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Measurements & Instrumentation for PSUs

Foreword | ' | l
|

The Study material for Measurements & Instrumentation is thoroughly revised this year

to meet the requirements of all categories of students. It consists of

Brief synopsis covering the entire syllabus

Worked out examples, concept-wise

Level 1 Problems : For self practice by the students after attending the Lectures.
However, the faculty concerned will clear the doubts, if any.

Level 2 Problems : The concerned faculty will analyze and solve these questions in

the class.

The students are advised to go through the theory duly understanding the worked out
examples to the extent possible and bring the booklet to the class. By doing so, the
students will get familiarized with some of the concepts and can really enjoy the lecture

in the class. Also, the students can interact with the faculty in a better way.

Thanks to All the Professors who extended their valuable services in the preparation of
this Booklet.
It is believed that this volume is also a valuable aid to the students appearing for

competitive exams like IES, DRDO, ISRO and other PSUs.

With best wishes to all the Students

Y.V. Gopala Krishna Murttl’isf,
M Tech. MIE,
Managing Director,

ACE Engineering Academy
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ELECTRICAL INSTRUMENTS:

(Electrical Instrument9

@bsolute Instrumen@ @condary Instrument9

Recording Integrating
Instruments Instrument
Y A4
( Recorders ) ( Energy )

meter

v

A'4

Indicating
Instruments

\'A

( Electronic )

Electro
Mechanical

lj

LPrinciple of operation of indicating instruments]

A4

Magnetic effect { Hall Effect]
(PMMC)
(Ammeter, voltmeter
Wattmeter)

Heating effect

(ammeter, voltmeter
Wattmeter)

A4

Electrostatic effect Electromagnetic effect

(voltmeter, (Used in AC,
Used to measure especially for energy
voltage only) meter)

Basics of Electrical Instruments

Abselute instrument:

These instruments doesn’t give direct readings
but gives interms of instrumental constant. But
these are accurate meters. Hence these

‘instruments are used in researching laboratories.

Eg: Tangent galvanometer, Religh’s current
balance, Absolute electrometer

Secondary instruments: These instruments give
direct readings.

Indicating instruments: These instruments wiil
give instantaneous values of the quantity to be
measured Scale and Pointer mechanism are
invalid

Eg: PMMC, MI, Dynamometer wattmeter,
frequency meter, power factor meter
Recording instrument:

These instruments records the value to be -
measured (or) observed. Recorded over a graph
paper by a light weight pen

e These are used to observe load variation
continuously.

Eg: Recording voltmeter, Recording wattmeter,
storage oscilloscope

Integrating instruments;

These instruments add the measured value to the
existing value. These instruments will give the
total electricity consumed over a period of time

Eg: Energy meter (or) kWhr, kVARh meter and
ampere hour (Ah) meter

Indicating instruments:

Range: the meter is calibrates to read a value
from minimum to maximum value

D) Hyderabad | Bhopal | New Delhi | Bengaluru ; Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune {Chennai
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Electrical Measurements
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Span: Its length of the scale. It can be calculated
by the algebraic difference of maximum and
minimum value

Deflecting torque (Tg):

o Electromagnetic torque (Tey)

o For the produced deflecting torque the pointer
starts from zero position

o If the meter is provided with only deflecting
torque, then pointer indicates full value

Contrelling torque (T,):

It is to stop the pointer at the required final value,
controlling torque acts exactly equal and in
opposite direction to deflecting torque.

Damping torque: The pointer makes oscillations
with respect to final value, to eliminate these
oscillations damping torque is required.

NOTE: In meter, first produces ‘T4’ proportional
to quantity to be measured and then T, starts
producing and raises until it balances the T4 At
final steady state position T, = Tq. So no
damping torque (Because speed of the pointer is
Z€e10)

NOTE: T, depends on T4 but damping torque
independent of T, and T;.

Deflecting torque can be produced by:

1. Magnetic effect

2. Electrostatic effect
3. Induction effect

4. Thermal effect

5. Chemical effect

6. Hall effect

Magnetic effect:
Whenever a current carrying conductor placed in
magnetic field it experiences force by Lerentz’s
principle

F = BILsin6
That force direction is found by fleming left hand
rule

Here conductor moves “right to left”
(By fleming’s left hand rule)

Electrestatic effect:

Fixed plate
o 17

Moving plate

il
II

Lighting
(heavy voltage

e When a high voltage is applied to capacitor

then capacitor plates are charged; with
opposite polarities electro static force is
produced, because of this the plates will move
together.
If one plate is fixed, pointer is connected to
movable plate Then we can see the voltage
measured by pointer. These are specially
used to measure very high dc voltages.
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Basics of Electrical Instruments

Controlling torque:

Spring control Gravity control

1. Weights are used to
balance the motion
of pointer

1. Hair spring is used to
provide the control

A
H

3. These must be
placed in vertical
direction only

3. Springs are
connected, in series
with moving coil ie.
Springs are carrying
current into the coil
and out from the coil

4.In  MI instrument | 4. This method will
there is no physical | give non linear
contact between coil scales
and spring 1.e spring
is not carrying the
current

5.Spring is made up of | 5. Controlling torque
phosphorous bronze can be only upto

90°.  After this
controlling  torque
will decreases.

Note: In PMMC spring snaps means 1t’s broken
s0 no current it’s carrying

Note: Spring control instruments can placed in
any direction and gives linear scales. Hence it is
used in all instruments

Example 1:

A weight of a 3.5g is used as the controlling
weight in a gravity controlled instrument. Find its
distance from spindle if the deflecting torque
corresponding to a deflection of 58° is
2.51x10°Nm

(a)45.2mm (b) 78.6 mm

(€)66.3mm (d) 86.2mm

Ans:{d)

Sel: Deflecting torque due to a weight is
Tq=mg sinOxd
Where,
d = distance of the weight from spindle

d= L
mgsin O
2.51x107°

" 3.5%107 x9.81xsin 58°
=0.0862m = 86.2mm

Eddy current damping:
e In this method Al vane and permanent magnet
are used

e Most effective damping method
e This method is suitable for the instruments
having strong magnetic field (i.e. permanent

magnet)
Eg: PMMC

é

Fig: Eddy current damping
by metal former

FD
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Electrical Measurements

Air friction damping:
The gap between Al piston and cylinder hole
must be very small and should be uniform.

e This method is suitable for the instrument
having weak magnetic field

Ex: MI Instrument, Electro dynamo meter,
Watt meter.

Piston

Air chamber

/(

Pointer

Fig: Air friction damping

Fluid friction damping:

Here high viscous fluid is used {mineral oil) used
for instrument having low deflecting torque

Eg: Electro static voltmeter '

—Instrument
spindle

(1D Rotation

Damping Oil

Fig: Fluid Friction Damping

These instruments must be placed in vertical
direction only

e These are not portable instruments

Effectiveness order:
Eddy current > fluid friction > Air friction

e Under damping oscillations are present and
pointer takes more time to give the reading

¢ For over damping no oscillations but pointer
moves very slowly to the setting.

e For critical damping pointer reaches final
value in quickest possible time without any
oscillations called “dead beat”

e All indicating instruments are 2™ order
instruments i.e. 0.6 < § < 0.8. Here time
taken by pointer depends only on “damping
torque.
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Analog ammeter, voltmeter and
ohm meter

Types of instruments used for measurements
of current and voltage

PMMC (Permanent magnet moving coil)
Moving iron type (AC & DC)
Electrodynamometer type (AC & DC)
Electro thermic instrument (AC & DC)
Eg: (Hot wire, thermocouple)

Electrostatic type (AC & DC)

PMMC: (Permanent magnet moving coil/
D’ Arsonal instrument:

magnets

lower control spring

It 1s similar to a permanent magnet DC motor
with a limited rotation

It works whenever a current carrying
conductor is placed in a magnetic field.
Experiences a mechanical force according to
Lorentz’s principle

T4 =BINA N-m 6= 90° for max)
Springs will carry the current

Electromechanical
| ndlcatmg Instruments

REFUHED R A P

T R e Ty S e

Spring control is used to produce controlling
torque springs are made up of bronze

Note: Radiai magnetic field concept is used

Eddy current damping is used (Al frame
produce damping torque) for voltmeter

In ammeter moving coil is wound on
aluminum  former, aluminium former
produces damping torque.

Torque produced in PMMC:
Ta=BINA
T.=kH0
At steady state position (T, = Tg) not (T4=T.)
T.=Ty
k.0 =BINA
BINA

6= (. B, N, A, k; = constant)

c

0 >< I — Hence scale in PMMC is linear.

Hence with ageing effect of spring the reading
will be more

O A
0<B
0o« N

Hence with the decreasing field of magnets,
reading will be less.

Note: M.C instrument works only for DC

Example 1:

A1 -6, 230V 50Hz supply is given to a(0-300V)
m.c instrument then it reads ‘0 V’.

Sol: If high frequency ac supply is given, for

positive half cycle pointer moves zero to
final value and final value to zero. And for
negative half cycle current drawn is reversed
and then pointer moves below zero. And

Hydcmbad | Bhopal | New Delhi | Bengaluru | Bhubaneswar ; Vijayawada | Visakhupatnam | Tirupaii | Pune !Chenﬁ|




shows the ‘0’ reading because of stoppers
like this is to be happen ‘50’ times in one
second. So because of inertia the pointer
stays ‘0’ position only and vibrates there.

Note: If low frequency ac supply (say 1 Hz) then
the pomter oscillates between ‘0’ and final
reading continuously

¢ When mc instrument connected in series
with the load then deflection (0) is
proportional to the current passing
through the load. Hence it works as a
ammeter

e When mc instrument connected across
the load then the current passing through
meter  proportional to  potential
difference across two terminals of meter

EAY

Moving coil instruments average values of
current and voltage

Extension range of PMMC:

e Measuring the higher values of dc currents
voltages by a small circuit modifications in
the existing instruments is called extension of
range of an instrument

1. dc ammeter:

I = (I - Im)
InRm = knRen

‘m’ 1s called multiplication factor

Electrical Measurements

¢ To increase range of an ammeter, A low value
of Resistance must be connected in parailel
with the meter. It is called as shunt resistance

(Ran)

¢ The internal resistance (Ry) of an ammeter
ideally zero ohm (sc).

Note: The ammeter must be connected in series
with the load. If it is connected in parallel with
the load the supply voltage appear across the
ammeter and also because of its low internal
resistance meter draws more current and meter
will be damaged

Example 2:

(0 - 1 mA) ammeter has its interval resistance of

4Q. It’s range is to be extended to 100 A. Then
the value of shunt resistance required is

Sol: 1=100A m=IL=100k
L=1mA  Ry=m
m-1
_ 4
100k -1
=40 uO
Example 3:
If an analog PMMC (0-10) A ammeter is

provided with no controlling mechanism and the
moving parts are free to rotate, the readingof the
instrument if a current of 1A DC Passed through
the moving coil.

(a) The pointer will remain stationary

(b) The pointer will continuously rotate

(c) 1A () 10 A

Ans: (b)

ACE Engineering Acadeny
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Sol: Since there is no control mechanism, T¢ will
not develop and T4 will develop because coil
1s carrying current.

D Voltm‘etel.,‘S__eri‘esMult_ipliersJ

Im=IFs

R (series multiplier

) RSC +Rm

m= Vl = multiplying factor

m

m= V _  Fullscaleof voltage
\Y measure valueof voltage
Voltmeter sensitivity =S, = Ii =
fs
Rse +R
=2 my
\Y%

¢ Our human body resistance 1s 600 - 1000Q

Example 4:

A multi-range voltineter is shown in the figure
with full scale deflection current of 50uA and
meter resistance of 1KQ. What are the values of
resistances R, Ry & Rj respectively?

AN
i )
R, R, ER;
10V [ 50V
5V
+ —

Electromechanical Indicating Instruments

(a) 100 KL, 200 K, 1000 kQ
(b) 101 KR, 201 KQ, 1001 kQ
() 99 K, 199 KQ, 999 kQ

(d) S KQ, 10 KQ, 50 kQ
Ans: (c)
Sol: R, =R {——l] m[ Vi }
IXR_
R =1K -1{=99KQ
50u><1K

R, =1K ~1{=199KQ
50y><1

K[W ] =999 KQ

Note: In case of ammeter full scale current is
minimum then ammeter is more sensitive

Ex: An ammeter with 1 mA of full scale
current 1s more sensitive then an ammeter
with 2 mA full scale current.

e The internal resistance of voltmeter is very
high and 1deally it is infinite

e In all the electrical instruments the
responsible quantity for measurement 1is
current

R, =

¢ In all electronic instruments the responsible
quantity 1s voltage

Note: If ammeter is connected in paralle'i it will
damage. If voltmeter is connected in series it
wont damage because of its high internal
resistance

e If voltmeter connected in series with load, it
shows almost supply volts (full deflection)
when load resistance is less and ammeter

reads currents through voltmeter as shown fig.
1.

ACE Engineering Acadetny -
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Electrical Measurements

Here ammeter and load in parallel m Q || MQ
= mQ only. So total parallel combination is
order of ‘m<2’.

So voltmeter 1s almost full scale
V =V
A=0

For the below connection

Fig (2)

Ammeter will damage and It becomes short
circuit. So no voltage will read across (V)

So A = damaged

V = zero

Note: Basically there is no constructional
difference between dc ammeter and dc voltmeter.
If internal resistance of any ammeter is known
ammeter can be converted as voltmeter (or)
voltmeter can be converted as ammeter.

Note: PMMC measures average value and MI
instrument will measure effective value (or) rms
value.

Example 5:

Which of the following statements to determine
the value of resistance R in the circuit shown is
true?

(a) The voltage V, indicated by the voltmeter is
higher than the voltage V; across the
consumer.

(b) The Indicated current I; is smaller than I

(c) The voltage V, indicated by the voltmeter is
less than the voltage V), across the
consumer :

(d) For a more accurate result, the voltmeter
should be connected in front of the
ammeter (Point A)

Ans: (d)

Tips to Solve a Voltmeter
with different Ratings

1. If voltmeter reading is given in ‘V and Sy
Rt Ry=S,xV
R.+R,
vk |
2. If ammeter ratings are given in ‘R’ I,
CRy+Rp=R
3. 'V, I are given then

R+ R =

I
R = R series multiplier resistance

Sy

R, meter resistance

Hydembad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatam | Tirupati | Pune | Chennai



Electromechanical Indicating Instruments

It full scale current
From the above relations find individual

meters resistor values ‘R’ then apply voltage
division rule for finding the voltage measured
by each meter

Loading effect: If a “Low sensitivity”
voltmeter is used to measure the voltage
across resistance. Then some of current will
passing through the voltmeter. So that meter
reads wrong value this is called loading
effect.

To reduce the loading effect high sensitivity
voltmeters should be used

If the output of half wave rectifier is passing

through PMMC then it will measure Iy, = In
n

If the output full wave rectifier is passing
through PMMC. Then it will measure I, =
21
n

Example 6:

In the circuit shown in figure, voltage across R is
measured by two different voltmeters P and Q

having sensitivity of 1K€/V and 20KQ/V. Both.

the meter are used on 50V scale, which of the
following statement is true

Sol: Voltmeter with high sensitivity will give
more accurate results.

[A Moving Iron Instrumentj]

These are two types:
1. Attractive type MI instrument
2. Repulsion type MI instrument

Attractive type M.I instrument:

X Qg‘&&$¢@@&

e  When a current is passed through the coil, coil
will setup a magnetic field, which attracts the
iron disc, then pointer gives the deflections.

This is attracted type M.I.
+
| Repulsion Type MI:
5 k§ R, p yp Ly,
100V ,
5k3 R
Movable
- . ‘Fixed
Iron rod
P
(a) Voltmeter P will read more accurate than g8
voltmeter Q 1 23
(b) Both the voltmeters read same voltage \ 39
(c) Voltmeter Q will read more accurate than M. —J | RF
voltmeter P. N(B)
(d) None of above
Ans: (¢) N
° ACE Engineering Academy - - >Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune lChennaT|
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Electrical Measurements

e When the moment switch is closed, the
current will enters and magnetic field is
formed in hallow cylinder handle. Due to the
presence of magnetic field, the repulsion
force, developed due to the force spindle will
rotate.

Note: The deflecting torque is derived in transient
period only i.e. in ‘dt’ sec.

_ No
L=~
LI=N¢

d d
=g N

d dt dt

Electrical energy supplied to coil in dt sec.
vide= 1.9 L Lt
dt  dt

S i1 UEN | O | —— (1)
Initial energy stored = %L T

Change in stored energy in ‘dt’ sec

N -

[L.2IdI+1"dL]

LIdL + %IZHL ---------- @

Mechanical work done in ‘dt’ sec
=T4.d6 ---(3)
Energy conservation law

1)=@2)+)
PdL+IL dI=LIdL + %IzdL_ +Tq.dO

—;—I2dL=Td.d6
| 2dL

Ty= P

4= 51 do

dL
If 49 is constant then Ty o I

Spring  control 1s used to produce
controlling torque i.e. T, =K 0
Air friction damping is used to produce
Damping torque.

Note: Eddy current damping is not possible
because of presence of Iron disc and poor
magnetic field.

At final steady state position T, = Ty

g L I' dL
2 K, do
dL
If 56 is constant
0 oy

M.I instrument has non-linear sequence (or)
sequence law scale.

Cramped (very close) at beginning & no number
of division at the full scale.

M.I instruments works for A.C and D.C.

Note: For AC even through current direction
reversed magnetic field direction reversed but
always attractive force is present between coil
magnetic field & iron disc. i.e. unidirectional
torque.

Note: MI will give wrong values for both AC &
DC. For DC MI instrument will give accurate
values, hence MI is not used for DC.

Note: There is no alternate instrument for AC.
To measure correctly, Hence MI is used only

measure AC & scale is calibrated in terms of
R.M.S value.

- ACE Eiffffieering Academy
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MI instrument can be used as Ammeter up to S0A
“measurements only & as a voltmeter up to 750V
only. Because of the magnetic saturation of coil.

If the O/P of HW.R is passing through M.I. It

Im
measures 7 .

If the O/P of F.W.R is passing through M. It

Im
ﬁ .

To increase range of ammeter, extra number

w

of turns are connected in parallel w1th the’

meter

If, X1, = 2nfL, Zoy =R+ jXep :
Z = R2 + XZ
ISh Zsh = Im Zm

Frequency Independent .Error due to frequency 1s
eliminated .

If shunt time constant = meter time counstant.
Then division of current in meter and

shunt is independent of frequency and depends
only on resistance. It is very difficult practically

Example 7:

A moving iron voltmeter calibrated for 50 Hz
supply and having an inductance of the coil as 0.8
H draws 0.1 A when connected to 500 V a.c.
What will be its reading when connected to 300 V

de (V)
~ Ans: 300.4
ol 7= e %0—?—5000 Q

ac

R = /(5000)° —(2mx 50 0.8)"
= J(5000)? - (251.327)" =4993.7 Q

e = Ve o 3% __ 060084
R 749937
. Reading of voltmeter when connected
500

for 300V dc —OTXO 06008 =300.4 V

~ Error in voltmeter:

Pho—

Rm,Lmﬁ') V,
N ot 4

To reduce the frequency error a compensating
capacitor is connected across multiple resistance

Rsc)

- ACE Engineering Academy -
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Electrical Measurements

0.41Lm

2
se

Compensating capacitor (c;)=

Note: There is a physical constructional
difference between AC ammeter and AC
voltmeter.

AC ammeter has thick cross-section and few
number of turns (low resistance)

IR = p.f(i)—) few turns
) a(T)more area

Note: And AC voltmeter has more number of

turns with thir cross section (high resistance)
p.{ — more turns

TR, =
a — Lessarea

If £T=x.1T

To reduce the Increased reactance of L we have
to connect a capacitor for decrease the increased
reactance

Iff T=XT-X4)

Note: We cant connect capacitor in series, it

forms series RLC as ‘f” increases X & X¢ gets
compensated X cancelled. The CKT (meter) then

becomes only connected with R. & It will damage

for high currents. So we have to connect capacitor
in parallel to Ry,

Condition for linear scale:

Linear scale
'Cramped

Cramped

1 P dL
2' de
Linear scale [0.0 I=K;0

2(159 dL

=k0
do

dL

o

=k0

2 X
k

1

62

Gd—L—2£—constant
d6 .

—7 vunutuuie 0 1inear Scale

Note: To measure very high values of AC
currents and A.C  voltages, Instrument
Transformers are used ie C.T (Current
Transformers) and P.T (Potential Transformer)

Because of cost point of view of potential
transformers, we are using capacitive voltage
transformers are used in electrical substations

To convert M.I ammeter into voltmeter is same as
in converting PMMC nstruments.

Example §8:

A 0 — 200mA moving iron ammeter is converted
to a 0-600V, 50Hz voltmeter by adding a series
resistance with the coil. The coil has negligible
resistance and an inductance L = (0.1 + 0.28 )/4n
henry, where 0 is the deflection in radian, The
total angular span of the meter is 1000. Find the
series resistance?

(@) 11.22 Q (b) 0.6 kQ
(c) 1.2kQ (d)3kQ
Ans: (d)

Sol:

The impedance required to convert the
meter to 600V voltmeter.

; Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada ; Visakhapatnam | Tirupati | Pune }ChennaiJ
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Electromechanical Indicating Instruments

600 -
7= —————=
200x10°°
Inductance of meter coil for full scale
deflection
_ L=
(0.1+0.2x100x 7/180)
47
Reactance of meter coil at SO0Hz
=21 x 50x 0.0357 = 11.22 Q
. Series resistance required

Rs = (3000) — (11.22)"

3k€2

= 0.0357

=2999.9
= 3kQ
Example 9:
Which type of the instrument has the high power
consumption?
(a) Moving iron
(b) PMMC
(c) Hotwire

(d) All instruments have identical power
consumption : '

Ans: (¢)

Errors in M.C & M.I Instruments

" 1. Frictional Error

To reduce frictional error, so for the same
developed torque, weight of the system should be

rque ]ratio has to be high
weight

. to
less than torque i.e., ( ,

In MC Instrument coil is moving hence weight of
moving system is more compared to M1

Note: If weight decreases, Torque/ weight
increases sensitivity increases, error i, Accuracy

T

Frictional error is moderately more in M.C
compared to M.I

2. Temperature Error.
¢ Because of temperature spring is expand
and indicates less than the actual value
and coil resistance also changes

e D.C Current is present in MC and RMS
current is present in M2, Hence the heat
developed is more for RMS current
compared to D C Current

o Temperature error is more in MI than MC

In MC instrument

The temperature effect is more in Ammeters
than voltmeters because ammeter resistance is
very less. |
To reduce temperature effect in Ammeter a
‘swamping resistor’ is connected in series
with meter.

+ o6
Ish ‘v Im
Rﬂl
\Y R
. stamp

_o

Lo IR,
Rsh + Rm + Rs‘wamp
I/1,, = m = multiplying factor
Rsh +Rm +}{swamp I
=—=m
R sh I m

“ACE Engiiering Acalerry
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ey

m-1

Rewamp 18 made of maganin for D.C
Rswamp 18 made of constantan for A.C
Jts Value is 30-40 times the ammeter resistance.

The value of shunt resistance (with swaping
resistor) is more than the value of shunt resistance
(without swamping resistor)

Conclusion:

To reduce temperature effect swamping resistor
is used

3. Frequency error

If same Input is measured at different
frequencies then the meter gives different values,
then it is called frequency error.

o MC used for DC so no frequency error in MC

e Ml measures AC hence frequency error is
present

Stray magnetic Field error

\ﬁﬁﬂ

MC — Paramagnetic is used (strong magnetic
field)

M.I — electromagnetic (weak magnetic field)

¢ Due to external magnetic field Inside meter
operating field is disturbed. It is called stray
magnetic field error.

e Stray magnetic field depends on magnitude of
external magnetic field and its direction

e when magnitude of external magnetic field is
in phase with main field, stray magnetic field
error will be more

e To reduce this error Iron shielding is used

e The stray magnetic field error is more in MI
compared to MC

Hysteris & Eddy current Error in M.1

Hystersis Error:

e Because the use of high permeability soft iron
has large hysterias loss than this error will be
more compare to MC

¢ To red ~e the hysteresis loss Nickel-Iron
alloy is used In the manufacturing of M.I
which has low value of hysteresis area &
hence minimum error

Eddy Current Error :

e In MI Measurement eddy current error is o< f

e FEddy current error is constant for high
frequency. Hence because of this reason M.I
Instrument is suitable up to 125 Hz only

e Compared to M.C temperature T, stray load

losses T, Hysterics frictional loss +.  /

To measure very low currents & voltage at

very high frequency (50 MHZ) thermocouple

ammeter and thermocouple voltmeters are

used
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Fixed coil  Moving coil

Meter
terminals

In dynamometer type instruments air core is used
for both fixed coil and moving coil. Hence this -
instrument is almost free from hysteresis and
eddy current error. Hence it is used as transfer
type instrument for power frequency

Thermocouple instrument can be used as transfer
type instrument for high frequency.

M &
Sy Sy S S
*— —e
. et 111
Series for low currents N S4

Parallel for high currents |

Fixed coil connections for low and high currents

Operation:

It works on principle of dc motor ie when a
current carrying conductor placed in a magnetic
field experiences a mechanical force.

dM
T4=LiLcosdp—
a=Lb ¢d6

Note: cosd here is not a power factor

:15:

E‘I‘XV_I

Electromechanical Indicating Instruments

I; = fixed/current coil current

I, = moving/potential coil current
0 = angle between I; and I,

M = Mutual inductance

e Spring control is used to produce controlling
torque (springs are carrying current)
T.=kHb
e Air friction damping is used also called
- pneumatic damping
At final steady state position T, =Ty

0= I,I, cos¢ dM
k, do
For dc: Td = 1112 dM
do
IfT; & I are same then T, = I ”Zg

EMMC used as

Voltmetér, Ammeter and wattmeter for ac and
dc.

Wattmeter is more popularly used.

Application
~To convert as dynamometer ammeter connect
both fixed coil and moving coil in series. This
combination in series with load
PMMC | MI EMMC/Dynamometer
—I'— | LI —
) qg | Dileost
6 |BINA | 177 dL | I],cos¢dM
k. |2k, do k, do 3

ACE Ernginesring Acaderty
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Example 10:

The mutual inductance of a dynamometer
ammeter varies with deflection O(degree) as
M=6c¢0s(6+30°) mH.

The deﬂection_torqile produced by a current of 50
mA corresponding to a deflection of 60° is

(a) 10 uN-m (b) 15 uN-m
(c) 20 uN-m (d) 25 uN-m
Ans: (b)
Sol: T,=1I° dﬂ;

de

M = 6 cos(6+30°)x10™
M| _ gsinfo-+30°Jx10°

60°

= 6x1x107 = 6x10
Ty=(50x10" ) x6x107
= 15000107 =15 uN-m

J To copvert as Dynamometer

wattmeter:

Connect current coil in series with the load
and potential coil in parallel with load

M = Main I =1

L - Load L=V
Rs

C - common

V —voltage

dM
Ty=IiLcos¢—
=1l q)dG

= I_\LCOS(I)”dM

Rs do

= VI cosd —l—dﬂ
Rs d6

Lo LM
Rs do

_Power = VIcosd
At balance
T.=Ty

0 P dM

Rs db

Boc P | Itis average active power .

To convert as dynamometer ammeter.

FC — current coil ,
MC —voltage coil (or) potential coil
Id = Il = Iz

aM
Ty =Leosh —
a=1I"cos® 16
T.=k0
k6= I2cosq)gﬁ—4—
do

0o I
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Electromechanical Indicating Instruments

Non linear scale

This type ammeter when used for ac reads
rms value.

To convert as dynamometer voltmeter
Fixed coil and moving coil connected in

series and this combination is connected in
parallel with the load.

Non - linear scale used for ac and dc
measurements

Moving coil measures potential hence it’s
called potential coil

Fixed coil carries the load current and it is
connected in series with the load hence it’s
called current coil.

Error due to type of wattmeter connection:

MC connection

(MC short dia)

(LC Short dia)

Measured total power =
Pm = Pload + Izr
Pm = PT + 12r

Error=
BB 100
PT
Error = P, ~ Pr =1’

r — Resistance of
current coil

Assume CC resistance
1s small
Measured power

12=I—Il

Error is minimum if
load current ‘I’ is small

For large load current
LT, Ld=1-11
I, is small, so error
1> R, decreases
Error 1s minimum if

load current is high

A potential coil is connected with a series
resistance (R) which is in the order of K&
hence the inductive reactance of the PC i1s
small and neglected.
Current flowing through potential coil is in
phase with voltage ‘V’
L
Vv
I(load) I2
for lag load for lead load
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Electrical Measurements

Note: Thickness of the current coil conductor is
higher to with stand the higher load currents

e Standard conductors are used to reduce the
eddy current losses.

Example 11;

A 250V, 10A electrodynamometer wattmeter has
a resistance of current and potential coil of 0.5Q
and 125009 respectively. Find the percentage
error due to each of the two methods of
connections shown in figure below with unity
power factor loads at 250V. With currents 12A
neglect error due to pressure coil inductance.

(I+IP)m

M C.CL I M LJ.
T v
\% Load H Load
Supply ‘L

() 2.54% ; 0.146%  (b) 2.34%; 0.166%

() 2.43%0.616% (d) 2.15% ; 0.158%

Ans: (b)

Sol: Py = VLI cosd Pi=VilLcosd
=250x12x1 =250x12x1
= 3000w = 3000w

Vz
(Pm )Lc = Pt +I_(—

P

(Pm )MC =P + IERC

= 3000+ (12)2%0.5
2
=3000 + (2—5(1
12500
3072 - 3000
- %error = ———— x100
000
3005 - 3000
Y%error = — %100
3000
=2.4%

=0.166%

3

[ Error in Watt Meters j

Error due to potential coil inductance:

L, = inductance of PC

1, = resistance of PC (r, <<Ry)

R, = series multiplier resistance (K£2)
Z, = impedance of PC

=((1p + 15) + jooLp)
B =PC phase angle

T
(DLP

R
cosp=| ==
ZP

oL,

p=tan” I+

dM
Tgec LI —p)——
1o I;1cos(¢ B) a0

Wy (measured power)e<6
\Z! dM

= ——cos{¢0—p)—
2K 0-P)5

p

_ VIcosfeos(¢—p) dM
Rk, do

Wn(True power) without ‘L’

Wy
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Electromechanical Indicating Instruments

dM
T4 o< [[Lcosp —
do< i ¢d6

.. Vcoso M
R, do

s

T4

Wr | cos ¢
W, " cosPeos(d—P)

Correction factor (c.f) = cos ¢
‘-~ for lag
“+ for lead
_ cosd
T cosP(cos.cosP+sin¢.sinp)’

W, ~ cos¢ _
W cosPcos¢.cosP(l +tan ¢.tanf)

m

[~

_ l+tan’p
T I+ tan¢tanf’

m

1

! _1+tan¢tanB'

m

W~ W, = W, (tan ¢ tanp)

W, — W, =VIcos d.).-s—@.sinﬁ
cos¢

Error=W_ - W, = VLsin¢.tanf

erTor = —\yl"—_—lx 100

] ,

_ VLsin¢.tanf
Vicos¢

% error =+ (tandtanPx 100)

x100

cosp.cos(¢ T B)

o~

Example 12:

A voltage 100 sin wt + 40 cos (3 wt - 30°) + 50
sin (Swt + 45°) V 1s applied to the pressure coil
circuit of a wattmeter and through the current coil
is passed a current of 8 sin wt + 6 cos (5 wt
-120°) A. What percentage of reading on the
wattmeter 1s due to fundamentai?

(a) 31.9% (b) 50%
() 91.2% (d) 156.7%
Ans:(c)

Sol:  The wattmeter reading is

W= %[100><8 Cos 0+(6x50)sin (45 -(-30))]

=438.82 W
The fundamental power is

=%><100><8 =400 W
The wattmeter reading w.r.t fundamental

400 x100 =91.2 %
82

power =
Examplelll 3:

If the Reactance of the pressure coil circuit of a
wattmeter 1s 1% of it’s resistance, calcuiate the %
error due to this cause at power factor of 0.8
respectively.

(a) 0.72% (b) 0.75%
(€)0.71% (d) 0.78%
Ans: (b)

X
Sol:  From Ale Tanf=—"

b

_ 001,

)

B =Tan'(0.01)
Cos ¢ =08
o= cos™(0.8)
tang = Tan [ cos” (0.8)] =0.75
. % error =+ (Tan¢ x tanf3x100)
=+(0.75 x0.01x100)
=0.75%
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e —

= Because of potential coil self inductance
wattmeter reads more then the actual power
for ‘Lag’ power factor error is +ve (for lag
p-f)

= Wattmeter reads less than the actual power
and error 1s —ve for lead p.f

Errorec L (Lead/lag)

cos¢

Error Due to different load p.f

o |cosdp |sing | (Wu-Wp)=V.L
sin. tanf3

0 1 0 0 (min error)

30 10866 |05 |05VItanp

90 | O(low) | 1 VI tanf3( max
error)

Note: Under low p.f load conditions the error in
the measurement of the power is maximum in a
normal (or) unity p.f. meter.

To reduce this error under low p.f load
conditions. A specially designed low p.f watt
meter is used.

Note: In case of O.C test of a transformer the p.f
of transformer is between (0.2 to 0.4) under this
low p.f condition to measure the power accurately
L.P.F. watt meters are used.

Low power factor wattmeter: (Diagram of
LPF)

L&, CC

I

In designing of the L.P.F. wattmeter

L.P.F.— cosd — low
Tyoc Il Iz COS¢

\%
T, o< TRSI,.COS(D
For L.P.F ‘cos¢’ 1s low. so that “T4” is low to
increase the value of “Ty” A series multiplier
resistance ‘Rs’ is kept low Value R l , Tq T

To compensate Inductance of the ‘PC’ a
Compensating capacitor is connected in
parallel is

Note: In dynometer watt meter the P.C should be

highly resistive nature.

Example 14:

An electrodynamometer wattmeter is used for
measurement of power in a single phase circuit.
The load voltage is 100V and the load current is
9A at a lagging power factor of 0.1. The
wattmeter voltage circuit has a resistance of
30002 and inductance of 30mH Estimate the
percent error in wattmeter reading when the
pressure coil 1s connected on the supply side. The
frequency is 60Hz.

(a) 6.82% (b) 5.485%
() 9.82% (d) 7.44% y
Ans: (d) '

Sol:Load power = 100x9x0.1=90W
Load power factor cos¢ = 0.1

- 0 =284.26° and sing = 0.995 and tan¢ =
9.95
Resistance of pressure coil circuit Rp =

3000€2

Reactance of pressure coil circuit =
2mx60x30x10°7° = 11.304Q
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Electromechanical Indicating Instruments

As the phase angle of the pressure angle of
the pressure coil circuit is small
B=tanp = 11304 0.00376rad

3000

When the pressure coil is connected on the
load side, the wattmeter measures power loss
in pressure coil circuit in addition to load
power.

True power = VI cos¢
= 100x9x0.1
=90W

Let us consider only the effect of Inductance
Reading of watt meter

= true power (1+tand tanf)
90 (1+9.95%0.00376)
93.36W

I

: A
Power loss in pressure coil circuit = —
P
_ (tooy
3000
=333W

. Reading of wattmeter considering the
power loss in pressure coil circuit.

=93.36W +3.33=96.697

%error = —9—9%9—9>< 100 = 7.44%

Example 15:

The torque produced in an indicating instrument
by utilizing magnetic, electro dynamic, thermal,
chemical and electro static effect is known as.

(a) Controlling torque
(b) Deflecting torque
(c) Damping torque
(d) Restoring torque
Ans:(b)

Compensation Coil (LC connection) g]
J

e In L.C Connection Current Coil carrying

additionally potential coil current , because of
this additional flux is produced in current coil
& it links with P.C induces an EMF & causes
current in potential coil because of this power
loss is present in P.C

To compensate the power loss in pressure coil
compensating coil with equal number of turns
of current coil is connected in series
opposition to potential coil.

Compensating coil requires only for LC
connection not for MC connection.

Compensating coil

With compensating coil

Errors in Dynamometer Type
Instruments

1. Frictional Exror (Torque/weight):

Potential coil has more number of turns then
weight of moving coil is increased.

Then It has more Frictional error compared to
M.C and M.I

2 Temperature Error:
e Because presence of two coils net heat

developed is more. Then temperature error 1s
more compare to other Instruments.
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3 Frequency error: o The external magnetic field can easily distort
o When it is used as a voltmeter (or) ammeter the inside operating field. Hence stray
Net Inductance is more then the magnetic field is more compared to other

frequency error is more

e But when used as a wattmeter Inductance | Note: For portable wattmeter to reduce the
is very less, then frequency error is low. stray magnetic field error; Iron shielding is used.-

e For precision watt meters to reduce stray
magnetic field error, static system is used, in

* Because of the use of Air core, The hysteresis this two set of fixed coil and moving coils are
and eddy current errors are almost zero. used.

e Both Fixed coil & moving coils are electro
magnet then poor magnetic field is present

Hystersis & Eddy current error:
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CIass Room Practlce Questmns |

01.

02.

03.

04.

B R T B R T e R R P PR

Consider the following statements regarding
the wuse of electrodynamometer type
indicating instruments:

It is used for measuring

1. direct current

2. alternating current -

3. direct voltage

4. alternating voltage

Of these statements

(a) 1and 2 are correct

(b) 3 and 4 are correct

(c) 1and 3 are correct

(d) 1, 2, 3 and 4 are correct

Which one of the following measuring
instruments would consume the LOWEST
power from the source during measurement?
(a) Permanent magnet moving coil

(b) Electronic multimeter

(c) Electrostatic instrument

(d) Moving iron instrument

Assertion (A): The needle of an indicating

instrument attains a position where

deflecting and control torques acting on the

moving system are equal and opposite.

Reason(R): The oscillations of the needles

are suppressed by the damping mechanism

(a) Both A and R are individually true and R
is the correct explanation of A

(b) Both A and R are individually true but R
is not the correct explanation of A

(c) Ais true but R is false

(d) A is false but R is true

Match List I (Instrument) with List II
(Property/use) and select the correct answer
using the codes given below the Lists:

05.

06.

07.

08.

List I

A. PMMC

B. Moving iron

C. Thermocouple

D. Electrostatic type

List I

1. Square law type scale

2.Very good high frequency response
3. Linear scale over the entire range
4. Voltmeter

Codes:

A B C D
@ 4 1 2 3
b 3 2 1 4
) 4 2 1 3
@ 3 1 2 4

Assertion(A): Any indicating instru-ment
should have a damping torque.

Reason(R): Without a damping torque, the
pointer takes more settling time

In an electrodynamometer, a moving coil
has an area A, turn N and carries a current |
producing a magnetic flux B. The torque
on the moving coil is proportional to

(a) I (b) I

(¢) B.I () ANB.P
Assertion(A): The electrodynamo-meter
type instruments have high power
consumption. ¢

Reason(R): The current under measurement
has to provide the field flux.

Which one of the following measuring
devices has minimum loading effect on the
quantity under measurement?

(a) PMMC

(b) CRO

(c) Hot wire

(d) Electrodynamometer
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Class Room Practice Questions

. Which of the following meters requires an

external power source for its operation?
(a) PMMC meter

(b) Hot wire ammeter

(¢) Electronic voltmeter

(d) Electrodynamometer

Consider the following statements regarding

the controlling torque:

1. It is not present in power factor meter.

2. Tt opposes the deflecting torque

3. It is provided by air friction or by fluid
friction

Which of these statements are correct?
(@) 1,2and3 (b) 1 and 3 only
(c) 2 and 3 only (d) 1 and 2 only

i1. A voltmeter with an internal resistance of

200kQ) when connected across an unknown
resistance reads 250V. The milliammeter
internal resistance = 0 connected in series
with the above combination reads 10mA.
The actual value of the unknown resistance
1s

(a) 25kQ
(c) 28.56kQ

(b) 200kQ
(d) 200>

12. An unshielded moving iron voltmeter 1s used

13.

to measure the voltage in an a.c. circuit. If a

stray d.c. magnetic field having a component

along the axis of the meter coil appears, the

meter reading would be

(a) unaffected

(b) decreased

(c) increased

(d) either decreased or increased depending
on the direction of the d.c. field

An advantage of a permanent magnet

moving coil instrument is that it is

(a) free from friction error

(b) has high (torque/weight of the moving
parts) ratio

15

14.

16.

17.

18.

19.

(c) has low (torque/weight of the moving
parts) ratio
(d) can be used on both a.c. and d.c.

The scale of a voltmeter is uniform. Its type
s

(@) moving iron

(b) induction

(¢) moving coil permanent magnet

(d) moving coil dynamometer

. The effect of stray magnetic fields on the

actuating torque of a portable instrument is
maximum when the operating field of the
instrument and the stray fields are

(a) perpendicular (b) parallel

(c) inclined at 60° (d) inclined at 30°

An indicating instrument is more sensitive if
its torque to weight ratio is

(a) much larger than unity

(b) of the order of unity

(c) much less than unity

(d) made deflection-dependent

Which one of the following materials is used
in the fabrication of swamping resistance of
a PMMC instruments?

(a) Copper (b) Aluminium

(c) Manganin ~ (d) Tungsten

Which one of the following types of
instruments can be used to determific the
r.m.s value of ac voltage of high magnitude
(10kV) and of any wave shape?

(a) Moving iron instruments

(b) Dynamometer type instruments

(¢) Induction instruments

(d) Electrostatic instruments

A compensated wattmeter has its reading
corrected for error due to
(a) the frequency
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23.
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_ :25: Electromechanical Indicating Instruments

(b) friction 24. The magnetic field responsible for the

(c) power consumed in current coil production of the deflecting torque in an

(d) power consumed in potential coil accurate dynamometer type wattmeter,

being very weak, the accuracy of the

Assertion (A) : General purpose measurement can be increased by providing
dynamometer type wattmeter cannot a

indicate the correct value of power at low
power factors.

Reason (R): The presence of self-
inductance in the pressure coil circuit
introduces an error in the indicated value

which increases appreciably with decrease

in power factor of the load.

A wattmeter has a range of 1000 W with an
error of +1% of full scale deflection. If the
true power passed through it is 100W, then
the relative error would be

(@) £10% (b) = 5%

(¢)+ 1% (d+05%

What 1s the effect of inductance in the

pressure coil on performance of a

dynamometer type wattmeter?

(a) It reads low on lagging power factor and
high on leading power factor

(b) It reads high on lagging power factor
and  low on leading power factor

(c) Its reading is not affected to all

(d) It always reads low '

The current and potential coil of a
dynamometer type  wattmeter  were
accidentally interchanged while connecting.
After energizing the circuit, it was observed
that the wattmeter did not show the reading.
This could be due to the

(a) Damage to potential coil

(b) Damage to current coil

(c) Damage to both the potential and current
coil

(d) Loose contacts

25,

26.

27.

(a) Magnetic shield around the instrument

(b) Compensating winding along with the
pressure coil

(c) Astatic arrangement to the moving
system of  the instrument

“(d) Capacitance shunt across & portion of the

pressure coil

The moving coil in a dynamometer
wattmeter is connected

(a) in series with the fixed coil

(b) across the supply

(¢) in series with the load

(d) across the load

A dynamometer type wattmeter responds to
the

(a) average value of active power

(b) average value of reactive power

(c) peak value of active power

(d) peak value of reactive power

Consider the following statements in respect
of two types of a dynamometer wattmeter
connections are shown above in figure (a)
and figure (b).

1. Figure(a) is used when applied voltage 1s
high and load current flowing is low.

2. Figure (b) is used when applied voltage
1s low and load current flowing is high

3. If the order of connections in Statements
1 and 2 are in opposite order, gross error
will be increased.

4, If the order of connections in Statements
1 and 2 are in opposite order, gross
error will  be reduced.
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28.

01.

02.

03.

Which of the statements given above are
cotrect?

o>Oor

Figure (a) Figure (b)

(b) Only 1 and 3
(d)1,2and 4

(a) Only 1 and 2
(c)1,2and 3

A compensated wattmeter has its reading’

corrected for error due to which one of the
following parameter? -

(a) Frequency

(b) Friction o

(c) Power consumed in current coil -

(d) Power consumed in pressure coil

The current passing fh_rough a 10Q

resistance is given by i =3+ 442 sin314t
this current is measure-':‘by.a_PMMC meter.
What is the measured value?

(@) 3A (b) 4A

() 5A (d 42 A

The current following in a 20Q resistor is
given by i = 2 + 4sin314t. This current is
measured by a hot wire ammeter. What is
the measured value?
(a) 2A
(c) 4A

(b) 3.46A
(d) 2.83A

Which one of the following meter has
maximum loading effect an the circuit under
measurement?

:26:

04.

05,
~ resistance of the multiplier in order to make

06.

Class Room Practice Questions

(a) 1000Q/volt
(c)ImQ/volt

(5)100Q/volt
(d)10mQ/volt

A current of —8+6v2 (sin mt+3()°) A s

passed though three meters. They are a
center zero PMMC meter, true r.m.s meter
and moving Iron instrument.
The respective reading (in A) will be

(@) 8,6, 10 (b)8, 6,8
(c)-8,10,10 (d)-8,2,2

A capacitor is connected across a portion of

the pressure coil circuit of the wattmeter
non-inductive.. The value of this resistance
is r while the total resistance and inductance
of the pressure circuit are respectively R,
and L. The value of the capacitance C is

: L 0.41L
(a) — b
()Rﬁ (b) -
| PR _ 0.41L
c) — d

A wattmeter is connecied as shown in the
fig. the wattmeter reads

Current coil

Potential cil Z,

|, [
A\ Wattmeter 1

07.

(a) zero always

(b) Total power consumed by Z, & Z,
(c) power consumed by 7,

(d) power consumed by 7,

A d.c. voltmeter has a sensitivity of 1000
Q/volt. When it measures half full scale in
100 V range, the current through the
voltmeter is
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08.

01.
02.

Sol: Electronic instruments have very high input |
impedance. So, amount of current taken, and |
hence power consumed will be very less for

03.
04.

Sol:

0s.

127
(a) 100 mA (b) 1 mA 07.
(€) 0.5 mA (d) 50 mA 08

In a PMMC instrument, the central spring
stiffness and the strength of the magnet
decrease by 0.04% and 0.02% respectively
due to a rise in temperature by 1°C. With a
rise in temperature of 10°C, the instrument
reading will

(a) increase by 0.2%
(b) decrease by 0.2%
(c) increase by 0.6%
(d) decrease by 0.6%

Solutions

T

it

&
& 5
& 2
&
Y- &
B &
3 B
ol i

5

Ans: (d)
Ans: (b)

them.

Ans: (b)

Ans:(d)

Torque equation for PMMC:
K6 =BINA

0 a. I, Hence, linear scale
Torque equation for MI:

Kezllz dl
2

de

fal

Hence, square law type scale -
Thermocouple instruments have very good
high frequency response.

Ans: (a) 06. Ans: (b)

| Sol:

Sel:

09.
Sol:

10.

11

12.
14.

16.
Sol:

17.
Sol:

Electromechanical Indicating Instruments

Ans: (a)

Ans:(b)

CRO has input impedance in the range of
MQ. So it has least loading effect among
given.

Ans: (¢)
The Electronic instrument needs an external
source of supply.

Ans: (d)
Ans ©
. 10mA
o— @k
Iy *IR T
: R 250V
200kQ

1

V=250V, Ry =200 kO, 1= 10 mA

=20 195
20040
[r=10mA-1.25mA =875 mA
. B0V 56k
8.75mA
Ans: (d) 13. Ans: (b)
Ans: (¢) 15. Ans: (b)
Ans:(a)

Torque to weight ratio determines the
sensitivity of meter.

It’s value should be much higher than unity
for better sensitivity. ‘

Ans: (¢)

Manganin has negligible temperature
coefficient of resistance. So, it is used to
overcome temperature errors in instrument.

ACE Engiieering Academy - -
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18.
Sel:

19.
21.
Sel:

22.

Ans: (d)

For measurement of very high voltage,
Electrostatic voltmeters are used due to their
low current. "

Ans: (ﬂ)

Ans: (a)

W =(0-1000) W
Error = £1% — fsd
Wr=100 W

Error = + L><1OOOW =+10W
100 ,

20. Ans: (a)

%FError w.r.t true value

10W

=+ x100 = £10%
AW

Ans: (b)

128:

23.
Sel:

24.
Sol:

55
2.

Class Room Practice Questions

Ans: (b)

Current coil has very small resistance. If it is
connected in parallel to supply then very
high current will flow through it causing
damage to it.

Ans: (c)
Accuracy is improved by providing a static

arrangement to the moving system of the .

instrument.
~ Ans: (b) 26. Ans: (a)
Ans: (é) 28. Ans: (d)

01. (2)
05. (b)

02. (b)
06. (d)

03. (c)
07. (c)

04. (c)
08. (a)

ineeting Academy.
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Measurement of Power & Enerqy

R T A e S S S U Pl S e VY A
1. DC power — (Only for R-Load) = P = VI ()P > Py

(a) Voltmeter — Ammeter method ' . .

(b) Ammeter — voltmeter method (ii) - Error is due to voltmeter

(iii) Suitable for measurement of low
resistance  and high load currents

Pn=Vix(IL +1y)
Pn=ViIL +Vi I
Py =P+ Vi

2. ACpower - R, L & Cloads = P =V Icos
Measured by Dynamometer type wattmeter

Measurements of DC power

Note:
In both the methods (P, > Py)

Note:
. D

In both the methods the error due to always

1. V- A method:

DC supply (V) ) v, Load side” of Instruments
—e L e AC power can be measured by using
wattmeter as discussed previous lesson
Conclusions Measurement of poly phase power:
o P, > P, (Measured power greater than true 3-9
power) Balanced (In = O) 1 =0=7:&0,=0,= 0;
e Error is due to ammeter only Unbalanced (I # 0)
¢ Suyitable for measurement of high . '
resistance and low load current 3-44 wire 3-¢3wire
Min Max Min Max
P, = voltmeter reading x Ammeter reading Baianced 11 3 Balanced 3 3
=(VL+Va)xIp unbalanced 2 3 Unbalanced 2 2

= VLIL + V.l

_ 2
Py =P+ I R, —> Power loss e For 3¢ 4- wire —> neutral is present

o As per blondel’s theorem, if neutral is not

2. A=V method: available for ‘n’ wire system then ‘n—1’ no. of

I +ly wattmeter’s are required for ‘n” wire system.
n @ - Consider 3-¢ ‘Y’ connected lagging power
L factor balanced load with “R-Y-B” phase
DC supply R sequence (‘B’ phase made common)
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Electrical Measurements

3-¢ Y- connected “lagging loads
W=Vl cos £V %1,

—

Wy = Vi1, cos £V x T,

For balanced condition

Vrg = Vyg = VL

R =k=I

W, =VLIcos(30-¢)

W, =VLILcos(30+4)

P =W, +W,=+3Vicos
In star connection

Vi = \EVph ;L =L

P =3V,ulncosp — Total 3¢ power

Wi - W;=VIsind

Wi -W, = 3 Vulsing

W, -W
Von psing = ———=—2
ph Ip i

NE)

Reactive power for 3 - ¢
W, -W '
QT:3[ lﬁ 2) = V3(W, - W,)

Power factor angle
W, -W, VI sin¢
W+ W,  +3V,I, coso

W, -W, tan¢
W,
\\\_VYB - Vy —VB- : | i ‘/E(Wl N Wz)
A S T R s v
,'I y (-Vs) ¢ =tan (Wl + Wz)
Iy S Vg =43V,
¢ < Line voltage p.f=cosd
' Advantages of 2 — wattmeter method:
Iy
Ve Vy Note:
(1) Tt can be used for balanced and unbalanced,
whether neutral is available (or) not
Wi = Vi, I cos(30-¢)
Wy = VI, cos(30+¢)
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Measurement of Power & Energy

Example 1:

The power flowing in a 3phase 3wire balanced
load system is measured by two wattmeter
method. The reading of wattmeter A is 7500W

and of wattmeter B 1s —1500W ; then find what 1s
the power factor of the system.

Sol: P;=7500W
P, =-1500W
P =P +P,=75000 - 1500 = 6000W
PP, = 7500 + 1500 = 9000W

| -1 P 1~ Pz
om0

=tan "’ \/g(g—oj =69°

00
6000

‘/g(wl _ Wz)
o
W;-W,;=39.68 kW -—---- (2)
Solving equation (1) & (2)

2291 =

Wi=34.84 kW
W, =-485kW
Example 3:

The result of ratio of the readings of two watt
meters connected to measure power 1n a balanced
3 — ¢, 3 — wire load 1s ‘r’. The load is known to
be inductive with a lagging power factor. Find the
power factor of the load?

2
A (a) ,/0.2+ 3(111j (b) :
p-f=cosd =cos69" =0.358 r+1 -1\
1+3 —
(r+1j
i . r—1 1
Example 2: e (c) — @ 2
A 3¢, 500 V motor has a power factor of 0.4. 2+ 3(r__1j
Two wattmeter’s connected to measure the input - r+1
to be 30kW, Then the reading of each wattmeter.
(a) W, =34.85 KW, W, = -4.85 kW Ans: (b)
. W1
(b) W1 =38.26 kW, W, =-8.26 kW 3 T
B L Sol: Tan § = 43| 2 |= 3| —2
(c) Wy =69.68 kW, W, =-39.681 kW W, W, W/ 41
(d) Wi = 0kW, W, = 30 kW | hE
Ans: (a) cos = ——
sec ¢
Sol:  W;+W,;=30kW - (1) | |
W
cos¢ =04 = — = - 'r=;’¢
Tang =2.291 Y1+ Tan’ \/1 s 3(r_‘ij
r+
-W
Tang= YW= Wa)
(W, +W,)
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132 Electrical Measurements

Readings of Wy, W, for different load p.f:

W=V I cos(30 +

o cosd W=V I cos(30-¢) Wi+W, Observations

9)
0 1 .—?VLIL —?VLIL VBV | Wi=W,
VLIL —
30 0.866 Vil 5 1.5V I W, =2W;
NE)
60| 05 _?VLIL 0 2V w=0
L
V.1 -V.1 Wi=-ve
90 0 5 ) 0 W, = 4ve
Note: W] = VYBIRCOSZVYB —IR
If one of the wattmeter shows negative then Wi = Vyglrcos(90-¢)
reverse either potential coils (or) current coil W = VI sind
termm_als and record the wattmeter reading with W= «/nghIphsin 0
(—ve sign.) _ _ . .
_ ‘ Qr= NE) (W) =3Vulpnsing — 3 = ¢ reactive
Eg: Wattmeter reading is 20W after reversing | power
current coil terminals then take the reading as
W=—20W". NOTE:
Measurement of Reactive power: e For measurement of reactive power the
C.C current coil is connected to one of the phases
Re }R Lmj' Wi of a3 - ¢ network
E | R e Then the potential coil is to be connected
kit between the remains two phases.
P.C 729 8 v
Measurement of Energy
244 724 _ . L
The power delivered over a period of time is
L called energy
. y t
Be B Energy = IVICOS(bdt
0
Yoo
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:33: Measurement of Power & Energy

1-¢ energy meter induction type:

Energy meter is an integrating instrument which works on the principle of induction.

Registering
system

Neutral
k G pc | [\ Shunt
é:::% magnet
T VPEC
J L e
| [

1 Phase _ .

AC supply /’ '

Al Disc M Br}ce || Pend
magnet

} \ 1‘ ) \AVAYARVAV/ l
Phase ’J
Energy meter consists of Series magnet:
(1) Driving mechanism It is wound with a coil called as “current coil”
(11) Rotating mechanism (CC) 1s connected 1n series with load and
(ii1) Breaking mechanism carries the current ‘I’ proportional to load .
(iv) Recording (or) registering mechanism Rotating mechanism:

A light weight aluminum disc is used and it is
placed on spindle. The speed of aluminum disc is
proportional to power consumed by the load

Driving mechanism:
(a) shunt magnet
(b) series magnet

Shunt magnet: : Op era.tion:' _ y
Shunt magnet is “highly inductive and it has large Poteptlal coil produces a ﬂux (_d)P) and.thls' flux 1s
no. of turns passing through the rotating disc. Which induces

an eddy voltage (e,) and an eddy current (Iep).
When current coil produces flux ¢c, which
induces an eddy current I in the disc. The
interaction of (I.) with potential coil flux (¢,) and

¢ On shunt magnet potential coil 1s placed and
it is directly connected to the supply

e P.C carries a current of I, It is proportional to
supply voltage only and it is independent of
load.
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interaction of I, with current coil flux ‘¢’
produces a torque in the rotating disc.

This torque is proportional to the power consume
by the load.

Note:

If this power consumption is measured over a
time period (dt), then the no. of revolutions of
rotating disc 1s proportional to the energy
consumeg by the load. But between two torques
the angle is 90°. The resultant of Ta; and Ty net
driving torque (Tq) is produced, with this disc
starts rotating

Potential coil

Rotating disc

Current coil

Phasor for potential coil emf:

Electrical Measurements

Phasor for current coil emf:
\Y

A

le = d)c Iep COS Z d)c & Iep
Te= ¢P Lec cos £ d)c & lec

T4 = VIcos(90 +a)—(A—9)
T4 = VIcos(90+a) + (A-9)
To=Ta -Ta |
= VI((cos(90+a)—(A—¢))—cos((90+a)+A-6))
= VI(2sin(90+0)sin(A—9)
Ty= VI(ZCOSdsin(A—q))
2cosa —» Al disc material
Tq o VIsin(A—¢)

If all disc reactance X = 0, then driving torque
will be maximum '

Aluminium disc

Tq oc VIsin(A-¢) —» Wy(measure value) X =0
T4 oc Vicosp — W= (True value) a=0
Error = Wy, — W = Visin(A-¢)-VIcos
Error = VI(sin(A-¢)—cos¢)

Brror = SA=8)-cosd 00
cosd
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Example 4:

A correctly adjusted single phase 240V induction
watt hour meter has a meter constant of 600
revolutions per kwh. Determine the speed of the
disc, for a current of 10A at a power factor of 0.8
lagging If the lag adjustment in altered so that
phase angle between voltage coil flux and applied
voltage is 86 calculate the error introduced at 0.5

pf lagging
(a) 19.8rpm; ~10%  (b) 19.8rpm; +10%
(¢) 192rpm;—11.8% (d) 19.2rpm;~12.3%

Ans: (d)
Sol: Energy consumed in one minuté with rated
current and 0.8pf lagging

240 x_10xo.8x%]x1o-3 = 0.032kwh

~ .Revolutions made in one minute =
<~ 0.032x600
S . =1921pm

. speed of the DISC = 19.2rpm

sin(A — ¢)— cos ¢ <100
cosd

Error introduced =

We have A = 86
p.f=0.5 lagging
B sin(860 —600)~cos 60° y
cos60°
=-12.3%
¢ Energy meter works on 1-¢ LM principle 1.e.
" the angle between potential coil and cc flux is
maintained 90°. Then two driving torque T,
and sz
At steady state of a/ disc
k2 NR
Z

NZTd

100

‘. error

:Td

Z
k;0,R
N = VIcosd

:35: __Measurement of Power & Energy

t

]th oc J.VI cos ¢
0

0
\ \
Mech.  Electrical
Energy energy

No. of revolutions cc Electrical energy

Note:
e Because of breaking torque, it runs at steady
state
TB o ¢md

d = distance between spindle and permanent
magnet

¢ To increase the speed permanent magnet Is
kept nearer to the spindle

o To decrease the speed magnet is kept far

away from the spindle

s [f angle (A) between “PC voltage (V) and PC
coil flux (Qp)” (or) I, is 90°. Then energy
meter records true power and error is zero.

Note:

In energy meter the nature of potential coil should
be highly inductive and has large no. of turns,
then error is zero.

Breaking torque:
Rotating

Ee oc ¢puN
=kjopN
Te o ¢ LR
Te = kodmleR
Z

TB oC (1)1211
*Tg e N, Ty oc VIcos¢

Tg

Permanent magnet

;Hyderabad i New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune | Chennai J




Electrical Measurements

N.= speed
R = Radius of spindle and permanent magnet

Formulae in energy meter:
Energy = power x time
= VIcosf x t
_ VIcosd y t
1000 3600
("stin sec, 1 kWhr = 1 unit At full load [ =1,

at half load T = %)

kWhr

Energy meter constant:
_ No.of revolutions

kWhr

K:ﬁ

pt
P = power kW
t=time in hr
N = speed of disc = revolutions

) Total no.of revolutions made
Creeping error =

Energy metercons tan t (K)
% Creeping error '
_ No.of revolutions due to creeping <100

Re volution due toload

% Energy meter constant
_ Energyrecorded true energy consumed

Trueenergyconstant
=+ve — fast
=-ve —slow

Example 5:

A single phase kwh meter makes 500 revolutions
per kwh. It is found on testing as making 40
revolutions in 58.1 seconds as 5 kw full load. The

percentage error in the meter is (in %)
Ans: 0.86
Hint: Energy consumed(E.C), = kwh
= 5x 581 =0.0807 kwh
3600

EC= " =2 0 08kwh
Mc 500 |
0 error = D00 00807 10— 0 86%
Example 6:

Statement for Linked Answer Questions

A single phase energy meter is tested for half an

- hour run at a supply voltage of 230V and a load

current of 10A at 0.8 lag power factor. The dial
reading at start was 57.35 and at the end of the
test was 58.25. The meter constant is 1200
revolutions per kwh. The meter made 8§90
revolutions in 30 minute run

(1) The error in meter registration is

(a) 0.02 kwh more  (b) 0.04 kwh less
(¢) 0.02 kwh less (d) 0.2 kwh more
Ans: (¢)
. V.1, cos¢
Sol: (Energy consumption), = —--—-"x0.5
(Energy ption); 1000
_ 230x10x0.8 0.5
1000
=0.92 kwh

(E.C)m = 58.25-57.35 =0.90 kwh
- error = A=A = 0.90-0.92 = -0.02 kwh

(i) The percentage error in meter
revolutions
(a) 19.38% fast (b) 19.38% slow
(c) 17.21% fast (d) 1.28% slotw
Ans: (b)

Sel: (Rev), = M.CxE.C = 1200x0.92 = 1104 rev
(RCV)m =890 rev

8901104

Y%error = x 100 =-19.38%
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Measurement of Power & Energy

Creeping error:

When PC is energized and there is no current in
current coil, then the disc revolves slowly and
continuously. This effect is called creeping error.
Causes:

e Main reason 1is over static friction
compensation

¢ QOver voltages

o Excessive lubrications, vibrations, stray

magnetic field of Instrument.

¢ To eliminate the creeping error, two hoies are
drilled on opposite sides of the disc diameter.

e A small Iron piece is attached to the edge of
an disc, under creeping. Thin Iron piece is
attracted by permanent magnet so disc stops
creeping.

Example 7:

A 230V, 1 - ¢ watt hour meter has a constant
load of 4A passing through it for 6 hours at unity
p.f if the meter disc makes 2208 revolutions
during this period. calculate the power factor of
the load if the number of revolutions made by the
meter are 1472 when operating at 230V and 5A
for 4 hours. -

(@) 0.8 (b) 0.6
(€)0.75 (d)0.92
Ans:(a)
Sel: No. of revolutions = kVI Cos ¢ xt — (1)
k= 2208 =400 rev/kwh
230x4x1x6

.. for 1472 revolutions Cos ¢ = ?

(1) = 1472 = (400 x 230 x 5 xcos¢ x 4)x10”
= cos¢p=0.8

Phase lag/ Quadrature / Inductive /Lag coil
For the measurement of true energy by the energy
meter potential coil current (Ip) lags behind the

voltage (V) by an angle 90°. But in practical it is
A (You can see this Afrom phasor diagram of
energy meter )

To make this angle 90° a Lag coil is connected
below the potential coil which will produces flux

0L

As shown in below figure

p ; 1, Shunt magnet
'3 o
Or
A Zl
=]
ag coil 4 .
I 0r (¢P ¢L)

[ _ 1

By adjusting the lag coil (ineans by moving it up
or down) we can make ¢, exactly in quadrature

with the voltage. So that Iron losses in the core is
small.

Example §:

A single phase energy meter of the induction type
is rated 230 V, 10A, 50 Hz and has a meter
constant of 600 rev/Kwh when correctly adjusted.
If quadrature adjustment is slightly disturbed so
that the lag is 85°, calculate the percentage error
at full load, 0.8 pflag.

(@) -5.5% (b) —6.9%

(c) 9.3% (d)-1.3%

Ans: (b)

Sol: T4 asin o /

Where o = angle between two fluxes.
Given ¢ =cos™ (0.8) = 36.8
.. The value of angle under measurement is
o' =85-36.8 =48.2°
But true value is o. = 90° - 48.2

=53.2

sino’ —sina

.. error= =100

sin o

ACE Exgincering Acudeny
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frray

_sin482" ~sin$32"
sin53.2°
=—69%

100

SHADING BANDS

Which are similar to the “lag coil” which are
made of Cu. By adjusting the position of Shading
Band ¢, 1s adjusted such that ¢,is kept at

90° w.r.t voltage.

“OVER VOLTAGE” Compensation :-
Saturable shunt magnets are kept between side
limb of the shunt magnet. Under normal air gap
between saturable shunt magnet and the side
limbs produces Maximum reluctance but under
high voltage reluctance breaks so that flux is
diverted hence meter is protected.

[\I\Kf\r\

Over current protection

A saturable series magnet is kept between the
side limbs of series magnet under heavy load
currents flux diverts through this magnet hence
meter is protected.

| ——=8
D if
D 4—
— 4
T g4 —

Temperature compensation:

The permanent magnet is made up of “Mu
temperature” which is less affected by the
surrounding temperature.

Electrical Measurements

Testing of Energy Meter ‘

Phantom/fictious Loading :

Phantom (or) fictious loading is used to reduce
the energy loss due to actual loading. So that the
energy meter is tested at the desired load current
and norminal supply voltage.

Procedure:

The potential coil of the energy meter is-applied
with normal supply voltage.

The current coil is supplied with a low voltage
supply variable resistance is connected in series
with it.

By varying resistance (R) we can make the
current through current coil equal to the load

~ current called fictious loading.

Nominalf —]
voltage |[Vg—3 P-C
[
Resistance (R)

S cC.
L 1

| —e

I
s

Under Normal loading :
2

Total power loss = v +VI
P
so due to normal loading energy loss is high.

/
“I” 1s load current

Note: In energy meter potential coil (or) current
coil terminals are reversed then disc rotates in the
opposite direction.

ACE Engineering Académy Hyderabad | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatmam | Tirupati | Pune | Chennai |




01.

02.

03.

04.

& R A RS, : _\"
[ LEVEL-1 Questions |

ESHY

Which of the following statement is true
about two wattmeter method for power
measurement in three phase current.

(a) power can be measured using two

wattmeter method only for star
connected  three phase circuits
(b) when two meters show identical
readings,  the power factoris 0.5

(c) when power factor is unity, one of the
wattmeter reads zero

(d) when the readings of the two wattmeters
are equal but of opposite sign, the

power factor is zero.

In the measurement of power on balanced
load by two-Wattmeter method in a 3-phase

. circuit, the readings of the Wattmeters are
3kw and 1kW respectively, the latter being |

obtained after reversing the connections of
the current coil. The power factor of the load
18

(a) 0.277
(c) 0.625

(b) 0.554
(d) 0.866

In calibration of a dynamometer Wattmeter
by potentiometer, phantom loading
arrangement is used because

(a) the arrangement gives accurate results

(b) the power consumed in calibration work is

minimum

(c) the method gives quick results
(d) the onsite calibration is possible

Which of the following statements are

correct in case of a power factor meter?

1. The deflection is proportional to the phase
angle between field coil and crossed coil

2. The restoring torque is provided by a
controlling torque

05.

06.

07.

08.

Class Room Practice Questions

3. It consists of two coils mounted at right
angles to each other.

Select the correct answer using the code
given below: '
(a) l and 2
(c) 1and 3

(b)2and 3
(d)1,2,and 3

In a single-phase induction type energy

meter, the lag adjustment is done to ensure

that

(a) current coil flux lags the applied voltage
by 90°

(b) pressure coil flux lags the applied

voltage by 90°

(c) pressure coil flux is in phase with the
applied voltage

(d) current coil flux lags the pressure coil

flux by 90°

If an inductance type energy meter runs fast,

it can be slowed down by

(a) lag adjustment _

(b) light load adjustment

(c) adjusting the position of braking magnet
and moving it closer to the centre of the
disc

(d) adjusting the position of braking magnet

and  moving it away from the centre of

the disc

Assertion (A): The rotating disc in an
energy meter is made up of a mdgnetic
material '

Reason (R): Braking takes place due to
eddy current generated by the braking
magnet ‘

Consider the following  statements
associated with an energy meter:

1. It is an integrating type instrument

2. It is an induction type instrument

_ACE Engineering Academy
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3. It uses a permanent magnet for rotation of
aluminium disc

4. It employs a high control torque

Which of these statements are correct

(@) 1,2,3 and 4 (b) 1 and 2 only

(c) 2 and 3 only (d) 3 and 4 only

09. A single-phase energy meter having meter
constant of 200 rev/kWh is operating on
230V, 50 Hz supply with a load of 10A and
at unity power factor for three hours
continuously. The number of revolutions
shown by the meter during this period is
(a) 13800 (b) 1380
(c) 276 (d) 138

10. The meter constant of a single-phase energy .

meter is 500rev/kWh. It is found that with a
load of SkW, 1t makes 40 revolutions in 50
sec. The percentage error is

(@) 5.25% (6)10.5%

(c) 15.25% (d) 20%

11. A water boiler at home is switched on to the
a.c. mains supplying power at 230v/50 Hz.
The frequency of instantaneous power
consumed by the boiler is
(a) 0Hz (b) 50 Hz
(c) 100 Hz (d) 150 Hz

12. The two wattmeter method is used to measure
active power on a three phase, three wire
system. If the phase voltage is unbalanced,
then the power reading is
(a) affected by both negative sequence and
zero sequence voltages

(b) affected by negative sequence voltage
but not by zero sequence voltages

(c) affected by zero sequence voltages but
not by negative sequence voltages

(d) not affected by negative or zero
sequence voltages

:40:

13.

14.

15.

16.

17.

Class Room Practice Questions

Damping torque in the disc of an a.c. energy
meter is provided by which one of the
following?

(a) Electrostatic effect

(b) Magnato static effect

(c) Eddy current effect

(d) Chemical effect

What is the major cause of creeping in an
energy meter?
(a) Over compensation for friction

- (b) Mechanical vibrations

(c) Excessive voltage across the potential
coil
(d) Stray magnetic fields

The brake magnet of an error free electro

mechanical Induction type energy meter is

shifted from its position and moved a small

distances towards the edge of the disc. Then

the meter will

(a) continue to work correctly without any
change in its characteristics

(b) continue to work, but registers a lower
kWhr

(c) continue to work, but registers a higher
kWhr

(d) stop working

Disc in an induction type energy meter

rotates in the opposite direction when

(a) a large capacitor is connected on the
load side

(b) a large inductor is connected on the load
side

(c) current coil and voltage coil are wrongly
connected

(d) either current coil or voltage coil is
wrongly connected

The two-wattmeter method is used to
measure power in a balanced 3-phase

“ACE Engincering Acaderty
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Measurement of Power & Energy

circuit, drawing lagging current. The poWér for two hours at upf. The meter makes 1380
factor if one of the wattmeter reads zero is revolutions in that period. The meter
(@) 0.5 (b)0.8 ()1.0 (d)0.0 constant is
(@) 695 rev/kWh  (b) 150 rev/kWh
(¢) 0.15 rev/kWh  (d) 1/150 rev/kWh
' 05. Th il of inducti
. In two-wattmeter method of power en eer gir;sestllérreis cotl of an induction. type
rrllleasuremeqt, one d(.)f theh wattﬁn etler dWﬂ; (a) Highly resistance (b) Highly inductive
SIOW .neggtlve reading when the load p (c) purely resistive  (d) Purely inductive
angle is strictly
0 0
(a) i :3;80 CZ) i 280 06. The minimum number of wattmeter(s)
(©) @ N required to measure 3 — phase, 3 — wire
. balanced or unbalanced power is
02. An electrodynamometer type wattmeter is @)1 ()2 ©3 (44
connected (as shown 1n the given figure) in a _
3-phase supply and having a 3-phase
balanced load. E and I are the values of
phase voltage and current and ¢ is the phase
angle between them. The wattmeter reading -
will be
o—p -
L \ | 01. Ans: (d)
3-phase o—p—3 @ o 3-phase
supply L C_ ) baianced 02. Ans: (a)
Sol: W, =3 kW,
o—p % W, =—1 kW (after reversing
L connections of CC)
(a) Proportioual to EI sin¢ s (w-w,
(b) Proportional to EI cos¢ ¢ =tan”| 3 W+ W
(c) proportional to EI tan - b
(d) zero = qant |3 | W= CLEW)
i 3kW +(-1kW) )
03. The power of a three-phase three-wire ~ 73 89° g
balanced system was measured by two ' _
Load r factor =
Wattmeter method. The reading of one of o :pz:s%;g;;r: OC (2)87(1;
the Wattmeter was found to be double that ' '
of the other. What is the power factor of the 03. Ans: (b) 04. Ans: (c)
system? ) ) T
(@1 (b)0.866 (c)0.707 (d)0.5 05. Ans: (b) 06. Ans: (d)
04. A single — phase energy meter is operating 07 Ans: () 08. Ans: (b)
on 230V, 50Hz supply with a load of 20A | 09. Ans: (b)
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142 Class Room Practice Questions é

Sol: Energy = VI cos ¢ x time " =[Vg sin ot] [I, sin (ot)]
_ 20x10x1x3 _ oo = Vin I sinot |
1000 . A
No. of revolutions (N) T (1-cos2at)
= meter constant (k) x Energy in kWhr = Vims Lims (1 = €08 20t)
- 200 x 6.9 = 1380 So, frequency of the instantaneous power
’ ' wil be twice that of supply frequency.
10. Ans: (c) .
Sol: Energy consumed in kWhr (True value) 12. Ans: (b) 13. Ans: ()
5kw x50
= = 0.06944 kwhr | 4. Ans:(a) 15. Ans: (b)
Energ;/ recorded in kwhr (measured "Vz'ilu'é) | 16. Ans: (d) 17. Ans: (a)
- —049% = 0.08 kWhr - |
300rev o0 . 00604 ‘Level-2 Key ~
sError = oo~ V09414 S | |
_ 0.06944 = 1 02.(a) ; 03.(b) 04.(b)  05.(b)
o 0 S SR N S
15.27? Yo 06. (0) | ;
11. Ans:(c)
Sol: Instantanous power = VI
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There are two types of bridges
1. DC Bridges
2. AC Bridges

Bridge Measurement of R, L & C

AC Bridge

a

R(unkn

2.source: Battery 2.AC E  source,
- oscillator
3. Detector: 3. Vibrational
DC Galvanometer | galvanometer
(0Hz) | “(5-20Hz)

in head phones
(200-5kHz)

{ ® Tuned
(>5kHZ)

o Telephone detectors ||

amplifier

4. Balanced PS=QR |4.Z,Z4 = 7,73 and

91"‘94 = 92“'93, .

5.LC, f, Q —factor,
D-factor, & €;

5. Application:  only
‘R’ measurement

Note: Don’t connect Galvanometer and source to
the same points. It may be unbalance conditions.

o If the below Bridge is balanced then the value
of Ris

PS=QR

5x8=6xR
R=22 667
6
I
E
Example 1:

For the circuit given in figure the unbalance
voltage e is '

IRX
(A)eo= —2—
(B) g =2IRX
(C) e =1IR (1+X)
IR(X-1) ‘{}
(D) €= ) E
Ans: (D) |
Sol: equivalent resistance = (R +RX) // (R +
_(R+RX)
e
s I= E( l
R+RX
oy
—p=1 RRX)
2
ol )
R+RX R+RX.

s
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Electrical Measurements

When bridge is balanced, adjacent branch
voltages are equal.

To reduce the sliding balance, select
uncommon elements as variables always (R4
& Cy).

If the selected uncommon elements are
present in same arm. Then time taken for
bridge balance is much reduced then it is
called converges to sliding balance.

Measurement of Inductance :

1) Maxwell — Inductance Bridge

2) Maxwell Inductance - —capacitance
bridge (medium Q coils 1<Q<10)

3) Hays Bridge — (High Q coils Q>10)

4) Owen’s Bridge — (Incremental Inductance

(Ho))
5) Anderson’s bridge -

(Q<1))

(“low Q coils”

(accurate measurement of Inductor from

milli Henry to wide range )

= out of above 5 bridges Anderson bridge is
most accurate bridge.

Maxwell —Inductance Bridge:

b—Er—se—E,—

(R, + jooL,)xR, =(R, + jaL, xR,

Under balanced conditions

To make Bridge balance select uncommon
elements from the above two equations those are
“RZ & L2 ED)

E;=E,

E=EJRy
=[Rs=1,R,

Maxwell —-Inductance —Capacitance Bridge:

RR,=R,R,

Rl - R2R3
R4

L =R,RR,
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Bridge Measurement of R, L & C

'V;| =IR, > 1 in phase'V;]

=L 1 leads V4 by 90
oC,

L=Ig+]Ic

¢ It’s not suitable for high & low ‘Q’ coils it’s
used for measurement of a medium Q coils
Inductance & resistance from a known value
of capacitance '

o, X, ,
® :———:———)hl h:oo
0 R R g

Z; =R1+jX1

0, = tan™ (-&)
Rl

8, =90

0; +05=0,+0;

04=~90

For high ‘Q’ coil

tan (0 Cq Rq) =90

(@ C4 Ry) £ 00— (Not practical)
Hence this bridge is not used for High Q
factor measurement

If low Q coil:

0;=tan (0)=0

So w .C4 R4=0

So also we can’t change R, & Rj vaiues to
this low values. So bridge is not suitable for
low Q, factor measurement.

Hays Bridge:
F—El—*b—E3—>|

Under bridge balance condition
Zl Z4 = Zz Z3
L..___ R,R,C,
Clire'RECH
_o’R,R;R,C;
(4o R2C?)

12/ (.l)C4
Phasor diagram

This is the “slowest bridge”
e used only for “ high Q-factor
measurement”

. ACE Engineering Academy
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% &_“ Engné}rmcgmdemy . :46: Electrical Measurements
Owen’s bridge:
This is the bridge which is having two AIR CORE IRON CORE
capacitances in the bridge.
SN N
5 N /) ¢ Iron (W)
‘ iL——l—.—-_—>’ He—t—s
_N*u,A U uN*4
air l Iron l
Physical Properties
LIron = LairX Mr
2
L = ———N Ho4 XU,
l
G Mr > 1

Under balanced conditions- Hr — Incremental Inductance

Zl Z4 = Zz Z3
1 Modified Bridge for measurement of
(R + jal,)———=| R, +— s incremental Inductance

s\ Jjac, |

oL,
=—==0R;C;
Q R, %
e This Bridge is suitable for medium Q-factor
measurement. '
e Owens bridge is used for incremental
inductance measurement from known values

of the fixed capacitance (c4)

yi

Ing‘

Note: The purpose of using the D.C. supply is to
compensate the saturation effect of coil by
supplying D.C. current

e Capacitor “C” blocks DC current. So It’s used
to block the DC current entering into AC
source.

ACEEnmeenngAmdemy | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune |Chennaj]




e Inductor “L” blocks AC. It is used to block

AC current entering into the DC source.
ANDERSON’S BRIDGE:

It is called as “ 5- point Bridge “

Under balanced condition

I; (I‘1+R1+j(DL1) = LRy + Icr and

IC[H_L)z(IZ ~1.)R,

joC

ICr

=II

II(Rl+r1) Es=IRy=Ic/wc

I (r R +0Ly) = LRz L joCRsr (or)
11(I+R1+j oL - j(DCR3I‘) =LR,

1 .
ijR3ll[r+_—] =(I,-1,joCR, R,
joC

147

Bridge Measurement of R, L & C

I,(r, +R, +joL, - joCR,r)

R.R, , joCR,Ryr

= I1
R, R,

+JOCR,R,

L =Co2 (R, +R, ) RR,)

4

‘Anderson bridge uses a fixed capacitance
‘C’ and for the bridge balance, the
resistances r & ry are selected as variables.

These are used for measurement of Low Q
coil

This bridge wused for accurate
measurement of Inductance over ‘mH to

. wide range’

It is the modification of Maxwell
inductance capacitance bridge.

Bridge will give two balance equations
because of ‘fixed point’

e > 1
E3:I | R3:Ic/(DC /"

Li(R+1y)
V1 =V2 + ICI
Vie=lhin=V;
I I '

V, =—C =" /90

jac o,
Vae=LRy= Vet Ve

= IC r+ V3

L=Ic+k

. ACE Engineering Acaderny -
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Electrical Measurements

Disadvantages
(1) more complex bridge
(2) shielding of the bridge is complicated

To measure the mutual — Inductance:
(1) Heavy side campbell bridge
(2) Carey foster bridges are used

Capac1tance Measurement

Capacitance can be measured from the following
three bridges.

(1) De-sauty’s Biidge
(2) Modified De-sauty’s Bridge
(3) Schering Bridge ’

De-sauty’s Bridge

This bridge is suitable for perfect capacitor value
measurement only (No-dielectric losses)

i‘é_ E1-¢

G

b<—E3—°|

™
G
@

E=E~TRy=1,R,

4.;11712

!
[
|
I
|
|
—TT77E

Under bridge balance condition

;R _1 R,
jo, joC, -

G =C2"”4‘
R3

Pure capacitor (No-dielectric loss)

I
——— —
v ! I leads ‘V’ by 90
O
\ Ve

Practical capacitor (with dielectric loss)

sin & = p.f of capacitor
V., IR

tind=—F=——=0oRC
rir" VC I)(C
D-factor =tan § = w RC
. (or)

Derating.factor (or ) Dissipation factor

Example 2:

The four arms of a bridge are :

Arm ab: an imperfect capacitor C, w1th an
equivalent series resistance of r

Arm be: a non- inductive Resistance Rs

Arm cd; a non - inductive resistance R4

Am da; an imperfect capacitor ¢, with an
equivalent series resistance of r, series with a
Resistance R

A supply of 450Hz is given between terminals
“a” and “¢” and the detector is connected between

Hgiheering Acidemy
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Bridge Measurement of R,L & C

“b” and “d”. At balance: R, = 4.8Q ; R; =
2000Q; Ry = 28502 and C, = 0.5uF and
0.4€ calculate the value of C, and r; and also find
the dissipating factor for this capacitor.

(a) 0.712uF; 3.65Q; 0.000734

(b) 0.712uF ; 0.365; 0.00734
(c) 0.0712uF ; 3.65Q; 0.00734
(d) 0.712uF ; 3.65Q; 0.00734

n =

Ans: (d) X
Sol: Y
I
C /§k R,
A
o ®
Iy R4
Ry
d
at balance

1
[r, +— 1 ]R4 =(1’2 +R, +— )]ig
joc, Joc,

Separating the real and imaginary terms

r=(r, +R2)% = (O.4+4.8)x% =3.65Q

4

R
Clzczf

3

And

= (0.5%10° 22k = 0 71008
2000
Dissipating factor D = tand; = o Cyr,
= 2mx450x0.712x10°x3.65
= 0.00734

Modified De sauty’s Bridge :

Used for measurement of C,D (dissipation factor)
C = &'Cz
R3

=

r=—2(R,+r,)-R
1 R4( 2 2) 1
Dissipation factor tan§ = C; 1y

. this bridge is used for measurement of D
factor practical capacitor

Schering Bridge:

This bridge 1s used for measurement of
capacitance, D-factor (accurately), Dielectric loss,
relative permittivity and properties of insulating
materials.

‘<——‘E 1'—"*—E3—'—>l
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From the Bridge balance equations

=)

—C
R,

2

Cl

O

41{3

r=—=
C2

D-factor=w Ciri = &C,.—C—“R3
R, °C,

D:(DR4C4

Ic4

Lxample 3:

Common — data question Q(i) & Q(ii)

A dielectric sheet of thickness 1mm is tested at 50
Hz between two electrodes of 10 cm diemeter.
The Schering bridge employed has a standard
compressed air capacitor C, of 100pF: a non -
inductive resistor R4 of 350Q in parallel with a
variable capacitor C4 and a non — inductive
variable resistor R3. At balance C4 = 0.4uF, R3 =
250Q.

(1) Find the power factor of the specimen

(A) 0.04 (B)0.18
(C)0.23 (D) 0.12
Ans: (A)

Sol: Power factor sind = Tand = wC,R,
=2mx50x 0.4 x 107 x

350

=0.043

Electrical _l{'[easurements
(i1) Find the permittivity of the sheet.
(A1 (B)2
©)3 (D)4
Ans: (B)
Sol:

under balance
Ls74=7r7;
R
C;= —C,
R3
=330 100x10™ = 140 x 10 F
250
S Csxd
Permuttivity €, =
€ XA

0

140x107"% x0.001

=2
8.854><10"2><%(0.1)2 |

Measurement of (¢,) relative permittivity:

“ ( R /
R S
D
kc
R, R4

()
U/
Vac
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:51: Bridge Measurement of R,L & C

from bridge balance
A f = 1 __R_l +g:£
v _{ Zﬂ:\/RlRZClCZ Rz C R,
dHtyx 7 |
T IfCl :CZ, R1 = R2
B .
Then %:2 ;f=2 IiC
T
d — Distance between | Electrode is moved a ‘ e
electrode specimen distance  of  x
t — thickness of | (micrometer) to get || Applications:
specimen samel cagacnance of || o Used in distortion analyzer
equal t . .
Can L equalant | EqHT 0 L-AB ¢ this bridge is not suitable for measurement of
capacitance frequency of signals having harmonics,
C. = C,C, Chp = _EA N (b because bridge balance is difficult
AB
C+GC (d+t)-x e It’s used for measurement of frequency from
£A £,e.A : 100Hz to 100kHz
Q= @
£.e A Causes of errors in AC bridges:
Cap = (t+dgr) - (a) Stray conductance effect: Because of improper
insulation leakage. currents are present
By equating equation “ a & b” Mutual inductance effect: The magnetic field
ceA e A coupling between the components
(t N (rie ): (d +Ot)—x Stray capacitance effect: The capacitance
' forming between arms
t o
g =—o
Tot-x Eddy current Error
)]
[ Measurement of Frequench Wagner Eal‘th/ Ground connections:
Wien’s Bridge:
Ry
R4
Vac
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b :52: Electrical Measurements
This connection is used to eliminate the stray || motors, winding motors,
capacitance produced between “Bridge arms & || generators and | resistance, all | generators and
arms to the ground” transformer’s | heater  coil | transformers
Procedure: winding resistances, | winding’s
e Switch is kept on position A, make bridge I‘CSISt%lIlCCS, human body 1nsplat10n

balanced during this process Cs (stray -Eal.'thlng resistance, remsftance, _ all
capacitance) is charges to the certain re51§tance, all VOl.t meter semt conductor
potential. serm—conductor resistance devices .when
, . N devices when | (100Q) reverse biased
J qu ‘sw1tch is moved to position ‘B’ by forward biased
adjusting the Wagner resistance Ry. Bridge is | | To™  measure | To measure | To  measure
 balanced low resistance | medium high resistance
¢ This indicates potential of Cg is equal to | |4 terminal | resistance 3 terminals are
ground potential required only two | required
e This process will continue either position of terminals are
the switch i.e at A (or) B. the galvanometer required
shows zero deflection
e This corresponding to potential of Cs is equal R R
to ground potential so that stray capacitance I R 2 1—/\/\/\/\/—3 I 5
effect 1s reduced. 3 4 R in kO

Resistance Measurements: _ 3
Resistance materials: 1 & 2 ae|l&2are Guard terminal
Mangnanian — Cu— 84% , Ni — 12%, mg — | | current terminals (3) is used to
4% and o = 0.00015/° C. terminals, 3 & eliminate
Constantan—Cu—88%,Ni—12%and 4 - voliage leakage

B . terminals - currents,
0:=0.0017/°C. Methods  to | Methodsto | Methods  to
Both have low value of ‘e’ so it won’t change || measure it measure it measure it
with temperature 1.Potentiometer | 1.voltmeter, | 1.loss of
Cu o = 0.004/°C —high value it's changes with | | method ammeter charge method
temperature 2. Kelvin | method 2. meggar

double bridge | 2. sub 3. megy ohm

Ciassification of resistance: situation bridge .

method 4. direct

Low Medium High 3. wheat' deflection
Resistance Resistance Resistance stone bridge
Resistance <1Q | Resistance Resistance 4. ohm meter
RIQ  to|R>100k Method
_ 100k<)

Ex: Ammeter | Ex: DC | Ex: cable
internal machine insulation
resistance, all | shunt  field | resistance, all
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Bridge Measurement of R, L& C

Example 4:
The methods for measurement of low and
medium resistance cannot be wused for’

measurement of high resistance as the

(A) effect of thermo-electric e.m.f is considerable
(B) effect of contact resistance is considerable
(C) effect of connecting leads is considerable

(D) resistance offered to the flow of current

Ans: (D)

Low Resistance Measurement|

Kelvin’s doubie bridge:

DC Bridge: source is DC so it is called DC
Bridge
Under bridge batancé conditions

o [P p
Q q

p+q+r
Including lead resistance

P,Q — External arm resistances
p,q — Internal arm resistances
s — standard variable resistance

r — terminals /contacts/leads resistance .

R — unknown resistance

m — reversible switch to eliminate
thermo electric emf

when lead resistance eliminated

R=1s L
Q q
Advantage: It's used to eliminate the lead

Q
resistance effect so that suitable for measyrement
upto “micro ohms range”

Applications: Transformer winding.

Potentiometer method:

Rs(test)

R;

Vr = unknown resistance
Vs = known resistance
Rg = standard resistance
Rest = test resistance
~R= Ve R,

VS

Example 5: /

Measurement  of  resistance by  using
potentiometer 4V is observed across the test
resistance and 6V is observed across the standard

‘resistance of 2mQ. find test resistance?

Sol: VR =4V, Vg=6V, Rg=2mQ

R; =£RS = ﬂ><2m§2 = ﬂmQ
\ 6 3

S

+ACE Engineering Acadeny -

Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune ]Che@




ACE

¥ ¢ Engineering Academy :54: Electrical Measurements
Note: difficulties in measurement of low suitable for high for low resistance
resistance resistance measurement in medium
1) terminals resistance measurement in scale range
. medium scale range

2) thermo electric emf’s

Bifilar winding is used to reduce the inductance |e To get same error on both V-A & A-V methods - -

effect and aryton —perry winding is used to the value of unknown resistance “R” is equate
reduce capacitance effect. both % errors
Medium Resistance R, = R
Measurement R R,
R=yR,R,
V-A method A~V method Note: in any method, the error due to only load
—1| side instrument
o—i—@— Substitution method:
: S (standard)
xJ Ry ]E/R z : _
o R O——WWv—
A 1 Runknown)
v _
R m = — Rm = X I
A A il
V= Voltmeter reading | V= Voltmeter reading
A :/Amr\r;eter reading | A= An\lfmeter reading Switch at position (1): vary the value of
=_2 T Ve R_=— Rheostat ‘Ry’, such that the ammeter pointer
I . dll | reaches, the
IR +I.R ynoda E
=2 R _ RyR, chosen scale value. Then [} = —————
Iy R iR R, +R, +R
R, =R. R ove equali Switch at position (2): Then current flowin
R=R -R From above equation P n{2): g
% error = R -R -R through ammeteris I, .
0 - m — m
R -R R R Equation I; (Ry+ Ry +R) =L, (Ry +R, +S)
" x100 ! ‘ .
~ |
oo fa=fe R=[R, +R, +S]-(R, +R,)
% error = R -R -R ! ‘ - ‘
; ‘“R "= T x100
v =L by X5 e
The measured The measured resistance Ifi dof T I . d
resistance is more than | is less than the actual Instead of ammeter, galvanometer is use
the actual value due to | value due to voltmeter then
ammeter resistance resistance ‘ 9,
To reduce % error, V- | To reduce % error A-V R= 9— [R + R + S] [R + R ]
A connection is connection is suitable R
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Example 6:

In a measurement of resistance by substitutions
method a standard 0.5MQ resistor is used. The
galvanometer has a resistance of 10K€2 and gives
deflection as follows

(1) With standard resistor, 41 divisions

(i1) With unknown Ressitance 51 divisions

Find the unknown resistance?

(a) 0.2MQ (b) 0.4MQ
(c) 0.5MQ (d) 0.8MQ
Ans: (b)

Sol: let S = Standard Resistance
= unknown Resistance
G = Galvanometer resistance
0, = deflection with standard resistor
6, = deflection with unknown resistor

. 8, _R+G

"8, S+G

Hence, unknown Resistance
R=(S+ G)g—1 -G

2
=(0.5x10° +1"JO><103{:—”—10><103
= 0.4x10°Q =0.4MQ

Wheat stone Bridge:

:55:

Bridge Measurement of R, L& C

Vin=Vpa=Vp~ V4
=V S - R =V SP—RQ
S+Q P+R (S+Q)P+R)
P ° 290
Rth: Rth SQ
R , 38 w= P+R S+Q
SQ
™ P+R S+Q
Ith#Ig= Vi
SRy +R
Under bala@ed condition
o Ig=0
SP—RQ=O
SP=RQ
R—BS
Q

Measured resistance ‘R’ is independent of
galvanometer internal resistance and source
internal resistance

Hence the measured value is more accurate

Currency sensitivity (S;) : It’s the ratio of
deflection of the galvanometer to that’of the
current flowing throughi the ghlvanorfieter

S, = Emm/ HA
e TEa

Voltage sensitivity: It’s ratio of deflection of

galvanometer to that of the voltage across the

galvanometer : '

r . : . S .
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Electrical Measurements

0
——mm
AR
R
Note: In case of Bridge circuits sensitivity is an

important parameter compared to accuracy
resolution, precession etc

Bridge sensitivity: S; =

For maximum bridge sensitivity S, = %’—

Example 7:

In wheat stone Bridge, with the added advantage
of doubling the sensitivity of the bridge, which of
the following effects on the measurement is
eliminated

(1) Resistance of connecting leads
(2) Parasite emf’s

(3) temperature effect

(4) Thermo electric emf

(a)1and 4 (b) 1 and 3 _
(c)2and 4 (d) All the above

Ans: (¢)

Ohm meter method:
Two types of methods
(1) series ohm meter
(2) shunt ohm meter

Shunt ohm meter:

Rertest)

(1) R=0(0.C)
[, = max
(i)R=0(5.C)=1=0
[ R

80
20 60 9V100
10
0 Max
(Ry=0) Ry = o0
/
Ravg

It is basically a PMMC instrument
It works only for current

The current scale is calibrated interms of
unknown resistance (R)

It is used in continuity checking of electro
static components

Series ohm meter:

Ry

D.C D

Ammeter

R,

I
R, — zero adjusting resistor
(i))R=2(0.C),1=0

I — max
(i) R=0(5.C)=1=e0
(full scale deflection)
1

I o — /
In series ohm meter, the left extreme end
1s marked as ‘eo€)’ and right extreme end

1s marked as ‘0Q.

Note: In series ohm meter, if battery is replaced
with PM.D.C generator then it’s called as
((meggar’,
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High resistance Measurement

(1) loss of charge method

Sy Sz/

YORNE

R(lest)

Electro static

‘V’ is intial voltage across capacitor

—» voltage across capacitor of any time

04343
Clogy, (V17,) -

= seconds

e It is used to find cable insulation resistance in
researching laboratories

Example 8:

In loss of charge method for measuring insulation
resistance of cable, voltage across capacitance of

0.4343pF is droped from 200V to 20V in (one
minute). Find the insulation resistance value?

0.4343x1x60

200
0.4343%10 log,,| =—
gw[ 20 )

Sol: R = =60 MQ

Bridge Measurement of R, L & C

Direct —deflection method

conductor

Insulator

Guard line Is  {Iy volume current

Surface current leakage

- Iy — volume current, passing through the

conductor through the insulation and through

~ metallic sheath
I Is —ssurface leakage current passing through the
- -conductor, over the insulation under the metallic

sheath.

~ Ammeter is reading both I, & I. hence the

measured resistance has an error.

 Guard wire: It’s a conductor with small number

of turns , tightly connected over the insulation

| and maintained at supply termirals.

_ voltmeter reading

o Ammeter reading

Ammeter reading is only I,

Mega Ohm Bridge:

- ACE Engineering Academy .~
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Electrical Measurements

Rac||P =Py

Rpgl1 Galvanometer resistance — resultant
resistance is very less then only R 4p is present

Then R .5 =%S

Guard terminal of source to eliminate
resistances produced by the leakage currents
inside the cable insulation

Electro dynamo-meter meggar

A]
Test
Resistance

J—w&}w'
B L

I

AAAAAAAA,
YVVVVYYY

Hand driven

e Potential coil (P.C) and current coil (C.C) are
moving and these coils are connected such
that their corresponding torques acts in
opposite direction i.e both P.C and C.C are
rigidly connected 90° .

Resistors R; & R, are connected in series with
PC&C.C

Here left extreme end ‘oo’ is marked an scale
and ‘0’ is marked on right extreme end of
scale.

DC generato

P.C

F, =BL,lsinb

CC ,

F, =BI,15in(90 + 6)
=BI;l cos 6
When pointer gives reading
F =k

- BLl sin® = Bllcos0

ta

=%
0=0;R=0
0=c;R=0

¢ The meggar voltage ratings are 500V, 1000V,
2kV, 2-5kV, "

The minimum application voltage is 100V

. Applications:

¢ Used for measurement of Insulation resistance
of cables

¢ Winding insulation resistance of motors,

generator, Transformers bushings
Note:

¢ In meggar spring control is not required

/
7/

Example 9:

The controlling torque in a meggar is provided by
(a) springs

(b) Weights attached to the moving system

(c) It does not need any controlling torque

(d) None of the above

Ans: (¢)

ACE Engineering Acadery
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Class Room Practice Questions

04. In a balanced Wheatstone bridge, if the
_position of detector and source are
01. The bridges suitable for the measurement of interchanged, the bridge will still remain
an unknown inductance in terms of a known balanced. This inference can be drawn from
capacitance would include (a) reciprocity theorem
(a) Maxwell and Hay (b) duality principle
(b) Maxwell and Schering (c) compensation theorem
(c) Hay and Schering (d) equivalence theorem
(d) Maxwell, Hay and Schering
05. -The ac bridge shown in the given figure will
02. The Wheatstone bridge method of resistance remain balanced if impedance Z consists of
measurement 1S ideally suitable for the _
measurement of resistance values in the MWW M= 0000—
range of Ry | R L
(2) 0.001 Q to 10 0)
(b) 0.1Q to 100Q —
(c) 100Q2 to 10kQx L W
(d) 100kQ to 10MQ z R,
(=
03. Inthe A.C bridge shown in the given figure, ~
the impedances Z;, Z,, Zs; and Z4 in ohms at ) ) ) .
the supply frequency are as indicated. Z; is (a) resistance and 1nduct.ance Il SCries
variable impedance, The bridge (b) resistance and capacitance in parallel
(c) capacitance only
2230040 2,2600.£30° (d) 1nductapce only
| 06. The accuracy of Kelvin’s double bridge for
the measurement of low resistance is high
because the bridge
(a) uses two pairs of resistance arms
(b) has medium value resistances in the ratio
0 /\ 2= arms J
2i=200260 400£-90° (c) uses a low resistance link between
Vit~ standard and test resistance
\OJ (d) uses a null indicating galvanometer.
(a) is balanced with the indicated values of | 07. For the bridge shown in the given figure, at
impedances : balance the values of Ry, C, and Q, will be
(b) can be balanced if Z; = 400.£0°
(c) can be balanced if Z, = 600.£60°
(d) cannot be balanced with the given
configuration
Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune [ChenLai,
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Class Room Practice Questions

1. Accuracy

2. Precision

3. Sensitivity

4, Resolution

Select the correct answer using the code

given below:

Code:

(a) Only 1 and 2 (b) Only 2 and 3
(c) Only 3 and 4 (d) Only 3

12. Which one of the following bridge is used
CR R.C - for measurement of dielectric loss and
(@) Ry= 22 Cy=—2 Qy=0CR _Ypow¢rﬁ_f_a"ctor of a capacitor?
3 2 (a) Maxwell’s bridge
CR R.C 1 (b) Anderson bridge
(b) Ry = (1: =, G= 11{ -, Q= wCR (c) De Sautty’s bridge
3 2 11 . .
(d) Schering bridge
(c)R=C1R’ o _R,G, 0, = 1
" C, ’ | " R, ’ " oC,R, 13. Assertion (A): The accuracy of the null
CR R.C ' detector does not play any role in a bridge
(d) Ry= ==+, Cy= —=—,Qc=aCiR, measurement.
3 ! Reason (R): Under balance condition of the
o , bridge, no current flows through the null
08. Vibration galvanometers, tunable amplifiers - detector.
and head phones are used in
(a) dec. br¥dges 14. Which one of the following is a frequency
(b) a.c. bridges , sensitive bridge? v
(c) Both 'd.c anda.c bndges (a) De-Sauty bridge ~ (b) Schering bridge
(d) Kelvin double bridge (c) Wiew's bridge  (d) Maxwells bridge
09. The capacitance and loss angle of a given | 15y bridge circuit shown in the fig below is
capacitor specimen are best measured by used for the measurement of an unknown
(a) Wheatstone bridge dee circuit ;
(b) Maxwell bridge elefnent Z,. The bridge circuit js best
(c) Anderson bridge suited when Z_is a
(d) Schering bridge
10.  Which one of the following is measured by
the loss of charge method?
(a) Low R (b) HighR
(c)Low L (d) High L
11. What should be the main characteristic(s) of
the null detector in a bridge measurement?
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Bridge Measurement of R, L & C

(a) Low resistance (b) High resistance 18. While using Maxwell bridge, the Q factor of
(c) Low Q Inductor (d) lossy Capacitor a coil is obtained as
1
16. The maxwell’s bridge shown 1n the fig. is at @) oCR (b) oCR
balance the parameters of the inductive coil oC R
c) — d)y —
are (©) R (d) oC
Rijo 5 T 19. At the balance condition of the ac bridge
shown in the above figure, the value of Z,
R would be
2 B
1 e 200430090/ 250./-40°2
2
N a<
(2) R=10 RA L=CR,R,
15020°Q
(b) L= A R=C,R,R,
(=)
©R=R / L= y ' ~
R,R, CR,R; (a) 120£70°Q  (b) 187.52-10°Q
R 1 (¢) 187.52-70°Q  (d) 3333.3270°Q
(d) L - %{2R3 R - /C4R2R3
20. Consider the circuit as shown above, Z; is
17. Given, Z, = 100250°, Z, = 300290, an unknown impedance and measured as Z;
7. = 200 20° the value of 74 for the bridge = (Z, 73)/Z4. The uncertainties in the value
shown in the figure to be balanced is of 7y, Z3 and Z4 are +1%, +1% and * 3%
respectively. The overall uncertainty in the
measured value of Z; is
Z, 7y 7 %/ Z, ’
A
® < @9 —< ®
Ze Zs 23%\ Z,
(a) 600/-40°  (b) 600.£140° z| )
(c) 6002-140°  (d) 150.£40°
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i 162: Class Room liactice Questions
@) V11% (b) + 4% LR g _R,C,
() + 5% @ 5% ¢, G,
21. In the bridge circuit shown above, at balance (d) Ly =RR.Cy, R, = R.C,
condition, the value of Cg&=0.5uF and .
RS':.IOOOQI'{The values of inductance L and 23. Which of the following bridges is also used
resistance Ry are in an oscillator? ,
(a) Maxwell (b) Schering
(c) Hay (d) Wien
24, The a.c bridge in fig remains balance if Z
comprises of
Rl R2 CZ
Cy
z |
(a) L, = 0.5H, Ry = 1000Q !
(b) L, = 0.25H, R, = 2000Q
(¢) Ly = 0.5H, R, = 3000Q au
(d) Le=025H, R, = 500Q %
S ' : (a) Resistance only
22. The figure shows ‘Owen bridge’ arranged to (b) Capacitance only
measure 1.ncrementa1 inductance of the (c) Resistance and capacitance in parallel
unknown inductance Ly, Ry At balance, (d) Resistance and inductor in series
what are the values of L, and R,?
25. Kelvin double bridge is best suited for the
c R, measurement of
"\ (a) Resistances of very low value
/ 4 C. (b) low value capacitance
E G) ®) \/, 1 (c) Resistance of very high value
\7@ A4 (d) high value capacitance
Ly
R, 26. Wien bridge is best suited for the
Ry measurement of
(a) frequency (b) capacitor
R R R C (c) inductor (d) Resistor
(@) Lx——é =, R = é b
b c 27. Figure shows a balanced ac bridge excited
(b) Ly =RRLCh, Ry=RC:Co by a voltage source of fixed frequency
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—

30. If the supply voltage to the bridge decreased
by 5%, the sensitivity of the measurement
system,

(a) decreases by 5%  (b) does not change
(c) increases by 5%  (d) increases by 20%

31. A 20,000 ohms/V meter is used to measure
the voltage across 100k on 0-1V scale as in
the circuit. The voltage measured is

(a) an R and L 1n series ’VIV\M/V‘ °
(b) an R and C in series B o -1 100K
(¢) an R and C in parallel o ‘-l——
(d) an R and L 1n parallel ' :

28. Match the parameter with the type of bridge (@) 5V (b) 0.45V
used for measurement. ‘ (c) 445V (d) 0.082V
LIST -1 .
(a) low value of R
(b) High value of Q
(c) Inductance L : )
(d) capacitance C - E | 01. The power in a resistor R is estimated by
LIST-II ‘ | measuring the voltage and current using the
(e) Schering bridge . | voltmeter-ammeter method. Two different
(f) maxwell-wien bridge _ arrangements can be used as shown in
(g) Kelvin double bridge - : circuits I and II. Less erroneous results are
(h) Hay bridge obtained by adopting.

- 29. The output resistance across the terminals 1 (A o SN
and 2 of the DC bridge in fig is - N h
+ +
O O &
O- O- /
Circuit I Circuit II

(a) circuit I for low values of R

(b) circuit II for low values of R

(c) circuit I for high values of R

(@) 12.5kQ (b) 24.5kQ (d) circuit IT for low and high values of R

(c) 25.0kQ (d) 100 kQ

02. The arms of a Wheatstone bridge are shown
in the given figure. For the balanced

>Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatmam | Tirupati | Pune |Chennai ,
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Class Room Practice Questions

condition, the least tolerance value of Ry
will be '

(a) will increase
(b) will decrease
{c) will remain unchanged

Ry =10 +2%Q R,=5+ 5%Q (d) None
05. Hay’s bridge is suitable for the measurement
of which one of the following?
e (a) Inductance with Q < 10
R =100+ 3% % (b) Inductance with Q > 10
(c) Capacitance with high dissipation
(d) Capacitance with low dissipating factors
(@) 50+ 2% Q (b) 50 £3%0Q ‘
(c) 50 £ 5%€) (d) 50£10%¢2 06. Which bridge is used to determine
frequency?
03. Match List I (Bridges) with List-II (Quantity (a) Anderson bridge
measured) and select the correct answer (b) De Sauty bridge
using the codes given below the lists: (c) Wien bridge
List I ListlI (d) Campbell bridge
A. Anderson Bridge 1. Frequency
B. Kelvip Dout_>le Bridge2. Resistance 07. In the circuit shown, when the current
C. Schering Bridge 3. Inductance through the branch AD is zero, the battery
D. Wien Bridge 4, Capacitance current I is
A
Codes:
1200 200
A B C D
@3 2 1 4
by 3 2 4 1
)2 1 3 4
d 2 3 4 1
04. In the balanced Wheatstone bridge shown in D
the figure, if the value of Ry is increased, the w1 -
current I B ! i
s iv
(a) l mA (b) 2 mA
(c) [0 mA (d) 20 mA
08. The equations under balance condition for a
R.R
bridge are R; = ——> and L;= RyRsCy
4
Where R, and L; are unknown quantities.
Where one of the following sets of
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165: Bridge Measurement of R, L & C

parameters should be chosen as variables in
order to achieve converging balance?

(@) RjandR; (b)R, and C4

(c) Ryand Cy (d) Rz and C4

R I W L P
LEVEL-
R P R L e PR T

AT s

09. The reading of high impedance voltmeter V
in the bridge circuit shown in the given | 01. Ans: (a) 02. Ans: (c)

figure is 03. Ans: (d) 04. Ans: (a)
200 10Q
05. Ans: (b) -
Sol: It 15 Maxwell-Inductance capacitance
@ bridge.

/§‘ 06. Ans: (c)
10Q2 20Q
07. Ans:(a)

| Sol: It is Schering bridge

10V
(a) zero (b)3.33V 08. Ans: (b) 09. Ans: (d)
(c) 420V (d)6.66V 10. Ans: (b) 11. Ans: (d)
10. In the Wheatstone bridge shown in the given | 12. Ans: (d) 13. Ans: (a)
ﬁgure, if the resistance in each arm i8S | 14. Ans: © 15. Ans: ()
increased by 0.05% then the value of Vi
will be 16. Ans: (a)
Sol: It is Maxwell-Inductance ~Capacitance
bridge.

17. Ans: (b)

Sol: Z,74=2 7y
100 x Zg =200 x 300
Z4=600Q
0,+63=0,+ 0y
50°+64=10°+90°
04=40°
74764 = 600Q240°

ANy

(@) 50mV (b) SmV
c) 0.1V d) zero
© @ 18. Ans: (b)
Sol: Maxwell-Inductance bridge, Q-factor can’t
be found because absence of capacitor but in
Maxwell-Inductance capacitance bridge Q-
factor is found. Q-factor = ®RC
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R ) \
19. Ans: (¢) _1000x1000
Sol: Z4 x 200 = 150 x 250 T 0010008
2
7, = D020 _1e750 ~
200 22. Ans:(d)
30°+0,=0°+(-40°) = 8,=-70° L
Zal04= 187 5/-70° Sk = RaE
RaR.C
20. Ans: (c) LmRRG
Sol: Zl = Z2 Z3 Ex_ — Ra
Z4 Cb Cc
Uncertainty (or) % limiting error, use same C
method, add them. R, =R, Ei
7, - ZZZ
23. Ans: (d)
(1% + 1% +3%) =15%
24. Ans: (¢)
21. Ans: (a) Sel: The given bridge is Schering bridge (it has 3
Sol: It 18 Maxwell-Inductance  Capacitance capacitors). So ‘z’ comprises of resistance
bridge. - and capacitance in parallel.
25. Ans: (a) 26. Ans: (a)
27. Ans: (c)
Sol: The given bridge is Maxwell Inductance
Capacitance bridge. Therefore unknown
element is R and C in parallel.
28. Ans: a-g, b-h, c-f, d-e
L, ' _
c_ =R, R, 29. Ans: (b) 30.Ans: (b) 31.Ans: (d)
Ly=RyR3 Cs ;
=1000 x 1000 x 0.5 p=0.5 H (Level 2 Key ) '
RXRS=R2R3 ) C e SR . \
R.R 1 01.(a) 02.(d) 03.(b) 04.(c) 05.(b)
R =233 _ _ P o _ -
’ R 06.(c) 07.{c) 08.(c) 09.(b) 10.(d)
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Error: The difference of magnitude between
measured value (Ap,) and true value (A,) is called
Error.

e In Engineering, Error is represented with &
= In general, Error means (Absolute error) i.e.,
1. No plus, No minus
2. Only magnitude
¢ Error represented by ‘¢’
 e=Ap— A¢
(- An is measured value, A is true value)

These errors are broadly classified into two types:
1. Static error (error is constant w.r.t time)
2. Dynamic error (error is changing w.r.t time)

Static error: The error which is independent of
time is called Static error.

Dynamic error : The error which depends on
time 1s called dynamic error. .

+ve=> Ay > A

—ve=> A, < A

Error may be +ve (or) —ve

Correction Factor (CF) :
The value which we are added (or) subtracted
from the measured value in order to get the true
value (or) actual value is called Correction factor.
It may be +ve (or) —ve
CF=-()
For ex: Error (€) = (A, — Ay =0.2

Correction factor = ~(g) = ~0.2

So the measured value decreases by ‘0.2

Relative Static Error (R.S.E):

The static error taken over the true value is called

relative static error.

RSE = E
A

t

S N A B e Al S P o v S RN
RO

A -A
%RSE = —@K—LX 100

t

Basic characteristics of an Instrument:

Accuracy
Precision
Repeatability
Reproducibility
Sensitivity
Resolution
Hysteresis

- Dead time and Dead zone
Drift

D AR

1. Accuraéy: It is the degree of closeness of
measured quantity to true quantity. (ie.,
conformity to truth)

2. %GAE (Guaranteed Accuracy Error) :
When accuracy is mentioned interms of error it’s
called “Guaranteed Accuracy Error”

If this error expressed w.r.t full scale deflection
it’s called %GAE.

It is expressed by Manufacturer, it is constant for
meter.

S

Without £

Error is represented by ‘t’
Deflection is represented without ‘+’

. ACE Engincering Academy -
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So while choosing meter error should be as
minimum as possible & Deflection should be as
high as possible.

3. Limiting error (or) Guaranteed error:

1t’s calculated from %GAE

L.E is constant for a meter and it’s also expressed
by manufacturer :

L.E give the range of output for a given input
reading.

% Limiting errer: If the error is expressed w.r.t

true value is called %L.E

—A %100

% Limitingerror =

It’s a variable error and it is calculated by
observer.
[In solving problems, %GAE = Accuracy]

%Accuracy = (1 - [g]) x 100

Note: For a good instrument %GAE, limiting

error and %L.E must be minimum and accuracy

(or) %accuracy must be high.

Ex: %¢; = 2% = Accuracy = 98%

When &, = 0.02 (when measuring 1V with 100 V

full scale) then %Accuracy = (1 - |&) x 100
=(1-0.02) x 100 =98%

Example 1:

If (0 — 300 V) voltmeter has an accuracy of 1%,
then find %LE, when measuring

(2)200V
(c)100V

(b) 150 V
(d) 50 V

:68: Error Analysis
’ ) |
e :"S/AE Sol: LE = — x300=3V
= 000, | Exror 0 s,
B 199% 100 200 550
0 50
g ?OSA)A) Deflection 0 300

(2) %LE of 200 V = J_ra-(%xmo =+1.5%

(b) %LE of 150 V = il—%xIOO:ﬁ%

(c) %LE of 100 V = i%xlOO:ﬁ%

(d) %LE of 50 V = i%xlOO = +6%

From the above result we can conclude that :
As the value to be measured increased, then
%L.E decreases.

All indicating instruments give more %LE
below half of f.s.d of scale.

Example 2:

To measure 10Volts, if one selects a (0-100)volts
range voltmeter whose accuracy is with in +1%
then the error in this measurement is

(a) £7.5% (b) +3%
(c) £ 10% (d) £20%
Ans: (c)

Sol: (0~100)V
% GA.E=1+1%

100X—1—+1
100

+1 7
Error = IOOXE =1+10%

Example 3:

Three DC currents I;, I, and I3 meet at a node
with [; entering and I, and I5 leaving the node . I;
and I, are measured as 100mA and 99mA with a
+ 1% accuracy. Then the value of I; and the
accuracy of I are.
(a) 1A+2

(c) ImA$2

(b) 199mA + 2
(d) 1mA+ 1.99
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Electrical Measurements

Ans: (d)

Sol: I, =100mA I
I, =99mA
Accuracy = 1%
By KCL ¥
Il+(—12) = I3 I3
100mA+1%—99mA+1%=I;

I3 = 1mA+ 1.99

Example 4:

An ammeter has a range of Oto 30A. The
Instrument gave the following readings.

Current flow (A) 0 5 10 15 20 25
Ammeter reading (A) 1 4 12 14 22 28
The non-linearity of the instrument in terms of
full scale reading

2)20%  (b) 10%

Ans: (b)
Sol: Full scale reading = 30V
Eqor =28-25=3V
- 3V is a 10% of full scale Reading

©)25%  (d) 15%

Precision:

It indicates the degree of closeness between the
measured values.

For a good instrument, high precision is preferred
when the measured values are very close.

Ex: While measuring ‘10A’, precision instrument

measures 9.9, 9.8, 9.7, 9.6

e An high precision instrument may be
accurate (or) may not be accurate i.e.,
precision doesn’t give the guarantee about
accuracy.

e But an high accuracy instrument is a

precision  instrument (i.e,)  accuracy
guarantees the precision
Note:

For a good instrument, accuracy is at most
important condition but precision is of second
order preferences.

Repeatability:
It indicates the degree of closeness among
measure values, when same input value

measurand is measared number of times by same
instrument with observer under same conditions.

Reproducibility :

It also indicates the degree of closeness, when the
same input value is measured number of times by
one instrument with many number of observers,
under different conditions. - :

e Precision is the measurement of repeatability
(or) reproducibility.

e Precision also depends on number of
significant figures in digital instruments.

e As the number of significant figures
increases then actual information conveyed
also increases 1.e. precision increases.

Ex: 130 (3 significant) = here chance of lead
(129 or 131)

If 130.00 V (5 significant figures) = (129.9 or
130.1) Here precision increases.

Example 5:

Two Resistors R; and R, are connected in series
with R; = 28.7Q and R, = 3.624€.

Calculate the total resistance to the appropriate
number of significant figures.

(a) 32.32 (b) 32.324
(c)32.3 (d) 32.3240
Ans: (¢)

Sol: R; =28.7Q (Three significant figure)
R, =3.624Q ( Four significant figure)
Total Resistance R; =28.7+3.624

=32.324Q
(Five significant figures)
=323

(Three significant figures) /
This is done because one of the resistances is
accurate only to three significant figures and
therefore the result should also be reduced to
three significant figures and hence the value
32.3Q

Sensitivity (or) Figure of merit (or) Scale factor
(S): 1t indicates the relation between change in
output readings for change in input reading for an
instrument.
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This relation may be linear (or) Non-linear.

: change in output
s= & — Py tan ©
change in input

%

A
output

linear scale

Ex: PMMC, Dynamometer

output‘
5 Non-linear
s==1
)
5y
iinlt
=0 [
4 5 6 7

10

cramped TN
P No divisions

Non-linear scale

Ex: Ml

o For an instrument s = | preferred. It indicates
the change in output is proportional to
change in input .

e 5 <1 (or)s>1 indicates non-linear reading,
then the scale is cramped at the beginning
and almost no divisions at the end.

Note: Sensitivity playing an important role in
designing of type of scale at the time of
designing

It’s the reciprocal of full scale deflection
current.

In order to reduce the loading error, high
sensitive instruments are preferred.

,'Examplé_--lif '

Two voltmeters with the ranges of (0 — 100 V)
and has the sensitivities of 1000 Q/V, 2000 Q/V.
If these voltmeters are connected individually to

measure the voltages across 50 K€ resistors then
find the corresponding readings and % error.

Sol:
100K

+

150V 50K Z 100K (9-100V)

' 50
Vervo = 150X— =50V
50KQ 150

() Va
R =1000x100 = 100 k€2 (resistance of

voltmeter which is across if)
50K || 100 K=33.3kQ

33.33kQ
V, =V =150 — 22002
AT TRIKQ 100K +33.33K
37.5-50
Y%error = i—>< 100 =-25%

ACE Engiheciing Academy .
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Electrical Measurements

W) 100K
Y
+ >
150V =" 50K 2 200K Vs

- (0-100V)
Rp =20000 x 100 =200 K
50 KQJ| 200 K = 40 KQ

150%x 40 4085

V.=V,  =—""" =
BB 40+100)

42.85-50

Y%error = x100=-14.3%

Loading effect:

When a voltmeter is connected across a resistor to
measure voltage, voltmeter draws current for its
working, then voltmeter internal resistance and

- the resistance of voltage to be measured, resultant
resistance decreases, then voltmeter reads less .

than the actual value. It’s called loading effect.
Note :

To reduce loading effect, high sensitivity

voltmeters to be selected for the same range.

e Compared to electrical instruments,
electronic instruments have high sensitivity
and more accurate.

Resolution (or) Discrimination

Even a smallest change in input, for which there
is a definite numerical change in output, this
numerical change is called resolution.

(a) (0—10A) sa

10A

Resolution = % =5A/division

fullscaledeflection (fsd)
No.of divisions

Resolution =

e So as number of divisions increases,
resolution increases for the same range.

Note: For non-linear scale we can’t calculate
resolution.

Hysteresis Error:

If the meter gives less than the actual value for

ascending values and shows more than the actual

-values for descending values.
If the meter gives two different readings for same

input value is called hysteresis error.
Causes:

1. Electric Hysteresis:

The meter has two different flux densities while
increasing and decreasing time of the same input
value.

2. Mechanical Hysteresis:
Whatever the stress is developed while loading
the meter, the same stress can’t be removed.

Threshold:
If the input to the instruments is increased
gradually from zero value, then a minimum value
is required on a input to get a detachable change
in output. '

The minimum value is called threshold.

output y
/
0.8 L____
0 (1-8 input
threshold value

ACE Engineering Academy. =
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Dead time:

Dead time.

:72: Error Analysis
=102.5 V — True value (Ay)
The pointer takes some minimum time to start From question
from its zero position, because of inertia of Vo = 1001
moving system. The minimum time is called min T
Vinax = 102.9

Dead zone: For a large change in input for which
there is no output for some portion of the scale is
called Dead zone.

Drift:

It’s an error; but constant throughout the range of
scale.

Zero drift:
For an instrument, there is variation in output,
which is not caused by change in input.

e It’s due to instability of components and
internal temperature change.

output *

ideal

Zero drift{

0 >

nput

e For a good instrument, accuracy, precision,
repeatability, reproducibility, sensitivity,
resolution, linearity, fidelity (dynamic error
is zero) are desirable characteristics.

e For a good instrument, limiting error,
hysteresis error, dead time, dead zone, drift
and non-linearity = are  undesirable
characteristics.

Example 7:

The following readings are taken by one
voltmeter to the same input values are 102.1 V,
102.4V, 102.3 V, 102.6 V, 102.7 V, 102.9V, then
find the range of errors.

Sol: v, _1021+102.4+1023+1026+1027+1029
av] 6

Vimax — Vayg =102.9-102.5=04

Vavg = Vimin = 102.5-102.1 =04
(V - Vmin) + (V

max

avg - Vavg )

Range of error = +

2

Note: To obtain true value, measure the input

value number of times and take the average. - i

If it is infinite times, 100% true value is
obtained

[ Types of Static Errors

1. Gross errors: These are completely due to
human  mistakes ie., doing loose
connections, reading the values, taking the
values, memorizing and doing calculations.
Gross errors are not common for all
observers. These are variable errors.

Note: The reading can be taken correctly
form the meter

when meter is in vertical position and eye
contact should be over the pointer (i.e., 90°
to the meter)

2. Systematic error:
(i) Instrumental
(il) Environmental
(iii) Observational

(i) Instrumental :

(a) Due to inherent short coming of
instrument, ageing effect, frictional
error, Hysteresis error.

(b) Misuse of an instrument : choosing wrong
range of an instrument.

TACE Enginieering Academny
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(c) loading effect

(ii) Environmental error:
Due to temperature, pressure, humidity, dust
etc.

(iii) Observational error: or (parallax error)

Note: To eliminate the shadow of the pointer a
mirror strip is placed in between scale and pointer
(parallel error is eliminated)

Systematic errors are constant errors these are
common for all observers.

3. Random errors or accidental errors:

These are due to the un identified sources

These errors comes suddenly and eliminate
suddenly but reason is not known.

These are more but effect is very small to
eliminate the random error statistical analysis is
carried out i.e. multi sample data in which the
same input value is measured no. of times which
are instrument by one observer or many
observers.

' Xp, = ‘n’ times

.................

Average value

(;): X1+X2+ ...... +Xn

n

2. Deviation (d) > d, =x, —x
d, =x, —x
vd, =x, ~x
Jdy|+]d, |+

n
To know precision of an instrument.

3. Average deviation =

4, Standard deviation: Deviation from average
value

2 2 2
0:\[d1 +d; +....+d; (n>20)
n

2 2 2 2
ozﬁ +d; +di....+d“ (n<20)

n—

5. Probable error (r) =+ 0.67450

6. Probable error of mean = (r, )= 4
n-1
7. Uncertainity Error
X = f(X1,X2.X3---Xp)
Wy, Wy, --—— WX, are the uncertainities of

X1, Xp=- Xn :
Uncertainity of x = wy =

: 2 2 l 2
+ x xw,,> + x XW,," +-—- x Xw?
ax1 aXZ axn "

8. Standard Error
X = f(X1,X),X3----Xp)
Ox1, Ox2, -——-OX, are the standard deviation
error of Xy,Xp=----- X '
Standard deviation error of ‘X’ =0y =

2 2 2
i\[f%] XG,,’ +[§{;) xcsx22+——{5a—xx:] X0,

Note:

For the calculation of uncertainity and standard
deviations convert percentage values into real
values and substitute in formulae.

Example 8:

Uncertainty distribution is used for /

(a) analysis of multi-sample data

(b) analysis of single sample data

(c) analysis of both single and multiple sample
data

(d) none of the above

Ans: (b)

"ACE Engineering Academy
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A set of independent 5 measurements were made
to determine the weight of a lead shot. The
weights in gramme were ’

1.570, 1.597, 1.591, 1.562, 1.577

Find the probable error of the mean

() 4.9 x 107 (b) 11.6 x 107
(c) 14.5x 107 (d) 1.57

Ans: (a)

Sol: Find arithmetic mean -
1.570+1.597 +1.591+1.562 +1.577

5

1.5794 gramme

Deviation from the mean o
d,=1.570-1.5794 = - 0.0094
d,=1.597-1.5794=0.0176

d; =1.591-1.5794=0.0116
ds=1.562 -1.5794 =-0.0174
ds=1.577-1.5794 = —,O..,,OOZA

Stranded deviation

Gz\Ff+d§+d§+dﬁ+d§
5-1
0.6745 0

Problem error of the mean = — 1

=0.0145.

=4.9m gram

Example 1 0:

In which of following deviation’s has the highest
probability range in specifying the measured data.
(a) £ 3o limit (b)  2climit

(c) Probable crror (d) Standard deviation
Ans: (a) & )

Sol:

0.67456

From graph we can approximated as
Deviation Probability

0.6745 6 — = 50% (Probable error)
6 — = 68.28% (Standard deviation)

26 — = 9546%
t3c0—- =99.74
Example 11:

. The manufactures providing four meter with

labeling their accuracies given below

(1) Meter “A” with Accuracy + 1%

(2)- Meter “B” with Accuracy 98%

(3) Meter “C” with Accuracy 99%

(4) Meter “D” with Accuracy 1%

- Among the given above meters, the high accurate

meters are

(a) only BD (b) only BC
(c) only AC (d) only AD
Ans: (¢).

Sol: For example let us consider we are
measuring 5A current by using above given
meters then
Meter A gives = 5t 1% = 510.01=4.99
(or) 5.01

- Meter B gives = 5198% = 510.98= 4.02
(or) 5.98
Meter C gives =  99% of 5A = 4.95A
Meter D gives = 1% of SA = 0.05A

~ Conclusion: from above we can concluded
meter “A” and meter C gives the highest
accuracy readings among the given mgters.

Exemple 12:
Power factor of a circuit is determined by :
P

cos Vi
Where P = Power in watt

V = Voltage in volt

I = current in Ampere
The relative error in power, current and voltage
are

"ACE Engiticering Acaderny
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respectively + 0.5% ; £ 1% ; £1% calculate the
relative error in power factor. Also calculate the
uncertainty in the power factor if the errors are
specified as uncertainties

(2) 2.5%;1.8 (b) 2.3%; 1.5
(c) 2.5%;1.89 () 2.5%; 1.5

Ans: (d)

Sol: Given data
Relative error in power = + 0.5%
Relative error in voltage = 1%
Relative error in current = £1%

Given that cos¢ = P

. Relative error in power factor
=(0.5%+1%+1%
=2.5%

Electrical Measurements

(ACE Enigineering Academy
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01. The term ‘precision’ used in instrumentation
means
(a) gradual departure of the measured value
from the calfbrated value
(b) smallest increment in the measurand
that can be detected by the instrument,
~ (c) maximum distance or angle through
which any part of a mechanical system
may be moved in one direction without
causing motion of the next patt.
(d) the ability of the instrument to give
output readings close to each other,
when the input is constant.

02. Threshold of a measurement system is
(a) the smallest change in input which can
be detected
(b) ameasure of linearity of the system
(c) the smallest input which can be detected
(d) a measure of precision of the system

03. A large no. of 230C resistors are obtained
by combining 120Q resistors with a standard
deviation of 4.0Q2 and 110€Q resistors with a
standard deviation of 3.0Q2. The standard
deviation of the 230 resistors thus formed

will be
(a) 3.5Q (b) 5.00Q
() 7.0 (d) 12.00Q

04. The following terms used in the context of
an instrument are numbered as shown
1. accuracy 2. sensitivity
3. precision 4. resolution
Match these with their possible definitions
listed below
P. repeatability of readings on successive

observation

Q. smallest perceptible change in the output
R. Deviation of the output from the true
value
S. minimum value of the input from the
true value :
T. Ration of the change in the instrument
readings to the change in the measured
variable
(a) 1-P, 2-Q, 3-R, 4-S
(b) 1-S, 2-Q, 3-P, 4-T
(c) 1-R, 2-T, 3-P, 4-Q
(d) I-T, 2-Q, 3-p, 4-R

~ 05. For a proving ring used in a press, the value

of force and its uncertainty are given as
12355+ 2354N without any rounding off. If
the error should be rounded off at the
maximum to two significant figures only.
The value of the reading is rounded off as

(a) 12300 £ 2300N

(b) 12360 £ 2350 N

(c) 12400 £ 2300N

(d) 2400 + 2400N

06. The percentage limiting error, in the case of
an instrument reading of 8.3 V with a 0 to 150
voltmeter having a guaranteed accuracy of
1% full-scale reading is
(a)1.810% (b) 0.181%

(c) 18.10% (d) 0.0018%

07. Two resistances R; and R, are connecté/d as
shown in the given figure. If R; =528 £ Q
5Q and R, = 325 £+ 3Q), then the total
resistance Ry will be

R] R2

‘\ RT |

(2) 853 +£20Q
(c) 853 £ 30Q)

(b) 853 £ 50
(d) 853  8Q)
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09.

10.

11.

12.

177

With reference to ‘random errors’ in
measurement, the standard deviation ¢ can
be expressed, in terms of deviation of any
individual observation from the mean of the
group ‘dy,’ and the number of observations
in the group ‘n’ as

D I X
n n

d? 2

(c) o= %_m (d) 5 =0.6745 %

The “accuracy” of a measuring instrument
is determined by the

(a) closeness of the value indicated by it to
the correct value of the measured

(b) repeatability of the measured value

(c) speed with which the instruments
reading approaches the final value

(d) least change i the value of the
measured that could be detected by the
instrument

The difference between the measured value
and the true value is called

(a) gross error (b) relative error

(c) probable error  (d) absolute error

A 300 V full scale deflection voltmeter has
an accuracy of + 2%, when it reads 222V,
The actual voltage

(a) lies between 217,56 V and 226.44V

(b) lies between 217.4v and 220.3V

(c) lies between 216V and 228V

(d) is exactly 222V

A voltmeter has a range 0-20 V and
manufacturer rates its accuracy as £1% fsd.
Match List I (voltage values) with List II
(Error as percentage of True value) and
select the correct answer using the codes
given below

13.

14.

Error Analysis

List-1 List-II

A.2V 1. 4%

B.5V 2. 10%

C.10V 3. 2%

D.20V 4. 1%

Codes:

A B C D

@3 1 2 4

®»2 1 3 4

©2 4 3 1
(D34 2 1

The voltage across an impedance is
measured by a voltmeter having input
impedance comparable with the impedance
causing an error in the reading. What is this
error called? "

(a) random error  (b) gross error

(c) systematic error (d) loading effect error

Match List — [ (Term) with List II

(Statement) and select the correct answer

using the code.

List — 1

A. Relative error

B. Precision

C. Calibration

D. Resolution

List - II

1. The ability of the device to give
identical ~ output ~ when  repeat
measurement are made with the same
input signal /

2. The ratio of difference between the true
value of the measurand

3. The smallest increment in measurand
that can be detected with certainly by
the instrument

4. The process of making adjustments on
the scale so that the instrument readings
conform to an accepted standard

- ACE Engineering Academy
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16.
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Class Room Practice Questions

Codes:

A B C D
(a) 2 3 4 1
m 4 1 2 3
c 4 3 2 1
@ 2 1 4 3

A resistance is measured by a voltmeter-
ammeter method using DC excitation and a
voltmeter of very high resistance connected
directly across the unknown resistance. If
the voltmeter and ammeter are subject to
maximum error of #2.4% and £1.0%
respectively, then the - magnitude of
maximum error in the value. of resistance
obtained from the measurement is nearly

(a) 1.4% (b) 1.7%

(c)2.4% (d)3.4%

Assertion (A): Precision is a necessary
prerequisite of accuracy. :

Reason(R): Precision guarantees accuracy.

(a) Both A and R are true and R is the
correct explanation of A

(b) Both A and R are true but R is NOT the
correct explanation of A

(c) A s true but R is false

~ (d) Ais false but R is true -

17.

Consider the following statements:

In a measuring instrument,

1. linearity is more
sensitivity.

2. high precision indicates high accuracy

3. accuracy cannot be better than resolution.

important  than

Of these statements

~(a) 1,2 and 3 are correct

(b) 1 and 2 are correct
(c) 2 and 3 are correct
(d) 1 and 3 are correct

18.

19.

Which one of the following has the highest
accuracy

(a) Standard resistance

(b) Standard inductance

(c) Standard capacitance

(d) Standard mutual inductance

The total current I =1, + L, in a circuit is

- measured as [; = 150 £ 1A,

20.

21.

I,= 250 + 2A, where the limits of error are
given as standard deviations. I is measured
as '
(a) (400x+3)A
(c) (400 £1.5A

(b) (400 + 2.24)A
(d) (400 £ DA

Match List-I (Accuracy) with List-II

(Type of the standard) and select the

correct answer using the codes given below

the lists:

List — I (Accuracy)

A. Least accurate

B. Mor~ accurate

C. Much more accurate

D. Highest possible accurate

List — II (Type of the standard)

1. Primary

2. Secondary

3. Working

4. International

Codes:
A

(@ 3

(b) 1

(c) 3

B
4
4
2
@1 2

w»—w.—in
N SESE -
e

Which one of the following statements is
correct?
The application of the instrument in wrong

~ manner in the procedure of measurement

results in a/an
(a) systematic error
(c) gross error

(b) random error
(d) instrument error

“ACE Engineorng Academy
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22.

23.

24.

01.

02.

ACE

details of the instruments

(b) These are the residual errors

(c) These errors may occur under controlled
conditions

(d) These are the errors committed by the
experimenters

When reading is taken at half scale in the
instrument, the error is _

(a) exactly equal to half of full-scale error
(b) equal to full-scale error

(¢) less than full- scale error

(d) more than full - scale error

The errors introduced by an 1nstrument fall in
which category?

(a) Systematic error

(b) Random errors

(c) Gross errors

(d) Environmental errors

A 10v full scale voltmeter having 100kQ
sensitivity is used to measure the output of
a photovoltaic cell having an internal
resistance of 1IMQ. The voltmeter reads Sv.
The voltage generated by the photovoltaic

~cell is

@5V

b)10v

(c) greater than 5v but less than 10 V
(d) greater than 10 V

The current flowing through the resister R is
as indicated in the given figure. The
computed value of power is

03.

04.

05.

06.

,“ Engmeermg Academy 179 _ Error Analysis
Which one of the following statements 1=240.02A
correctly represents the systematic errors?
(a) These errors can be calculated from the
R=100£0.20Q

(2) 400+0.42 W  (b)400 + 4.60 W
(c) 400+8.85Q  (d)}400+ 1065 W

Two resistors Ry = 36 ohms and R, = 75
ohms, each having tolerance of +5% are
connected in series. ‘The value of the
resultant resistance will be

(a) 111 £0 ohm

(b) 111 £2.778 ohm

(c) 111 £5.55 ohm

(d) 111 £7.23 ohm

A galvanometer with a full scale current of
10 mA has a resistance of 1000Q2. The

multiplying power (the ratio of measured
current to galvanometer current) of a 100

Q shunt with this ~ galvanometer is
(a) 110 (b) 100
(c) 11 {d) 10

Two 100 pA full scale PMMC meters are
employed to constructa 10 Vanda 100
V full scale voltmeter. These meters — will
have figures of merit (sensitivities) as

(a) 10 kQ/V and 10kQ/V

(b) 100 k€/V and 10 kQ/V

(c) 10 kQ/V and 100 kQ/V /

(d) 10 kQ/V and 1 kQ/V

Three voltmeters are connected in series
across 120V DC supply as
(i) 100V and SmA

(i1) 100V and 250Q/V
(ii1)100mA and 5 kQ
Then estimate the reading of each voltmeter.
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07.

01.
02.
03.

Sel:

04.
06.

Sel:

07.
Sol:

Req=230+5Q
Ans: (¢) 05. Ans: (d)
Ans: (¢)

Limiting error = 1§5§0X 1%=18.1%

Ans: (d)
Rr=R;+ Ry =528 +325=853 Q)
EHOYZAR1+AR2=3+5=8Q

20.
22.
24,

f

0L (b) 1 02.(c) 03.{c) 04.(c) 05.(/a)

=) +(1f =2.24
L 1=400 £224 A

Ans: (¢)
Ans: (d)
Ans: (a)

21. Anms: (d)
23. Ans: (d)

u;e'v'el-;z Key

06. (1) 48V

(208

N

{60V (i) 12V

:80: Class Room Practice Questions
A moving coil voltmeter has uniform scale | 08. Ans: (b) 09. Ans: (a)
- with 100 d1:1s1$ns; the full scale reading is 10. Ans: (d) 11. Ans: (¢)
200V and KO of a scale division can be 12. Ans: (b) 3. Ans: @
estimated with a fair degree of accuracy.
Resolution of the instrument is 14. Ans: (d) 15. Ans:(d)
(a)2V 02V vV
(©)20V (d) 200V Sol: R = T;AR =AV +Al
=>AR=24+1
AR=3.4%
16. Ans: (c) 17. Ans: (d)
18. Ans: (a)
. 19. Ans:(b)
Ans: (2) Sol: 1=+ 1,
Ans: (b) o _a 1
Req = R1+ R2 aI1 aIZ
2 2
0
Rey _ Reg _ sp- | & (o1, ) +(ﬂ] (r,)
oR, R, al, ol,

~

er * | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupat | Pune lChennaiI




mmm R R S S R T

5]

Potentiometer or Null detector }

It is an instrument designed to measure an
unknown voltage by comparing it with a known
voltage.

Basic potentiometer circuit:

' Slide wire
g/’ ?liding contact
A%

Unknown|
voltage

_]

It measures unknown voltage by comparing it
with a known voltage or standard cell voltage.

Used to measure unknown voltages accurately

Circuit diagram of basic slide wire

potentiometer:

R, [
101.86 cm
2m
'iihiiiiliiiili’lihiiihiiihiiihiiihii”r
« !
scale |, J, ——>] : L, Slidc wire (r€)/ cm|
e I » L5 Slide wire contact
g_{l_@calibratiorﬁD ‘ ]
v N (cu + Gold + silver)
X N
\_/s;l;;iisation
KA
V,=1.0186V
Standard cell

Potentiometers &
In strument Tran s'formerq

L e B S R ey

£— length of slide wire of potentiometer.

fi— length of slide wire at which the
galvanometer is balanced with standard cell
voltage (Vs).

fy— length of slide wire at which the
galvanometer is balanced w1th unknown EMF
(Vx)

I, = working current

I, = M

v (R, +1r)

Standardisation:

The process of adjusting working current (1),
with the help of rheostat such that voltage drop
across portion of slide wire is made equal to
standard cell voltage.

Note: Standardisation is process of converting
voltage in terms of centimeter scale

Standardisation calibration
VS = Iw.ll.r VX = Iw.lz.l‘
:ES— (1) IW:V—X....(2)
Lr L r

Note: Once standardization is done working
current is kept constant.

Applications:
For more accuracy theses are used for calibration
of ammeter, voltmeter & watt meters.
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Electrical Measurements

Example I:

An unknown voltage source E (with negligible
internal  resistance) is connected to a
potentiometer circuit as shown in the figure

below. If the galvanometer current 10pA with the
direction as indicated, then value of E is

(a) 0.9910V
(b) 0.9991V
(c) 1.0012V
(d) 10048V

10022

Sol: I,=10pA,E=?
Write KVL for loop 1
~1.6+ (100+500)Iy+1000(Iy+1;) = 0
16001 +1000I, = 1.6

_ -3
W= LO=DI07 g 03754104
1600
Write KVL for loop 2

~E +100 x 10 x 107+ 100010 x 10
+9.9375 x 107 =0
E = 1.00475

e Practically in laboratories we are using
Crampton’s type of potentiometer.

[ Instrument Transformersj

Transformers used in conjunction with measuring
instruments for measurement purposes are called
"Instrument transformers”. The transformer used
for measurement of current is called a “current
transformer” or simply “CT”. Transformers used
for voltage measurements are called “voltage
transformers” or “potential transformers” or
simply “P. T” for short.

Ratio of Instrument Transformers:
1. Transformation Ratio:

_ Primary wdg current

foraC. T.
secondary wdg current

_ Primary wdg voltage foraP.T.

- secondary wdg voltage

It is the ratio of the magnitude of the primary
phasor to the secondary phasor.

2. Nominal Ratio:

It is the ratio of rated primary winding current (or
voltage) to the rated secondary winding current
(or voltage).

_ rated primary winding current

= — foraC. T.
rated secondary winding current

_ rated primary winding voltage for a P,

T. " rated secondary winding voltage

3. Turns Ratio:
This is defined as

_ number of turns of secondary winding,

oraC.T.

number of turns of primary winding !

number of turns of primary windin

= ng . PT
number of turns of secondary winding‘()f aP. T

The ratio errors are present in instrument
transformers /

k,-R

(a) % ratio error (%0) = x100

(b) Phase angle error ()

Ratio correction factor:

Transformation ratio(R)

Ref)=
Red Nomin al ratio (k,)
The output of CT is called as burden.
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Potentiometers & Instrument Transformer

Current Transformers:

Pho
L% |
L
rerrReERrLs a
NS d
®—
No—

C.T. primary is connected in series with the load
current to be measured. Hence it 1s called a series
TIIF.

C.T secondary is short circuited by m.I Ammeter.

The ratio mentioned on C.T. name plate is a
current ratio 1.e. Ip/Ig

Circular strip wound core is used for the C.T.

Note: C.T secondary should not be open

circulated when it’s primary is energized it’s

dangerous.

Reason: Secondary current is zero so secondary
EMF is zero but to maintain same current in
secondary terminals more magnetizing current is
drawn because of this very high voltage is
induced then insulation breakdown. It’s
dangerous to the person operating it

Transformation ratio (R)=-2Z

§

_ nlg+1,sin(0+6)

R v0=0
2 (+6=0)
R :n+]° sin ¢
N
R=n+-+%

Phase angle error:

The primary and secondary phasor difference is
to be 180° in case of ideal Transfomer. But in
practical this angle having a difference of 0 is
called phase angle error.

From the above phasor diagram.

ab 1y cos((x+6)
tanf = =
OC +chb nIS+Iosin((x+6)
[+ 1, sin(a+8) << nl ]

I,.cosa

tanf =

(. 8~0)

nl

s

-6 :]—’"rad
nl
I
0= —’"—x@degree
nl, &

Both ratio error and phase angle errors are due to
the excitation current ‘Iy’.

Specifically the ratio error is due to the iron loss
component ‘I’ and phase angle error is due to the
magnetizing component I,

Potential TIIF:
Ph Is
Ip
' L
0
@ X
L /
N

P.T primary is connected in parallel with the load
hence it 1s called as a shunt transformer.

The standard P.T. secondary voltage rating is
120V. '
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P.T. secondary is open circulated by high
resistance moving Iron voltmeter.

It’s basically a step down transformer.

The effect of ratio error and phase error are

less in P.T compared to C.T because it is
involving with voltage measurement.

For high voltage appreciation core type is
used and for low type voltage, shell type core

is used.

Because cost point of view, potential
transformers are not suitable for above 100kV
voltage measurement. For this we are using
(C.V.T) capacitive voltage transformers are
used.

Actual ratio :
n (R, cosA+ X, sinA)J+I,R +I,X,
4

s

R=n+

n'—-R

% RatioError(c) = x100

Phase angle error :

I(X,cosA-R sinA)+ IR xI X, .

O=n+ >

nyv

S
= total resistance total reactance refered to
primary side.

Difference between D.T and P.T.

_D.T P.T

l.in case of . D.T |1 Potential
(distribution Transformer
transformer) is designed | takes care of
for changes. in loads the | voltage ratio
voltage  should be| Between  the
maintained constanti.e It | primary and
depends voltage | secondary.
regulation.

Electrical Measurements
2.we require v is main | 2. Accuracy is main
criteria  in case of| criteria in case of
distribution Transformer | P.T
3.D.T uses rectangular 3.T wuses circular
core core
4. Overloading capacity of | 4.overloading
Distribution Transformer | capacity of
is 20 to 30 % of full load | potential is 2 to 3
% of full load
Example 2:

The constant for 3phase 3element integrating
wattmeter is 0.15 revolution of disc per kwh, if
the meter is normally used with a potential
transformer of ratio 33000/110V and the current
transformer of ratio 1000/10A, find the error
expressed as a percentage of the correct reading
from the following test figures for the instrument
only:

Line voltage = 100V; Current 6.25A ; Power
factor = 0.9 Time to complete

40 revolutions = 66s

(a) -59.27% low
(c) —63.32% low

(b) —29.28% low
(d) —73.69% low

Ans: (a) 7
Sol: Actual energy consumed during the test
period
=3 xratioof P.T x ratioof C.T x VgIg cos¢x t

33000 1000
=B
=654.85 kWh
Energy recorded by meter during the test
period

= 405 =266.66KWh

x107

x110x6.25%c0s0.9 x 66
3600

266.66 —654.85 «

654.85
=-59.27% low

. Percentage error = 100
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A transfer instrument employed in the
standardization of a polar type a.c.
potentiometer 18

(a) an electrostatic instrument

(b) a thermal instrument

(c) a dynamometer instrument

(d) a moving coil instrument

Consider the following statements:

D.C potentiometer is the best means

available for measurement of d.c. voltages

because

1. The precision in measurement is
independent of the type of detector
used.

2. Itis based on null - balance technique.

3. It 1s possible to standardize before a
measurement is undertaken.

4. Tt 1s possible to measure d.c. voltages
ranging in value from milli volts to
hundreds of volts.

Of these statements:

(a) 2 and 3 are correct

(b) 1 and 4 are correct

(c) 2 and 4 are correct

(d) 3 and 4 are correct

Standardization of potentlometer s done in
order that, they become

(a) accurate

(b) precise

(c) accurate and direct reading

(d) accurate and precise -

When a potentiometer is used for

measurement of voltage of an unknown
source, the power consumed in the circuit
of the unknown
conditions is
(a) very high
(c) small

source under null

(b) high
(d) ideally zero

06.

07.

08.

- 09.

10.

A potentiometer may be used for...
(a) measurement of resistance

(b) measurement of current

(c) calibration of ammeter

(d) All of the above

To measure a resistance with the help of a

potentiometer it is ........

(a) necessary  to  standardize  the
potentiometer

(b) not necessary to
potentiometer

(c) necessary to use a volt ratio box in
conjunction with the potentiometer

(d) none of the above

standardize the

Basically a potentiometer is a device for
(a) comparing two voltages

(b) measuring a current

(c) comparing two currents

(d) measuring a voltage

(e) none of the above

In order to achieve high accuracy, the slide
wire of a potentiometer should be

(a) as long as possible

(b) as short as possible

(c) neither too small not too large

(d) very thick

To measure an A.C Voltage by using of

A.C potentiometer, it is desirable tyat the

supply for the potentiometer in taken.

(a) from a source which is not the same as
the unknown voltage

(b) from a battery

(c) from the same source as the unknown
voltage

(d) any of the above

The standardization of a.c. potentiometer is
done by
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14.

(@), . ACE

:86: Class Room Practice Questions
(a) directly using a.c. standard voltage (d) None
Sources
(b) using d.c. standard sources and transfer 15. Usually a C.T has
instruments (a) poorer overload capacity than a P.T.
(c) using d.c. standard sources and (b) the same overload capacity asa P.T
d’ Arsonval galvanometer (c) a higher overload capacity than a P.T
(d) using a.c. standard sources and transfer (d) no overload capacity
instruments :
16. It can be stated that
11. Precautions are essential for ensuring that (a) C.T operates at almost the same flux
the secondary of a CT is not open circuited density asa P.T _ ‘
when the primary circuit carries a current (b) C. T. operates with a higher flux
because ‘ density than a P.T
(a) dangerously high voltage  might c©CT ope.rates with considerably lower
develop cross the secondary flux density than a P.T _
(b) the ferromagnetic core may develop (d) No generalization can be made with
residual magnetism ' regard to the flux densities in C. T and
(c) the reflected impedance may prevent PT
the flow of current in the primary
cireurt 17. The errors in C.T are mainly due to
(d) None (a) leakage flux
) ) ~ (b)-excitation e.m.f required
12. The primary qurrent in a current transformer (c) core loss
is detected dictated by (d) secondary load
(2) the secondary burden
(b) the core of the transformer O Qalfiane T
(c) the load current SE SOlllthIlS =L
(d) none of these T
Performance of current transformer is o T
primarily dependent on the core mgterial 01. Ans: (b) 02. Ans: (d)
and the way the core is made up. Ratio and
phase angle errors will be less, if the core 03.  Ans: (c) 04. Ans: (d)
1fs of --—--- permeability and of  -------- 05. Ans: (d) 06. Ans: (b)
orm. /
(a) high, rectangular or ring 07. Ans: (a) 08. Ans: (a) ’
(b) low, rectangular or ring 09. Ans: 10. Ans: (b
(c) high, triangular or ring - Ans: () T ®)
(d) none 11. Ans: (a) 12. Ans: (c)
The ratio and phase angle errors is a well 13. Ans: (2) 14. Ans: (b)
designed current transformer (CT) are kept 15. Ans: (¢) 16. Ans: (c)
within the specified limits by using 17. Ans: (c)
(a) ferrite core
(b) strip wound core
(c) some fractional turns
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¢ The cathode ray oscilloscope is an electronic
instrument that presents a high-fidelity
graphical display of the rapidly changing
voltage at its input terminals. The cathode ray
oscilloscope is probably the most versatile
and useful instrument available for signal
measurement.

o Unlike meters, which only allow the user to |

measure  amplitude  information, the

oscilloscope allows the user to view the {°
such -

instantaneous voltage versus time
displayed plot of the signal can be used for
various measurements " like peak voltage,
frequency, phase, time period, rise time etc. It
can also indicate the nature and magnitude of

noise that may be corrupting the measurement ..
The more expensive models can .
measure signals at frequencies up to S00MHz

signal.

and even the cheapest models can measure
signals up to 20 MHz. One particularly strong
merit of the oscilloscopes its high input
impedance, typically 1M _, which means that
the instrument has a negligible loading effect
in most measurement situations. As a test
instrument, it is often required to measure
voltages whose frequency and magmtude are
totally unknown.

o However, it is not a particularly accurate
instrument and 1is best used where only an
approximate measurement is required. Further
disadvantages of oscilloscopes include their
fragility(being built around a cathode ray
tube) and their moderately high cost.

e There are two main classes of oscilloscopes:
analog oscilloscopes and digital oscilloscopes.

~ Cathode Ray Osalloscope

e A simplified block diagram of an analog
oscilloscope is shown in below figure

Vertical signal

g \ CRT

~ Horizontal
\signal

Vertical
System

v
Trigger
System

Horizontal
system

o The display section of the oscilloscope (i.e.,
cathode ray tube) has two inputs to it namely
vertical(Y) input and Horizontal(X) input.
The signals applied to these inputs are driven
to corresponding deflection plates and control
the position of the electron beam that plots the
waveform on the screen. There are two types
of plots that can be displayed based on mode
of operation of oscilloscope.

1) Sweep mode of operation:

Sensed /
Test signal ’

l

Y-t plot

Internal Sweep
signal

Using
Y-t plot
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Various measurements regarding the test
signal can be carried out like peak voltage,
frequency, phase, time period, resistive etc.

X-Y Display mode of operation:
Sensed
lTest signal

X-Y plot

External known
‘_
(Lissajious figure

Signal

Using Lissajious figure, two -measurements
can be carried out namely frequency
measurement and phase measurement.

Other important nie'asu_r‘ements that can be

made by oscilloscope are:

i) Measurement of impedance

ii) Measurement of power and power factor

ii1) Measurement of degree of modulation

1iv) Measurement of checklng of switching
times '

v) Tracing of hystere31s loop for magnetlc '

material
vi) Study of transistors phenomenon

vil)Fault testing of w1nd1ngs of electrlcal_

machines
viii)Determination
therniionic values

of - CharaCte_ri_s_tics of

Oscilloscope Specifications:

Y

Sensitivity: a series of attenuators and pre-

amplifiers exist at the input to the
oscilloscope. These condition the measured
signal to the optimum magnitude for input to
the main amplifier and vertical deflection
plates, thus enabling the instrument to
measure a very wide range of different signal
magnitudes. Selection of the appropriate input
amplifier/attenuator is made by setting a

:90:

2)

Electronic Measurements

VOLT/DIV control associated with each
oscilloscope channel. This defines the
magnitude of the input signal that will cause a
deflection of one division on the screen.

Bandwidth: One important oscilloscope
specification is related to the speed of the
waveforms that can be measured. This is
determined by the bandwidth of the
oscilloscope and it is found that the capability
of the oscilloscope to accurately display the
waveform falls off with increasing

"freqiléncyThe Bandwidth is defined as the
- range- of frequencies

over which the

" osc1lloscope amplifier gain is within 3dB of

its peak value. The oscilloscope specification
for bandwidth will typically be quoted in the
format: Bandwidth = -3dB at 1500 MHz.
The -3 dB specification means that an
oscilloscope with a specified inaccuracy of
2% and bandwidth of 100MHz will have an
inaccuracy of +5% when measuring 30MHz
signals, and this inaccuracy will increase still
further at higher frequencies. Thus, when
applied to signal-amplitude measurement, the
oscilloscope is only usable at frequencies up
to about 0.3 times its specified bandwidth.

In most oscilloscopes, the amplifier is direct

coupled, which means that it amplifies d.c.
voltages by the same factor as low-frequency

“a.c. ones. For such instruments, the minimum

" frequency measurable is zero and the

3)

bandwidth can be interpreted as the maximum
frequency where the sensttivity
(deflection/volt) is within 3 dB of the peak
value. In all measurement "situations, the
osciloscope chosen for use must be such that
the maximum frequency to be measured is
well within the bandwidth.

Risetime: The rise time is the transit time
between the 10% and 90% levels of the
response when a step input is applied to the
oscilloscope. The oscilloscope must have a

" ACE Engineering Academy -

2Hyderabad | Bhopal | New Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapatnam | Tirupati | Pune ]Chennai—l




)

2)

3)

sufficiently fast rise time to capture the rapid
transitions accurately, otherwise important
information may not be displayed and the
results could be misleading.Oscilloscopes are
normally designed such that: Bandwidth x

Rise time = 0.35
Thus, for a bandwidth of 100 MHz, rise time

=0.35/100 000 000 = 3.5ns.

Types of Oscillosocpes:

Analog  Oscilloscope:  The  analogue
oscilloscope is the traditional form of

oscilloscope that has been used in laboratories
for many years. It relies on analogue
techniques and takes in the vertical and
sometimes horizontal signals, amplifying

them in an analogue format and displaying

them on a cathode ray tube.

Digital Storage Oscillosocpe (DSO): The
digital storage oscilloscope (DSO) is the

conventional form of digital oscilloscope. It -

uses a raster type screen like that used on a
computer monitor or television and in this
way displays an image that fills the screen
and may include other elements in addition to

the waveform. These additional items may

include text on the screen and the like.

Digital Phosphor Oscilloscope (DPO): The
digital phosphor oscilloscope (DPO) is a
highly versatile form of oscilloscope that uses

:91:

Cathode Rays Oscilloscope

a parallel processing architecture to enable it
to capture and display signals under
circumstances that may not be possible using
a standard DSO. The key element of a DPO is
that it uses a dedicated processor to acquire
waveform images. In this way it is possible to
capture transient events that occur in digital
systems more easily. These may include
spurious pulses, glitches and transition errors.
It also emulates the display attributes of an
analogue oscilloscope, displaying the signal

-in three dimensions: time, amplitude and the

distribution of amplitude over time, all in real

_ time.

4)

Sampling Oscilloscope: These oscilloscopes
are used for analyzing very high frequency
signals. They are used for looking at
repetitive signals which are higher than the
sample rate of the scope. They collect the
samples by assembling samples from several
successive waveforms, and by assembling
them during the processing, they are able to
build up a picture of the waveform. The
oscilloscope specifications for these items
may detail a frequency capability or
bandwidth sometimes as high as 50 GHz.
However these scopes are very expensive.
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01.

02.

03.

04.

05.

Class Room Practice Questions

One cycle of a square wave signal observed
on an oscilloscope 1s found to occupy 6 cm
at a scale setting of 30 ps/cm. What is the

signal frequency?
(a) 1.8 kHz (b) 5.55 kHz
(c) 18kHz (d) 55.5kHz

When the horizontal deflection plates of a
CRO are kept at the ground potential and a
30 wvolt dc is applied to the wvertical
deflecting plates, the bright spot moves 1 cm
away from the centre. If with the same

setting, a 30 volt ac is applied to the vertical .

deflecting plates, then the picture observed

on the screen would be

(a) a spot approximately 3 cm away
the centre

(b) avertical line 2 cm long

(c) a vertical line approximately 3 cm long

(d) two spots 2 cm vertically above  each
other

When a sinusoidal signal of 220 V, 50 Hz
produces on CRO a vertical deflection of 2
cm at a particular setting of the vertical gain
control, what would be the value of the
voltage to be applied to produce a deflection
of 3 cm for the same vertical gain?

(@)330V 110V

(c)220V (dss5v

The bandwidth of a CRO is from 0 to 20
MHz. The fastest rise time which a square
wave can have, in order that it is accurately

reproduced by the CRO s
(@) 0.175 ps (b)17.5ns
(c)35 s (d)52.5ns

The input impedance of a CRO is nearly
(a) zero

from

06.

407,

08.

09.

(b) around 10 ohms
(c) around 100 ohms
(d) around one mega ohm.

The oscilloscope has an input capacitance of
SOpF and a resistance of 2 MQ and the
voltage divider ratio (k) of 10. What are the
parameters of a high-impedance probe?

(@) C;=5.55 pFand Ry =9 MQ

(b) C;=5.55pF and R; = 18 MQ
(c)C1=3.33 pFand R; =9 MQ
(d)C,=1.11 pF and R; = 18 MQ

The input impedance of a CRO is I M ohm

in parallel - with 10 pF. If the CRO is

required to display pulse using a 10:1

attenuator, the attenuator will have to use a

(@) 9 M ohm resistor

(b) 1.11 pF capacitor

(c) Parallel combination of 9 M ohm resistor
and 1.11 pF capacitor

(d) Series combination of 9 M ohm resistor
and 1.11 pF capacitor.

An oscilloscope has an input impedance
consisting of 1 MQ and 20 pF in parallel. A
high impedance probe connected to the input
of this oscilloscope has a 10 MQ series
resistance. This 10MC} resistance

(a) need not be shunted

(b) should be shunted by a2 pF  capacitor
(c) should be shunted by a20 pF capacitor
(d) should be shunted by a 200pF cgacitor

Which one of the following is the correct
statement?

Active probe used in a CRO

(a) Is bulkier than passive ones

(b) Cannot measure small signals

(c) Cannot couple high frequency signals
(d) Can attenuate more
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11.

12.

13.

14,

Cathode Rays Oscilloscope

Which one of the following measuring
devices has minimum loading effect on the
quantity under measurement?

(a) PMMC

(b) CRO

(c) Hot wire

(d) Electrodynamometer

A voltage signal V(t) = A + B sin ot is fed
to an Oscilloscope with the coupling mode
set to DC, other settings being appropriate.
The displayed wave can be expressed as

(a) A + B sin ot (b) B sin ot

() A (d)y |A+B sin ot|

The sine wave output of a function generator
is fed to both the horizontal (X) and vertical
(Y) mputs of a CRO. What will be the
pattern on the cathode ray screen?

(a) A circle

(b) An ellipse ‘

(c) A straight line with 45° slope

(d) Sinusoidal

The Lissajous pattern observed on the screen
of a CRO is a straight line inclined at an
angle of 45° to the x-axis. If the voltage
applied to the x-plate is 2 sin wt, then the
voltage applied to the Y-plates will be

(a) 2 sin ot o

(b) 2 sin (ot + 45%)

(c) 2 sin (ot — 45°)

(d) 242 sin (ot + 45°)

Two sinusoidal signals having the same
amplitude and frequency are applied to tile
X and Y inputs of a CRO. The observed
Lissajous figure is a straight line. The phase
shift between the two signals would be.

(a) Zero

(b) 90 degrees

(c) Either zero or 180 degrees

(d) Either 90 degrees or 270 degrees

15.

16,

17.

18.

An Oscilloscope screen displays a line

inclined at 45°. It’s Y input is a sine wave of

frequency f. Then the X-input should be

(a) Sine wave of frequency f and ¢°
phase shift with the Y- input

(b) Sine wave of frequency f and 45°
phase shift with the Y- input

(c) Sine wave of frequency f and 90°
phase shift with the Y- input

(d) Sawtooth wave of frequency f

An oscilloscope 18 operated in X-Y mode.
The below given ellipse is observed on the
screen.

The phase difference between both input

signal is

Q leop Tm
(a) 339" (b) 1502
(c) 30 (d) 210

The elliptical lissajious pattern shown in
figure was observed from two sinusoidal
signal sources of same frequency on a CRO
The phase angle between the signals is

M) )
AN

(b) tan™'(A/B)
(d) (A/B)

(a) cos (A/B)
(©) s_in“(A/B)

The X — input and Y - input to a CRO are, 5
cos (ot + ¢) and 5 sin (ot + ¢), respectively.
What will be the resulting Lissajous pattern?

Hydembad | Bhopal | New Delhi | Bengaiwu | Bhubaneswar | Vijayawada ;| Visakhapatnam ; Tirupati | Pune iChennﬂ
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(a) A straight line inclined to an angle ¢
(b) An ellipse with an inclined major
(c) A circle

(d) A horizontal line

axis

I

day
]

g
LT

19. While measuring the phase difference
between the signals vi(t) = 10 sin ot and
vo(t) = 10 sin (@t + ¢), the Lissajous pattern
observed on CRO was a circle. The value of
dis (a) 2k Q b)5k Q
(a) Zero (b) n/4 (c) Tk Q (d)10kQ
(c) m/2 (d)n . .
24. In an oscilloscope, two Lissajous figure (X)
20. Voltages V, = 100sin 1000t and ~ V, = 50 and (Y) are observed. This indicates that
sin 1000 t are connected to Y and X ratio of vertical input signal frequency to
terminals of a CRO, respectively. What is that horizontal input frequency are
the shape of figure seen on the CRO?
(a) A circle (b) A straight line
(c) An ellipse (d) A parabola ’ O<
21. A circle is found on the screen of a CRO - Hex
when 2 time varying signals of same _
frequency and same magnitude are applied Fig.y
to X and Y plates of the CRO. What is the
relative phase difference? (a) 5/3 for X and 3/2 for Y
(a) 0° (b) 9(° (b) 3/2 for X and 5/3 for Y
() 180° (d) 45° (c) 5/3 for X and 5/3 for Y
(d) 372 for X and 3/2 for Y
22. Two equal voltages of same frequency ' .
applied to the X and Y plates of a CRO, 25. A signal of lOrpV at 75 MHz is to .be
produce a circle on the screen. The phase measured.  Which  of the following
difference between the two voltages is instrument can be used?
(a) 30° (b) 60° (2) VIVM , /
(c) 90° (d) 150° (b) Cathode ray oscilloscope
(c) moving iron voltmeter
23. In the CRO plate connections shown in the (d) digital multimeter
given figure, the supply frequency is 500 Hz
and the capacitance ‘C’ is 92 pF. The
T
Vglue of resistance ‘R’ required to obtain a 01. The screen of a CR.O has 10 divisions on
circle on the CRO screen (X and Y plates . | scale. If ltae sional
have equal sensitivities) is thf.: horlzontao seale. 1 a vollage signa
5sin(314t+45")V is examined with a time
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Cathode Rays Oscilloscope

base setting of Smsec per division then the | 04. If the bandwidth of an oscilloscope is given

number of cycles of signal displayed on the as direct current to 10MHz, what is the

screen will be fastest rise time a sine wave can have to be

(a)4.5 (b) 2 produced accurately by the oscilloscope?

(c)4 (d)2.5 (@) 35 n sec (b) 10 n sec
(c)3.5nsec (d) 0.035 n sec

02. An oscilloscope is operated with line setting

of 0.5ms/div and vertical setting of | 05. A dc voltage of 1 V is applied to the X —

100mv/div. Two cycles of sine wave is plates to a CRO and an ac voltage 2 sin 100

observed on the screen which occupies 8.8 t is applied to the Y-plates.The resulting

horizontal ~divisions and 4.6 vertical display on the CRO screen wili be a

divisions. Then, the mms voltage and (a) Vertical straight line

frequency of sine wave respectively . (b) Horizontal straight line

(a) 162.6mV, 227 Hz (c) Sine wave

(b) 162.6mV, 455 Hz (d) Slant line

(c) 325.3v,227 Hz

(d)325.3V,455 Hz 06. Which of the following measurements can

_ be made using Lissajous figures?

03. The time/div and voltage/div axes of an 1. Frequency

oscilloscope have been erased. A student 2. phase difference

connects a 1KHz, 5V p-p square wave 3. Time interval between pulses

calibration pulse to channel-lof the scope 4. pulse width

and observes the screen to be as shown in 5. Fundamental and higher harmonic

the upper trace of the fig. An unknown components.

signal 1isconnected to channel-2 (lower Select the correct answer using the code

trace) of the scope. If the time/div and % zggerll 22?\; (b) 2 and 3

on both channels are the same, the amplitude (c)3and 4 (d)4and 5

(p-p) and period of the unknown signal are . '

respectively (GATE-EE-06) 07. A screen pattern oscillogram, shown in the
given figure is obtained when a sine-wave
signal of unknown frequency is connected to
the vertical input terminals, and at the same
time, a 600 Hz sine-wave voltage is
connected to the horizontal input terminals

. of an oscilloscope. What is the value of
/ unknown frequency?
4 Vertical axis 4
N/
(a) 5V, Ims (b) 5V, 2ms
(c) 7.5V, 2ms (d) 10V, 1Ims Horizontal axis
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09.

10.
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(2) 300 Hz (b) 400 Hz 11. Two sine waves of the same frequency are

 (¢) 600 Hz (d) 900Hz impressed on the X and Y plates of a CRO

and the Lissajous figure seen is shown in the

A Lissajous pattern on an oscilloscope has 5 diagram. The phase difference between the
horizontal tangencies and 2 vertical signals is

tangencies. The frequency of the horizontal
input 18 1000 Hz. What 1s the frequency of
the vertical input?
(a) 400 Hz
(c) 4000Hz

(b) 2500 Hz
(d)5000 Hz

A lissajous pattern, as shown in figure
below, is observed on the screen of a CRO
when voltages of frequencies fx and f, are
applied to the x and y plates respectively. f;
f, is then equal to

(@)3:
(b)1:
(c)2:
d2:

— WD

In an oscilloscope the input to the horizontal
plates is a 100Hz voltage signal. The
lissajous patterns (A), (B) and (C) will be

generated when  different  frequency
voltage signals are applied to vertical plates.
Match each lissajous pattern to the
corresponding frequency by
P.f,=50
(a)
Q. £,=66.66
R.f,=125
(b)
\ (S) f,=150
(T) £, =200
(©)
V /\ (U) £, =300

12.

13.

14.

A
Y2
Y

0)

Niogs
¥a

§

(a) 30° or 330° or 150° or 210°
(b) 30° or 330° or 150°

() 30° or 330°

(d) 30°

Lissajous pattern shown in a double-beam

cathode-ray oscilloscope screen for two

sinusoidal voliages of equal magnitude and

of the same frequency but of phase shift of

30%is |

(a) acircle

(b) a straight line at 45° in the first
third quadrant

(c) an ellipse in the first and third quadrant

(d) an ellipse in the second and ~ fourth
quadrant

and

A certain oscilloscope with 4 c.m by 4 c.m
screen has its own sweep out put fed to its
input. If the x and y sensttivities are same,
the oscilloscope will display a. /
(a) triangular wave

(b) diagonal line

(c) sine wave

(d) circle

A 1000 Hz sinusoidal voltage is connected
to both X and Y inputs of a CRO. Which of
the following waveforms is seen on CRO ?
(a) Sine wave (b) Circle

(c) Ellipse (d) Straight line
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15.

16.

01.

Sol:

02.

Sol:

03.

Sol:

The X-and Y-inputs of a CRO are
respectively Vsinot. and —Vsinwt. The
resulting Lissajous pattern will be

(a) a straight line

(b) a circle

(c) an ellipse

(d) a figure of eight

The X and Y inputs to a CRO are
respectively 10 cos (100 t + ¢) and 10 sin
(100 t + ¢). The resulting Lissajous pattern
1s.

(a) A straight line inclined at an
(b) A horizontal line

(c) An ellipse with axis making an angle ¢
(d) A circle

angle ¢

. Solutions

Ans: (b)

time

TsignaI= NH X —
divison
=6 cm x 30 @

cm

=5.55kHz

=180 ps

1
80us

B fsignal =

Ans: (b)

During +ve half cycle, spot moves in up
direction by 1c.m.

During —ve half cycle, spot moves in down
direction by 1c.m.

Therefore a vertical line 2cm long.

Ans: (a)
Voltage gain =
voltageoutput 220

deflection 2
Applied voltage for 3 cm deflection

=110V/cm

04.
Sel:

05.
Sol:

06.
Sol:

10.
Sol:

12.
Sol:

Cathode Rays Oscilloscope

= voltage gain x deflection

=110x3

=330V

Auns: (b)

We know Rise time = ——i35——
Band width

- Fastest Rise time = 055 _ 17.5 ns
20x10°

Ans: (d)

CRO has very high input impedance in the

order of mega ohms.

Ans: (b)

R1 = (10 - 1)Ri

=9 x2MQ

=18 MQ

C, 0p
Cp=— -3 f=5.55Pf.
(10-1) 9
Ans: (b)
Device having highest input impedance will

have least loading error.

Ans: (¢) _

When two identical sinusoidal waves are
applied to both the inputs of CRO, pattern
obtained on screen is as shown below.

024
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16.
Sol:

17.

Sol:

23,
Sol:

: 98
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Ans: (a)
: 'When both the inputs to CRO are identical
the pattern of Lissajous figure will be

straight line making angle 45° to X-axis

Ans: (b)
For a given ellipse =

Y.
Phase difference = 180 —sin -‘( intercept

max {mum

=180 ~sin™ [1)
2

=150°
sin”— | —
B

|

Ans: (¢)
Y

v int ¢
phase angle =sin ‘(ﬂ"_
max imum

. ,I(ZA)
=S8 | —
2B

Ans: (c)

: When inputs of CRO have phase difference

of 90°, the pattern obtained on screen will be
a circle.

Ans: (b)
The shape of figure is as shown below.

100 sin 1000t

|

Ans: (b)

Given: displayed L.F is circle,

C= EuF,f=50()Hz,R=?
T

<—— 50 sin 1000t

¢ is 90° as circle is displayed on the screen

1.e VRZVC
R= XC
R: _1—
2nfe
1
= R= 07
21 x 500Hz x -~ uF
T
6
100 0
200
24. Ans: (d)
Sol:
fy 6 3
— ::> _—
t 4 2
10, =6
ny'=4
L3
[ 2 (i@
n,=2

y /—( LeVel-ZKey}—L\

0L() 02.(d) 03.(c) 04.(a) 05.(a)
06.(a) 07.(b) 08, ® 09.(c) 10.()
L9 12.(9 13.0) 14 (d): 15.(a)

&6 (d | )
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¢ A Digital Voltmeter is a Voltage measuring unit whose block diagram is shown below:

Range switch

i Digital Read out
T ADC —
| lermenosron N DL
Vi | |(RangeSelector) | Vin | (Dual slope Digit Drivers |7 Segcodey |7)°°*° ]_| \Y%
L J, integrating Ve —

Analog DC voltage to be measured is first converted into pulses by Analog-to-Digital converter.
Such Digital output is then driven to a digital display via Digit Drivers.

e The most preferred ADC in the design of Digital meters is Dual Slope Integrating type ADC
since it offers High Accuracy, High Noise rejection, High Stability and Less Hardware
complexity than other types of ADCs(Non Integrating types)

e Advantages of Digital meters over Analog meters: .
High input Impedance
Less Loading Error
No Observational Errors, No frictional Errors
Better Accuracy
Superior resolution
Fast operating speed
Easy readability /
Programmability
Computerized control

Auto Ranging and Over Ranging facilities
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Block diagram of digital multi meter is shown below:

Constant
Current
source

Res
|

ACV

input
probes

3 ACI

DCI
DCV

Buffer

v

Amplifier

Calibrated
Amplifier

Current
To

Rectifier
Circuit

Digilal
DISPLAYY

A

Voltage
Converter

Current
To

Display

Drivers

L
¢ ADC

Voltage
Converter

Calibrated

| Attenuator

H_Vderabad | New Delhi ! Bengaluru | Bhubaneswar | Vijayawada . Visakhapatnam | Tirupati | Pune * Chennai—,




R A B T T R B B e

01.

02.

03.

04.

Class Room Practlce Questlons

(LEVEL-1 Questions)

A 3% digit, 2V full scale dual slope DVM is
used to measure a time varying voltage

V(t) = (1+1sinl00nt)V then, the DVM
indicates
(@) 1999V
(c)2.000V

(b) 1.414V
(d) 1.000 V

A 3% digit multi meter has an accuracy

specification of

(£ 0.5% of reading * 5 counts). If the meter
reads 2.00 mA on a full scale of 20mA, the
worst-case error in the reading is

(@) 0.5% (b)2.5%

(c) 3.0% (d)5.5%

A 3% digit, 200mV full scale DVM has an

accuracy specification of +0.5% of reading
plus 5 counts. When the meter reads

100mV, the voltage being measured is:

(a) Any value between 99.5mV and
100.5mV

(b) Any value
101.0mV

(c) Exactly 99.5mV

(d) Exactly 100mV

between 99.0mV and

A 3% digit DVM has a lowest measuring

range of 200 mV. Hence it can be concluded

that

(a) Its best resolution is 0.1mV

(b) It’s poorest resolution is 0.2 mV

(¢) Its accuracy is at least 0.05%

(d) The maximum voltage that can be
measured in this range is 199.9mV

01.

02.

03.

04.

05.

06.

T S B R e R O s TR B

The type of A/D converter normally used in
a 3 % digit multi meter is

(a) Dual - Slope integrating type

(b) Voltage to frequency converter type

(c) Flash (or parallel) type

(d) Successive approximation type

A 4%digit DMM has the error specification

as 0.2% of reading +10 counts. If a dc
voltage of 100 V is read on its 200V full
scale. The maximum error that can be
expressed in the reading is

(@ £ 0.1% - (b)£02%

(€)£0.3% (d)£0.4%

What is the range for a 3% digital meter?

(b) 0 to 1500
(d) 0 to 19999

(a) 0to 1999
(c) 010999

A digital voltmeter has 4% digit display.

The 1V range can read up to
(a) 1.0000V (b) 1.1111V
() 0.9999V (d) 1.9999V

A 3—;— digit digital multimeter can d,i’éplay

(2) 999.5 (b) 5.999
() 555.5 (d) 1.999

A digital voltmeter has a read- out range
from 0 to 9999 counts. When fuli scale
reading is 9.999 V, the resolution of the full
scale reading 1s
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07.

08.

09.

10.

11.

12.
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102 _ Electronic Measurements
(a) 0.001 (b) 1000 . 1 ... :
(0) 3 digit (@) 1 mv 13. The resolution of 45 digit DVM in 10V
A 31 digit voltmeter having a resolution of fange1s -
-2 (@) ImV (b) 10mV
100 mV can be used to measure maximum (c) 4mV (d) 0.00lmV
voltage of 3
(a) 100V (b) 200V 14. The resolution of 4= digit DVM in 10V
(c) 1000 V (d) 5000 V _ 4
range is
| R (@) lmV (b) 10 mV
The selected voltage range of 45 digit (©)4mV (d) 0.001 mV
digital voltmeter having a resolution of |
10mV is 15. Assertion(A): The resolution of 3—2— digit
8 42182/\] EE; iggv voltmeter is 0.001.
Reason(R): Addition of 1 digit to a digital
A 4-digit DVM (digital voltmeter) with a _ 2
100mV lowest full-scale range would have a voltmeter increases the range of the meter
sensitivity of how much value while- L o
resolution of this DVM is 0.00017 16. In a digital voltmeter, ‘over-ranging’ implies
() 0.1mV (b) 0.01mV that N
(¢) 1.0mV (d) 10Mv (a) the next four digits are switched on
(b) 1/2 digit is switched off
What is the reading of 0.5245V on 1V range (c) 1/2 digit is switched on '
in four and a half digit voltmeter displayed (d) an over— range indicator starts glowing
as ? o
(a) 0.5245 (b) 00.524 17. Which one of the following is not true of
() 000.52 (d) 0000.5 digital instruments?
(a) Loading of the circuit under
1 measurement is less
A 35 digit digital voltmeter has an internal (b) Accuracy is better
reference of 200mV. It’s full scale count () Free from observational errors
and resolution are (d) Can present the reading in overgll
(a) 2000 and 1mV ~ context  of range
(b) 4000 and 0.1mV 18. Assertion (A): Digital multimeters are more
() 2000 and 0.1mV accurate than analog multimeters.
(d) 4000 and 1mV Reasen (R): Digital multimeters are
convenient in reading.
The resolution of 41 digit DVM is 19. An average-reading digital multimeter reads
2 10V when fed with a triangular wave,
(a) 0.001 (b) 0.0001 symmetric about the time axis. For the same
(¢) 0.1 (d) 0.00001 input an rms reading meter will read.
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(2)20/3V (b) 10/43 V
(c) 203V (d) 103V

m

BE PR R R T Y G

LEVEL 1 )

7 B SRR TR

01. Ans: (d)

Sol: DVM measures average value.
The average value of the above input s1gnal
is 1.

So due to the 3% digit DVM it indicates as
1.000 V

02. Ans: (c)
Sol: The DMM has f%digit display

It’s accuracy specification is +_ (O 5% of
reading +5 counts)

— 2mA reading on the 20mA full scale.

— 1 count on this 20mA full scale is
00.01mA

— Therefore, error can be calculated as:
Error = £ (0.5% of reading +5 counts)

i(—loo—?)xm 00mA + 5% 00. OlmAj

It
=+

9£><2mA+5><0.01mA
100

+(0.01mA +0.05mA)
+(0.06mA)
— % error in reading of 2mA is

006mA 00 = 439

%error = *

03. Ans: (b)
Sel:

— DVM has 3% digit display

— It’s Accuracy specification is + (0.5% of
reading plus 5 counts)

— 100mV reading on the 200mV full scale
100.0mV

— 1 count on this 200mV full scale is
000.1mV

— Therefore, error can be calculated
as Error = (0.5%of reading + Scounts)

Il

+ ﬂ><100 0mV +5x000.1mV
100

1

+ E'><100m\/+5x0.1mv
100

=4{0.5mV +0.5mV] = +1mV
The Voltage being measured is 100mV +

ImV 1ie. Any value between 99.0mV and
101 OmV o

04. Ans: (d)

“Sol: o

— The DVM has 3%digit display
Therefore, its scale resolution is 0.001

— Its resolution m 200mV range is 100mV

— The maximum voltage that can be

measured in this 200mV lowest Range:

199.9mV

0L.(2) 02(d) [03.(a) 04.(c) 05.(d)
06.(d) | 07.(b) | 08.(a) 09.(b) 10.(a)
11.(a) ' 12.(b) | 13.(a)  14.(a) | 15.(b)
16. 17.(d) | 18.(b) 19.(d
\_ (©) (@ | 18.() 19.(d) Y,
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e The Q-meter is an instrument designed for the
measurement of Q-factor of the coil as well as
for the measurement of electrical properties of
coils like Self inductance, Self capacitance,
Resistance. This instrument operates on the
principle of series resonance i.e. at resonate
condition of an ac series circuit voltage across
the capacitor is equal to Q-times of the
applied voltage to the circuit. If the voltage
applied across the circuit is kept-constant then
voltmeter connected across the capacitor can
be calibrated to indicate Q directly.

e Circuit diagram of “Direct connection” of a
Q-meter is shown is figure. A wide-range os-

Socket

L Reoit

cillator with frequency range from 50 kHz to
50 MHz is used as a power supply to the cir-
cuit. The output of the oscillator is shorted by
a low-value resistance, Ry, usually of the or-
der of 0.02 ohm. So it introduces almost no
resistance into the oscillatory circuit and
represents a voltage source with a very small
or of almost negligible internal resistance.
The voltage across the low-value shunt
resistance Ry, V is measured by a thermo-
couple meter and the voltage across the
capacitor, V. is measured by an electronic
voltmeter.

L”“L:&

Tuning
Frequency Ran Vi, Supply capacitor
calibrated Volt meter
f

oscillator

A Ve (/ Capacitor
Volt meter

e For carrying out the measurement, the
unknown coil is connected to the test termi-
nals of the instrument, and the circuit 1s tuned
to resonance either by varying the frequency
of the oscillator or by varying the resonating
capacitor C. Readings of veltages across
capacitor C and shunt resistance Ry are
obtained and Q-factor of the coil is deter-
mined as follows:

¢ By definition Q-factor of the coil,
Q =XL/R o
And when the circuit is under resonance
condition: Xi= X¢
i.e., Q=Xc/R

Ve=1IXc
=(Vin/Z) Xc
=(Viw/R)Xc (because Z=R at resonance)
= (X/R)Vin or (X/R) Vi, Vi
= Qvin

Where Q is Known as Voltage-maguification
factor.
Q = VC / Vin

= Q-Capacitor Voltmeter /Supply
Voltmeter reading
This relation(Q = Vc/Vi,) is used to calibrate
the voltscale of capacitor voltmeter into Q-
scale
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¢ This Q-factor is called the circuit Q because | i) Series Connection:
this measurement includes distributed | In series connection method the unknown test
capacitance of coil, shunt resistor Rg,. So, the | impedance is connected in series with the
calculated Q-factor of the coil will be | Reference coil. This method is employed for
somewhat less than the Actual Q-factor. measurement of low test impedance ie., low

e There are two more connections of Q meter value resistors, small coils and large capacitors.
namely series connection and shunt
connegtion as given below.

At resonance,
mLz—l—andlegz 1 8 |2 /
(Dcl R (DC1 R %g | C1C2/Z
& o B
X = Cl _C7' o R @5
* oC,C,
Xs Rg| |socket
R = Q€ "Qz_cz
© 0CC00, )

Q :ES_Z(CI_CZ)QIQZ
' Rs QICI_Q2C2

ii) Parallel Connection:

In parallel connection, the unknown test impedance is connected in parallel to the tuning capacitor.
This method is employed for measurement of high impedance i.e., high value resistors, certain
inductors and small capacitors.

1 _eG_ 1 L
R, Q, RQ B
C C
X, = R L - (Q)
(D(CZ_CI) /
o R (600,
' XP Q1C1_Q2C2 ~ Socket
\&

The main error in the measurement of Q is due to distributed or stray capacitance of the circuitry.
To check for this, the Q is measured at two frequencies f; and 2f;. It should be same if not,
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CIass Room Practlce Questlons

01.

02.

03.

In a Q-meter, a small resistance R is added
to the series resonance circuit to inject the
oscillatory voltage to the circuit. If R; i the
apparent series resistance of the circuit at
resonance, then the value of the actual Q
will be equal to

(a) observed Q

1+ —

S

. R
(b) observed Q (1 + E_]

S

1+—=
R
R <
(d) Observed Q (l + —R_S)

If Q. is the effective Q of the coil, C is the
resonance capacitance and Cy4 is the
distributed capacitance, then the true Q in a
Q — meter will be

(a) Q[(C+C,)/Cl
(b) Q.[C/(C+C,)]

[
(¢) Q.[C,/(C+Cy)
@ Q. [(C+C) N

Consider the following statements regarding

sources of error in a Q — meter:

1. If a coil with resistance R is
connected in direct measurement
mode and if the residual resistance of
Q-—meteris 0.1 R, then the measure
Q of the coil would be 1.1 times the
actual Q.

04.

05.

06.

R e T T

2. If the inductance to be measured is less

than 0.1 mH, the error due to  presence

of residual inductance cannot be
neglected.

3. The presence of  distributed

capacitances in a coil modifies the
effective Q of the coil.
Which of the above statements are correct?

(@1,2and3 (b) 1 and 2 only
(c)2 and 3 only (d) 1 and 3 only

The true value of Q of a coil 1s 245 and the
measured value is 244.5. Then, the ratio of
resonating capacitance in Q-meter circuit to
distributed capacitance of coil is

(a) 0.002 (b) 2.045

(c) 489 (d)4.80

In direct connection of Q-meter, the
voltmeter connected across resonating
capacitor is known as

(2) multiply Q by meter

(b) coil - Q

(c) Circuit Q meter

(d)Q-voltmeter

A very low — loss coil 1s tested with a Q —
meter and the distributed (self) capacitance
of the coil is found to be 820 pF. Resonance
occurred at an angular frequency of 10°
rad/sec, with a capacitance of 9.18 nF. The
inductance of the coil is

(a) 100pH (b) 100puH

(c) 100nH (d) 10mH
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03.

In the given circuit, Cy is the distributes
capacitance of the coil and C is the tuning
capacitor. If ~ C = C; for the fundamental
frequency and C = C, for the second
harmonic, then the value of Cy can be
expressed as.

a

L
G J&
R 7 C(Tuping
capacitor)
b
-2 : -
@ ¢, 3 C gy ¢, 3402_

C,-C
© C="5" @ C,=C,-2C,

Assertion(A): The Q-meter measures the
Q-factor of a coil when the circuit is in
resonance. ,

Reason(R): The Q-meter of a coil depends
only on its inductance and not on- its
resistance ‘

A reading of 120 is obtained when a
standard inductor was connected in the
circuit of a Q-meter and the variable
capacitor 1s adjusted to a value of 300 pF. A
lossless capacitor of unknown value Cy is
then connected in parallel with variable
capacitor and the same reading was
obtained when the variable capacitor is
readjusted to a value of 200 pF. The value
of CyinpF is

:107:

04.

(a) 0.5%
() 0.02%

05.

-06.

- Q-Meters

(2) 100
(c) 300

(b) 200
(d) 500

A coil with a resistance of 10Q) is connected
in direct measurement mode of Q-meter.
Resonance occurs when the oscillator
frequency is IMHZ and resonating
capacitance is set at 65PF. Then, the
magnitude of percentage error introduced in
measurement of Q by insertion resistance of
0.02Q is

(b)0.2%

(d) 0.1%

The Q-meter works on the principle of
(a) a mutual inductance

(b) self inductance

(c) series resonance

(d) parallel resonance

Figufe-shows a circuit which has a coil of
resistance ‘R’ and inductance ‘L’. At
resonance, the Q-factor of the coil is given

by

R L
e o Vo

V@ . =C

V-V, Vo
(a) v (b) v
V,-V v
(©) v (d) V.
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Electronic Measurements

A coil is turned to resonance of 500 kHz
with a resonating capacitor of 36 pF. At
250 kHz, the resonance i1s obtained with
resonating capacitors of 160 pF. What is the
self — capacitance of the coil?

(a) 2.66 pF (b) 5.33 pF

(c) 8 pF (d) 10.6 pF

A Q-meter is supplied with an oscillator
having a 500 mV output voltage. While
testing an unknown inductor, the voltage
across the variable capacitor of the Q-meter,
measured by a digital voltmeter, is obtained
as 10 V. The Q-factor of the inductor 1s

(a)5
(c) 20

(b) 10
(d) 0.05

Ans: (b)
Qirue™ Qumeas (1 + ——r—]

coil

Qacta = Observed-Q l:l + RE}

Ans: (a)

Ans: (¢)

Sol:

04.

Sol:

06.

07.
Sol:

01 ®)
06 (b)

Qtrue Qmeas (1 + Q—B)
R
Qtrue =1.1 Qmeas

As such except 1% statement
are correct

remaining

Ans: (c)

1+Ei — Qtrue

C Q measured

G 25 2.044x107
C 2445

C
= —=489
C, »

Ans: (d)
Ans: (b)

Given data ; C4= 820PF,
= 10%tad/sec & C = 9.18nF

~we know
1 I
o’[C+C,]  (10°) [0.180F + $20PF]
= 100uH

The inductance of coil tested with a Q-meter
is 100uH.

" Level-2Key ¥

02 (o) 103 (a) 04 (b) ' 05. (c)
07 (b) 08 (c) A
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It is important to have a systematic organization
and analysis of measurement systems. An
instrument may be defined as a device or a
system which is designed to maintain a functional
relationship between prescribed properties of
physical variables and must include ways and
means of communication to a human observer.

Generalized Measurement system:

Quantity to Primary | Variable
be measured | SenSINg conversion
element element
Variable Data _
—| Manipulation [*jtransmission
element element -
Variable
_|presentation
element

Primary sensing element :

The quantity under measurement makes its first
‘contact with the primary sensing element of a
measurement system.

Variable conversion element:

The output of the primary sensing element is
converted to some other suitable form for the
instrument to perform desired function.

Variable manipulation Element :

The function of this element is to manipulate the
signal presented to it preserving the original
nature of the signal.

Basics of Transducers

Data Transmission Element:
This element transmits the data from one to
another.

Data presentation element:

This element conveys the information about the
quantity under measurement to the personnel
handling the instrument or the system for
monitoring, control & analysis purposes.

e The measurand in an instrumentation system
makes -contact with a primary detection
element or input device.

e The measurand or the input signal is called an
“information” for measurement system.

e The information may be in the form of a
physical phenomenon or it may be an
electrical signal.

e The process of detection and conversion of

“the information into an acceptable form
requires energy.

e The ideal situation is, the energy required for
above purpose is supplied from outside, not
from measurand.

e So that the measurand is not distorted and the
analogous output of the detecuon is a faithful
representation of measurand.

Transducers

An electronic instrumentation system consists of

a number of components to perform a

measurement and record its results.

A generalized measurement system consists of

three major components.

¢ Aninput device

* A signal conditioning or processing device

e An output device

e The input device receives the measurand or
the quantity under measurement and delivers
a proportional or analogous electrical signal
to the signal conditioning device.
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Transducers

e Here the signal is amplified, attenuated,
filtered, modulated or otherwise modified in
format acceptable to the output device.

Note: The input quantity for the most
instrumentation systems is a “Non - electrical
quantity”. In order to use electrical methods and
techniques for measurement, manipulation or
control, non - electrical quantity is generally
converted into an electrical form by a device
called a “transducer”.

¢ We can define transducer as a device which,
when accurately transforms energy from one
form to another.

e Another name for transducer is “pick — up”.
® The reasons for transforming a physical
phenomenon into an electrical form 1s that the
electrical output can be easily used,
transmitted and processed for the purpose of
measurement. Modern digital computers
make the use of these transducers absolutely
essential. '

The relationship between the physical

parameter and its resuiting electrical signal

must be linear. |

The operating range of the transducer is called

the dynamic range and should be wide.

Transducer mainly consists of two parts
e Sensing element
¢ Transduction element

Sensing element:
A detector or sensing element is that part of a

transducer which responds to a physical
phenomenon or a change in a physical
phenomenon.

Transduction element:

A transduction element transforms the output of a
sensing element to an electrical output.
Classification of Transducers

The transducers can be classified

¢ Based upon transduction principle

e as primary and secondary transducers

e as passive and active transducers

¢ asanalog and digital transducers
e as transducers and inverse transducers
Based upon transduction principle

The transducers can be classified on the basis of
principle of transduction as resistive, inductive,
capacitive ete., depending upon how they convert
the input quantity into resistance, inductance or
capacitance respectively.

Primary and Secondary Transducers:

The first transducer which converts physical
phenomenon into  displacement, pressure,
velocity etc. which is to be accepted by next stage
1s known as “Primary Transducer”.

The output of the primary transducer is converted
subsequently into a usable output by a device
called “Secondary Transducer”

Passive and Active Transducers:

Passive transducers: They derive the power
required for transduction from an auxiliary power
source.

Eg: Resistive,
transducers.
Active iransducers: They do not require an
auxiliary power source to produce their output.
They are also known as self — generating type
since they develop their own voltage or current
output.

Eg: piezoelectric, photovoltaic etc.

Analog and digital Transducers:

Analog transducers: These transducers convert
the input quantity into an analog output which is a
continuous function of time.

Eg: LVDT, thermocouple etc. /
Digital Transducers:-These transducers convert
the input quantity into an electrical output which
is in the form of pulses.

Transducers & Inverse Transducers

Transducer:A transducer can be broadly defined
as a device which converts a non — electrical
quantity into an electrical quantity.

Inverse transducer: An inverse transducer is
defined as a device which converts an electrical
quantity into a non — electrical quantity.

inductive  and  capacitive
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Mechanical Devices as Primary Detectors

Type Operation
A. Contacting spindle, pin or finger Displacement to displacement
B. Elastic member
1. Prooving ring : Force to displacement
2. Bourdon tube Pressure to displacement
3. Bellows Pressure to displacement
4. Diaphragm Pressure to displacement .
5. Spring Force to displacement
C. Mass
1. Seismic mass Forcing function to displacement
2. Pendulum scale Force to displacement
3. Manometer : Pressure to displacement
D. Thermal
1. Thermocouple Temperature to electric current
2. Bimetallic Temperature to displacement
3. Temp — stick Temperature to phase
E. Hydro pneumatic
1. Static
(a) Float Fluid level to displacement
(b) Hydrometer Specific gravity to displacement !
2. Dynamic
(a) Orifice Velocity to pressure
(b) Venturi Velocity to pressure
(c) Pitot tube | Velocity to pressure
(d) Vanes Velocity to force
(e) Turbines Linear to angular velocity
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1114 Transducers
Types of Electrical Transducers
Passive Transducers
Electrical
ameter o . Typical
pardme Principle of Operation ypica
And class of applications
transducer
Potentiometer | Positioning of the slider by an external force varies .
. : : : : .. | Pressure, displacement
device the resistance in a potentiometer or a bridge circuit.
: Resistance of a wire or semiconductor is changed
Resistance . ) Force, torque,
: by elongation or compression due to externally | .
strain gauge displacement

applied stress.

Pirani gauge or
hot wire meter

Resistance of a heating element is varied by
convection cooling of a stream of gas. ‘

Gas flow, gas pressure

Resistance

Resistance of pure metal wire with a large positive

. . . . e t diant
temperature co-efficient of resistance varies with Temperature,  ra
| thermometer heat
temperature
Resistance of certain metal oxides with negative
. . ) ) : b
Thermistor temperature coefficient of resistance varies wit Temperature, flow
temperature.
Resistance Registance of a conductive strip changes with Relative humidity
Hydrometer moisture content. J
Photoconductive | Resistance of the cell as a circuit element varies s
S . Photo-sensitive relay.
cell with incident light.
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Capacitance

N

Variable capacitance | Distance between two parallel plates is varied | Displacement,
pressure gauge by an externally applied force. pressure -

Sound pressure varies the capacitance

Capacitor microphone | petween a fixed plate and a movable Speech,  music,

diaphragm. notse
Dielectric gauge Variation in capacitance by changes in the | Liquid level,

dielectric or dielectric constant. thickness

Inductance

Self — inductance or mutual
Magnetic circuit transducer inductance of a.c. excited coil | Pressure, displacement
is varied by changes in the
magnetic circuit.

Reluctance of the magnetic

Reluctance nick u circuits 1s varied by changing | Pressure, displacement,
plckup the position of the iron core of | vibrations, position
coil.

The differential voltage of two
secondary windings of a
Differential transformer transformer is varied by
positioning the magnetic core
through an externally applied
force.

Pressure, force, displacement,
position.

Inductance of a coil is varied | ... '_ /
by the proximity of an eddy Displacement, thickness
current plate

Eddy current gauge

Magnetic properties are varied

tostrictio
Magnetostriction gauge by pressure and stress

Force, pressure, sound.
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Voltage and Current
A potential difference is generated across a :
. : : ) ) Magnetic  flux,
Hall effect pick up semiconductor plate (germanium) when magnetic flux
. . . current, power
interacts with an applied current.
, : Particle
o Electron flow induced by ionization of gas due to radio — | counting,
Ionization chamber . . e
active radiation. radiation
. Electron emission due to incident radiation upon photo | Light and
Photo emissive cell O o
_ emissive surface. radiation.
Light and
e o Secondary electron emission due to. incident radiation on | radiation,
Photomultiplier tube " ..
photosensitive cathode Photosensitive
relays.

Self — Generating Transducers

n emf is generated a juncti
Thermocouple and A‘ 'm‘f generated across the junction of two Temperature, heat flow,
. dissimilar metals or semiconductors when that ot
thermopile L radiation
_ junction is heated.
: : . 1 : . o
Moving coil | Motion of coil in a magnetic field generates a Velocity, vibrations.
generator voltage.
: : An emf is generated when an external force is | Sound, vibrations,
Piezoelectric . . ) . .
ickup applied to certain crystalline materials such as | acceleration, pressure
P quartz. changes.
. . . 7
A voltage is generated in a semiconductor
Photovoltaic junction device when radiant energy stimulates | Light meter, solar cell
the cell
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Basics of Transducers

Characteristics & Choice of Transducers
When choosing a transducer for any application
the input, transfer and output characteristics have
to be taken into account.

Input characteristics:

The following are the input characteristics to be
taken into consideration.
e Type of input and operating range

¢ Loading effects

Transfer Characteristics: ,
The transfer characteristics of transducers require
attention of three separate elements.

¢ Transfer function
e FError

o Response of transducer to environmental
influences.

Output Characteristics:

The three conditions in the output characteristics
which should be considered are

e Type of electrical output
e Output impedance
o Useful range

Factors influencing the choice of transducers:

The following are the factors influencing the
choice of transducer for measurement of a
physical quantity:

¢ Operating principle

e Sensitivity

e Operating range

o Accuracy

e Cross sensitivity

e Errors

e Transient and Frequency response
¢ Loading effects

¢ Environmental compatibility

¢ Insensitivity to unwanted signals
¢ Usage and Ruggedness

¢ FElectrical aspects

e Stability and reliability

¢ Static characteristics

]

Example 01 :
Which one of the following is an active
transducer?

(2) Photo voltaic cell
(b) Strain gauge v
(c) Photo emissive cell
(d) Synchronous

Ans: (a)
Sel: photo voltaic cell is an active transducer

“Example 02: )

A transducer has an ouipui impedance of 1 k€2
and the load resistance is 1 M, the transducer
behaves as &

(a) a constant current source’
(b) a constant voltage source
(c) a constant power source
(d) none of the above

Ans: (b)
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01.

- 02.

03.

04.

Which of the following transducers is
classified as an active transducer?

(a) Metallic strain gauge

(b) Capacitive microphone

{c) LVDT

(d) Piezoelectric transducer

Pair of active transducers is
(a) Thermistor, Solar cell

(b) Thermocouple, Thermistor
(c) Thermocouple, Solar cell
(d) Solar cell, LVDT

Match List-I (Parameter) with List-II

(Transducer) and select the correct answer:
List -1

A. Pressure

B. Temperature

C. Displacement

D. Stress

List - If
1. Thermistor
2. Piezoelectric crystal
3. Capacitance transducer
4. Resistance strain gauge
5. Ultrasonic waves
Codes:

A B CD
@1 2 5 3
M2 1 4 3
)1 2 5 4
21 3 4

Different types of transducers and signal
conditioning circuits are given below,
Match the transducer with the appropriate
signal conditioning circuit commonly used
with it.

0s.

06.

‘List -1

P. Thermocouple

Q. Strain gage

R. Piezoelectric sensor

S. LV.D.T.

List -2

1. DC Bridge

2. Phase sensitive detector
3. Charge amplifier

4. Cold junction compensation
5. Instrumentation amplifier
Codes:

(a) P-2,Q-3,R-5, S-1
(b)P-1,Q-5,R-2,S-3
(c)P-4,Q-1,R-2, S-5
(d)P4, Q-1,R-3, S-2

In an analog data acquisition unit, what is
correct sequence of the blocks starting from
the input?

(a) Transducer -

conditioner

(b) Transducer-Signal conditioner Recorder
(c) Signal conditioner—Transducer Recorder
(d) Signal conditioner Recorder Transducer

Recorder - Signal

Match List — I with List — II and select the

correct answer using the code given below

the lists:

List—1I

A. Bolometer

B. Hot — wire Anemometer

C. C - type Bourdon Tube /

D. Optical pyrometer

List — I

1. Measurement of temperature of a
furnace

2. Measurement of high pressure

3. Measurement of flow of air around an
aero plane

4. Measurement of power at 500 MHz

5. Measurement of angular position
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Match List — I with List — II and select the
correct answer using the code given below

A. Variable capacitance device
B. Orifice meter
C. Thermistors

_ :119:

Codes: 09.

ABCD
@2 3 5 1 the lists:
4 1 2 3 List—1
)2 1 5 3
d4 3 2 1
Match the essential amplifier characteristics List — 11

with the sensing applications given below:

Amplifier Characteristics

P: Charge amplifier with very low bias
current and high input impedance

Q: Voltage amplifier with low bias current
and very high input impedance

R: Voltage amplifier with very high CMRR

Sensing Applications

L: Strain gauge in unipolar DC Wheatstone
bridge

M: Glass electrode pH sensor

N: Piezoelectric sensor for measurement of
static force

Codes:

(@ P-L,Q-M,R-N
b)P-M,Q-N,R-L
(c) P-N,Q-L,R-M

Match List-1 (Instrument) with List-Ii
(Measurand) and select the correct answer:

List -1 List - II
A.Mc Leod gauge 1. Temperature
B. Turbine meter 2. Pressure

C. Pyrometer 3. Flow

D. Synchros 4. Displacement
Codes:
AB CD
@t 4 2 3
2 3 1 4
)l 3 2 4
@2 4 1 3

10.

11.

12.

1. Flow measurement

2. Temperature measurement
3. Pressure transducer

4, Force and torque measurement

Codes:

A B C
@ 3 1 2
(b) 2 4 3
(c) 2 1 3
d 3 4 2

Which of the following primary detector
type transducers are employed for
displacement measurement?

1. Thermistor 2. Diaphragm

3. Thermocouple 4. Pivot Torque

Select the correct answer using the code
given below:
(@) land2
(c)3and 4

(b)2 and 4
(d) 1 and 4

The instrumentation amplifiers are used

principally to amplify signals from which of

the following?
(a) Transducers (b) Active fillgrs
(c) Choppers (d) D/A converters

Which displacement transducer is used for
accurate and linear megsurement?

(a)LVDT

(b) Strain gauge

(c) Potentiometer

(d) Capacitive displacement transducer
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13. The lower limit of useful working range of
a transducer is determined by
(a) Minimum useful input level
(b) By transducer error and noise
(c) Cross sensitivity
(d) Dynamic response.

14. Match the following

P. Radiation W. Angular velocity

Pyrometer measurement
Q. Dalltube | X Vacuum pressure
. measurement

R. Pirani gauge | Y. Flow measurement

Z. Temperature -
measurement.

(@) P-Z, Q-W,R-X, S-Y
(b) P-Z, Q-Y, R-X, S-W
(c) P-W, Q-X,R-Y, S-Z
(d) P-Z, Q-X, R-W, S-Y

S. Gyroscope

generating type transducer?

(a) Thermocouple and thermopile
(b) Piezoelectric pick — up

(c) Photovoltaic cell

(d) Magnetostriction gauge

06.(d) 07.(d) 08.(b) 09.(a)
1. 12.(2) 13.(c) 14.(b)

:120: Class Room Practice Questions

15. Which one of the following is not a self

/——(Level-z :KeY)_ﬂ

01.(d) 02.(c) 03.(d) 04(d) 05.(b)

10. (b)
15. (d)

J
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o It is generally seen that methods which
involve the measurement of change in
resistance are preferred to those employing
other principles.

o This is because both alternating as well as
direct currents and voltage are suitable for
resistance measurements.

o

Resistive, Inductive&
Capacitive Transducers

e The resistance of a metal conductor is
expressed by a simple equation that involves a
few quantities.

e Therelationis R = BAE

¢ Any method of varying one of the quantities
involved in the above relationship can be
design basis of an Electrical Resistance

Transducer.
The following table indicates the non-electrical quantities that can be measured by the resistance
transducer. R
Effect As 2 primary Through the use of secondary transducers
transducer
Linear and angular Temperature, pressure, weight, force, torque, level,
1. Change in length | displacements, density, fluid flow rate, viscosity, velocity,
thickness acceleration and altitude of vehicles in space.
2. Change in length - ' .
and area of cross High pressure strain All the above quantities except velocity and altitude
section -
: : ‘Thermal conductivity, gas composition, fluid flow
3. Change in _ : . o __
. Temperature rate, wind velocity and direction, low pressure and
resistivity . .
vacuum and infrared radiation.
Potentiometer

¢ Basically a potentiometer or simply a POT
(a resistive potentiometer used for the purpose
of voltage division is called a POT) consists
of a resistive element provided with a sliding
contact.

o This sliding contact is called a wiper.

¢ The motion of the sliding contact may be
translatory or rotational.
Some POTs use the combination of the two
motions, 1.e, translational as well as
rotational.

e These POTs have their resistive element in
the form of a helix and therefore they are
called “Helipots”.

Displacement

' . Shaft

Mandrel Rgsmtance
wire

—> €0 fe—

e

Linear or (translational)POT
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Resistance
wire

Angular

displacement Mandrel

Rotary POT

Single-turn B
thatiOnal

Helipot

e A full single turn potentiometer may provide
accurate measurements upto 357°,

¢ Multiturn potentiometers may measure upto
3500° of rotation through use of helipots.

Power Rating of Potentiometers

e The potentiometers are designed with a
definite power rating which is related directly
to their heat dissipating capacity.

e Normally available pots are of single turn
with a diameter of 50 mm with a wide range
of ohmic values ranging from 100Q to 10KQ

in steps of 100Q.

1122 Transducers

e Power rating is typically SW at an ambient
temperature of 2 1°c.

¢ Since power P=e/ Rp, the maximum input
excitation voltage that can be wused is

(ei )max = PRP

Linearity and Sensitivity of Pots:

o Linearity implies resistance of POTs should
be low.

|- e " To achieve good sensitivity the output voltage

"¢ should be high which in turn requires a
high input voltage e; and this calls for a high

. value of resistance of POT.

|"'e Therefore linearity and sensitivity are two

conflicting requirements.

Materials Used for potentiometers:
Based on the materials used POTs may be
classified as (1) Wire Wound

(11) Non — wire wound

¢ Wire wound potentiometers :
platinum, nickel chromium, nickel copper

e Non-wire wound potentiometers :
cermet, hot moulded carbon, carbon filn, thin
metal film.

Advantages:
« Inexpensive
« Simple to operate
« Electrical efficiency is high
/

Disadvantage:

e Linear POT require a large force to move
their sliding contacts.

Example 1:
An ideal or unloaded potentiometer used as a
displacement transducer has a stroke of 100mm

and its resistance over this length is 1000Q2. Make
calculation for the power dissipated by the coil. It

ACE Engineering Academ;
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may be presumed that the transducer has an
overall sensitivity of 0.1V/mm.

Ans: 0.1 watt
Sol:

Given
X =100 mm
Rp=1000 Q
i E
Sensitivity (S) = _—O tv -0
mm X,

Eo=0.1V—->X;=1mm
When X; = X; = 100 mm
Eo=Ei=10V
_Ei
= Yy
= LoV =0.01Amp
1000£2
So power dissipated by the coil is
(1) X Rp
=(0.01)* x1000 Q
=0.1 watt

1

Strain Gauge

Strain gauges are used for measurement of
strain and associated stress and these can be used
as secondary transducers in many applications.
They are based on the principle of piezoresistive
effect.

Piezoresistive effect:

If a metal conductor is stretched or
compressed, its resistance changes on account of
the fact that both length and diameter of

of resistivity of the conductor when it is strained.
This property 1s known as piezoresistive effect.

Theory of Strain Gauges:-

Let us consider a strain gauge made of
circular wire.

The wire has the dimensions,
Length=L
Area=A
Diameter = D before being strained.

The material of the wire has a resistivity p.

~Resistance of unstrained gauge, R =pL/A.

Let a tensile stress s be applied to the wire.
This produces a positive strain causing the length
to increase and area to decrease. Thus when the
wire is strained there are changes in its
dimensions.

Let AL =change in length
AA =change inarea

AD = change in diameter
AR = change in resistance

k— L —f
!

Gauge factor:

It is defined as the ratio of per unit chapge in
resistance to per unit change in length. '

Gauge factor, G, = ARR

AL/LL

o AR_g AL
R L

=(0fX €

¢ =strain =AL/L

Dividing equation (1) with AL/L we get

conductor change. Also there is a change in value
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G, =1+2v+ 200
€
=1+2v + Aplp
€

Resistance change due to change in length to
change in area of piezoresistive effect.

If the change in the value of resistivity of a
material when strained is neglected, the gauge

factor is Gi=1+2v

Characteristics of strain gauges:

¢ Element should be of low resistance
temperature coefficient.

¢ Should have high value of gauge factor

¢ Should have linear characteristics

¢ Should have very high resistance.

e Should have very good frequency response.

Types of Strain Gauges:

¢ Unbounded metal strain gauges
e Bonded metal wire strain gauges
¢ Bonded metal foil strain gauges
¢ Semiconductor strain gauges

¢ Diffused metal strain gauges

Temperature compensation:

The resistive type strain gauges are sensitive to
temperature. Therefore it becomes necessary to
account for wvariations in the strain gauge
resistance  which occurs on account of
temperature changes.

Temperature compensation may be provided by

¢ Use of adjacent arm balancing or
compensating gauge.

e Use of Dummy gauge
One of the ways in which temperature error

can be eliminated by using adjacent arm
compensating gauge is to use a dummy gauge
in the adjacent arm. This arrangement is
shown. Guage 1 1s installed on the test
specimen gauge is installed on a like piece of
material and is not subjected to any strain.

The gauges installed on the test temperature.
A guage is called dummy gauge in case it is
not subjected to any strain. Active gauge is
one which is subjected to strain.

Initially when the bridge is balanced,

Rl — R 2
R, R,
Supposing a change in temperature occurs,

the resistance R;&R3 change by an amount

ARjand ARj;respectively.
R, +AR, R,

Hence for balance, =2
R,+AR, R,

or  R4R 4AR)=(R,+AR,)
R2
R,. R R

or AR +—2R,+—*AR, =R, +AR,
2 2 RZ
4 R,
But —R, =R, ~.—AR, =AR;
R, R,
Suppose Ry =R, This requires that
AR, =AR,
Active
Gauge R Dummy
Gauge R,3

R2 R4

] /
¢
It means that for the bridge to remain
insensitive to variations in temperature the
gauges Rjand R, should have their resistances
change by equal amount when subjected to
variation in temperature. Therefore the active
gauge R; and the dummy gauge R3 should be
identical.
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The use of dummy gauge for temperature
compensation is simple and effective and
should be employed whenever possible.

Use of two active gauges in adjacent arms

In certain applications, where equal and
opposite strains are known to exist, it is
possible to attach two similar gauges in such a
way that one guage experience a positive
strain and the other a negative strain. Thus
instead of having an arrangement wherein one
gauge acts as the active gauge and the other as
the dummy gauge, we have now an
arrangement wherein both the gauges are
active gauges.

Fig shows the two gauges mounted on a

cantilever. The gauge Rgiis on top of the
cantilever and hence experiences tension or a
positive strain. The Ry is at the bottom
surface

of the cantilever and hence experiences a
compression or a negative strain. .

The bridge arrangement for the two gauges is
shown in Fig., There are two active gauges in

the 4 arm bridge and hence it is called a Haif

Bridge.

The temperature effects are cancelled out by
having R, = R3 and using two identical gauges
in the opposite arms of the bridge.

When no strain is applied both points b and d
are at the same potential, e;/2 and the value of
output voltage e;=0.

When the arrangement shown in Fig is
subjected to strain, the resistance of gauge 1
increases and that of gauges Ry decreases.
Resistance of gauge R;( when strained 1s
R(1+AR/

o1 (tension) F

]

R,3 (compression)

Two gauges used for
measurement of strain

b

Gauge Rg, =R Gauge Rgs =R

o

aa

|
|

f
S
Adjacent arm compensation using
two active gauges

Resistance of gauge Ry when strained is
R(1-AR /R)
Now R, =R, =R .. Potential of point d is = ¢;/2
Potential of point
_ R(l1+AR/K) e
- ROA+AR/R)+R(I-AR/R)
_ 1+AR/R .
T, G

*. Change in output voltage when strain applied is, -

_L+AR/R & AR/R_ G

e —— e )
2 2 22
Thus the output voltage from a half bridge is
twice that from a quarter bridge and therefore
the sensitivity is doubled. In addition, the
temperature effects are cancelled. The gauge,
sensitivity of a half bridge is /

S, = 2kR Gy

Use of four active gauges

Ae,

Fig shows a cantilever using 4 strain gauges
for the measurement of strain. All the four
gauges are similar and have equal resistance
when strained

Rglz Rgz = Rg3 = Rg4 =R.
These gauges are connected in the arms of a

Wheatstone bridge as shown in fig., since the
bridge has 4 active gauges with one gauge m
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Budge circuit for measurement of
strain four using active gauges

\B.gl /Rg4 . F
LT 1
7 j R

. Rgz R 0

{compression)

o When no strain is applied. the potential of
points b and d are both equal to e;/2 and hence

the output voltage eg = 0.

When strained, the resistance of various
gauges are:

For R,1 and Rg: R(1+ AR /R ) and for Ry, and
Rzt R(1-AR/R)

Potential of b when strain 1s applied
R{1+AR/R) _I_JFAR"/R(,

" R(I+AR/R)+R(I-AR/R) 2

Potential of d when strain 1s applied
_ R(1-AR/R) .
R(1~AR/R)+R(1+AR/R) '
_I-AR/R
==
Therefore change in output voltage
Ae, = lJrA;URei _1-AR/R < (AR/R)

| .

Four active-arm bridges are extensively used
when strain gauges are used as secondary
transducers to give maximum sensitivity
combined with full temperature
compensation. The effect of increasing the
nun-ber of active gauges is the same if a low
impadance detector 1s used.

The gamwe senstany o a full bridge

o e, T
\’E‘ .T!\_'<\|\""

o  Self compensation
¢ Use of special exteral control circuitry.

Example 2:

A strain gauge has a nominal resistance of 600 Q
and a gauge factor of 2.5. The strain gauge is
connected .in a dc bridge with three other
resistances of 600 Q each. The bridge is excited
by a 4 V battery. If the strain gauge is subjected
to a strain of 100 pm/m, the magnitude of the
bridge output will be

20V (b) 250 v
(¢) 500 uV (d) 750 pv
Ans: (b)

Sol:

Given
R = 600 (strain gauge resistance)
G.F=25
AL
— =100pum
L w
=100 %107

So, AR = G.FX%XR
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=2.5x100x107°x600
=0.15

So, V, = AR _
4 R+2AR
4

= X—

4 600+ 2(0.15)
=2.4987x10™*
=250 WV

Variable inductance transducer
The variable inductance transducers work upon
one of the following three principles :

Change of self inductance
Change of mutual inductance.
production of eddy currents

Based on change of self inductance:

The self inductance of a coil,

L=N’/R

Where N = number of turns

R = reluctance of the magnetic circuit

The reluctance of the magnetic circuit R =/ /
UA

~.Inductance L = N? u(A/])

where u = effective permeability of the
medium in and around the coil

G=A/I = geometric form factor
A = area of cross-section of coil
[ = length of the coil

It is clear frora equation (1) that the variation
in inductance may be caused by :

Change in number of turns, N
Change in geometric configurations, G.
Change in permeability, u

Based on change of Mutual Inductance :

An inductive transducer working on the
principle of varation of mutual inductance
uses multiple coils.

The mutual inductance between the two coils
is M=K/L,L,

L; and L, = self-inductance of two coils

K = coefficient of coupling

Thus mutual inductance between the coils can
be varied by variation of self-inductances
or the coefficient of coupling

The mutual inductance can be converted into
a self-inductance by connecting the coils in
series

The self-inductance of such an arrangement
varies between L; + [, - 2M to L; + L, + 2M

with one of the coils being stationary while
the other is movable.

Air cored coils:

They can be operated at a higher carrier
frequency because of absence of eddy current
losses in air cores

Iron cored coils:

Advantages:

Their size is much smaller than that air cored
transducers on account of high permeability
of iron cores.

They are less likely to cause external
magnetic fields and are less affected by
stray magnetic fields

Based on production of Eddy currents:

These inductive transducers work on the
principle that if a conducting plate is placed
near a coil currying alternating current, eddy
currents are produced in the conducting plate.
The conducting plate acts as a short-circuited
secondary winding of a transformer./

The eddy currents flowing in the plate
produce a magnetic field of their own which
acts against the magnetic field production by
the coil.

This results in reduction of flux and thus the
inductance of the coil is reduced.

The nearer is the plate to the coil, the higher
are the eddy currents and thus higher is the
reduction in the inductance of the coil.
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Linear Variable Differential Transformer

(LVDT)

¢ The most widely used inductive transducer to
translate the linear motion into electrical
signals is the linear variable differential
transformer (LVDT).

e The basic construction of LVDT is shown in
figure

Secondary Primary
Winding S; WindingP S,

Former
Arm :
T Softomcore ]
Displacement

e The transformer consists of a single prirmary'
winding p and two secondary windings S; and

S, wound on a cylindrical former.
¢ The secondary windings have equal number

of turns and are placed identically on either -

side of the primary winding.

e The primary winding is connected to an
alternating current source. . ' _

¢ A movable soft iron core is placed inside the
former. g ‘

o The displacement to be measured is applied to
the arm attached to the soft iron core.

e Since the primary winding is excited by an
alternating current source, it produces an
alternating magnetic field which in turn
induces alternating current voltages in the
two secondary windings.

¢ The output voltage of secondary S is Egjand
that of secondary S, is Es;.

e In order to convert the outputs from S; and S,
into a single voltage signal, the two

secondaries S| and S, are connected in series
opposition.

Thus the output of the transdﬁcer is the
difference of the two voltages.
Differential output voltage, E,=Eg, - Es,

A.C. Excitation

O
ima

winding
Arm :

<>
Displacement

A.C.. Excitation

O Q O

winding

—

Displacement

Differential output Eo= E; -E

When the core is at NULL position, the flux
linking with both the secondary windings is
equal and hence equal emfs are induced in
them.

Thus at NULL position, Es; = Es; and hejice
the output voltage E, = 0.

If the core is moved to the left of the NULL
position, more flux links with winding S; and
less with winding S,.

The output voltage Eg; of the secondary
winding S; 1S more than Eg,, the output
voltage of secondary winding S,

The magnitude of output voltage E, = Egy —
Es; and is in phase with the primary voltage.
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o If the core is moved to the right of the null
position, the flux linking with winding S,
becomes larger than that with winding S;.

e Thus E.=Eg; — Eg; which is 180° out of phase
with primary voltage.

o The following figure shows the variations of
output voltage against displacement for
various positions of the core.

4 Output voltage,

. E,
Linear

¢=60°

B 0 T A

Residual
voltage
<—— Displacement ——>

Advantages:

o High range

o Friction and Electrical Isolation
o Immunity from external effects
o High input and high sensitivity

¢ Ruggedness

o Low hysteresis

o Low power consumption

Disadvantages:

o Relatively large displacements are required
for appreciable differential output.

o Sensitive to stray magnetic fields

e Temperature affects the performance of
transducer.

o Dynamic response is limited mechanically
by the mass of the core  and electrically by
the frequency response of the applied voltage.

Example 3:
The output voltage of a LVDT is 1.5V at
maximum displacement. At a load of 0.5 MQ, the

deviation form linearity 1s maximum and it is +
0.003 V from a straight line through origin. the
linearity at the given load is

Ans: +0.2%
Sol:  We know for LVDT

The percentage linearity

_ 10.003

x100
=1 0.2%

Example 4:

The output of the LVDT with input mechanical
motion of 10 Hz and excitation frequency 400 Hz
will contain frequencies.

(a) 10 Hz and 400 Hz
(b) 400 Hz only

(c) 10 Hz only

(d) 390 Hz and 410 Hz

Ans(d)
Sol: For LVDT
fextf is the modulated wave frequency
so modulated wave contains frequency
400 Hz £ 10 Hz
=390 Hz to 410 Hz

Rotary Variable Differentia Transformer

(RVDT)

e A wvariation of linear variable differential
transformer (LVDT) which can be used to
sense angular displacement is Rotary Variable
Differential Transformer (RVDT). /

e The circuit of RVDT is shown in the
following figure.

Primar Secondary
mary windings
winding
S, TESI Output
G c P
Source

CoreShaﬁ S2651Es,
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o It is similar to LVDT except that its core is
cam shaped and may be rotated between the
windings by means of a shaft.

» The operation is similar to LVDT.

e Clockwise rotation produces an increasing
voltage of a secondary winding of one phase
while counter-clockwise rotation produces an
increasing voltage of opposite phase.

e Hence, the amount of angular displacement
and its direction may be ascertained from the
magnitude and phase of the output voltage of
the transducer.

Synchros
A synchros is an electromagnetic transducer
which is commonly used to convert the angular
position
of the shaft into an electric signal.
e There are two types of synchro systems.

(1) Control or error detecting type

(i1) Torque transmission type

Resolvers
» Resolvers are used for conversion of angular
position of a shaft into Cartesian coordinates.

- @ The output of the transducer is in the form of
two signals, one proportional to the sine of
the angle and the other proportional to cosine
of the angle.

® Resolvers are classified into two groups
o Computing resolvers
e Synchro resolvers

¢ Computing resolvers are used for generating
sine, cosine and tangent functions as well as
for solving geometric relationships.

e Synchro resolvers are used for data
transmission.
Applications:

» Vector resolution

e Vector composition

e Vector angle and component resolution

o Pulse amplitude control and pulse resolution

« Phase shifting
Capacitive transducer
The principle of operation of = capacitive
transducers is based upon the familiar equation
for capacitance of a parallel plate capacitor.
Capacitance, C =¢ A/d
=g € A/d
Where A = overlapping area of plates

D = distance between two plates

€ = &€, = permittivity of medium

g, = relative permittivity

€, = permittivity of free space

A parallel plate capacitor 1s shown in the
following figure

Top plate
/w Dielectric
¥ (I8 material
Tooooooooee.
®e
e00 0000
d ec00c0000°Y
Looeooooo Bottom
— ] — plate

The capacitive transducer works on the principle
of change of capacitance which may be caused
by:

e Change in overlapping area A.

e Change in distance d between the plates.

o Change in dielectric constant

Change in Area of plates :
The equation for capacitance,
C=¢Ald=¢¢,A/d
e The capacitance is directly proportional to the
area A of the plates

¢ Thus the capacitance changes linearly with
change in area of the plates.

e The eclementary diagram of two types of
capacitive transducers are shown in the
following figures.

;Hyderabad ‘Bhopal | Dethi | Bengaluru | Bhubaneswar | Vijayawada : Visakhapamam | Tirupati | Pune | Chemxa.]

N

s



: 131 : Resistive, Inductive & Capacitive Transducers

Moving tube

i&:::::\:‘:::::@ﬁ?dﬁ@ﬂﬁ?mem"’“

J Outpu t' ) Qapamtance
—— increases

— Decreases

Moving plat
Fixed plate oving piate

/— <>
/w 7 Displacement

Capacﬂance
[<—x—3f mcreases

*> Decreases

;

e For a parallel plate capacitor, the capacitance
is

C=ecA/d =exw/d

Where x = length of overlapping part of
plates
w = width of overlapping part of plates
Sensitivity S :a—C= e F/m
ox d
e This 15 suitable for measurement of linear

displacements ranging from 1 mm to10 mm

e Accuracy is as high as 0.005 %
¢ For a cylindrical capacitor, the capacitance is:
. 2mex
log.(D,/D,)
Where x = length of overlapping part of
cylinders
D, = inner diameter of outer cylindrical
electrode
D, = outer diameter of inner cylindrical
“electrode

o Sensitivity $=9C = 2% puy
dx log,(D,/D,)

Measurement of angular displacement:

The following figure shows a two plate capacitor
used for measurement of angular displacement.

Fixed plate

Max -4------—--w--_

= Capacitance
[ S

o |[¢— Cc —>

=

—— Angular
displacement,6 !

Movable plate .
ovable pla Min Max

e One plate is fixed and other is movable.

o The angular displacement to be measured is
applied to the movable plate which changes
the effective area between the plates and thus
changes the capacitance.

e Maximum value of capacitance

Capacitance at an angle 0 is
Where 0 = angular displacement in radian.
oC er’
e Sensitivity S = — = —
TP %
e The variation of capacitance with angular
displacement 1s linear.

Change in distance between the plates:

e The following figure shows the basic form of
a capacitive transducer utilizing the effect of
change of capacitance with change in distance

between the two plates.
' |

< d >
) o I Moving plate
Fixed plate | ' &P
Displacement
. :
capacitance . !
! P ! /
<— increases
— decreases
max _T_

(]

Q

g

S

'S

<

&

Q

min —‘LO

_k—Displacement —]

min X max
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e One is fixed plate and the displacement to be
measured is applied to the other plate which is
movable.

¢ The capacitance C, varies inversely as the
distance d between the plates, the response of
the transducer is non-linear.

Capacitive transducer using cantilever spring
plate:

The following figure shows a capacitive
transducer using cantilever spring plate

Output

Cantilever _,
Sparing plate

v
Displacement Plate

VSIS TSI S SLL SIS S

/

Dielectric

o The displacement when applied to the
cantilever type spring plate moves it towards
the second plate decreasing the distance.

¢ This increases the capacitance of the
capacitor.

Capacitive  transducer  using  Quartz

diaphragms:

e The following figure shows a capacitive
transducer using Quartz diaphragms.

Output
Displacement E : Silvered

nr Bl quartz

i B diaphragms

Transducers

o Two silvered quartz diaphragms form a
capacitor

o The displacement of these diaphragms varies
the capacitance of this capacitive transducer.

Rotational displacement measurement :

e The following figure shows an arrangement
for rotational displacement measurement.

Stator—

Plates

e As the rotor plates of the capacitor are
displaced in the counter clockwise direction
the capacitance increase

¢ The change in capacitance is a measure of the

angular displacement.

s Effectively used for the measurement of
torque.

Advantages:

o They require extremely small forces to
operate them and hence are very useful for
use in small systems.

- o They are extremely sensitive

o They have a good frequency responsg. This
response is as high as 50 kHz and herice they
are very useful for dynamic studies.

o They have a high input impedance and
therefore the loading effects are minimum.

« A resolution of the order of 2.5 x 10" mm can
be obtained with these transducers.

o The capacitive transducers can be used for

applications where stray magnpetic fields
render the inductive transducers useless.
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The force
transducers is very small and therefore they
require small power to operate them.

requirements of capacitive

Disadvantages:

The metallic parts of the capacitive
transducers must be insulated form each
other. In order to reduce the effects of stray
capacitances, the frames must be earthed.

The capacitive transducers show non-linear
behaviour many a times on account of edge
effects. Therefore guard rings must be used to
eliminate this effect. Guard rings are also a
must in order to eliminate the effect of stray
electric  fields,
transducers have a low value of capacitance
of the order of pF.

The cable connecting the transducer to the
measuring point is also a source of error. The
cable may be source of loading resulting loss
of sensitivity.

especially when the.

Applications:

Used for the measurement of both linear and
angular displacements.

Used for the measurement of force and
pressure. The force and pressure to be
measured are first converted to displacement
which causes a change of capacitance.

Used directly as pressure transducers in all
those cases where the dielectric constant of a
medium changes with pressure.

Used for measurement of humidity in gases
since the dielectric constant of gases changes
with change in humidity thereby producing a
change in capacitance.

Commonly used in conjunction with
mechanical modifiers for measurement of
volume, density, liquid, level, weight etc.
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(LEVEL-1 Questions)

A resistance potentiometer 1s a
(a) first order instrument

(b) zero order instrument

(c) second order instrument
(d) none of the above

In a resistance potentiometer, the non

linearity

(a) increases with increase of load to
potentiometer resistance

(b) decreases with increase of load to
potentiometer resistance

(c) is not dependent upon
potentiometer  resistance

(d) none of the above

load to

In a resistance potentiometer high value of
resistance of POT leads to

(a) high value of sensitivity

(b) low value of sensitivity

(c) low value of non-linearity

(d) low value of error.

For a semi — conductor strain guage which

is true statement?

(a) has a much higher guage factor than that
of a metal wire guage

(b) employs piezoelectric  property of
undoped silicon
(c) does  not  require  temperature

compensation

(d)exhibits very little guage factor variation
as compared to that of metal wire
gauges

A unity ratio quarter bridge strain
measuring circuit produces an output of 1
mV for a strain of 500 microstain when the
bridge excitation is 4 volts. The gauge
factor of the element is then

06. The

07. Poisson’s ratio for

Class Room Practice Questions

(a) 1 2 ()3

(d)4

figure below  shows various
configurations of bonding a strain gauge to
a cantilever subjected to a bending force F.

Strain gauge

Top views of possible configuration

LLLLLLLL L, LALLM, LLLLLLLL L LS L

bl g |

QF ®F ®F

(P) Q R)

Which configuration gives the maximum
change in resistance for this force?
(a) P (b) Q ©R

(d) All have equal change in resistance

a metal 1s 0.35
Neglecting piezo-resistance effect, the
gauge factor of a strain gauge made of this
metal 1s
(@065 (1 (c)1.35 (d) 1.70/
A strain gauge with a resistance of 250
ohms undergoes a change of 0.150 ohm
during a test. The strain is 1.5 x 10™. then
the gauge factor is
(@)2.0 (b)3.0 (c)4.0 (d)100
Which one of the following gives Gauge
factor of a strain gauge?

AL /A AR /AL
a) —/— b) —
(a) /R (b) R

L
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-(c) Power

0 8 /20

AR [Ap
R/ D @ R/

p

In strain gauge torque transducers, the strain
gauges are mounted at which one of the
following?

(a) 0° to the shaft axis

(b)45° to the shaft axis

(c) 90" to the shaft axis

(d) At any angle with the shaft axis

Why is strain gauge bridge sometimes

excited with ac?

(a) It has a stable performance with ac

(b) Its sensitivity is more with ac

frequency pick-up
avoided with ac

(d) Ac output can be easily amplified

can be

Semiconductor strain gages typically have
much higher gage factors than those of
metallic strain gages, primarily due to:

(a) Higher temperature sensitivity

(b) Higher Poisson’s ratio

(c) Higher piezoresitive coefficient

(d) Higher magnetostrictive coefficient

Linear variable differential transformer has

(a) two primary coils connected in phase
and a secondary coil

(b) two primary coils connected in
opposition and a secondary coil

(c) one primary coil and two secondary
coils connected in phase

(d) one primary coil and two secondary
coils connected in opposition

A linear varable differential transformer
(LVDT) is '

(a) a displacement transducer

(b) an impedance matching transformer

(c) a differential temperature sensor

(d) an auto transformer

15.

16.

01.

02.

]03.

Mega Newtons/metre’.

The dynamic characteristics of capacitive
transducer are similar to those of

(a) low pass filters

(b) high pass filters

(¢) notch filiers

(d) band stop filters.

What is the order of minimum displacement
that can be measured with capacitive
transducers?
(a) 1 cm
(¢)] pm

(b) 1 mm
(d) 110" m.

R

(LEVEL)

2 el 39 53

An LVDT 1s used to measure displacement.
The output of the LVDT is connected to a
voltmeter of range 0 to 5 V through an
amplifier having a gain of 250. For a
displacement of 0.5 mm, the output of the
LVDT is 2 m V. The sensitivity of the
instrument would be:
(2) 0.1 V/mm

(c) 1 V/imm

(b) 0.5 V/mm
(d) 5 V/mm

A resistance wire strain gauge with a gauge
factor of 2 is bonded to a steel structural
member subjected to a tensile stress of 100
The modulus of
elasticity of steel is 200 Giga Newtons per
square metre. The percentage chaI}g@ in
gauge resistance due to the applied stréss is
(@) 0.1 (b)0.2

()04 (d)0.5

The gauge factor of the material of strain
gauge is such that the resistance changes
from 1000 ohms to 1009 obms when
subjected to a strain of 0.0015. The
Poisson’s ratio for the material of the gauge
wire 1s
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Class Room Practice Questions

(@) 1.75 (b)2
(c)2.5 (d)6

“An ac LVDT is given 6.3 V input and

producers 5.2 V for a range of + 0.25 inch.

- When the core is —0.25 inch from the centre,

what is the output produced?

(@-2.0V (b)+2.0V
(©)-26V (d)+2.6V

A strain gauge with a nominal resistance of
120Q) and gauge factor of 2 undergoes a
strain of 10°. What is the change in
resistance in response to the strain?

(2) 240 Q (b)24Q
(©24x10°Q  (d)24x102Q

A capacitive transducer is made of two
concentric cylindrical electrodes. The outer
diameter of the inner cylindrical electrode is
4 mm and dielectric medium is air. The
inner diameter of the outer electrode is 4.1
mm. When 150 V is applied across the

electrodes, what is the electric field
intensity?

(a) 1500 V/mm (b) 3000 V/mm

(c) 4500 V/mm (d) 6000 V/mm

A resistance strain gauge of gauge factor 2 is
used as a transducer element. Neglecting
piezoresistive effects, what is the value of
Poisson’s ratio?
(a) 0.5
(c) 1.6

(b) 1
(d)2

A resistance strain gauge with gauge factor
of 3 1s subjected to a stress of 3000 kg/ e
when fastened to a steel rod. The modulus
of elasticity of steel is 2.1 x 10° kg/cm®.
The percentage change in resistance of the

strain gauge element is
(a) 0.1428%

(b) 24.84%
(d) 4.3%

09.

10.

11.

12.

The wire in a metallic strain gauge is 0.1 m
long and has an initial resistance of 120
ohm. On application of an external force,
the wire length increases by 0.1mm and the
resistance increases by 0.21 ohm. The
gauge factor of the strain gauge will be
(a)3.00 (b) 2.00

(c) 1.75 (d) 2.85

An LVDT has the following specifications:
Input=6.3V, Output=52V,

range+ 1.25cm

Then the output voltages produced due to
core movement from +1.1 cm to 0.4 cm
will be respectively

(a) +4.576 V and -1.664V

(b) +2.288V and -0.832 V
(c)*t4.0Vand-1.0V
(d)+2.0Vand-1.0V

A 1 m length wire has a resistance of 150€2.
Whe - it is subjected to stain, its length
becomes 1.01 m. The measurement is
conduced by a strain gauge whose gauge
factor is 2. The change in resistance of the
wire 1S

(@) 0.5Q
(€)2.0Q

(b)) 1.0Q
d3.0Q

A 100 Q resistive potentiometer is used
with an input supply voltage of 10 V. The
temperature of the POT is if the thermal

resistance  30°C/W and the Ambient
temperature is 40°C.

(a) 60° C (b) 80° C

(©)70° C (d) 100°
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Piezo-electric  transducers  are  active
transducers. They work on the principle of
piezo-electric effect. A piezo-electric material
is one in which an electric potential appears
across certain surfaces of a crystal if the
dimensions of the crystal are changed by the
application of a mechanical force.

Each piezo-electric crystal has three sets of axes :

. An optical axes | :

. Three electrical axes (X) at 120° with each
other and

. Three mechanical axes (Y) at 120° with
each other and at right angle to the
respective electric axes.

If an electric stress is applied in the direction
of a electrical axis (X-axis), a mechanical
strain 1s produced in the direction of the
mechanical axis (Y), which is perpendicular
to the relevant X-axis, conversely if a
mechanical stress is applied along a Y-axis,

electric charges appear on the faces of the

crystal perpendicular to the relevant Y-axis.

This effect is known as piezo-electric effect.
Force F

Electrodes
/ Y
JL A Output 13 Jg
AT Voltage 1
t P Eo X
| ) 4
Vig)

Piezo electric
Crystal

The materials that exhibit a significant and
useful piezo-electric effect are divided into
two categories:

Piezo Electric Transducers

(11) Synthetic group
Natural Group:
Quartz and Rochelle salt

Synthetic Group :

Lithium sulphate, ethylene diamine tartarate,
Ammonium dihydrogen phosphate,
dipotassium tartarate, potassium dihydrogen
phosphate.

Synthetic ~ or artificial crystals, they
themselves do not posses the piezo-electric
property.

By applying high voltages across the
electrodes heating to higher temperature and
slow cooling induces the property.

With synthetic crystals, if the temperature is

more than a threshold value called curie- '

point, the property is lost.

Properties of crystal depends on
« cutting of the crystal

o Thickness of the crystal

e Dimensions of the plate and
o Means of mountiny

The piezo-electric effect can be made to
respond to mechanical deformations of the
material in many different modes.

The modes can be:

Thickness expansion /
Transverse expansion

Thickness shear and

Face shear

The mode of motion effected depends on the
shape of the body relative to the crystal axis
and location of the electrodes.

Mechanical deformation generates a charge
and this charge appears as a voltage across the
electrode.
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Piezo Electric Transduces
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The voltageisE=Q/C

o The piezo-electric effect is direction sensitive.
A tensile force produces a voltage of one
polarity while a compressive force produces a
voltage of opposite polarity.

o The magnitude and polarity of the induced
surface charges are proportional to the
magnitude and direction of the applied force
F. The polarity of induced charges depends
upon the direction of applied force.

Equivalent circuit of piezo-electric transducers:

The basic equivalent circuit of a piezo-electric

transducer is shown in the following figure
O

T |

Q ==G %Rp Output

o The source is charge generator.
o The value of the charge is Q= dF

e The charge generated is across the
capacitance Cp of the crystal and its leakage
resistance Rp. The charge generator cab be

replaced by an equivalent voltage source

. dF
having a voltage of E = Q =—
C G
in series with a capacitance, Cp and resistance
Rp. ,
The circuit is shown in the following figure.

| EO() Ry Output

o

—0

Properties of Piezo-electric crystal

e Stability

e High output

o Insensitivity to temperature variations
e Insensitivity to variations in humidity

e Ability to be formed into a useable
component

Most commonly used piezo-electric crystals:

Quartz is the most stable piezo-electric
material. However, its output is quite small.

Rochelle salt provides highest output but it
can be warm over limited temperature and
~ humidity range.
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01.

02.

03.

04.

LE VEL 1 Questlons )

A piezoelectric type 50 MPa full-scale
pressure sensor with built-in electronics has
a sensitivity of 100 mV per MPa. If this
sensor is subjected to a static pressure of 10
MPa then its output will be

(a) 0 mV (b) 100 mV
(¢)1000 /Y2 mV  (d) 1000 mV

For Signal conditioning of piezoelectric type
transducer we require

(a) a charge amplifier .

(b) a differential amplifier

(¢) an instrumentation amplifier .

(d) a transcoductance amplifier

Consider the following  statements

piezoelectric materials serve as

1. A source of ultrasonic waves.

2. When electric field is applied, the
mechanical dimensions of the substances

are not at all altered.

3. Converts electrical energy to mechanical

and vice versa
4. Converts thermal energy to electrical

energy.
Which of these statements is/are correct? .
(a) 1 Only (b)2and 3 only

(c) 1 and 3 only (d1,2,3and 4

Consider the following statements:

Piezoelectric materials

1. Crystal can be shown as electrical
equivalent circuit similar to an inductor
and a capacitor (Tank circuit)

2. Quartz, Rochelle salt, tourmaline.

3. Used in voltage stabilizers.

4, This exhibits the reverse effect

electrostriction.

Which of these statements are correct?
(@) 1,2and4 only (b) | and 2 only
(¢) 2 and 4 only (d1,2,3and 4

A piezoelectric transducer is a voltage
source of 10 V with an internal impedance
of 10 MQ. It is connected to a digital
oscilloscope with an input impedance of
10MQ  directly. What. is the voltage
measured by the oscilloscope?
(a)20V - b1V
)5V (dy25v

Which one of the following materials is not
used as a piezoelectric transducer?

‘(a) Rochelle salt

(b) Lithium sulphate
(c) Barium titanate
(d) Tungsten oxide

In a piezoelectric crystal oscillator, if x
represents the mass of the crystal, then the

-oscillation or tuning frequency is linearly

proportional to
(a) the mass of the crystal
(b) the square root of the mass of the crystal

“(c) the square of the mass of the crystal

(d) the inverse of the square root of the mass
of the crystal

Which one of the following quantities can
be measured with the help of the
piezoelectric crystal?
(a) Acceleration
(c) Temperature

(b) Flow
(d) Velocity

A piezoelectric crystal having a thickness of
2mm and a voltage sensitivity of
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Piezo Electric Transducers

0.02 V-m/N is subjected to a pressure of
20x10°pa. What is the output voltage?

(2) 0.775V (b) 0.80 V
(©) 0.002x10°V  (d)0.2x10°V
0l.(a) 02.(a  03.(b) 04 (a)

Level - 2Key

01.(c) 02.(d) 03.(d) 04.(a) 05.(b)
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The most important of the measurand variables

encountered 1n  industrial  processes s
Temperature. Because there are changes in the
physical chemical state of most substances when
they are heated or cooled. The measurement of
temperature 1s very common in the field of
instrumentation.

There are lot of devices available for the
measurement of temperature such as

« Resistance thermometers

»  Thermocouples

o Thermopiles .

»  Bimetallic thermometers

« Radiation pyrometers etc.

o Thermistors

The zbove mentioned devices can be classified
into two groups.

«  Contact Type

- Non-contact type (Radiation Type)

Centact Type:

In this category measuring device indicator is
placed in direct contact with the heat source.
Kxs
> Resistance thermometers
Thermistors
- Thermocouples
-  Bimetallic Thermometers
o Thermopiles
Non-contact type (Radiation Type):

e In this category temperature measuring
devices operate either on total radiation i.e.
heat and light from the hot body or on the
visible radiation.

e The devices operating on total radiation from
the hot body are called the Radiation type

devices while those operating on visible
radiation are called optical type devices.

o These temperature measuring devices are
particularly suitable for the measurement of
very high temperatures.

Resistance Thermometers (RTD)

o Resistance thermometer often referred to as
resistance-temperature ~ detector  (RTD)
operates upon the fact that almost all pure
metals have the property of varying their
resistance with temperature and change in
resistance 1s almost directly proportional to the
change in temperature.

e The range of temperature over which this is
valid is decided by the temperature coefficient
of resistance, chemical inertness and its crystal
structure which should not undergo permanent
changes with in this range.

o FElectrical resistance with temperature, for
most metallic materials can be represented by
an expression.

R, :RO[I+0L1t+0th2 +o,t’ +.a t"J

Where
Ro — Resistance in Q at reference
temperature (usually at ice
point, 0°C)

R, — Resistance in Q at temperaturd t

oy —  Temperature coefficient of

resistance in /Q/°C

0, 03, 0,—> Coefficients determined on the
basis of two or more known resistance
— temperature (calibration) points.
e The number of terms necessary depends on the
- material, the desired accuracy, and the range
of operation.
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In the narrow range of operation 0, and higher
order coefficients are negligibly small.

.. The expression becomes
Ri=Ry| 1'*'0(1t]

The RTD is applicable for measurements of
small temperature difference as well as for
wide ranges of temperature.

The RTD doesn’t generate its own voltage, so
a voltage source 1s required to be incorporated
into the measuring circuit.

The main draw-back of an RTD lies in its
large size and sophisticated instrumentation.

Wheat-stone Bridges are usually employed for
measurement of variations in resistance, owing
to changes in temperature, arising in RTDs.

Requirements for the Resistance Materials
used in RTDs:

High temperature coefficient of resistance (in
order to give substantial change in resistance
for a relatively small change in temperature
1.. larger sensitivity.)

High Resistivity (to ensure small wire length
for high resistance or a larger resistance for the
same wire length and so increased output).
Linearity of relation between resistance and
temperature (for convenience in measurement)
Stability of the electrical characteristics of the
material and resistance to contamination for
good repeatability.

Sufficient mechanical strength (so that
resistance wire could be drawn very fine for
reducing response time and at the same time
adequate ruggedness in construction is
obtained).

Platinum, Nickel, and copper are the most
commonly used resistance materials.

Gold and silver are rarely used owing to their
low resistivities.

1143

Measurement of Temperature

Tungsten has relatively high resistivity, but its
use is limited for high temperature
applications, as its is extremely brittle and
difficult to work.

Electrolytic copper of the highest purity is
readily available in the market, having a highly
consistent temperature coefficient of resistance
which is slightly higher than that of platinum.
But its use is limited to low-range industrial
applications because of low reistivity and
tendency toward oxidation at higher
temperatures.

In the range below 125°C, a gold-silver alloy
having the same characteristics as platinum
can be employed.

For low temperature measurements certain
Prosphor-Bronze alloys are found satisfactory.
RTDs made out of Nickel wire can be
employed with good stability and repeatability
in temperature range of -— 70°C to 150°.
Nickel is less expansive than platinum and has
a somewhat higher temperature coefficient and
higher tensile strength but it is more non-linear
than copper and above 300°C, it undergoes
transformations which make its resistance-
temperature curve irregular.

Platinum 1is the most suitable material for
RTDs most laboratory work and for industrial
measurements of high accuracy over a wide
temperature range.

Platinum is commercially available in a pure
form is relatively stable under different
environmental conditions, and its resitance
temperature curve is simple and holds over a
wide range of temperatures (-263°C to
+545°C) with high precision.

Its resistivity tends to increase less rapidly at

higher temperatures than for the other metals
(unique quality).

It can withstand high temperatures while
maintaining excellent stability.
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Materials used in RTDs:
Name of | Temperature | Temperature range Accuracy Melting
the coefficient of - point
material resistance/ Min Max
°C
Platinum 0.00391 -250°C 900°C +0.5°C 1775.5
Copper 0.00425 -200°C 150°C +0.2°C 1083
Nickel 0.0066 ~70°C 150°C +0.2°C 1455
Tungsten 0.0045 =200°C .- . {1000°C |- 3370
3.5 : .
1 THERMO JUNCTIONS
5 3 04— ICKEL / METAL, A
L
A ~PLANTINUM € e
1 25 T, < ; T,
v COPPE{
E
2.0 4

R / Ret1+A§+BOC(6-100)°

E / (Far 6= (, C=0)

S

. 15 ,

S

T

A 1.

N

C

E 405

1 / .

200 -100 ¢ 100 200 300 400 500 600
« TEMPERATURE (°C) —

Thermo Couples

Thermocouples are perhaps the most simple and
most widely used devices for measurement of
temperature. It essentially consists of two
dissimilar metal wires A and B, insulated from
each other but welded or brazed together at their
ends forming two junctions.

METAL, B

When one end of each wire is connected to a
measuring instrument as shown in figure below it
becomes an accurate and sensitive temperature
measuring device.

METAL, A

' @MEASURING
e INSTRUMENT

THERMO METAL, B
JUNCTION /

The operation of a thermocouple is based on
seeback effect.

Seeback effect:

If two wires of different metals are joined together
at each end and form a complete electric circuit
then current flows in the circuit when the two
junctions are kept at different temperatures.

, Hyderabad iBhopal | Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapamam ! Tirupati | Pune | Chennajl




@), . ACE
254 Engineering Academy

Wi

:145:

Measurement of Temperature

Thermo electric emf:

It is the emf which is responsible for current flow
between two dissimilar metals in a thermocouple
this emf is generated when junction temperatures
difference should greater than zero.

The relation between the thermo-emf setup and
temperature difference of hot and cold  (or
reference) junction is given by

E = o (T-To) +B(T*- To)
Where,
E — thermo ¢lectric emf (volts)
T — absolute temperature of hot junction
To — absolute temperature of cold junction

0., f - constants (depends upon the
metals used)

. Thermo—electric emf 1s a function of

temperature difference.

The emf developed by thermocouple depends only
on material used and temperature of hot and cold
junction. Not depends on shape, size length and
area of material used and also method of joining
them.

Reverse of seeback effect is also true it is
explained Peltier effect.

Peltier effect:

Peltier observed that when an electric current
flows across a junction of two dissimilar metals
heat is either generated (liberated) or absorbed,
depending upon the direction of flow of current.

When the electric current flows in the same
direction as the seeback current, then that is
absorbed at the hot Junction and liberated at the

cold junction.
METAL, A B
T, +AT Ti-AT
ABSORBED < LIBERATED

METAL. B

Another Reversible heat — flow effect is the
Thomson effect.

Laws Governing thermocouples:

e Thermocouple circuits are normally required
to be broken for introducing a galvanometer
type instrument to measure the current or a
known emf to balance the generated thermo-
electric emf.

¢ In doing this additional metals and junctions
are introduced, which may be at various
temperatures therefore the following laws
summarize the effects of these.

Law of Homogenous Metals:

A thermoelectric current cannot be sustained in a
circuit of a single homogeneous material, however
varying in cross section, by the application of heat
alone. A consequence of this law is that two
different materials are required for any
thermocouple circuit.

Law of intermediate metals:

This law states that a third homogeneous material
can always be added to a circuit with no effect on
the net emf of the circuit as long as its extremities
are at the same temperature.

This law makes it possible to use extension wires
of a metal different from the thermocouple
materials.

Law of intermediate temperatures:

If two dissimilar homogenous metals produce a
thermo electric emf of E; when the junctions gre at
temperatures T; and T,, and a thermoelectric emf
of E, when the junctions are at T, and T, the emf
generated with the junctions at temperatures T,
and Tz will be E;+E;.

The application of this law permits a
thermocouple calibrated for a given reference
temperature to be employed with any other
reference temperature through the use of a suitable
correction.
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Properties of thermocouples:
rl;)é[:: Metal Allogs Us:jd Sensitivity | Accuracy | Temperature Mai[i)l(:um
L Positive Wire cgative in puv/°C in°C Range in °C < o
Standard) Wire in °C
Chromel: Constantan; 11.8°
Type E 90% Nickel and | 57% Chromium | 40 to 55 ;0. iy -200 to 850 1100
10% Chromium | and 43% Nickel 70
Chromel; 90% | Alumel 94% Ni, 1990
Nickel and 10% | 3% Mn; 2% Al | 40 to 55 . :“O‘S‘V -200to +1100 | 1300
Chromium and 1% Si =270
Type K
Constantan; 990
Iron 57% Chromium | 45 to 57 : +O. 59, -200 to +850 1100
and 43% Nickel | = - —200
Constantan; +1.8°
Type T Copper 57% Chromium | 15 to 60 ; 0' 59, -200 to +350 500
and 43% Nickel 270
Platinum
1 . 0
TypeR l}}i‘t’ﬂl‘l‘g SZH/(‘; Platinum Sto12 2025 | 0t01000 1200
13% Rhodium
Platinum
] 0 .
snodum SV | platinum Stol2 025 | 450101500 | 1650
Tve S 10% Rhodium '
P Rhodium -
1 0
g‘fg‘(‘iﬁm 6311/(‘1’ Indium 5 +1.0° 1200 to 2000
40% Iridium
Merits: response. Special high speed thermocouples

Thermocouples are cheaper than resistance |

thermometers.

The temperature range of thermocouples is
about 1400°C. Cooled thermocouples can
operate upto 4000°C.

Except for the refractory group (tungsten-

tungsten-rhenium) thermocouples are rugged
in construction and can withstand high shock

Thermocouples can be made in very small
sizes.

Thermocouples can be made from wire pairs
as 0.013mm in diameter for millisecond

have time constant as small as 10us.

Thermocouples can be made from heavy-
guage wire or even round stock to withstand
the most severe applications.

Demerits:

Thermocouples have less accuracy than RTDs
(10.25 to +1% reading depending on type and
temperature range)

Thermocouples need periodical checking when
employed at elevated temperatures.
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Thermocouples need compensating leads as
these are placed remote from measuring
devices.

Instrumentation must resolve terms of micro
volts per degree of temperature.

Reference junction compensation is required
in thermocouples.

Applications:

Thermocouple pyrometers, like resistance
pyrometers can be applied to measurements at
a number of points.

Thermocouple, because of their small heat
capacity and very small bulk are particularly
suitable for indication of rapidly changing
temperature and for use in localized and in
otherwise accessible positions.

Thermocouple particular application is in the
measurement of surface temperature.

Thermistor

Thermistors are also called the thermal'f

resistors and the name is derived from

thermally sensitive resistors, as the resmtance :
of a thermistor varles as a function of

temperature.

Thermistors are essentially semiconductor
devices, that behave as resistors with high
negative temperature coefficient (usually -
0.04% at room temperature of 25°C) and are at
least 10 times as sensitive as the platinum
resistance thermometer. '

Thermistors are both positive temperature
coefficient ~and  negative  temperature
coefficient types, but most thermistors are
negative temperatures coefficient types.

Thermistors can detect very small changes in
temperature which could not be observed with
an RTD or a thermocouple.

> RTD >

Sensitivity —  Thermistor
Thermocouple

Thermistors are widely used in applications
which involve measurements in the range of -
60°C to 15°C.

The resistance of thermistors ranges from
0.5Q to 0.75Q.

Thermistors exhibits a highly non-linerar
characteristic of resistance versus temperature.

The resistance R of a thermistor at a
temperature T can be given by expression.

R =oef”

Where o,  are constants depending upon the
material and manufacturing techniques.

The approximate relationship between
resistance and temperature applying to most
thermistors can be obtained by re-writing
above equation (i) for temperatures Ty and To.

Rl — Roeﬁ(l‘/Tl—”TO)

B— Thermistor constant, expressed in
Kelvin and is of the order of 4000.

R;, Ry — Resistance at absolute temperatures
T1 and To.

The assumption that  is constant gives a
relation for the resistance temperature
coefficient which is given as Temperature
coefficient resistance

dR -

a=—=-/R, = —?

dT T
Note: From above equation we know that o is
not constant. It actually drops with rise in
temperature.

Ex: If B = 4000 and T = 25°C or 298 K then
temperature coefficient of resistance

o= 200 _ 4 045Q/Q/°C.

(298
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Materials used for manufacturing thermistors:

Modermn thermistors are manufactured from the
oxides of metals like manganese, nickel, cobalt,
copper, iron, zinc, aluminium titanium,
magnesium and uranium.

Because of their high resistance they can be
manufactured in very small sizes in the form of
beads, discs and rods. -

Glass coated

bead ‘/

Leads

Leads A

(c) Disc (d) Rod

Note:

e If the thermistor is instead put into a wheat
stone bridge the measuring system can detect
temperature variations as small as + 0.005°C.

e High resistance temperature coefficient
characteristic of them results in inherent high
sensitivity and high level of output,
eliminating the need for extremely sensitive
read out devices and lead wire matching
techniques respectively.

e The high degree of non-linearity in the
resistance-temperature function usually limits
the range of the readout instrumentation.

¢ C(alibration, stability and limitations an inter
changeability are inherent to thermistors.

e Parallel and series resistors are employed for
reducing non-linearity of thermistors and make
thermistors easier to use over reasonably wide
temperature range.

e The time constant varies directly with the

thermal capacity of the thermistor and

inversely with dissipation factor.

Features of thermistors:

o They are compact, rugged, and inexpensive.

e When propetly aged they have good stability.

o The response time of thermistors can vary
from a fraction of second to minutes
depending on the size of the detecting mass
and thermal capacity of the thermistor.

e The upper operating limit of temperature for
thermistor is dependent on physical changes in
the material or solder used in attaching the
electrical connections and is usually 400°C or
less.

e Thermistors can be installed at a distance from
their associated measuring circuits if elements
of high resistance are used such that the
resistance of leads does not affect the readings
and hence errors on this count are negligible.

e The average power dissipation can be
effectively reduced and the highest sensitivity
retained by energizing the thermistor with
pulses of measuring power.

Applications:

Thermistors have a wide range of applications
with the most common being direct temperature
sensing and surge suppression. The characteristics
of NTC and PTC thermistors lend themselves to
applications including.

« Liquid level indicators

« Temperature compensation

» Flow measurement.

« Vaccum gages /

+  Thermal protection

«  Amplifier-gain control

. Time delay circuits.

« Thermal switches etc....

« Measurement of gas composition.

of two

o Measurement of difference

temperatures.
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01.

02.

03.

o A P O S PR R e

Which of the following metals is to be
preferred in  a  resistance-thermometer
employed for measuring temperature in the
range — 200 °C to 1000 °C?

(a) Platinum (b) Copper

(c) Nickel (d) Tungsten

The RTDs use the principle of change of

“resistance with temperature. The properties

of a conductor material to be used as an

element of an RTD should possess the

following properties

(a) The change in resistance per unit change
in temperature should be as small as
possible

(b) The resistance of the materials should not
have continuous and stable relationship
with temperature

(c) The change of resistance with
temperature should not be a linear
function

(d) None of the above

Platinum is the commonly used metal for

RTDs. This is because

(a) Platinum has a constant value of
resistance temperature co-efficient of
0.004/°C for a temperature range between
0 to 100 °C.

(b) The resistivity of platinum tends to
increase less rapidly at  higher
temperatures

(c) Platinum is available in pure form for
commercial applications and has a

stability over higher range of temperature
(d) All of the above

04.

03.

06.

07.

08.

BRI R RN
The resistance temperature characteristics of
a temperature transducer is sliown in Fig,

The transducer is,

(a) Nickel RTD R

(b) NTC thermistor

(c) Platinum RTD

(d) PTC thermistor , \

>

Thermistors are essentially semi-conductors

(a) Well suited to precision measurement of
temperature

(b) Widely used in the lower temperature
range of — 100°C to 300°C

(c) Which behave as resistors with a high
negative temperature coefficient of
resistance

(d) All of the above

A thermistor exhibits

(a) only a negative change of resistance with
increase in temperature

(b) only a positive change of resistance with
increase in temperature

(c) can exhibit either a negative or positive
change of resistance with increase of
temperature depending upon the. type of
material used

(d) none of the above

Thermistors are:

(a) bi-metallic strips used in thermometers

(b) semi-conductors which have negative
coefficient of resistance

(c) metals having small positive coefficient
of resistance

(d) transducers used for measuring the
thermal properties of materials

Thermocouples
(a) are most commonly used temperature
transducers
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(b) require reference junction compensation :
(c) have a low output voltage level (a) Copper-constantan

(d) all of the above (b) Iron-constantan
(¢) Chromel-alumel
09. Which one of the following thermocouples (d) Platinum — Platinum rhodium

has the highest temperature measuring range?
(a) Copper — Constantan
(b) Iron — Constantan TTTTTTTTTTTTTTTTTmTommmommsoomooomsomooooneoos

(c) Alumel — Chromel Level - 2 Ke )!
(d) Platinum Rhodium-Platinum Y
02.(d) 03.(d 04.(d)

06.(c) 07.(6) 08.(d)
10. (b)

10. A thermo-couple arrangement is to be used to
measure temperature in the range of
700-800°C. Which one of the following pairs
would be most suitable?

\r |Bhopal | Delhi | Bengaluru | Bhubaneswar | Vijayawada ! Visakhapatnam | Tirupati ; Pune | Chennai




Theory of Variable Head Meters

The head meter in the form of venturimeter,
orifice and flow nozzle is by far the most
common flow meter for closed conduits (i.e.,
pipes). When the fluid flows through these
obstruction meters, the fluid accelerates and a
reduction in pressure occurs. The difference
in pressure before and after the obstruction is
measured by means of a differential pressure
sensor and 1s related to the flow rate.

The equations convenient for practical use
and providing the basis of operation of these
meters can be derived by following the under
given three steps: )

« Write the general energy equation and
then modify it for the assumed
conditions.

« Solve the modified equation for down
stream velocity.

+ Express the flow rate by the product of
velocity and area, i.e.,
Q=AV

The equations thus developed will apply
equally to any variable had meter. However
the individual factors and coefficients differ.

The energy at any section comprises the
internal energy (u), flow work (pv or p/p),
kinetic energy (v/2) and gravitational
potential energy (gz). Further during the fluid
flow between the two chosen sections, heat
(q) and mechanical or shaft work (ws) may
also cross the boundaries of the system. Since
energy can neither be created nor destroyed,
in symbolic form we can write:

A P,
m| u, +—+—+gz +q [=my| u, +-—=+gz, +w,
P 2 P

1

2

Each term in the brackets is expressed per
unit mass.

The symbols used in equation have the
following meanings and units:
m = fluid mass flow in certain time,

u = internal energy,

p = static pressure

v = specific volume,

V = average flow velocity,

Z = elevation of centre of fluid above
datum,
g = local acceleration due to a gravity

q = heat entering the system
W, = work output from the system

Datum
v v

Flow through a converging section

Subscript 1 refers to the pipe and the fluid at
the upstream pressure connection, subscript 2
refers to the pipe and the fluid at the section
of minimum area as indicated in Fig., In
actual use, it may not be possible to measure

area, pressure, etc., at the smallest section of

the stream. In that case subscript 2 refers to
the smallest measurable area and to the
conditions of fluid at the actual pressure
connections. The corrections are then applied
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by using a factor called coefficient of
discharge.

We shall make the following assumptions for
ease of analysis and for gettlng simplified
results:
« The fluid flow process is adiabatic, i.e.,
there is no -transfer of heat across the
system boundaries (q=0)

« no mechanical work is done on or by
the fluid (w;=0)

« the process is frictionless, i.e., uy=1u,

« the measuring device is horizontal, i.e.,
the points 1 and 2 are at the same

horizontal level(z;=z;) and gravity
force can be neglected

o there is steady flow of fluid ,i.e the
mass flow rate at section 1 is equal to
that at section 2, (m;=mj)

With these assumptions, the steady flow
energy equation an be written as:

V72 2

........... )
p, 2 p, 2
(or)
2 2
Ve-vi BR ®)
2 P P

The above equation forms the basis of
operation of variable head flow measuring
devices and is valid both for liquids and ideal
gases.

Further, replacing the density p by specific
weight by using the relation w =p g, we get
P P V-V

e R S B (3)

W, W, 2g

This is well-known Bernoulli’s equation, each
term has units of length m.

Variable head-meters for incompressible fluids
The continuity relation for the flow situation is

m=p AV, =p,A,V,

Where p; = p2 =p for incompressible fluid flow
from section 1 to section 2. This yields

V1 = (Az/ A 1)V2 ............. (4)

Solution of equations (1) and (4) gives out flow
velocity

V2: 1 2<p1—p2)

_ ‘Vl_(Az/Al)z P

o The downstream fluid velocity V, as given
by equation shown above has been derived
without considering any losses and so it is the
ideal or hypothetical velocity at the minimum
section. The actual velocity can be obtained
by multiplying the theoretical velocity by a
factor C, called the coefficient of velocity.
The coefficient of velocity is the ratio of
actual mean velocity to the ideal mean
velocity which would occur without any
friction loss.

_ actualmean velocity

1deal mean velocity

w/ A/A

¢ For obtaining the volume flow rate, we apply
the continuity equation.
Discharge = area X velocity

2(p pz)

actual

/
~Q=ALC, 2p, pJ

J—/T

e During flow through an orifice meter, the
fluid jet on leaving the orifice contracts to
minimum area at a section called vena-
contracta. Area of fluid jet ar vena contracta 1s
less than area of the orifice and the two are
related by the equation:
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Area of jet at vena contracta = C.X orifice
area

Where C. is the co-efficient of contraction.

Thus if the orifice area is A,, then the area at
minimum section which controls the flow rate
and where the path of particles becomes
parallel again would be C, A,.

. Actual discharge

1 2(p, _pz)

1_(A2/A1)2 P

Q = (CCAZ)CV

For venturi meter and flow nozzle, there is
almost no formation of vena contracta and the
coefficient of contraction can be taken as
unity.

Combining C, and C, into a single factor C4
called the coefficient of discharge, the
volumetric flow rate through the meter can be
written as

A
Q=C Y o4 B 2 LA
d‘Vl—(Az/Al)z P

The discharge coefficient C; is not constant; it
depends primarily on the flow Reynolds
number and the channel geometry.

For given meter, A; and A, have definite

values and so the quantity 41— (A, /A, )

Is constant for the meter. This parameter
allows for the additional kinetic head of the
approaching fluid and is called velocity of
approach factor ; its value is always greater
than unity. For upstream velocity V| equal to
zero, the velocity of approach factor M=1.0.

Q=CdMA2 2(pl‘;p2)

. For venture meter, the factors C4 and M are
applied separately but for nozzles and orifice
plates these factors are combined into a single

factor known as the flow coefficient and
designated as K.

~. Q(actual) = C ,MA, M
Y

For venturi meter

=KA, 2(p, —pz)
o
For nozzles and orifice plates

The area A, 1s usually determined from
measurements obtained at room temperature
but in use this area in influenced by the
temperature of the fluid flowing through the
meter. The actual discharge is essentially-
worked out from the relation

Qlactual)= C,MA,E Apip) g,
p

venturl meter.

_kAE APy
Y
for nozzles and orifice plates.
Where E is thermal expansion correction
factor. If the density is replaced by specific
weight w, equation can be written as:

Q(actual) =C,MA,E, /%(p] -p,)

for venturi meter

f2
=MA,E _g(pl _Pz)
W

for nozzles and orifice plate.

(p1 _pz‘)j

W
pressure head or piezometer head, is
measured by a differential manometer,
pressure gauge or any other pressure
measuring device. The gauge reading is same
for a given discharge irrespective of the
inclination of the pipe line. This can be shown
by considering the measuring device laid in
horizontal, inclined or vertical position.

calied

The pressure differential
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Venturi flow meter

e This simple and reliable device finds an
extensive use for water flow measurement,
particularly in large size pipes and for large
flow rates.

The important constructional features of a
venturi meter are shown in the meter
consists of

Cylindrical entrance section:

o This section has the size of the pipe to which
it 1s attached. For satisfactory operation, the
venturi meter should be preceded by a straight
pipe of not less than 5 to 10 pipe diameters
and free from fittings, misalignment and other
sources of large scale turbulence. If these
conditions cannot be met, straightening vanes
should be placed upstream from the meter for
reduction of rotational motion in flow.

<€— Diverging —»
section

oy =21%2°
oy =35"1015°
Pressure
sensing
holes

TR

Venturi flow meter

Converging conical section

e The converging takes place at an angle of
21% 2°. The velocity of fluid increases as it
passes through the converging section and
correspondingly the static pressure falls.

Throat:

¢ This is a cylindrical section of minimum area.
At this section the velocity is maximum and
the pressure is minimum. The throat diameter
is usually between % to % of the inlet
diameter. The length of the throat equals its
diameter

Diverging section:

e in which there is a change of stream area back
to the entrance area. The recovery of kinetic
energy by its conversion to pressure is nearly
complete and so the overall pressure loss is
small. To accomplish a maximum recovery to
kinetic energy, the diffuser section is made
with an included angle of 5° to 7°. The angle
has to be kept less so that the flowing fluid
has least tendency to separate out from the
boundary of the section. However, with small
angles, the length and hence the cost of the
meter would increase. So where pressure
recovery is not of much importance, the angle
of 0the diverging cone may be kept as high as
14",

e The pressure recovery is not of much
importance, the angle of the diverging cone
may be kept as high as 14°.

o The pressure taps are made at the throat and at
entrance where the venturi has a diameter
equal to that of pipe. The pressure taps may
be made from a single hole at piezometer
rings thereby giving average pressure {alues
at the two sections.

e The small sized venturi meters, suitable for
pipe lines less than Scm in diameter, are
usually made of brass or bronze. The inside
surface is smoothly finished to reduce
friction. Large venturies are usually made of
cast iron; the throat is however lined with
brass or bronze and machined to a smooth
finish. Very large venturies upto 6m pipe
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diameter have been made of smooth surface
concrete, the throat only being of machined
bronze.

Advantages and limitations:
o High pressure recovery is attainable, i.e., loss

of head due to its installation in the pipe lines

is small.

¢ Because of smooth surface, the meter is not
much affected by wear and abrasion.

o Well established characterlstlcs
applicational experience.

e Less likelihood of becomlng clogged w1th

sediments.

¢ Due to low value of losses, the co-efﬁc1ent of
discharge is high and approaches unity under
favourable conditions

e Long laying length; space requirements are

more
e Quite expensive in installation and
replacement

e Difficult to construct particular so- as to

provide reproducibility.

Venturi meters are
measurement of ;

ideally suited for
e Large flow of water

¢ Process fluids, ie., fluids used n mdustrlal
processes

¢ Industrial wastes
¢  Qases
¢ Suspended particles, slurries and dirty liquids

e Venturimeter are not standardized yet to an
extent that permits discharge coefficient
obtained conditions, the discharge coefficient
for a venturimeter is found to be function of
Reynolds number and meter size. These
meters are not generally useful below 7.5¢cm
pipe diameter.

1155

ye_ars of

Measurement of Flow & Viscosity

Example 1:
A horizontal venturimeter with 15¢cm inlet and
7.5cm throat is used for measuring the flow of
cooling water in a manufacturing process. The
differential pressure between the inlet and throat
is 17.5cm when measured using a mercury U-
tube manometer. Make calculation for the water
flow rate if the discharge coefficient for the
venturimeter is 0.97. (Density of water =
1000kg/m’ and specific gravity of mercury =

13.6).
Ans: = 0.02915 m’/sec
Sol: given

D;=15cm
CA=0.017m’
Dy,=75cm
Ay =0.0044 m’
Cd =0.97
We know

Q=Cy¢ME 2g(sg -1)xh,,
0.017x0.0044
J(0.017) —(0.0044)?

=0.97x

xA/2%9.8x12.3%17.5x10™
=0.02915 m’/sec

Flow Nozzle
¢ Nozzles are used in engineering practice for
the creation of jets

Flow nozzle

and streams for all purposes as will as for
fluid metering. When placed i or at the end
of a pipe line as metering devices, they are
called flow nozzles.
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‘o The flow nozzles comprises a smooth, gradual
contraction to throat followed by a free,
uncontrolled expansion back to the original
pipe flow area. Because the device contains
no provision an orderly transformation of
velocity pressure into static pressure, the
nozzle has a pressure loss of from 80 to 90%
of the differential pressure obtained

Advantages and Limitations:

e Chapter than a standard venturi meter and can

be installed in an existing maie without great
difficulty.

o Increased coefficient of discharge when
compared with orifice.

e Physical length is less compared to venturi
meter.

o Widely accepted for high-
pressure/temperature steam flow.

o Good for fluid containing solids that settle.

o Discharge of liquids into the atmosphere can
be metered. The down stream pressure p; in
that case is atmospheric pressure and we need

e to measure the difference between upstream
pressure p; and atmospheric pressure.

e Pressure recovery is poor and so cannot be
used where available pressure head is small or
where pressure recovery is a must. The
pressure loss is, however, less than that of an
orifice plate.

o Compared to orifice meter, it is expensive
and also difficult to instail.

e Limited to moderate pipe size ; not available
above 120cm.

Orifice flow Meter

o The orifice meter consists of a thin, circular
metal plate with a hole in it. The plate is held
in the pipe line between tow flanges called
orifice flanges. The flow characteristics of the

orifice differ from those of a nozzle in that
minimum section of the stream tube occurs
not within the orifice but downstream from
the orifice edge. This minimum area is called
vena contracta and it is at this area where
minimum pressure is obtained. It is not -
feasible to locate the down stream pressure
connection at the vena contracta because the
location of vena-contracta depends on
Reynolds number, area

) ?
T‘%

Orifice plate

Ratio between orifice and pipe, the roughness
of the pipe and the compressibility of the
fluid. It is also sensitive to the upstream
velocity profiles and to the sharpness of the
upstream edge of the orifice plate.
Accordingly downstream pressure tapping is
taken at a fixed proportion of the pipe
diameter and correction for vena —contracta is
made.

Advantages and limitations

Low initial ease of installation and
replacement.

Characteristics are  well  known; and
predictable ; years of applicable experience.
Requires less space as compared with venturi
meter

Can be used in wide range of pipe size
(1.25c¢m to 150cm)

Pressure recovery is poor. The overall
pressure loss varies from 40 to 90% of the
differential pressure.

Necessity of providing straightening vanes
upstream.
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Coefficient of discharge has a low value.
Sucessity of providing straightening vanes
upstream.

Tends to clog; not suitable for slurries or
entrained particles.

More likely to be damaged by pressure
transient because of its lower phys1eal
strength

The wide application of the variable head
meters is due to following reasons:-
Possibility to meter all types of liquids .

No moving parts immersed in the liquid being
metered; mechanical
practically absent.

Possibility to build the meter to Suit any shape |

of the conduct which need not be horizontal
or vertical :

No limit to the maximum flow that can be |

metered.

Possibility of indicating, dlagrammatlc record :

and integration of the flow rate.

Possibility to transmit' the measured signal
over long distance.

Pitot tubes, anemometers current meters:

Flow velocity constitutes an
parameter in kinematics and dynamics of
fluid flow and, therefore, its measurements is
quite essential. Velocity measurement may be
made with a view to :

Determine the volumetric flow rate.

Forecast the weather from wind velocity
measurement.

Locate the separation points from a
knowledge of velocity distribution.

Flow velocity measurements may be
classified as:

o Instruments like the pitot-tube and hot
wire anemometers which measure the
local velocity at a point in the channel
through which the fluid.is flowing

wear and tear is |

important

o Instruments likes the cup and vane

anemometers, the current and turbine
meters which measure the average
velocity of flow.

Turbine flow Meter

It consists of a freely rotating wheel (rotor or
propeller) with multiple blades. The rotor is
supported by ball or sleeve bearings, and is
located centrally in the pipe along which the
flow occurs. The flowing fluid impinging on

_ the turbine blades imparts a force on the blade

surfaces and sets the rotor in motion with an
angular speed proportional to the fluid
velocity. The rotor speed is measured with a
mechanical counter or with an electro-
magnetic pick up and associated counter. The
electro-magnetic pick up could be a small
permanent magnet mounted at the tip of one
of the rotor blades with a coil being placed
just outside the tube. As the magnet moves
past the coil, an e.m.f. is induced. The voltage
pulse is picked up for each rotation of the
wheel. Faster the fluid flow, the greater than
count per second. Each pulse represents a
definite flow quantity, and the total number of

pulses may be taken ag an indication of total
flow Counter

magnet

\Y
v

‘L—Rotor wheel

—>Fluid flow”
Blades

“~—=7 Rotation

Turbine meter

Fluid flow

f
Ok

Where f is the pulse frequency, Q is the
volume flow rate and K is the flow coefficient
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that depends on the flow rate and the
viscosity. By minimizing the bearing friction

and other losses, the device can be designed-

to give a linear output.

Advantages and limitations:

e Good accuracy, excellent repeatability and
wide range commencing from 0.5 lpm to
15,000 1pm for for liquids and 3 1pm to
500,000 1pm for air

e Low pressure drop , good temperature and -

pressure ratings
¢ Easy to install and maintain

¢ Adaptability to flow totalizing_ and to digital
blending systems

¢ Good transient response

¢ Relatively high cost and limited use for slurry

applications

¢ Requires in —line mounting and a straight run
of pipe (15 diameter) ahead of the meter.

Rota Meter

The Rota meter consists of a tapered metering

glass tube, inside which is located the rotor or
active element (float) of the rotor. This tapering
tube is provided with suitable inlet and outlet
connections. The float or bob material has
specific gravity higher than that of the fluid to be
metered.

e With increase in the flow rate, the float rises
in the tube and there occurs an increase in the
annular area between the float and the tube.
The float adjusts its position in relation to
discharge through the passage i.e., the float
rises higher or lower depending on the flow
rate. The discharge equation for flow through
a Rota meter is given by

i
Q= CdA[ngf (pf _p)/Afp]E

o Where Q is the volume flow rate, Cq is the
discharge coefficient, V¢ is the volume of

float, pr is the density of float material, p is
the density of fluid flowing, Ay is the cross-
sectional area of the float and A 1s the annular
area between the float and tube.

The relationship between discharge and the
float position can be worked out by carrying
out the following analysis.

Variable —area flow meters

/[\ Downstream

Float with area A;

F@ Annulur area A,

Area of tube at
float level A,

A e
i
i

4_DiaDi

/]\upstream

outlet

Tapered glass /
metering tube B

Float
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Weight of float=p; V¢ g
Buoyant force on the float =p Vig
Drag force on the float = As (p;—p,) where p;
and p, are the pressure on the lower

(upstream) and upper (downstream) face of
the Rota meter.

For static equilibrium of float at any position,
there 1s balance between the drag force,
buoyant force and weight of float.

Thatis A,(p, —p, )+pV,g=p,V,g
Ve
pu)—Af (pf p)

The two surfaces of the float form a kind of
constriction (obstruction) and accordingly

A A
Q. = Cy——=—==1/28p

Where py, = Piezometric head

=\F1—pu '=\/Vf(pf-p)
PV A

A; = A, = area of tube at float level

A, = A, - Ar = minimum annular area
between the tube and float
Cq = coefficient of discharge

That gives (p, -

Therefore
A
Qacl = Cd \/— [ ]
Al - (A ~A,) PP
If the discharge coefficient is assumed to

remain constant with the position of float and
further if

(A "Af)/ A<<1, then Qe = K(A; -Ay)
Where

Af p

is the Rota meter constant.

Let 0 be the taper of the Rota meter tube,
then

A, :%(Di +ytan6)’ =~Z—£Df +gyDi tan

Where D; is the diameter at inlet and y is the
float position with respect to inlet

T T
Qact = Kl:-4—D12 +—2-YDi tanG—Af]

=K%yDi tan6+K{—;EDi2 —Af]

The constants K; and K, depend upon the
shape of Rota: meter and the float.
Equation(13) shows that there exists a liner
relationship between the flow rate and
displacement of float in case of a Rota meter..

The glass tube is often made of high strength
borosilicate glass and the flow rate scale is
engraved on the tube corresponding to a
particular float material. However, where
greater strength is required, the metallic tubes
are used and the position of float is detected
magnetically. Further, for remote indication
the position of float can be monitored
electrically by using a suitable displacement
transducer.

The Rotameter is equally suitable for
measuring both gas and liquid flows. When
metering gas flows a small sphere is used in a
narrow tube and no guidance needs to be
provided to its motion. While metering liquid
fluids, spherical slots are cut no a part of the -
float and these slots cause it to rotate slowly
about the axis of tube and keep it central. This
spinning helps also to prevent accumulation
of any sediment on the top and sides of the
float. Alternatively, stability of the bob is
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ensured by employing a guide along which
the float would slide.

The float or bob material has a specific
gravity higher than that of the fluid to be
metered. The density difference (pr —p)
required for metering a particular liquid or gas
can be obtained by selecting different
materials for the float. An examination of the
discharge equation would reveal that when pr
>>p, the volume flow rate becomes

independent of the density p of the flowing
fluid.

Rota meters are widely used for. meter_ing
purge flows, pump-seal fluids and coolants
and lubricants for operating machinery. In
these applications, flows are relatively small
and accuracy requirement are not rigid.

Advantages and limitations

&

Q@

Simplicity of operatlon ease of readlng and

installation
Relatively low cost

Handles wide variety of corrosive fluids

Easily equipped with data transmission, -

indication and recording devices

Possibility of convenient and visible flow
comparisons by mounting several Rota meters
side by side

Glass tube subject to breakage
Limited to small pipe sizes and capacities

Less accurate compared to venturi and orifice
meters

Must be mounted vertically
Subject to oscillations in pulsating flows

Hot wire anemometer

®

Hot-wire anemometry has been considered as
satisfactory approach to the measurement of
the mean and fluctuating flow components in
a flow field. The sensor is a 5 micron

diameter platinum-tungston wire welded
between the two prongs of the probe and
heated electrically as part of a wheat-stone
bridge circuit,, When the probe is introduced
into the flowing fluid, it tends to be cooled by
the instantaneous velocity and consequently
there is a tendency for the electrical resistance
to diminish. The rate of cooling of wire
depends upon the

e Dimensions and physically of wire,

» Difference of the temperature between the
wire and the fluid,

« Physically properties of the fluid, and

o Stream velocity under measurement. For a
simple hot wire anemometer the first three
conditions are effectively constant and the
instrument. For a simple hot wire

anemometer the first three conditions are
effectively constant and the instrument
response is then a direct measurement of
the velocity.

Volt
meters

Galvano
meters

—
A
Hot wire bridge circuits

Depending on the associated electronic
equipment, hot wire may be operated in two
ways. Constant-current mode in this mode
the heating current, i.e., voltage across the
bridge is kept constant. Initially the circuit is
adjusted such that the galvanometer reads
zero when the heated wire lies in stationary
air. When the air flows, the hot wire cools; the
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Measurement of Flow & Viscosity

resistance changes and the galvanometer
deflects. The galvanometer deflections are
amplified, measured and correlated with air
velocity by previous calibration.

Constant-temperature mode:

In this mode the operating resistance of the
wire and hence its temperature is maintained
constant. In the event of the tendency of the
hot-wire to cool by the flowing fluid, the
external bridge voltage is applied to the wire
to maintain a sensibly constant temperature.
The bridge voltage is varied so as to bring the
galvanometer needle to zero ; the reading on
the voltmeter is recorded and correlated with
air velocity.

The response of a hot wire placed normal to
the flow velocity V is known to be described

by: A

§§

v

N2

Response of hot wire

E?=E2+BV"

Where E is the instantaneous value of the
bridge voltage, Ey and B are the constants
depending on the cold resistance of the wire
and on the properties of the fluid medium.
The values of these constants for a given wire
are found by calibrating the wire in a uniform
flow field against a standard pitot-static
probe. Generally with exponent n = 0.5, the
response of the hot wire in the form of a plot
between B and V" is a straight line.

Electro Magnetic Flow Meter

The operation of electromagnetic flow-meters
is based on Faraday’s law of electromagnetic
induction, which states that an emf of e volts
is induced in a conductor of length / metres
when it moves with a transverse velocity of v
m/s across a magnetic field of strength B
wh/m” and the induced emf in the conductor
is given by the expression e = Blv volts

Since the voltage induced depends on the rate
at which the conductor moves through the

- magnetic field, the magnitude of voltage

“induced can be used as an indication of the

flow-rate of liquid.

The flowing fluid through the pipe should be
conductive and should have a conductivity at
least about 10~ mho per meter.

As the conductive fluid flows through the
insulated tube through the magnetic field, a
voltage is induced across the electrodes.

The voltage induced across the electrodes
varies directly in proportion to
« the magnetic field strength, B
« the distance between the electrodes, d
» the average velocity of the conductive fluid
flowing through the non-conductive tube.

If the magnetic field strength B and the
distance between the electrodes d are kept
constant the voltage induced will be directly

proportional to the flow-rate of the flowing
fluid.

Advantages: /

The main advantages of the electromagnetic
flow-meter are that it does not obstruct the
flow in any way that may cause pressure
drops.

It has no moving part that may cause friction
It is insensitive to viscosity, density, and flow
disturbances (as long as the velocity profile is
symmetrical).
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e It has a wide linear range of 10 : 1 with good
accuracy and reliability.

e It is simple and rugged in construction.

o lIts response is fast and is independent of the
properties of the fluid except for the electrical
conductivity.

e The only condition is that the pipe should
always be full.

o The electromagnetic flow-meter is ideal for
bidirectional measurements and is well suited

for. ‘slurries, and corrosive and solid
contaminated liquids. o
Electrode
Vo

Electrode

Fig. Electromagnetic flow-meter

Example 2:
Calculate the generated emf (rms value) by the
magnetic flow meter if the ordinary tap water
flows at the rate of 400 liters per minute through
its tube of 8 cm diameter. Assume the maximum
flux density of the alternating magnetic field
established in the flow meter to be 400 lines per
cm’ (gauss).
Ans: 6.0 mv

Sol: Given, Q,= % =6.667litre/sec

1=8cm =0.08m, B =400 gauss
= 400x10 ~*tesla
We know,

= fl—llin x107V =4.24mv
T

B = 2x4.24 mv = 6.0mv
V2
Ultrasonic flow meter

(]

Basically an ultrasonic or acoustic flow-meter
consists of two piezoelectric crystals in the
liquid or gas separated by a distance. One of
the crystal acts as a transmitter and the other
as a receiver.

These flow meters are of two t'ypes depnding
upon the principle on which they operate.

The first one operates on the basis of
measurement of phase shift between
oscillations  directed downstream and
upstream alternately while the second one
operates on the basis of measurement of
separation of frequency of oscillations
directed  downstream  and  upstream
simultaneously.

The schematic diagram of an ultrasonic flow
meter operating on first principle, called the
“Doppler effect”, is shown in Fig. below

o

A B /

Fluid
Flow
—>

T a
[} [
1 [}
t 1
[} |
t !
1 1
' '
1 ]
| 1

e .

Detector

Oscillator

Fig. Schematic Diagram of
Ultrasonic Flowmeter Operating

Two piezo crystals A and B working both as
transmitter and receiver of ultrasonic signals
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alternately are mounted so that the ultrasonic
signals are transmitted between them, as well
as through the liquid.

An oscillator supplies alternately A or B
through the switch S when the detector is
connected simultaneously to B or A
respectively.

The detector is a phase sensitive device which
measures the transit time from upstream to
down stream and vice-versa.

If C is the velocity of sound propa.‘g'ation‘iﬂ (B
medium in m/s, v is the linear velocity of -

fluid flow in m/s and d is the distance in

metres between the two piezo crystals A and: |

B. The transit time in’ the direction of flow
(i.e., from upstream to down stream)

A ==4 )

C+v

The transit time when the ultrasonic sighal 1S -

traveling in the opposite diréction of fluid
flow. _

Similarly a sinusoidal signal of frequency f
Hz traveling in the direction of fluid flow has
a phase shift of

2nfd
A =-
4 C+v
and that traveling against the direction of

fluid flow has a phase shift of

A¢, = 2Cnfd radians .....(1v)

radians ....(iii)

The difference between two phase shifts is
proportional to the flow-rate of the fluid as
obvious from the following expression.

2nfd 2=nfd
Ao-Bd = C-v - C+v
4nfdv 4nfdv
= C2_V2 = C2 :KV...(V)

As the fluid flow velocity << C, the acoustic
velocity.

The linearity is good — within 2% and linear
flow velocity upto about Imm/s in the low
side can be measured easily.

The dynamic response is limited by the
switching frequency. However the uncertainty
of the value of C may be a source of an error.

Flow channel walls should be such as not to
permit acoustic transmission. Plastic materials

* ‘may be used for this purpose.

The fundamental frequency is determined by
the thickness of the piezo crystal. Probes of
different frequencies are employed for
different groups of fluids, the normal value
being in the range of 200 to 5000 kHz.

The schematic diagram of an ultrasonic flow-

‘meter operating on second principle is

illustrated in Fig. Such a flow-meter is called
the transit time flow-meter or leading-edge
meter.

In this arrangement two sets of piezo crystals

(a transmitter and a receiver as a set) are

mounted as shown in the fig. and wave trains

are sent at an angle 6 with the direction of
fluid flow in either way. :

Receiver Receiver

B A
Fluid “d /’ /
Flow NS i
— A

OO
Transmitter Transmitter
A B

Fig. Schematic Diagram of Transit
Time Ultrasonic Flowmeter
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e The velocity of the ultrasonic signal from the
transmitter A to the receiver A is increased
while that from the transmitter B to receiver B
is decreased because of fluid flow velocity in
the direction or in opposite direction of sound
path.

e If C is the sound propagation velocity in
medium in m/s, v is the fluid flow velocity in
m/s, d is the distance between the transmitter
and receiver in meters and O is the angle
between the sound path and the pipe wall, the
repetition frequencies in the upstream side
and downstream side will be

o C+vcosf

a

and f, = C-vcos

respectively.

The difference in frequency is given by

2vecosH

i ceeenen (VD)

Af=f, —f, =

e By measuring the difference in the repetition -

frequency Af, and knowing the values of 6

and d, the velocity of the fluid flow can be

determined. Alternatively, the flow velocity
can be determined by measuring the time
difference between the two pulse trains in

either direction as At = L
Af

Advantages:

e Expression shows that output 1s independent
of C, therefore the effects of pressure and
temperature are avoided.

e Also the output is linearly proportional to the
velocity of fluid flow.

o The measurement is insensitive to viscosity,
pressure and temperature variations.

o The other advantages are no obstruction to
flow, bidirectional measuring capabilities,
good accuracy, fast response, wide frequency
range and its versatility in that it can be
employed for any pipe size.

Disadvantages:

e However the complexity and relatively high
cost limit its use for individual applications.

Example 3: -
In an ultrasound flow meter the transducers are
separated by a distance / = 25 mm with the line
joining the transducers making an angle of 60°
with the direction of flow. The transit time
difference between upstream and downstream
measurements is 10 ns with the sound velocity in
the medium being 1000 m/s. Assuming that the
size of the transducers is very small as compared
to the diameter of the pipe, what is the flow
velocity?
Ans:0.4m/sec
Sol: Given At=10x10"" sec

V= 1000m/sec

d =25mm

- 9=60"
_AtxV]
2dcos0
_10x107 x(1000)°
2%25%107 x cos(60°)
=0.4 m/sec

SO, Vf
/

Hydembad {Bhopal | Delhi | Bengaluru | Bhubaneswar | Vijayawada | Visakhapamam | Tirupati | Pune | Chenﬂ




01.

02.

03.

05.

06.

( LEVEL-1 Questions)

An example of a variable area device for
measuring flow is
(a) Flow nozzle
(c) Venturimeter

(b) Orifice meter
(d) Rotameter

A pitot static tube is used to measure the
airflow rate in a square tube. If Py is the
differential pressure, the flow rate is
proportional to

@) P,  (b)Pq (d) P

© 7;—5—

Which of the following restrictors has the
highest discharge co-efficient?

() Orifice plate (b) Flow nozzle

(c) Venturi tube (d) None

An example of a positive displacement flow
meter is

(a) orifice meter

(b) rotary vane type meter

(c) turbine type meter

(d) ultrasonic flow meters

Which of the following flow meters has the
lowest pressure drop for a given range of
flow

(a) Orifice meter
(c) Flow Nozzle

(b) Venturi meter
(d) Rotameter

“Vena Contracta” is the cross section where
the flow arca 1s-a minimum for a restriction
type flowmeter. For an orifice meter, if d is
the diameter of the orifice opening, then the
area of the vena contracta is approximately.

nd’ 0.997 d*
2 b)——
4

(a)

08.

10.

11.

Questions

The pressure and velocity at the throat of a
venturi tube, measuring the flow of a liquid,
are related to the upstream pressure and
velocity, respectively, as follows:

(a) Pressure is lower but velocity is higher
(b) Pressure is higher but velocity is lower
(c) Both pressure and velocity are lower

(d) Pressure and velocity are identical

For a rotameter, which one of the following

statements is TRUE?

(a) The weight of the float is balanced by
the buoyancy and the drag force acting
on the float

(b) The wvelocity of the fluid remains
constant for all positions of the float

(c) The measurement of volume flow rate of
gas 1s not possible

(d) The volume flow rate is insensitive to
changes in density of the fluid

The fluid density does not affect the
working of

(a) Orifice plate

(b) Rotameter

(c) Electro-magnetic flow meter

(d) Pitot-static probe traverse

The hot wire anemometer used for
measuring gas velocities is a variable

(a) Restistance transducer

(b) Inductance transducer

(c) Capacitance

(d) Frequency transducer

Which of the following flow meters gives
good results when the fluid being metered is
exceptionally clean?
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(a) Hot wire anemometer
(b) Turbine flow meter 2. Pirani gauge is used to measure
(¢) Ultrasonic flow meter (a) very low pressures
(d) Electro-magnetic flow meter (b) high pressures

‘ (c) pressures in the region of 1 atm
Consider the four following statements in (d) fluid flow
the context of flow maters:
(a) Hot wire anemometer is preferred to | 3. Match List I (Transducers) with List II

measure highly fluctuating velocities.

(b) In an electromagnetic flow meter the
induced voltage is proportional to flow
rate.

(c) The obstruction type flow meters have a

linear relationship between the pressure

difference and the rate of fluid flow

(d) Rota meter is a variable area flow meter
and it should always be installed in a
vertical pipeline.

Match List-I with List-II and select the
correct answer using the codes given below
the lists:

List-I (Name of the transducer)

A. Bourdon tube

B. Hot wire anemometer

C. Hydrometer

D. Pitot tube

List-II (Operation)

1. Fluid flow to resistance change

2. Velocity to pressure

3. Pressure to displacement

4. Specific gravity to displacement

Codes:

ABCD
@ 1 3 2 4
o) 3 1 2 4
) 3 1 4 2
d 4 2 3 1

(Measured Quantities) and select the correct
answer using the codes given below the
Lists: (IES-05)
List I

A. Hall effect pick up

B. Piezoelectric pick up

C. How-wire anemometer

D. Rotameter

List II

1. Pressure

2. Velocity of fluid
3. Flow rate

4. Current
Codes :

A B C D
@ 4 3 2 1
by 2 1 4 3
(c) 4 1 2 3
(d) 2 3 4 1

Which one of the following transducers
cannot measure flow in non-conducting
medium?

(@) Orifice meter

(b) Electromagnetic flow meter /

(c) Turbine meter

(d) Rotameter

A hot-wire anemometer is a device used to
measure

(a) Gas velocities

(b) Pressure in gases

(¢) Liquid discharge

(d) Temperature
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Measurements of Rotational Velocity

Contact less electrical tachometers:

o Tachometers of this type produce pulse from
a rotating shaft without any physical contact
between the speed transducer and the shaft.
This aspect has the distinct advantage in that
no load is applied to the machine.

Inductive pick-up tachometer

e The unit consists of a small permanent
magnet with a coil round it. This magnetic
pick up is placed near a metallic toothed rotor
whose speed 1s to be measured. As the shaft
rotates, the teeth pass in front of the pick-up
and produce a change in the reluctance of the
magnetic circuit. The field expands or
collapses and a voltage is induced in the coil.
The frequency of the pulses depends upon the
number of teeth on the wheel and its speed of
rotation. Since the number of teeth is known,
the

e Speed of rotation can be determined by
measuring the pulse frequency. To
accomplish this task, pulse is amplified and
squared, and fed into a counter of frequency
measuring unit.

/VW\_~> _>J]J‘|_|'U'|__.> To timer/countel
Induced frequency meter
Sh aper/ Shaped q Y

amphﬁer pluses

Permanent
magnet

4_.
Toothed
rotor

Inductive pick-up tachometer

: i e}
Let T be the number of teeth on the rotor, N
be the revolutions per second and P be the
number of pulses per second, then

]
Speed N = pulsespersecond
number of teeth

P p
N = —rps = —x60rpm
Trp T P

If the rotor has 60 teeth, and if the counter
counts the pulses in one second, then the

- counter will directly display the speed in

revolutions per minute.

Examplel:

A metallic toothed-rotor having 60 teeth was
mounted on a shaft whose speed was to be
determined. The pulses induced in the inductive-
type magnetic pick-up were registered to be 3600

per

second. Estimate the shaft speed. If the

frequency meter gives the counts within *5Hz,
calculate the range within which the shaft speed
can lie.

Ans: (3600 £5) rpm

Sol:

Shaft speed is related to the number of teeth
and the number of pulses by the relation.

Speed = pulses per second
number of teeth

= 3600 = 60rps = 3600rpm/
60
Accuracy of measurement =+ 5Hz

5
=+—x60 =X5rpm
60 P

R.ange of shaft speed = (3600 £5) rpm
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Intermediate Quantity measurement

Capacitive type pick-up tachometer

The device consists of a vane attached to one end
of the rotating machine shaft. When the shaft
rotates between the fixed capacitive plates, there
occurs a change in the capacitance. The capacitor
forms a part of an oscillator tank so that number
of frequency changes per unit of time is a
measure of the shaft speed. The pulses thus
produced are amplified, and squared, and may
then be fed to frequency measuring unit or to a
digital counter so as to provide a digital analog of
the shaft rotation.

./\Vane \‘/—

Rotating
shaft

Capacitorp

lates
frequency metg
o[> IJ[[[[L>

‘amplifier

Capacitive pick-up tach'on_letef

Measurement of Acceleration
There are two types of accelerometers generally
used for measurement of acceleration:

o Piezo-eletric type,
o Seismic type.

Piezo-electric accelerometer:
The unit 1s perhaps the simplest and most
commonly used transducer employed for
measuring acceleration. The sensor consists of a
piezo-electric’ crystal sandwitched between two
electrodes and has a mass placed on it. The unit is
fastened to the base whose acceleration
characteristics are to be obtained. The can
threaded to the base acts as a spring and squeezes
the mass against the crystal. Mass exerts a force

131

on the crystal and a certain output voltage is
generated. If the base 1s now acceleration
downward, inertial reaction force on the base acts
upward against the top of the can. This relieves
stress on the crystal. From Newton’s second law

Force = massxacceleration

And since the mass is a fixed quantity, the
decrease in force is in proportion to the
acceleration. Likewise, an acceleration in the
upward direction would increase the force on the
crystal in proportion to the acceleration. The
resulting change in the output voltage is recorded
and correlated to the acceleration imposed on the

base.

To timer/counter/

Mass

Can

IR

Electrode
F——0Output
voltage
Base\ ——0
I Acceleration
Piezo-electric acceleroemeter
Advantages and Limitations: /

e Rugged and inexpensive device

High output impedance

High - frequency response from 10 Hz to 50
kH;

High sensitivity varies from 10 to 100 mv/g
where g = 9.807 m/s*

Capability to measure acceleration from a
fraction of g to thousand of g
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e Somewhat sensitive to changes in temperature

s Subject to hysteresis errors.

Displacement sensing (seismic) accelerometer:
In a seismic accelerometer, the displacement of a

mass resulting from an applied forced is

measured and correlated to the acceleration. Fig.
shows the schematics of a common spring-mass-
damper system which accomplishes this task. The
mass 18 supported by a spring and damper is
connected to the housing frame. The frame is
rigidly attached to the machine whose
acceleration characteristics are to be determined.

When an acceleration id imparted by the machine
to the housing frame, the mass moves relative to
the frame, and this relative displacement between
the mass and frame is sensed and indicated by an

electrical displacement transducer.

Displacement
transducer

Housing

% Damper |
% T Damper %
et [
st |
% .
% %
: % Spring %
~
“Workpiece I
: X1 = Xg coswt

Seismic accelerometer
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Class Room Practice Questions

01.

02.

03.

04.

'LEVEL-1 Questions

A seismic vibration sensor, having natural
frequency ®, and damping ratio ¢, used for
measuring amplitude of vibration with
frequency o, should have

(a) op << @ and { much greater than 1
(b) o, = ® and  slightly less than 1
(c) o, >> o and C slightly less than 1
(d) 0, << @ and C slightly less than 1

‘In a seismic acceleration sensor, with a

displacement transducer as the secondary
element, decreasing the mass while

maintaining all other parameters of the

sensor unchanged will

(a) reduce both natural frequency and

steady — state sensitivity

(b) increase both natural frequency and
steady — state sensitivity

(c) increase natural frequency but reduce
steady — state sensitivity

(d) increase natural frequency without
affecting steady — state sensitivity

In dc. tachogenerators wused for
measurement of speed of a shaft, frequent
calibration has to done because

(@) the contacts wear off

(b) the strength of permanent magnet
decrease with age

(c) the armature current produces heating
effects

(d) all of the above.

In a drag cup type a.c. tachogenerator, the
output voltage is:

() sinusoidal

01.

02.

03.

04.

05.

(b) in theform of pulses
(c) modulated waveform
(d) constant d.c. because rectifiers are used.

A variable reluctance type tachometer has
60 rotor teeth, the records 3600 counts/
minutes. The device speed is

(2) 60 r.p.s. (b) 1800 r.p.m

(c) 3600 r.p.s. (d) 7200 r.p.m.

An accelerometer has a seismic mass of 0.05
kg and a spring constant of 3 x 10° N/m.
The maximum permissible displacement of
the mass is *+ 1 mm. The maximum
measurable acceleration is

(a) 30'm/s* (b) 60 m/s”

(c)90 my/s* (d) 120 /s>

A variable reluctance type tachometer has
150 teeth on the rotor. The counter records
13,500 pulses per second. The rotational
speed is

(a) 4800 rpm
(c) 6000 rpm-

(b) 5400 rpm
(d) 7200 rpm

A variable reluctance type tachometer has
180 teeth on rotor. The speed of the shaft on
which it is mounted is 1200 rpm. The
frequency of the output pulses is

(a) 1800 per second

(b) 3600 per second

(c) 4800 per second

(d) 5600 per second

Consider the following devices:
1. Anemometer

2. Stroboscope

3. Accelerometer
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The correct sequence of these device to
measure the rotational speed, vibration and
airflow, respectively is ‘

(a) 2,3 and 1 (b) 2,1and3
(¢)1,3and 2 (d) 3,2and 1

A reflectometer consists of

(a) two directional couplers

(b) one directional coupler and an isolator
(c) one directional coupler and a circulator
(d) two directional couplers and a circulator

A capacitive transducer is made of two
concentric cylindrical electrodes. The outer
diameter of the inner cylindrical electrode is

- 4 mm and dielectric medium is air. The

inner diameter of the outer electrode is 4.1
mm. When 150 V is applied across the
electrodes, what 1s the electric field

intensity?
(a) 1500 V/mm (b) 3000 V/mm
{c) 4500 V/mm (d) 6000 V/mm

o Level -2 Key

0.(d)  02.(d)

06.(a) 07.(a)

\_

/‘—‘(Le"el -2 KBY}‘“ﬂ |

01(c) 02.(b) 03.(b) 04.(b) 05.(a)

/
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