor |
i tl;e t?-:n %hermasb'ur temperature in Kelvin
P stor resistance at temperatu .
B,i,“ mt value of R as T'— o e
co! i :
: e m; iip::c.hng on the thermistor material, in K and
: )
1stance temperature co-efficient is gi o
% ; given as:

"R dT

4.

5.

6.

temperature:
The curre
time to reac
When the he:
time is req!
a maximum
Resistance -Temperature
11
R=R, “‘{"[’ i Taﬂ

5-12 C (EN-SE]‘.\‘.I‘S’ &
The sensitivity of the thermistor decreases with increasing measured

{hermistor show that it takes

h maximum current asa function of the applied voltage. .

ating effect occurs in a thermistor petwork, acertain finite
ed for the thermistor toheat and the current to build up to

steady-state value.
Characteristics :

nt-time characteristics of the

uir

T,
absolute tempe
absolute temper

cature T, (in Kelvin).

of the thermistor at
ature Tg(inKelvin).

R_=Resistance of the thermistor at =
;3 _ Constant depending upon the material of thermistor. .
memismrhasverylﬁghnegaﬁvebempemhnecoeﬂiwmt

This shows that
Resistivity, @-m \/

Temperature, “C

t Characteristics * The voltage drop geross a

thermistor increases with increasing current until it reaches a ?eak

value and then decreases as the current increases. The thermistor
haracteristic.

exhibits a negative resistance ¢
Voltage, V i i ":
A

Current,
Fig 893,

e Characteristics : The characteristics indicates the
maximum current as & function of &

R__.Rgsist.anlce

Voltage-Curren

Cumnt-Tim

time delay to reach
Current, mA \E

Time, 8
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jications : i .Sem-3)
) 5-14C (EN-Sem Instrumentation
1. Measurement of Tem
A perature : Thermi i
" E:fmsmw with a small change in ;:T;i;‘; Pl":duces alarge o g, Thewires are]m:{ed at the end which forms two junctions, a measuring
ontrol . " ratur . c] - s f e 5 : e
canbe moft-::?l perature : By adding a control circujt being mogg,y e junétion and a reference junction.
iy ntrolled. tthe temperated' 9. Heating the measuring junction pr a voltage greater than the
'emperature Compensation : A Ure yoltages across the reference junction. }

: A8 i T ey
temperature coefficient of resistancet};: :gh ermistor hag neg 10. The difference between two voltages ;5 measured and voltmeter reading
compensate the effects of tem can be wid, ative ' s converted toits corresponding temperatures.

perature on bot, 1dely yg is co! ‘
§ ﬁ:i:l:nce; ) h Component anq cie;::;: 11, It cnns;sts ofa l‘_’“‘““‘::;ﬂ Bm:t:::: arc-:n:: m:::::m_g ju:::ﬁpn.m
. ment of power at high fre = avoid damages 10 press’ sy! or when uring corrosive
5. Measurement of vares fluids.
Tess . )
6. Vacuum pressure, level and flow of liquids. 12. The measuring junction of the thermocouple is connected to the
7. Providin, mf’a"memt?nts. ' yoltmeter and reference junction with extension wires. Extension wires
S: viding time delay. are also known as compensating leads. .
Measurement of thermal conductivit 13. The characteristics of compensating wire must be similar to those of the
¥ thermocouples wires it joins otherwise the voltage generated at the
h to affect the instruments accuracy.

connections will be large enoug
Instrument case

Que 5.10. | Explai

Que5.10.| Expla ; A

_ in the working principle of therm
ocouple

instruments.
: AKTU
TS - 2014-15, Marks 05

Voltmeter

L The ;vorkin inci
g principle of a
effect. thermocouple depends on th Referent
2 e thermoelectrie e 3 Extension
. Iftwo dissimilar metals are joi Protecti juncton. - - - - leads
joined together so as to fo rotecting —y
rm a closed cireuit, T R N i ey

there will be two juncti
0 Junctions
3. Ifone ofthe junction; where they meet each other :
Jjunction is heated then a . Measuring . i
can be detected by galvanometer g nt flows in the cireuit which junction Protecting head
' | Fig. 510, Practical thermocouple:
ference between the measuring and

4. The amo
unt of the current
rod J
temperature between the th oduced depends on the differences i 14, The voltmeter reads the dif
; the two metals, Junctions and on the characteristics Lonf reference junction voltages which can be calibrated to give temperature
. This was first reading
observed by Seebe :
ck
6. Instrument which record the vari 'aﬂd 'known as Seebeck effect. ~ Advantages:
in terms of temperature and aran;:t:ons in current flows are calibrated 1. They have rugged construction.
e known as thermocouple pyrometer. | 9. They are inexpensive.
Measuri —@ﬁﬂ Foltmater | _——13. They are simpler to use than resistance thermometers.
urin
J'unctimg | 4. Thereis no need of bridge circuit.
(hot) \ 3 . o ) | Disadvantages :
m?:;é;'“m““ 1. They have limited use in temperature span of less than about 33 °C.
\ | - because of the relatively small change in junction voltages with
Heat source Q \ = temperature.
___ Dissimilar metal wires \ ')‘_2’,\‘1 They require much of an amplifier for many applications.
* locouple, ' \\3_/, They need expensive accessories for certain applications.
fferent kinds of metals. \
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e et

m What is LVDT ? Write its merits and demerits. Diseys,
its any two applications.

AN =

Linear variable differential transformer is an inductive type of -

transducer which translates the linear motion into electrical signals,
Construction :
1. It consists of a single primary winding P and two secondary windip,
S, and S, 14
2 The secondary windings have equal number of turns.

8

The primary winding is connected to an alternating current source,
4. A softiron core is placed inside the former.

Secondary Primary Secondary
winding 5, windipgl'-‘ winding S,

a1 T

<« [ |  Softiron core |

Fig. 5111, Linear variable differential transformer (LVDT).
5. The core is made up of high permeability nickel iron to provide high
sensitivity, low null voltages, and low harmonics.
6. The whole assembly is placed in stainless steel housing.
Working :
1. The primary winding is excited by an alternating current source of
frequency 50 Hz to 20 kHz and produces alternating magnetic field
which in turn induces alternating current voltages in the secondary
windings.
The two secondary windings are connected in series position.
Output voltage is the difference between the voltages across the two
secondary windings.
Differential output voltage, E, = E;, —Ej,
E, = Voltage across secondary S,
E,, = Voltage across secondary S,
The output is proportional to the displacement of the iron core.

3

5-16C

(EN-Sem-3) : _ Instrumentation

AC excitation

Primary
winding

Displacement

Eg Esy

(a) Secondary winding
AC excitation

Displacement

6. Whenthecoreisat null position the flux hnkmg;nthc{:ost:tge s:;:ondm-y
winding is equal andhenceequal emfs are induced. 0 Es ?nuu
7. Therefore the output voltage of the transducer E, is zero &

position. y el
is shi f the null position then

8. When the core 18 shifted to the left o 1 ( iy

linked with the secondary S, is more than flux linked with the se

windings S, ) o
9. Therefore the voltage across secondary S, Bg, is more than
across secondary Sy Eg. y : P
10. Output voltage, E,= E,-Eg and in pha.se. \:nt.h ‘;i:; I::::Iﬂﬁ =
11. When the core moves right to the null position e ;
ith 5, i han with S,. Thus, Eg, 18 larger than Bsy:
with S, is more ¢ v d4.180° out of phase with the primary

12. Output voltage E,= E,,-Es5 a0
voltage.
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13. Theoutput voltage of an

g PP

i

‘and helps in dete

_ S17C (kN
VDT is alinear function
within a limited range of

of core g;
motion. kS d“lﬂacem
Advantages :

High range : The LVDT has high range of Meagy
displacement. It can be used for a range of 1.25 myy, to 25r
0.25% full scale linearity.

Friction and electrical isolation :
operation and induction effect provid
High output and high sensitivit
high sensitivity of about 40 Vimm,
Low hysteresis : LVDTs show
repeatability is excellent under all
Low power cons
less than 1 W,

Combined effect of frict;

es infinite resolutiop_ mume“
Y : LVDT gives high ougp,, ang
a low hysteresis and .t
conditions. I hEl‘Efcre
umption : Most of LVDTs consume pi;wgr which j
Ruggedness : These tran.

weight. They are stable, e
Disadvantages :

Relatively large disp
output.

sducers are simple in co

nstruction, light ;
asy to align and maintaj * Uk

.

lacements are required for appreciable differentig)
They are sensitive to stray magnetic field.

Transducer performance is affected by vibrations,

Temperature affects the performance of the transducer,
Dynamic response is limited.
Uses of LVDT:

The LVDT can be used in all applications where displacements ranging
from fraction of a millimeter to a few meter have to be measured. The
LVDT actingasa primary transducer converts the disp

into an electrical o

lacement directly
utput proportional to displacement. .
Acting as a second

ary transducer it can be used as a device to measure
cight and pressure, etc. The force measurement can be done
by using

aload cell as the primary transducer, The
converted into a voltage,

force or pressure is
Magnitude and direction of displacement of LVDT :

The amount of output voltage changein either of the secondary windings
is proportional to the movement of the core.

The displacement of the core causes the voltage of one secondary
winding to increase while simultaneously reducing in the other
secondary windings.

Hence the difference betw

een the two voltages is the output voltage

rmining physical position of the core and the
displacement.

518 C (EN-Sem-3)

4.

Instrumentation

The core moves in one direction from the null position then the
differential voltage will increase keepin

g an in-phase relationship with
the primary voltage. ‘ :
When the core moves in opposite direct.ion‘then ﬂl_ﬁerentml voltage
will increase but will be 180° out of phase mtl:l the input s.ou:r,e_
The output voltage of an LVD':[‘ is linear function of core displacement
within alimited range of motion.

The curve is linear for small displacements and starts deviating beyond
this range.

Output

,E, $=60"
fisies voltage, E,

|
1
|
L]
]
|
B

0 Is___ A
"_Di,ap‘iacement

=

. of
Que 5.12. | The LVDT with secondary voltage 5 volt has a range
b- . = S .‘ ﬁ .
:.l Output voltage when core is + 7.5 mm from centre.

iti wvement from
ii. Plot the output voltage of core position for core mo
4+'7.5 mm to - 40 mm.

Secondary voltageis5V.

i EH:haE rma%:);ts :n‘lt.im Jieat es +2.5 volt and — 2.5 volt at position
0), itin at
l:-t'li?\l:) mm and — 100 mm respectively.

i For+100 mm=+25volt

1t means when core is at centre (i.e.,

25 o 75 volt
+T.5mm= ITOX'T.\')—UAB

ii. For the range + 7.5 mm to — 40 mm,

at + 7.5 mm = 0.1875 volt

at 0 mm = 0 volt

at 7.6 mm = —0.1875 volt
tljﬂmm= Eﬁxm:—lw‘t

at . _—

100
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' 5—19ch |
M i

volt

mm -+ (7.5, 0.1875)

~100 ———40 -30 20 -1

10 20
01 20 30 40 — 100 i

0.2
"0,3

(~40,-1)
-1

~ valt
\Fig.5.12]1.

| Explain the Inductive transduce
TS,

Sel.f-s‘ene,rgﬁng r

L Fig. 5.13.1 show

. 8 an e]e "
motip, ; ctrod
n. The coil moveg in th ynamic transducer for me 7
€ annular space betwee asuring rotary
0 2 magnet and a

soft iron
core, generat;
ating a "Oltage i

in the coil

5 Fig.5.13.2 shows an electromag

Instrumentation

 for rotary motiond
,in which a voltage is
ut it is varied due to the

tr

induced in the coil when the magnetic flux abo
motion of the object, which has to ferromagnetic material.

€,

be done fora

Motion
Fig.813.2.] transducer.|
Fig.5.13.3 shows an eddy-current-type transducer. A non-ferrous plate
moves in a direction perpendicular to the lines of flux of a magnet. Eddy
currents are generated in the plate. These are proportional to the velocity
of the plate. Since the gap remains constant, the transducer has linear

characteristics.

tMotitm
B

M dadinadaad

o,

Non-self generating types : »
1. An inductance transducer of attachment type is shown in Fig. 5.13.4.

The core, made of high permeability steel, is attached to the moving
object. The motion changes the length of the core inserted in the coil
and thus the inductance of the coil gets changed due to the change of

reluctance of the magnetic flux path.
Core A
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2. Fig.5.13.5showsa variable inductance transducer for measurin,
displacement or torsional motion. One half of the core is mga':l';mlar
magnetic material while the other half of non-magnetic material, of g
variable inductance transducer, shown in Fig. 5.13.5 a small aj 0the
the magnetic flux path of an electromagnet is varied. The iﬂduc: 8apig
one coil increases while that of the other decreases. Ance of
B

Ao, L L;

Magnetic Non-magnetic

Nbed

o Motion
. {Fig. 5.13.5. Variable mduclmgceh’anaduaer fnr rotary motion. |
3 i]l: :w];n?arF\(anfb]e diﬂ'erent_ia.l transducer (LVDT) type of tr.a_ﬁsd
lntwee:;n ig. 5.13.6 a soft iron core provides the magnetic couu;’er'
o a primary coil and two secondary coils, connected i e
wl ion. When the core is central and both secondaries are 'dn Srviary
voltages across them are equal in magnitude. e

—0
Primary carrier S, O'I;;aput
frequency source voltage

Lﬂll.h.ﬂ. Lmamm motion type).

Qﬂ!ué, Explai
;sue .14, | Explain working pri .
pacitive transd e principle, merits and demerits of a

its sensitivity and draw nla&i‘li'.’,?;ii in area of plates. Also find

L F
ora parel]gl plate capacitor, the capacitance is :
c= 4 _sw |
e = ..(5.14.1)
7 x = Length of overlappi |
w = Width of mrer{ampmg b o

Pping part of plates : m

i e s it i i

C(EN .Sem-3) A Instrumentation

o w .
Sensiti\rity 8= = = E_E Fim .{6.14.2)

The sensitivity is constant and therefore there is linear relationship
petween capacitance and displacement. :
3 Sensitivity for a fractional change in capacitance

‘ =5 L S . .45.14.3)

Caxsd x jtable for measurement of
iti i e for m
is type of 2 capacitive tran ucer is sul .

% ?i:eﬂ):ﬁsplacements ranging from 1 mm to 10 mm. The accuracy1s as

high as 0.005%.

Max. T
(]
¢
2
g
i
Min- Ofa— Displacement —]
Min. EEE— Max.
Fig 8141,
Advantages :

1. They require extremely small forces to operate them and hence are
very useful for use in small system.

9. They are extremely sensitive.

3. They have good frequency response.

4. They have high input impedances and therefore the loading effects
are minimum.

5. The force requirements of capacitive transducers are very small.

Disadvantages :

1. Edge effect produces a non-linear effect on measurement.

2. The cable connecting the transducer to the measuring point is also a
source of error.

3. Thecapacitance ofa capacitive transducer may be changed on account
of presence of extra means like dust particles and moisture.

4. The capacitive transducers are temperature sensitive and therefore
any change in temperature adversely affects their performance..

5. The instrumentation circuitry used with these transducers is very
complex.

‘Que 515, | A parallel plate capacitor transducer uses plates of area
500 mm? which are separated by a distance 0.2 mm. Calculate the
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6-23C (EN-Sem.a)
value of capacitance when the di ectri i
bty e diel cis air havingnpermimﬁt’
i Calculate the e:lumge in capacitance if a linear
reduces the distanceé between the plates to
ealculnte th?. ratio of per unit change of capaci
" ;hange in displacement.
uppose a mica sheet 0.01 mm thick ig inse i
rted
Calculate the value of original capacitance auduu:ht: . hiy
cafpaei_tance for the same displacement, Also calculate thnga n
of per unit change in capacitance to per unijt ch erat_in
displacement. The dielectric constant of mica is 8, Yo

dileaeeEEnt
0-18 mm‘ Al!»o
tance to per unj¢

i Given '.A=500Lx 10%,d=02 mm, & = 8.85 x 10-12 F/m

| ToFind: i acAC/C o AC/C

. Adid Adid

i.1. Initial capacitance,

C= SoA _ 885x107 x500 x 1078
T 222195 pF
0.2x10
2. Change in displacement, Ad = 0.2 - 0.18 = 0.02 mm
3. Capacitance after application of displacement
C+aC= 885x1072 « 500 x 108
0.18 x1073

Change in capacitance, AC = 24.5
5. AC/C _(2.458/22.125)

= 24.583 pF
4.

83 - 22,125 = 2,458 pF

—_— =

i I:ldld ©0z702 -

4. 1. Initially the displacement betwee
thickness of mica is 0.01 e

plates is 0.2 mm. Since the
mm, the length of air gap between the plates

=0.2-0.01=0.19 mm,
Initial capacitance of transducer,

2.

IELY ke
d, "'51 +d, e,
o 8.85 x 107" « 500 x 10°°
585107 x500x10° _
(0.19/1+0.01/8) x 10°° 23.137 pF
When a displaceme:

t of 0. —— o
reduced to (0,19 0,02) .=00‘.]127r:::;s applied, the length of air gap is
4 - Capacitance with displ

3.

t Yiad

x 500 = 10°°
o : ©177/1+001/8)x107 | = 20839 pF
- Change in capacitance

_ 8.85x10°
5

9 In piezo-electric element

5240 (EN-Sem-$) Instrumentation

AC = 25.839-23.137=2.702 pF

6. Ratio

Que 5.16. | Explain working principle of piezo-electric transducer
wlth ﬁiazl‘m°

{Answer . l ) :

1 Apiezo-electric material is the one in whichan electric potential appears
. across certain surfaces of a crystal if the dimensions of the crystal are
changed by the application of a mechanical force.

mechanical deformation generates a charge
and this charge appearsas a voltage across the electrodes.

3. ThevoltageisE= QIC. The piezo-electric effect is direction sensitive.

The magnitude and polarity of the induced

surface charges are
proportional to the magnitude and direction of the applied force F.

5. The polarity ofinduced charges depends upon the direction of applied
force.

Expression for voltage and charge sensitivity :

i i induced surface charges are
magnitude and polarity of th_e ind :
b :r:portiinal to the magnitude and direction of the applied force F.

9. The polarity ofinduced charges depends upon the direction of applied
forces. :
3. Charge Q = d x F coulomb ..(5.16.1)
h where, * d = Charge sensitivity of the crystal, C/N
F = Applied force, N
Force F

F= AE At newton .{6.16.2)
t
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Electrical
A = Area of crystal in m”.

¢ = Thickness of crystal in m.
E = Young’s modulus N/m?.

where,

5. Young's modulus, E = :—E’ﬁ = [—EJ—L=£ N/m?
: 'm
2 %l in Alarlt Aa
where, w = width of crystal in m and
‘ h I = length of erystal i
7. - Fromeq.(5.16.1)and (5.16.2), we have I
" TTI:, Q = dAE(Atft)
e charge at the electrodes gives ri (1841
. Vit - gives rise to an output voltage E |
where, C, = Ca b
" , = Capacitance between el
:0. Capacitance between electrodes, C, = £ ¢, At S
1. Fromeq, (5.16.1), (5.16,5)3:1(!(5.1676] o
ci __dF _dt F
12 o EEATL A
But F/A = P = Pressure or stressri_n N/m?, ke
5 s
E,= —1tP

Krto

--(6.16.3)

-5, 15,5)
-..(5.16.6)

E=

..(5.16.7)

..(5.16.8)

wherE, — -.5_

e . E.E

';: the “voltage sensiti\"it;f’ of the erystal o

is const. i b
. ant for a given crystal cut. Its unit i
N5 : is V-m/N,
o
e 5 3 P
E /t = Electric field strength in V/m

o g = Hlectricfield ¢
m eq. (5. Stre e
i e : 16.9), charge sensitivity, d-fc - ..(6.16,11)
lications : : ot T
1 BBI:E” follows : Ao arhoeis 4
ause of stabil;
oscillators, A ity, quartz is com
7S, A Drope; -1 commonly used fi i
appropriate ele':lroii&?:?e is given to the crysm‘ir;j:si?ﬂmng electronic
ircuit whose frequency is DDIII-: u;llm:'ited inan
rolled by it.

...(5.16.10)

applicati i
pplications of piezo-electric transduc
ers

que5
sll,l;.limltio
”gwer
Hall

pltrasomec ge
msterial‘ Such elements
also in UM

Instrumentation

a piew-eiectric

. oenerator elements also use barium titanate,
apparatus and

are used in industrial cleaning
ction system known as sonar.

e the construction, principle of Wi
sducers.

derwater dete
17- Describ: orking and
ion of Hall Effect tran

Effect transducer :

The principle of working of 2 Hall Effect transducer is that if a strip of

conducting material carries & current in the presence of a transverse
etic field, a potential difference is produced between the opposite

edges of the conductor-

The magnitude of the voltage depends upon the current, the strength

of magnetic field and property of the conductor called “Hall Effect”

The Hall Effect is present in metals and semiconductor in varying

depending upon the densities and mobilities of carriers.
passed throughleads and

amounts,
g.5.17.1 where current is

Letus consider Fi

2 of the strip-
The output leads connected to edges
when there is no transverse magnetic fie
When a transverse magnetic field passes throu:
voltage appears across the output leads.
This voltage is pmpnrtional to the current
The output voltage is

E, = K,IBlt

3 and 4 are at the same potential
\d passing through the strip.
gh the strip, an output
and the field strength.
L{5.17.1)

where, K, = Hall Effect coefficient in i
A-Wb/m

¢ = Thickness of strip in‘m’
current in ampere

and I and B are re spectively the and flux density in
Whim®.

L
Transverse ¢
magnetic field
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5-27C (g
Thus, the volta N-Sep,
,F : ge produced may be 3 c(EN-Sem-il)
the current I or the magnetic ﬁa:; d Stru:Ed I:;OE measurement o 5-28
ngth B. Cithe,

Applications of Hall Effect Transduce

are as follows : r: The varig
' S aPplicay; : e R
a. Magnetic to Electric Transdu. atip i _'Givm:ouxput'\mltas!, E“.= Wy
be used as a magnetic to electric :'.er ¢ The Hall Effect transq Thickness, ¢ = 3.0 x 10* m
inserted into the m £ l'fln.s_d ucer. A semicond ucer . ] e £ : :
fies ot fareesin agnetic .ﬁeld which is to be measur uctor P]atea'n Current, I = 2 amp L Fa
The tend perpendicular to the semiconduct i:‘;. Tl'he magngt:: Hall's co-efficient, Ky =41 10 V-m/A-Wh/m?
2 ucer gi Plate. i . i
magnetic field ;;;:]v;sea;fo utput voltage which is proport; To Find Mngnem:
gaps for magnetic me: ol ]-{all element can be ins, OM? 1o B, the The output voltage is given by :
b M astirement in air spaces ertedin narrey, E, = KB/t
easurement of Di ' =
used for the memw;:l;:ﬂ;emem : The Hall Effect ¢] e
element ie., it can serve of the location or displacement E}n?nt can be 10x10%= —————5—
proximity transduce asan indirect acting position dis; a structurg) 3.0x107
magnetic structure t::s:: :aie: where a change of gel;hcememm. 3x10x1078 R
p m =2 =3 'm
change of magnetic field stmn;}fy ofa 82x1078

¢ Measurement of Current :

The device serw
S es to me .
for interrupt; asure current
pting the circuit in a conductor with, o
between the conductor c,l and without making electric ;mt the need Measurement of Motion, Force, Pressure, Tem,
th es through the ronductr:: :n.;nd the meter. A t‘urre:t :B?:nﬂticn Flow and Liquid Level.
e conductor. This magn sets up a magnetic field surrou?::jia : = e,
. i CONCEPT OUTLINE : PART-3

« Measurement of Motion : Following transducers are used

for measurement of motion @
fi. Inductivetype

Proportional to th
be used fo, € current flowing in t
thousan, d;o?,’e“uremem of cm-re:ft frol;r Imrld uctor. The system can i Resistance type
ampere ess than a milli-ampere to iii. Capacitance type iv. Piezoelectric type
v. Resistance strain gauge type.
Following types of devices are used

d  Measu
rement of P -
the power. The cun:;:er : Hall Effect multiplier is used « Measurement of Force:
used to measure for measurement of foree :

g t pas
proportional to voltage topba-sed o ough the Hall Effect clement i
-]

Proportional to th, measured and 7
ec ma AP

Hall Effect element ],::;';‘);t to be measured. Hei’;if:jzfo]d dclnsuy is

9 put voltage of

i. Balance iL Hydmulic‘load cell
{ii. Pneumatic load cells iv. Elastic type devices

+ Measurement of Pressure: Following types of transducer
asurement of pressure :

rtional to the
Que 5.18. | An Hall Egr, power to be measured. are used for me -
L o ect elem i Resistive & uctive

:ifelfl strength gives an oyt ent used for measuring a magneti iii. Capacitive iv. Differential transformers
Ths:licon and is 3.0 x 10~ put voltage 10 mV. The el . " | v. Photoelectric vi. Piezoelectric

e Hall co-efficient is 4 | thick and carries a SIRMERt I ' vii. Tonization viii, Oscillation
strength (p). -1 % 10 Vin/A-Wh/m? Fi;';n‘ent of 2 amp. |

> magnetic field |

e et 2
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5,300(5
£ magnet type These are not useful for measurement of variations because their

QIIBS“- Describe with diagram the movin

transducer used for measuring linear velocity,

il calibration deteriorates because contact with stéel tools, ete., leads to
and demerits.

pmgressive demagnetization.

/5‘3?" Explain the measurement of force.
s [t
Moving magnet type velocity transducer : 2

1. This utilizes the output voltage (e;) produced in coil on ap In;:r_-l :
change in flux linkage, resulting from changes in rell.uzt:mce_cmmt " Measurement of force iz done by
_dé_Ndi Niqr Balance : ki
B T Rdt R dr E As shown in Fig. 5.20.1(a) is called a balance. To Tea:iu:ethei bl
2. Ifaverage value of reluctance R is greater than the variations i R, th force F at adistance L fwn,] t.he pw?lt_.ha'm as::;; adistance
Ni/Rtis approximately constant. Thus, rate change of flux is pmpom:mai pivot is used. The system is in equilibrium _
to rate change of reluctance directly, K=l

i 11:
Hydraulic load cel ‘ . .
. * Hydraulic pressure is used to indicate the force F, applied toa dfaphrsg::
- rysome other type of force transmitting element. Such a device can
(1)

Also enlist i merig,

used up to very large forces.
g F Force F Diaphragm
§ I | E— —
= ‘ ;s - /;fé
. ,,gf;';;y, é % Pressure
S % T indicator
- pr—y—rfe—i Y,
Air gap L e
L____J (a) (b)
Output .

Fig. 5.20.1. (a) Balance principle. (b) Hydraulic load cell,

3. Pneumaticload cell : In this type of load cell as sl;odjw:pi;rigﬁifg;i
3. R varies directly as length of air gap and thus output voltage is directly air is supplied under pressuretoa ct{aml_:er h?‘;mfe diapragn
proportional to rate change of air gap and hence to the velocity. o i wthar: Agelichtion:offan

tension of the diaphragm
4. The constant mmf (Vi) is provided by solenoid of N tur deforms it and changes the gap I;e‘:!weeenssthu: :T:the s
5. Apermanent magnet is used, that provides constant po and the nozzle, thus changing the pr

Fig. 5.19.1. Moving magnet type transducers,

ns as shown,
larizing field, in

form of a rod rigidly coupled with device whose speed is to be measured, Force F Disihingn
6. The polarity of output determines the direction of motion. ‘)
Merits : - =
L Maintenance is negligible, . ?r:;r:aﬁi Eﬁmﬁ Chamber
i OQutput voltage is linearly proportional to motion, Air supply
ii These are robust and inexpensive to manufacture, Pressure —= o
Demerits ; P
Performance is adversely affected by stray magnetic fields.

| eumatic load cell.
response is limited. | | B o
. se are important devices

Elastic force devices : The O In such devices, the

measurement of both static and dynami
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531C(ry 'SPm,.;)
force applied to the elastic member result in a displacement

- or £
the elastic member, which is sensed by mechanical or ¢}, e“rom:% i
means.

hanigy

Name different types of pressure elements,

‘ Diﬁ’erent types of pressure elements :

A Bourdon Tubes :
1. The bourdon tubes are designed in various forms. These are -
L C-type
i Spiral
iii. Twisted tube
iv. Helical
-
@ @ - %
e o
C-type Spiral

Twisted tube Helical

Fig. 5.21.1. Pressure sensitive primary devices.

2. The bourdon tubes are made out of an elliptically flattened tube bent in
such a way as to produce the shapes shown in Fig. 5.21.1.
3. One end of the tube is sealed or closed, The other end is open for the
fluid to enter.
4.

When the fluid whose pressure is to be measured enters the tube, the
tube tends to straighten out on account of the pressure applied. This
causesa movement of the free end (closed end) and the displacement of
this end is amplified through mechanical linkages.

The amplified displacement of the free end may be used to move a
pointer on a scale calibrated in terms of pressure or may be appliedtoa

electrical displacement transducer whose output may be calibrated in
terms of the pressure applied.

Bellows :

Ametallic bellows is a series of circular parts, resembling the folds in an
accordion as shown in Fig. 5.21.2.

These parts are formed or joined in such a manner that they are
expanded or contracted axially by change in pressure.

- c (EN_ng-s) Instrumentation

&

Calibrated 0 o
sca}e ) e = Cand o e
Fig. 5.21.2. Bellows elemient; i
etals used in the construction cfbeuows._mjnatbﬁiﬁn;“;ﬁgve "
III)'L]‘fa'lre?::rihle. ductile enough for bly easy fabr

i igue failure.
i#h resistance to fatigue : f
:;gterials commonly used are brass, bronze, beryllium copper, alloys o
nizkel and copper, steel and monel. : ) N
are three main configurations in which bel cw:Il e
Th“;znd these are for measurement of abs?h:te, gt:ge“rim S
e sures. These configurations may be illustra
pres: .
Fig. 5.21.2. ‘ Y
T:cre are two bellows, A and B. The pressure applied tobe X
d that to bellows Bis P,. o L
i se it is desired to measure the ahw}utie pr;::;:z; sty
In c:uated and the resultant pressure, P,istheal e
i;; n measurement of gauge pressure is des;ed;t:ia;:ﬁ clpressm
:0 atmosphere with pressure P,is equ;l tg eauge gt
:Ed therefore the reading of the gauge ist ; g o
i i gy T
ment of differential pressur y e
E:sgi:s;r:a applied to bellows A and pressure P, is app
1
B.
Diaphragms : ' el -
The operating principle of diaphragm elexd e .
follows. The pressure tobe mex_asu:ed:s T:_i e appphmlied mw‘“‘-“@&
itto deﬁect. the deflection being iropﬂ i Ot.
‘ e t does m
The movement of‘ the iﬁgﬁﬁeme e nphragm elemen
The movement_ is smal the case in bellows. : o
require any springs asis s P PR
The movement of adiaphragm 13 con’
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The unknown pressure is applied to one side o 3

i fadi
of the diaphragm is rigidly fixed and causesa 1aphragy,
the applied pressure.

deflection on ;‘Ecueu:i!e
of
The displacement of the diaphragm may be me
T asur
value of applied pressure, P. A flat diaphragm is sﬁgwti?st;_mine the
1.5,
t & i’ ‘ Diaphragm s,
...... d,
e D -_'_'_'_‘—'—-——___,.1
[er o]
Fig. 5.21.3. Flat diaphragm,
3
Pressure, P= M 2
31-v%) p* Ny {5217
where

E = Young’s modulus s Nim?,

t = Thickness of diaphragm ; m,
D = Diameter of diaphragm ; m,
R = Radius of diaphragm ; m,

v = Poisson’s ratio,
and

d,, = Deflection at the centr
The diaphragms are of two types:
Flat type and

Corrugated type.

(©)

(a) Flat type

¢ of the diaphrag‘rn ;m,

1@

(b) Corrugated t ype

Fig. 5.21.4.
Que 522, l What is pitot tube ? With

i the help of suitable di
describe its use in flow measurement, B
Answer

1
2,

Pitot tube i i
tube is uged mainly for the measurement of fluid velocity.

The . i .
mlidogigihil;gkzntnclple of a pitot tube is based on the fact that whena
Pt centrally and stationary in a pipe line with a fluid

&_340

10.

o L P

.Sem-3) '

N Instrumentation
aming down, the ?el_ncity of the fluid starts diinich:

;t:sence of the body till it is reduced to zepy dir. A8 due to the

10 directly in front of the bod:
HiE point is known as the stagnation point, -

Asthe kinetic head (pressure) s lost by the liquig, it gains a static head
Thus by measuring the difference between pressure at -

ion poi i normal flow lin
and that at stagnation point, the fluid velocity s determ; oL e
Impact high z
Pressure connection

* Static flow pressure connection
Packing nut

4- Stuffing box

Flow

Fig. 522.1, Pitot tube.

A pitot tube consists of a tube with an impact opening of 3.125 to

6.35 mm which is placed directly in the line of flow and a static opening
at 90° from the impact opening.

The differential pressure across these tubes is proportional to the velocity
of the fluid.

The measurement of quantity rate is calculated from the ratio of average
velocity to the velocity at the point of measurement.

For an accurate measurement, the pitot tube is moved across the entire

diameter of the pipe to measure the velocity at several points and then
the true average velocity is calculated.

The accuracy of a pitot tube may range from + /2 to £ 5%.
Advantages :

These tubes have no process loss.
They are economical to install.

It can be easily inserted througha small hole into the pipe or dgct.
Disadvantages :

These tubes have poor accuracy.

They are unsuitable for dirty or sticky fluids.
They are sensitive toupstream disturbances.
Not suitable for measuring low velocities.
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S’.QB.? Discuss venturi tubes with the he),

3 P of neg kg,
Also write advantages and disadvantages, hey

e

A venturi tube is used, where ure logg ;

importance, and where maximum accuracy jig des;s of_pﬁ%

measurement of high viscous fluids, It consists of Ted iy th
i Astraight inlet section of the same dj

high pressure tapis located,
A converging conical inl
stream decreases and i
pressure head.

Permanent pregg

ameter as the Pipe ip Which
13

et section in which the Cross-sectj,
nereases the velocity heaq X

of
and decmas:h:f
iii. Acylindrical throat which provides for the loyw Pressure tap |y, "
the decreased pressure in an area where flow velocity j5 : 10 of
increasing nor decreasing, and Cither
iv. Adiverging recovery cone inwhich velocity decreases and the decyg,
velocity head is recovered as pressure head, ased
v. The pressure taps are located one quarter to one half pipe diametey
stream of the inlet cone and at the middle of the throat seetion, d
High pressure tap
-
Inclined angle
5°to 15°
: . Outlet
= Inlet : Fig.5.23.1. cone
Advantages ; i
1. Ttcauseslow Permanent pressure loss.
2 Itis widely used for high flow rates,
3. Itisavailablein very large pipe sizes.
4. Ithaswell known characteristics,
Disadvantages ;
1. Itscostishigh.
2. Ttisgenerally not useful below 76.2 mm pipe size.
3.

1t is more difficult to inspect due toits construction,

CONCEPT OUTLINE : pART-2.

mart sensors: Micro sensors are atype
. very small in size and used in smart m.mﬁmn and structures,
Silicon is used as a base material for micro sensors, ;
« Data acquisition systems.'. Dfxta.anqmsumn system is :
employed for large scale recording,ie,, in power plants for input
ignals like temperature, pressure, slpeeds, ﬂuvf rate.fqm‘etc.
Ttis used in communications, electronics and medical applications

of sensorswhich are

Que 5.24. | What are smart sensors? Explain with neat bl
ue 3
diagram.

Answer \ g ' o
e
9 Some of the other features im.luded in such sensors are:
i  Compensation for interfering inputs

fi. Linearization

il Self-test -

i ibration facili :

1; (;:1:‘];::2] acquisi.ti?n u_sing Ztri smart pressure sensor

diagram is showninFig. 5241

Pressure
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Que 5.25, l Define smart transmitter with the help of
e

If a piezoresistive sensor is used, as primary Sensop .y
main interfering input is temperature and g e

. 0 A Secong iy,
sensor is used to compensate for the effect of te:umn:lar te \Per.
change. ure on p,
The memory of the microcontroller has caliby:
microcontroller is essentially a microprocesso, i,

Using of smart sensor enables the system to Monitor g} Utpyy [“l‘ilif_;
de}ect possible damage easily, instead of using a deg; 1¢ Proggg, "M
with spectrum analyzer or data acquisition system Cated “Ompyte,

ation datg Sopod :
rwithinpyyy,

T,

at

Answer | ding’""‘“
" i oot B et 5 et g,
e et e L L T
3. The use of computers has resulted ; s i i

:?;iﬁ )f';egwj bzses for transmittinglgi::i:::rzlf tlle;i?:;:iqtl;:t;ln;;l:l?gg ;m
¢ 333&22‘21?:&?312’%“3“5‘531?ffxfi?r&“;?f,iéil’f e g
5. i ‘

O i 5 st 1 5.
Y Orcspaioly. " ° " fenenies 1200 g
T ';h;;h ;l;;:]si.s a simultanegus communication for both analog and
8

The current dev
buses’ which lin
levels with the
control systems,

elopment incly
k various senso

des the development of various ‘field
main system

rs and af:tuatnrs at the field or process
tommunication devices or distributed

Existing 4 - 20
mA lines

e —

Hand-held
interface for
Data transsias communication
et Mission using Hart protocol.

Hart Modem

Fig.6.25.1,

ch (EN.SBI'II'S)
.—-'"""-___-_

e

Instrumentation
This includes linking of sensors,
ogic controllers (PLC) so that th

———— e
controllers, PC and programmable
levels in a plants, and results in

e inl'o;:mution is available at various
reduction of wiring in the plant,

Que 5.26. | What is DAS or data acquisition system 7

Faswer |

Data acquisition systen relates to the process of collecting the input
data as rapidly, accurately, completely and economically as necessary. It
consists of individual sensors with necessary signal conditioning,
multiplexing, data conversion, data processing, data handling and
associated transmission, storage and display systems. In order tooptimize
the characteristics of a system in terms of performance, handling
capability und cost, the relevant subsystems may often be combined.
And finally the output result is used for processing, transmission, display
and storage.

Data acquisition system can be classified as :
Analog System : These system deals with information in analog form.
Digital System : A digital quantity consists of discrete or discontinuous

pulses whose time relationship gives the information about magnitude
and nature of the measuring quantity.

Uses:

These systems are used in industrial and scientific areas, aerospace,
biomedical and telemetry industries.

Analog DAS is used when wide frequency width is required or when
lower accuracies are tolerated.

Digital DAS is used when narrow bandwidth or higher accuracy and low
per channel cost is required.

Que 5.27. l Explain the role played by different elements of data
acquisition system.

Answer l

The various components and their functions are :

i,

1. Transducers : They convert a physical quantity into an electrical

signal which is accepted by data acquisition system.

Signal
Transducer I conditioning
equipment

Auxiliary equipment and
system programmer

Fig, 5.27.1,
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¢ Signal conditioning equipment : It transf, B%:.;}
_transducer in a desired form for the next blocy ki

)

Multiplexer : It is the process of sharing a g;

s
of DABthE m.\t],ut
than one input.

ngle chgy,
: nel Wit
Signal converter : A signal converter trang)

at
a form accepted by A/D converter. esthe analgg 8

Analog Digital Converter : An A/D converte, con

digital form. The output of A/D converter is fed t digi Ver?a “Quiy,

to display the result and fed to digital recorder forglm] di lay g, ﬂl.e]u
Ty . = o . !'El:urdin 4 w‘%

Auxiliary equipment : This includes devices for sys ?

function and digital data processing for functj e

Ly : ; ons like lipa. . o &M
limit comparison. These functions are performed 1:‘; ti]inmnz Ting
I

i Atigy

s e it fnd
Digital recorders : Digital data are recorded o i al COmpyg,
dises, magnetic tape. neh ey,

ds, "Oppg
Digital printers : A digital printer can be specified ¢
an electronic instrumentation system to rec S

i
ord the dat Merfacy With

: a.
Multiplexers : There are two popular met

in measurement applications :
Time Division Multiplexing (TDM)
Frequency Division Multiplexing (FDM)

hods of multiplexing wsed

VERY IMPORTANT QUESTIONS
Following questions are ve

1 ry important. These ue;
may be asked in your SESSIONALS as wel‘: n:ﬁm

EXAMINATION.

[

e "
A Refer Q55 Xpression for

Q.1. Discuss various types of transdue

are the basic requirements of a tr,

er with examples. What
ABE Refer Q. 5.2, Unit-5,

ansducer ?

Q.2 'For a transducer describe the following :
i Input characteristics;
i Transfer characteristics:
iii. Output characteristics ’
ABE Refer Q.5.3, Unit-5, ’

Q.3. Explain i
‘:‘:Eve tht:e construction of wire wound strain gauge %

, Unit.5, the gauge factor.

R

lo

Q4
AUE
Q.5-
Q.6.

Q7

Q.10.
i

Q.11
Q.12.

Ans

. Explain working principl

Explain the working principle of th _ k
diagram and give the “‘Pplieatiom_emiahr' wnt_h suitable
Refer Q. 6.9, Unit-5.

Define principle and working of th i
of suitable diagram, ermocouples with help

Refer Q. 5.10, Unit-5,

What is LVDT ? Write its merits and demerits, Discuss its
any two applications.

Refer Q. 5.11, Unit-5.

Explain working principle, merits and demerits of a
capacitive transducer based on change in area of plates.

Also find its sensitivity and draw related curves,
Refer Q. 5.14, Unit-5.

of piez

lectric transducer with
diagram. i

Refer Q. 5.16, Unit-5.

Describe the construction, principle of working and
application of Hall Effect transducers.

Refer Q. 5.17, Unit-5.

Name different types of pressure elements.
Refer Q. 5.21, Unit-5.

What is pitot tube ? With .the help of suitable diagvam
describe its use in flow measurement.
Refer Q. 5.22, Unit-5.

Explain the role played by different elements of data
acquisition system.

Refer Q. 5.27, Unit-5.

©00
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Electrical Meaﬂﬁl‘ements

Electrical
Measurements

vi. Loadingeffect ininstruments ete.
vi. Certaindesign limitations.

viii. Error caused due to improper knowledge of operation.
ix. Mechanical fault causes error. '

15. Compare digital instruments with analog instruments.

(2 Marks QueStiOns)

—_—

Memory Based Questions

L1, Define measurement.
Ank The measurement of a given
result of comparison betwee
unknown) and a predefi
compared, the result is e

quantity is essentially
n the quantity (whose
ned standard. Since two q
Xpressed in numerical va]y,

an act or the
magnitude i

uantities 5 re
8,

12. Differentiate between accuracy and precision

" AKTU 2015-16, Marks g2

[AKTU 2015-16, Marks 02

Digital instruments -

§.No.| Analog instruments
i | Less accuracy upto £ 0.1%

Very high accuracy upto

of full scale. + 0.005 % of reading.
™ & |Low in cost. High in cost compared to analog.

iii. | Errors due to moving parts
are present.

There is no moving parts hence
no errors.

Power required is high

=
iv. :
hence can cause loading.

Negligible power is required
hence no loading effects.

1.6. State advantages

and disadv.antages of

Accuracy of the measuring
System is defined as the
closeness of the instrument
output to the true valye of
the measured quantity,

_It mainly depends on the
}nherent limitation of the
Instrument,

. What are the g . .
i > pplicati
AMZ i Monitori
i Control

v,

Poorness desj
iy esign

Manufacturing defect,

. h,__

Precision

Pr_e-ltision is defined ag an
ability of the instrument tq
reproduce a cor
readings
accuracy,

- tain set of
within a given

Precision of an instrument is
dependent on the repeatability,

8e in process Parameters,
Pﬂl‘ameters_

electrodynamometer type instrument.
Ans. Advantages: ) .
i, As the coils are cored, these instruments are free from hysteresis
and eddy current errors. )
ii. They have precision grade accuracy for frequencies upto 40 to
500 Hz.
ili. These instruments can be used on both AC and DC.
iv. Low power consumption.
Disadvantages : o
i. They have a low torque / weight ratio and hence have a low sensitivity.
ii. They have a non-uniform secale. i
iii. These instruments are sensitive to overloads and mechanic
. impacts, ) f
iv. They are more expensive than either the PMMC or the moving
iron type instruments.

1.7. Differentiate the terms “static error” and “limiting error”.
1AKTIJ 2016-17, Marks 02 |

Static error I.imltmg. error ' -
Static error is the deviation | Limiting error is the accuracy
from the desired value | specified by the manufactur:r
under static conditions. within a certa_m percentage of a
full scale reading.
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EN Sem 3
18. State advantages and disadvanta
instrument.

ARk Advantages:

i These instruments draw negligible power from the Maing
ii. They may be used on both AC and DC, :
iii. They have no frequency and waveform errors,
iv. There are no errors caused by stray magnetic fields,

Disadvantages :

i. These are large in size and bulky.
i Their scale is non-uniform,
iii. Operating forces are very small,
iv. Expensiveinstruments.

ges of electm““
©

13. Discuss the special features of Potential copj) in Lpp
wattmeter.

ANE Some features of potential coil in LPF wattmeter are -

i. The potential coil circuit is designed to have a Joy value of
resistance, so that the current flowing through it is increaseq ti
give an increased operating torque,

ii. Compensation of inductance of pressure coil is done.,

ii. The potential coil current may be as much
employed for high power factor wattmeter:

iv. It is absolutely Necessary to compensat
current in a low power factor wattmeter

as 10 times the valye
s,

e for the Potential coj]

1.10. Whatis the diff. erence between absolute error and
error ?

relative
AKTU 2013.14, Marks 02
Ang
liNo.! Absolute error l Relative error
L

It is defined as differenca Itis defined as the ratip of absolute
between expected value and error to the expected value of
measured value of variable. variable,

Mathematically, Mathematicall y,

e=A A relative error

where,

¢ = absolute error
A, = expected valye
A,, = measured valye

expected value
measured value

}'»
won

L1L. Differentiate between reproducibility and drift.

[ARTU 2015-14, Marks 02 |

1s the degree of closeness (It is an undesirable qQuantity in
“"h which a given value of lindustrial instruments because it
i ntity or condition can be lis rarely apparent.
quaegtedi}' measured while
- roaching the measurement
?rfm both sides under the same

oper‘ating conditions.

% in terms of units gradual shift in the indication
L aP:E?;f:lriod of time.  lor record of the instrument over
OENy an extended period of time, during

hich the value of the variable
does not change is referred as
drift.

9. Define meter constant in single-phase induction type
1l

rgy 3 02
energy meter. [ARTU 2013-14, Marks 02|
ang Th number of revolutions of the disc per kWh of energy
I co:fsumption is called the meter constant.

N Number of revolutions
K = Meter constant = e

energy kWh
where N is speed.

is usable over
1.13. Why the scale of moving iron instruments 1s u
' about 80® of its length ? Explain.

[ARTU 201617, Marks 02

i ssed or
iron i My the scale is compre
ing iron instrument, usua Tt
- “:g;]e[};l its lower and higher eqd. Thu:;!':eesc“m e
cx{'nfurm in between the lower and higher end, i.e.,
uni
over 80° of its length.

i is 102 V and the
1.14. The value measured by an 1mo:|r:'m(;:1;;:nta:
o actual value of the g;rstem I::eeﬂ::r
(i) Absolute error (ii) Relati

A,=102V, ﬁﬁ“‘?ﬁ“;,w
Ang =102+
A= A, -4
Sl ey S L2 00ma%
i Relative error, E =10
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84 = 0.02 x 150V=30 \'
The Percentage error at g meter indication of 83Vis

3.0
== *100 = 3,629
23 %100

1.16. Three resistors h
R,=1000 159 R

ave the following ratin

gs R =200Q*5
a==5l)n=5%.Dete . %,

rmine the magnitude oll'
in % ang in ohmg if

,=2005 5 %200 = 200 + 19
100

ABE The values of resistances are

R

5
By=1002 o x100=1004 5

5
R, =50 100 *80=50+250
The resultant s R.=R +R, +R,
RT= (200 + 100 + 50) (10 + 5+ 2.5)=350 4 1760
- Resultant is 350 0, limiting error in ohms=1750
The limiting error in Percentage is
17.5
e, =3 %xlﬂﬂ:i-ﬁaxlﬂﬂ =+ 5%
@o®

Measurement of g, 14,

Measuremeng of
Resistance, Inductance
and Capacitance

(2 Marks Questions)

2.1. Give the range form

ts of low, medium and high
| AKTU 2015-16, Marks 02|
OR

d by low, medium and high
t do you understan :
s ’ "AKTU 2016-17, Marks 02

resistance.

resistances ?

OR

i int of view of measurements.
Classify resistance from the po

[ARTU 2015-14, Marks 02]

o g clas.s ﬁflitei?gls] ?!::rematance of the order of 102 and under
i sis ¥ >
* Iﬂwbr:classiﬁed as low resistance. o Gt
;lla}:ﬁ m resistance : This class inclu stance

ii ediu:

. el e Uhl,ehg}t;zme of the order of 0.1 M and upwards

iii. High resista.nce; sist

" arllfclassified as high resistance.

= slide wire
What is the purpose of using Carey-foster h
22, a "
bridge ? o for the purpose of determ:mlng ;
A slide wire bridge is used 2:-& he pUIp o
i difference between the stand tstmunkne oeidge ?mtame
23. What are the limitations of Whea

asurement
idee is limited to the me i
i stone bridge is to several megaohm
T i g e £ LS
of re: !
imi set by th :
ii. The upper lmn;;y high ,gmstancde vtx;ll;e:min extent by
et ca‘:mit can be eande_d but in this case care
i '_[‘he ugpertﬁleﬂ;m“p plied mthe_bnofg:ny rm of the bridge-
ncreasing ﬂvo‘d mrheahﬂﬂ 3 e ?
has to be taken to bridge circuits ?

in AC
24. What are sources of error in

i jreuits :
RHE: Sources of error in ac bridge cif
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(EN.8ey, %
1. The main error is because of limiting errors of the res;
Hence, very precise resistances are required having
1% or even 0.1%.
2. The resistance of leads and contacts exterior to the
circuits add the extra resistance.
What is Megger ?

2.5.
AEE:. Meggers (or megohmmeters) are instruments which measyre
. insulation resistance of electric circuits relative to earthang the
another. A megger consists of an emf source and a voltmefe,.one

2.6. How can we measure the self-inductance of the bridge 9

anz The self-inductance of the bridge is measured by using Maxw, 1'1,
inductance bridge. This bridge circuit measures an inductancg hs
comparison with a variable standard self-inductance, Y

2.7. What is the sensitivity of Wheatstone's bridge ? Explain
briefly.

Ax. When the bridge is balanced, the current through galvanometey
is zero. But under unbalanced condition, current flows through
the galvanometer causing the deflection. The amount of deflection
depends on the sensitivity of galvanometer.

Deflection, D

Current, I

28. Give the applications of Wheatstone bridge.

ang i To measure the resistance in the range of 1 Q to fow
megaohm.

ii. To measure the DC resistance of various type of wires.
iii. To locate the cable faults in a telephone line.

What limitations were overcome by modified De-Sauty’s

bridge ? | AKTU 2015-16, Marks 02|

Axix In De-Sauty’s bridge, it is impossible to obtain balance if both the
capacitors are not free from dielectric loss. Hence modified
De-Sauty’s bridge is used to make measurements on imperfect
capacitors (i.e., capacitors having dielectric loss).

Enlist difficulties encountered in measurement of high

| AKTU 2013-14, Marks m

Asg Difficulties in Measurement of High Resistances :

. 1. The insulation resistance may be comparable to actual value of
resistor so leakage current is produced which is equivalent to the
value of current to be measured and must be eliminated.

. Due to electrostatic effect, stray changes occur in the system which
causes error. ;

One point must be connected to the earth to obtain definite ratios

of potentials and accuracy in measurement. g

._Insulating materials possess the property of dielectric absorption.

:-/Thus measurement of true conduction should be delayed.

.~ The change in temperature, humidity, kind of current employed,
magnitude and duration of applied voltage and other factors

stanceg
tolera_n,:le?gf

actual bﬁdke

Sensitivity, S =

2.10.

resistances.

(EN-S"""S)

sa8C : . —— LR
affecting resistances should be consige

e red during
esistance of low conductivity conductors, mhﬁ::“m*ementof
o psitive galvanometer or micro-ammeterig

6. pigh voltages used in testing required to

g materialg efg,
required for meggy
raise the current valye,

Application Based Questions

i i istance of a cable

jculate insulation res € ol a cable in which the
211 S:lmgefallsfrom 200V t0 160 V in 20 sec. The capacitances,
0.3 uF. ARTU 201617, Marks 02

ow that, insulation resistance is

T Welks Ro 04343
" Clog, Viv
0.4343 x 20

= =299 x10°Q
0.3 x 107 (log,, 200/160)
£ the ratio arms of Wheatstone bridge has guaranteed
s E::ll:r‘;cy of + 0.05 %, while standard arm has a guaranteed
a curacy of + 0.1 %. The ratio arms are bol.h.set at 1000 Q
:fid standard arm adjusted to 3154 (2. Determine upper and
Jower limits of the unknown resistance,
ane Value of unkm}‘a”z fﬁ?(‘if o (1000/1000) x 3154 =3154 2
- Error in determination of R
SR 8P 5Q 58
o =k -—P— + -6 S
g = :0.05::0.05:0.1::0‘2%

Limiting valueaolfl @ 02%= 3141710316030

1 resistance are:

213. A Wheatstone bridge having thelz'dl;e of
P-1kn,R=1kn,s=5kf_1:_§= o
The Thevenin’s source W voltage o valueof @
galvanometer currentisl W‘( E 20

R ______.=-'-"+
Ang R,= 7,5 P+@ 148 1@

1xQ
Lol S 1y
R,=0833+ 79

1 = A
~24x 107186 17 " Y eesk
e R°+}?=1vﬁs-1w=1es5ﬂ :
$ :
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Electrical Measurements (2 Marks)
il

Instrumen;
Transformerg
(2 Marks Questions)

Memory Based Questions :

3.1. What are the advantages and disadvantages of instrumen
transformer ?
Any Advantages :
i These enable single range instruments to cover a large current or

voltage range.
Power loss is small.
Measuring instruments can be located far away from the high
voltage circuit by using long loads connecting the instrument
transformer to the instrument.
Disadvantages :
It cannot be used for DC measurements.

B pe

3.2. What is ratio correction factor ?
anig: Correction factor of a transformer is the transformation ratio
divided by nominal ratio.
Transformation ratio = Ratio correction factor x Nominal ratio
R=RCFxk,

33. Define burden of instrument transformer.
[AKTU 2015-16, Marks 02|

Afmg Load across the secondary winding terminals can be conveniently

expressed as the output in volt-ampere at the rated secondary
winding voltage. The rated burden is the volt-ampere loading which
is permissible without errors exceeding the limits for the particular
class of accuracy.
Total secondary winding burden
_ __(Secondary winding induced voltage)®

(Impedance of secondary winding circuit

including impedance of secondary winding)
= (Secondary winding current)? x (Impedance of secondary winding

circuit including secondary winding)

m,
________\.:';‘l

10C gpSem?
Se condary winding burden due to load
(Secondary winding induced voltage)® v

34

ABE

' Instmment Trmmrs

= {Im
Secondal’Y windin,

pedance of load on secondary winding)
Impedance of load on

9
=( current secondary winding ]

What are the applications

of current transformer ?

. For ammeter or voltmeter.

ii. Protective relaying.

What are the applications
35. i Precision testingin standard laboratory.

Measurement of power and energy.
iv. For accurate power measurement and tariff metering.

of potential transformer ?

angle is not important.

comparison between C.T. and P.T.

Secondary is normally under
apen circuit condition.

The winding is im pressed with
full line voltage-
The primary current depe!n'is on
the secondary circuit condition.

e treated as pm:allﬁl

b
It can nder opsD i

transformer
condition.
Full line voltage appears L
its termi

ost
t

A= i, Voltmeters where phase
iii. Protective relaying.
iv. Measurement of power and energy.

36. Give the

ATiE
8.No Current transformer
. No.

i |Secondary must always be
shorted.

i. | The winding carries full line
current.

iii. |The primary current is
“independent” of_ _the
secondary cireuit condition.

iv. |It can be treated as series
transformer under short
circuit condition.

v. | Asmall voltageexists across
its terminal as connected in
series.

vi. |The primary current a.nd
excitation varies overa wide
range.

A (e
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18C Lostrument Trangformery
8 i 2

Q-11C (EN-Sep, a9 s e i low POWeT Consumption in metering ey

8/7. Why the secondary of current transformer ghg

; sevefﬂl jnstruments can be operated from 2 single § i
uld ng, Tmer. itrume
be open while the primary winding energized 7 In er L trﬂnﬁfu er

AKTU 201516, Mariety
AuE If the secondary winding is open-circuited when the prim o,

fow does a potential transformer differ from -

ary 340 " | rer transformer 1 R BT W
is carrying current, the primary winding mmf remaing u:‘::“‘z po¥
while the opposing secondary winding mmf redy me

y \ es 1o gop o
Therefore the resultant mmf'is equal to the p Winding s |
which is very large. This large mmf produces a large fluy 4 mf

—potential transformer | Power transtormer

; th step down | It is ste dow.ntran.f-o.‘.
till it saturates. This large flux linking the turns of the gem:l;‘“e l It can be stepup or step \ p sformer
winding, would induce a high voltage in the secondary wip, ary gransformer.
which would be dangerous to the transformer insulatj

S5 e on and to th,
person who has opened the circuit. Also the eddy current ang |
hysteresis losses would be very high under these conditions apg
due to this the transformer may be overheated angd

- used for transferring | It is used in metering and
Thos from low voltage circuit | protection circuit for getting
t w;irgh voltage circuit and | voltage proportional to high

0

com ’ voltage on its primary.
damaged. Pletely vice versa.

Draw connection diagram of current transformerin single

phase system. [AXTU 2013-14, Marks ) ©00
AR

o—s2
: Supply Primary Load b
: e winding Q 5
'-' o ~, b
!

" . L @— Secondary winding ;o

Enlist the major advantages of instrument transformers

in terms of extension of range. | AKTU 2016-17, Marks 02] 3

Advantages of instrument transformers in terms of

extension of range :

. Instruments of moderate size are used for metering i.e., 5 A for
current and 100 to 120 V for voltage measurements.

. Instruments and meters can be standardized so that there is a
saving in overall costs. Replacement of damaged instruments is

easy.

Single range instruments can be used to cover large current or

voltage ranges, when used with suitable multi-range instrument

transformers or with several single range instrument transformers.

4. The metering circuit is isolated from the high voltage power circuit.

Hence insulation is no problem and the safety is assured for the
operators.
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Electrical Measurements (2 Marks)
S el

SQ—lac &N

Measureme11 i

(2 Marks Q“eStions)

4.1.

—

Memory Based Questions

Write the applications of s
! pectrum anal
i Amplitude modulation. poe
ii. Frequency modulation.
iii. Pulse-width and repetition mode me
. . as
iv. Tuning an amplifier. e
v. RF interference.

. Explain wave analyzer in measurement system.

AKTU 2013-14, Marks 03

A wave analyzer is an instrument designed to measu i
gm;!hmdes of s_mgle frequency components in a com plex::aze:i?;:
as'lca!ly, the instrument acts as a frequency selective voltmeter
which is tuned to the frequency of one signal while rejecting all
other signal components. The desired frequency is selected bya
frequ'ency calibrated dial to the point of maximum amplitude. The
amplitude is indicated either by a suitable voltmeter or a CR.D.
There are two types of wave analyzers, depending upon the
frequency ranges used :
Frequency selective wave analyzer

ii. Heterodyne wave analyzer

43.

What Lissajous pattern will appear on screen when two
equal voltages of equal frequency but with 90° phase
displacement are applied to a CRO ?

[AKTU 2015-16, Marks 02)

When two equal voltages of equal frequency but with 90° phase
displacement are applied to a CRO, the trace on the screen is a

circle.

Y .

Electronic Measurements

yCRT Screen
oy

2 ..
Voltage applied
to y plates
(frequency D

to x plates
¢ (frequency)
—

4y

Voltage applied

Fig.431.

need of time base generat]or in the CRO.
i th voltage- )

! i Iti red to generate sawtootl : i
mmt i: ::' :-eegﬁlired to deflect the beam it the honzn;t:ls:;t il
i The sawtooth voltage deflects the spot at 8
ii.

dependent rate.

44. Ex plain the

the value of ACorDC voj't;:ile

te numerals in the deci

DVMs. :
45. Define -l (DvM)dl_gplays
and AC currents,

Ang A digital vOIRMEET e Gy T og discre
being measured f;;:zn: be used to measure

umber system- D
Ehms, temperature, pressure etc. 3
i i over
What are the advantages of digital multimeter anal
ultimeter 7 . ] .
5 {DMM is Very BE% o pont in the integrated

due to impr
no loading

4.6.
Ans. i The prices are less
technology-

iii. TheinPU'- 1111]1"3‘3

effect.

ance i8 very high, hence there is

resolution 7 )
o ym;;l: - tg]m increment in the value that 18 clearly
Eiinnguafsf:d is called resolution-
h n= ::E‘:liber of full digits-
where,
on gensitivity ?

48. What is deflecti
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octrical Measurements (2 Marks) Se:180 (EN'Bﬂmm
El

’ is defined as the deflect;
tion sensitivity of CRT is de eflectip,
ABE E;“;S:?,Zi |:'r|.it deflection voltage. TLof thy
Deflection sensitivity,
S= P_ = _&-
T E, 2dE,
49. Give the sources of synchrenization in CRO. .
i. Internal : The trigger is obtained from the signg) ..
- measured through the vertical amplifier. Bral being
ii. External:Anexternal trigger source is also used to trigge
or initiate the signal measured. T
jii. Line :The trigger is obtained from the po

wer supply t,
CRO. y o TR
410. Define astigmatism.

It is an additional focusing control marked. Thisis used to COrTect
an effect which exactly is analogous to astigmatism in optical

lenses. To focus the spot correctly, it is necessary to stop it near :

the centre of the screen by switching off the time base and adjusting
the ‘X" and ‘Y" positioning controls.

. Explain the various applications of CRO in measurement.

[AKTU 2016-17, Marks 02|
Following are various applications of CRO :
Measurement of voltage
Measurement of current
Measurement of frequency
iv. Measurement of displacement

4.12. Define display devices.

ﬁ?lay devices constitute the interface between the instrument

: the human observer and therefore used as final stages of
instruments.

What is a CRO ?

The cathode ray oscilloscope is a very useful and versatile
laboratory instrument used for display, measurement and ysis

of waveforms and other phenomena in electrical and electronic
circuits,

HE

4.14. List different types of DVMs. | AKTU 2016-17, Marks 02
amE Types of DVMs :

L Ramp type DVM
i Integrating type DVM
iii. Potentiometrictype DVM

Flectronic Measurements

16C (@N-Sem3)

imati DVM
" proximation type
guccessive 8P type DVM
. . yous balance type
o Contind

Application Based Questions

H would 12.98 V and 0.6973 Vbe disphyedo 10V range
4’15' - 17 207 } - 3
of 41 digit display ? (]
Sﬂi Given:
4L digitdisplay
alue for 12.98V and 0.6973 V.

Find displayed value 1ot
?E; Number of full digitonit=4

;. .
4. Resolution = -{a: =0.0001

5 R,es{)h].t].lltl on 1 range = ® U =U.
e there are 5 dlg'lt place in W’hll'.h uptﬂ 3de alplaces d!.pu can
L.E.,

hI: t:izlge;s-m be displayed as 12.980 and 0.6913 will be display:
6. Hence, La.
as 00.691.
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Electrical Measurements (2 Marks)

the voltage depends upon the current;. the strength of _
field and property of the conductor. This effect is calleq H’;"};‘Enee?:

5.15. What is gauge pressure ?

IT pregg e
cprf‘-‘SSure' F
5.16. What are smart sensors 7

REE Gauge pressure is zero-referenced against ambient 5
so it is equal to absolute pressure minus atmospherj

ARE The sensors having decision making and communicat: .
added to the basic sensors are called smart sensorg, cation log,

5.17. Define data acquisition system. -

ABE Data acquisition system is employed for large scale recording ;
in power plants for input signals like temperature, P!'esE t:i-eé'

speeds, flow rate, force ete. It is used in communications, electron;
and medical applications, s

Application Based Questions

5.18. If the output voltage is 2 x 10-3V and dis
find sensitivity.

placement jg 0.5,
ABE We know that,

Output volta
Sensitivity = —Pu vOltage
Displacement

— Output volt.
Sensitivity = ot oo 4 mV/mm
Displacement

5.19. A copper-constantan thermocouple was found to have
linear calibration between 0 and 400 °C with emf at
maximum temperature equal to 20.68 mV., Determine the
correction which must be made to the indicated emf if the
cold junction temperature is 25 °C,

ABE Sensitivity of thermocouple = QEW—UM

Di =0.0517 mV/°C
) isplacement
Since the thermocouple is associated at the reference junction of
0°C and is being used at 25 °C, then the correction
= 0.0517 x 25= 1,293 mV

©0©

SQ-19¢ (EN'S@ln-a)

jcal Mgasuremnts & Instrumentation - SP-1C (BN Sep, 3
ged?” B.Tech,
M. II) ODD SEMESTER T
(5B EXAMINATION, 2013.15 X"
GLECTRICAL MEASUREMENT onp
MEASURING INSTRUMENTS

"

Time: gHours

__--__--_-_
Total Marks: 109

Note: Au—,emptall questions.
ote:

1. Attemptanyfourparts: ' oxexmm
2 t is an instrument ? Classify various typesof electrical
e iustl"l-lments‘ .
a5 Refer Q.1.2,Page 1-3C, Unit-1.

b. What are the various types of errors occurringin electrical

measurements ? Explain_them.
ans Refer Q. 1.9, Page 1-8C, Unit-1.

¢. Aresistoris measuredby the Voltmeter-Ammeter Meth&
The voltmeter reading is 1234 volts on the mvmm
the ammeter reading is283.5 mAuutheinQmAucale. -
meters are guaranteed tobe accurs.te w.lt.h:nz 1 ﬁem:fnthe
full scale reading. Calculate (i) the n}dwnted vm;e e
resistance, (ii) the limits within which the result can

aranteed. )
AHE %:fer Q. 1.11, Page 1-10C, Unit-1.

d. Describe the principle of operation of an electrodynamic
wattmeter.

Amg Refer Q. 1,15, Page 1-16C, Unit-1.

i i energy meter.
e. Explain the various operatfn.g torquesinan
Ang Refer Q. 1.30, Page 1-35C, Unit-1

. oceurring in
f. Explain the causes and remedies of the errors
a wattmeter. 1
AWE Refer Q. 1.25, Page 1-28C, Unit-1

(10x2=20
* Dsonnt ny mPaI:S: ction and working e w““nr?,,t
a. Explain the constru the phasor
tra‘:asfomer. Draw and expi&’
are the various errors 05t =
BB Refer Q. 3.6, Page 3-10C, Units:
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Solved Paper (201213,

. f a Wien’s bri
. truction and working o e
w Explaf:::- ﬁ: ::uer:urement of frequency. £
ABT ;:tfr Q.2.19,Page 2-27C, Unit-2.

i truction, principle of operation gpq
c. Explain t?:cf:::“t transformer. Draw its ?h asor diagr.
wn;h e::l:in the errors that normally occur inits operation,
An P
auE Refer Q. 3.3, Page 3-6C, Unit-3.

5 Bxde
ttempt four parts: 20)
: %xplainage Ios:} of charge method for measuremen; of
a.
resistance.

amE Refer Q.2.6, Page 2-8C, Unit-2.

cautions are taken while measuring loyw
> Whm:s ? Explain the reason how a Kelvin's double
mge es low resist without error 7
AfE Refer Q.2.2,Page 2-4C, Unit-2.

c. Explain the concept behind AC bridges with the helpofg
suitable example. .
asg Refer Q. 2.10, Page 2-13C, Unit-2.

d. Draw the bridge arrangement and describe the Hay's bridge
for induect measur t. Draw the phasor diagram,
&8 Refer Q.2.13, Page 2-17C, Unit-2.

e. Draw the Hay's bridge and its phasor diagram. Explain the
operation of a capacitance ring instrument.
anE Refer Q. 2.17, Page 2-23C, Unit-2.

f. Explainthe principle of operation of a Q meter.
Az This Questionis out of syllabus from session 2017-18.

4. Attempt any two parts: (10x 2=20)
a. Explain the construction and principle of operation of a
polar type potentiometer. How is it standardized ?
AEE This Question is out of syllabus from session 2017-18.

b. Explain the various applications of the AC Potentiometers.
AnE This Question is out of syllabus from session 2017-18.

c Expl_aif: the construction and principle of operation of a
Ba!llshc glnhrannrmeter. How isit calibrated ?
ABE This Question is out of syllabus from session 2017-18.

5. Attempt any two parts: (10x 2=20)

gurements & Instrumentation

gl Me2 SP-3C (EN-Sem-3)

| ch“‘ Gow many types of digital voltmeters are there ?Explain

# he integrating typ;.- of digital voltmeter, What are its
fic adﬁms ;
;lﬁ::Q_ 4.17, Page 4-29C, Unit4,

is total harmonic dimrﬁ,m? Wi 1
b- Wilﬂtonic analyzers are there? Explain the nany t’dl’“
ipeuit harmonic analymr.. oncept of tuned
- Q.4.12,Page 4-21C, Unit4.
5 Refer &-

Jain the construction and working of a basic Cathode
o f:;' Oscilloscope (CRO) circuit with the help of relevant
disgram

grams. ;
2C, Unit-4.
fer Q. 4.8, Page 4-12C,
s Re

©e0
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